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C. SUMMARY 

On July 17, 1996, at 203 1 EDT, a Boeing 747-1 3 1, N93 1 19, crashed into the Atlantic 
Ocean, about 8 miles south of East Moriches, New York, after taking off from John F. Kennedy 
International Airport (JFK). All 230 people aboard were killed. The airplane was being operated 
as a 14 Code of Federal Regulations (CFR) Part 121 flight to Charles De Gaulle International 
Airport (CDG) at Paris, France, as Trans World Airlines (TWA) flight 800. Wreckage from the 
airplane was recovered fiom more than nine square miles of ocean. Reconstruction of portions of 
the wreckage found evidence of an explosion in the center wing fuel tank (CWT). 

The Systems Group collected information about electrical wiring during the TWA flight 
800 accident investigation. The purpose of this addendum is to enter this information into the 
docket and the information is divided into the following five subject areas: 
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1. 

2. 

3. 

4. 

5 .  

Ages of transport airplanes and wire in service. 

Wiring installation standards and inspection techniques. Inspection methods and 
techniques from Federal Aviation Administration (FAA) Advisory Circulars (AC), 
TWA, and Boeing are included, as well as the results of a Navy comparison of visual 
and electronic inspection techniques. 

Service Conditions. Attachments identify materials and cheinicals that are used in the 
vicinity of wiring during operation and maintenance. as well as for cleaning of aircraft 
electrical system components. 

Wiring data. Attachments discuss brittleness and cracks i n  wire insulation. 
background information from Raychem about development and properties of Alkane- 
Imide (aliphatic polyimide) wire insulation, as well as similarities and differences 
between it and aromatic polyimides, Boeing material specifications (BMS) for 
Alkane-Imide wire insulations, reports from the U. S. Navy that discuss relative 
properties and failures of Alkane-Imide (also identified in NAFI-TR-2 199 as ”Poly- 
X”) and aromatic polyimide (also identified in  NAFI-TR-2 199 as “Kapton”) wire 
insulations (and others), and the results of Lectromeclianical Design Conipaiq. 
research into how polyimide wire insulation ages. 

Wire protection. Attachments discuss FQIS surge protection and separation of 
vulnerable wires from potential sources of power. Attachments describe FAA and 
Air Force plans to identify and address aging non-structural s>.stems. 

D. DETAILS OF THE INVESTIGATION 
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AGES OF TRANSPORT AIRPLANES AND WIRE IN SERVICE 

The Airclaims 1998 Turbine Airliner Fleet Survey (TAFS) Directory contains a chart that 
shows average ages for the overall fleet of commercial transport airplanes and for the various 
configurations of the Boeing 747. (Attached as “AIRCLAIMS DATA”) 

At the September 20-23, 1999, Third Joint FAA/DoD/NASA Conference on Aging 
Aircraft, Dr. Christopher Smith, FAA Manager for Aging Non-Structural Systems Research, 
presented a paper about FAA research into aging nonstructural systems. The paper included a 
chart that shows the types of electrical wires primarily used in different models of transport 
airplanes and how much of each type had been in service for more than 20 years. (Attached as 
“FAA AGE DATA”) 

WIRING INSTALLATION AND INSPECTION 

DESIGN REQUIREMENTS 

On April 1, 1999, Mr. James F. Hunt of Du Pont Corporation. made a presentation to the 
Society of Automotive Engineers titled “Selecting Non Flame Propagation Low-Smoke 
Materials for Aircraft Wiring.” The presentation showed relative properties of different types of 
wire insulation. (Attached as “DuPont SAE PRESENTATION 4- 1-99”) 

Boeing agreed to a partial release of the proprietary restriction on Boeing Specification 
document D6-13046 by citing selected pages. The abstract in the document states that “This 
document defines methods and practices to be used in the electrical/electronic area for presenting 
circuit information and wire assembly and installation on the Model 747 aircraft.” (Attached as 
“BOEING SPEC D6-13046”) 

Boeing Specification 60B40037, section 3.1.2 contains [Model 747 electrical system] 
DESIGN REQUIREMENTS. (Attached as “B-747 SCD 60B40037”) 

FAA ADVISORY CIRCULAR (AC) 43.13-1B, ACCEPTABLE METHODS, 
TECHNIOUES, AND PRACTICES, AIRCRAFT INSPECTION AND REPAIR 

The following lists the Section Titles of AC43.13-1B information that are attached (marked as 
”FAA AC43.13-1 B”): 

Chapter 6. Corrosion Control (Was not in same section of 1988 AC43.13-1A) 

Corrosion Control Work Procedures, includes discussion of graphite pencils and 
[metal] chips. 
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Chapter 1 1, Aircraft Electrical Systems 

Section 1. Inspection and care of electrical systems (Most niaterial is also in 1988 
AC43.13- 1A) 

General 
Inspection and Operation Checks 
Cleaning and Preservation 
Bus Bars 

Section 4. Inspection of Circuit-Protection Devices (Most material is also in 1988 
AC43.13- 1 A) 

Determination of Circuit Breaker Ratings 

Section 6. Aircraft Electrical Wire Selection (Most material is also in  1988 AC43.13- 
1A) 

General 
Aircraft Wire Materials 
Substitutions 

Section 8. Wiring Installation Inspection Requirenients (Most material is also in 1988 
AC43.13-1A) 

General 
Wiring Replacement 
Connectors 
System Separation 

Section 9. Environmental Protection and Inspection (Most material is also in 1988 
AC43.13-1 A) 

Maintenance and Operations 
Slack 
Protection Against Personnel and Cargo 
Flammable Fluids and Gases 

Section 12. Wire Insulation and Lacing String Tie 

General 
Insulation Materials 

(Most material is also in 1988 
AC43.13- 1 A) 

Section 16. Wire Marking (Most material is also in  1988 AC43.13-IA) 
General 
Hot Stamp Marking 



5 

FAA ADVISORY CIRCULAR (AC) 65-15, AIRFRAME & POWERPLANT 
MECHANICS AIRFRAME HANDBOOK 

The following lists the Section Titles of AC65-15 information that are attached (marked as "FAA 
AC65-15"): 

Conductor Insulation 
Electrical Wiring Installation 
Wire Groups or Bundles 
Spliced Connections in Wire Bundles 
Slack in Wiring Bundles 
Bend Radii 
Routing and Installations 
Protection Against Chafing 
Protection Against Solvents and Fluids 
Routing Precautions 
Solderless Terminals and Splices 
Types of Connectors 
Conduit 
Circuit Protection Devices 
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INSPECTION TECHNIOUES 

The Trans World Airlines General Policies and Procedures Manual ”Inspection Policy - 
Specific Instructions” page (Section 2-1-5, Page 12, Paragraph 5 ,  May 15/94) provides generic 
descriptions for how to conduct a visual inspection and a detailed inspection. (Attached as “TWA 
LEVELS OF INSPECTION”) 

On June 17, 1999, Lectromechanical Design Company (Lectromec) summarized the 
results of a comparison of wire inspection methods that the company conducted for the United 
States Navy (Report N 193-RPT14MY9). An electrical inspection method (DelTest) was 
compared to visual inspections in five airplanes and the electrical method found discrepancies 
that the visual inspections did not identify. (Attached as ”LECTROMEC INSPECTION 
METHOD”) 

On September 3, 1999, the GRC and Eclypse International Companies submitted 
information regarding wire automated system quality assurance (ASQA) and Intelligent Wire 
Testing. (Attached as “GRCI/ECLYPSE WIRE TEST”) 

The July 22, 1999, World Wide Web pages of the Electronic Characterization and 
Diagnostic (ECAD) Company contained description of electrically-based wire inspection 
systems. These include time domain reflectometry, tests for cable ”end-of-life“ in the nuclear 
power industry, and measurement/calculation of insulation Quality Factor and Insulation 
Resistance. (Attached as “ECAD INFO”) 

On December 15, 1999, Mr. Francis Scullion of DIT-MC‘O International Company 
submitted information regarding DIT-MCO electrical test equipment. (Attached as ”DIT-MCO”) 

Universal Synaptics Corporation has developed an analyzer for detecting intermittent 
faults in electronic devices and sent a description. (Attached as ”UNIVERSAL SYNAPTICS”) 

REFERENCES TO THE CONDITION OF GENERAL AIRPLANE AND FOIS WIRING 

On June 16, 1998, the FAA updated their web-site with results of inspections into fuel 
pump conduit cables removed from B-737 airplanes. The information shows that 267 of 500 
airplanes inspected had chafed through protective Teflon wrapping. (Attached as ”73 7 
CONDUIT INSPECTIONS”) 

On July 24, 1998, the FAA issued NPRM 98-NM- 163-.4D. which contained descriptions 
of wire damage and wiring conditions that had been found in the center \ving fuel tanks of 747 
airplanes. The NPRh4 proposed replacement of all FQIS components in  the CWT of specified 
“Classic” 747 airplanes. The resulting AD 98-08-02 was issued March 29, 1999, which was 
subsequently revised on July 7, 1999. (Attached as ”NPRM 98-NM- 16-3-AD” and “AD 98-08- 
02R1”) 
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The July 1999, Boeing AERO Magazine (Issue 7) contained the findings of Boeing wire 
inspections and the title of the article was AGING AIRPLANE SYSTEMS INVESTIGATION. 
(Attached as “BOEING AERO AGING ARTICLE“) 

At the September 20-23, 1999, Third Joint FAA/DoD/NASA Conference on Aging 
Aircraft, Mr. Randy Pope presented a paper for David Marcontell, titled PRELIMINARY DATA 
FROM THE ATA FLEET SURVEY. The paper included the Air Transport Association (ATA) 
Aging Systems Task Force (ASTF) findings from wire inspections. (Attached viewgraphs 
marked “ATA ASTF” includes an ATA description of the organization.) 

At the September 20-23, 1999, Third Joint FAA/DoD/NASA Conference on Aging 
Aircraft, George Slenski presented a paper for Ms. Abigail Cooky. titled SURVEY OF 
ELECTRICAL FAILURES IN AIRCRAFT MISHAPS. The paper contained 1989-1 999 data 
and followed a similar May 2 1, 1990 Air Force study. presented to the National Aerospace and 
Electronics Convention. (Attached as “USAF 1999 STUDY”) 

At the September 20-23, 1999, Third Joint FAAIDoDhJASA Conference on Aging 
Aircraft, was an Air Force group presentation of a paper titled IMPLEMENTATION OF 
FUNCTIONAL SYSTEMS INTEGRITY PROGRAMS: AN ALC AND MAJCOM 
PERSPECTIVE. The paper contained references to reactive and proactive maintenance 
practices. (Attached as “USAF FSIP”) 

SERVICE CONDITIONS 

ENVIRONMENT AND CHEMICAL EXPOSURE 

The January 1999, issue of Boeing AERO Magazine (Issue 5 )  showed that water 
condensate may develop in airplanes, noting for example that Boeing found 80 pounds of 
water in a shipset of 737 airplane insulation blankets, and citing water as the cause of 
electrical equipment failures. (Attached as “BOEING AERO ARTICLE. JAN 1999”) 

Boeing 747 Maintenance Manual (MM) contains a figure that shows “Possible Fire 
Resistant Hydraulic Fluid Contamination Areas” in Chapter 5 1-20-00, page 2. (Attached as “5 1 - 
20-00”) 

The Boeing 747 Structural Repair Manual (SRM) and MM cite usage of chemicals from 
the following alphabetized list for maintenance and repairs, with usage and protection 
instructions for wire and other components. The usage noted for some entries is taken from the 
cited pages. The list is compiled from MM pages 5 1-2 1-01 (pages 701 -702), 5 1-21-02 (page 
701), and 51-21-03 (page 701-702). 
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Alodine' 1000 and 1200S, 
Ardrox 204, used as paint stripper, 
BMS3-232, used as corrosion preventive compound, 
Calcium sulphate 
CeeBee A290, used as paint stripper, 
Chromic acid 
Del Chem EZ Strip I9AC. used as paint stripper, 
DuBois R2 134, used as paint stripper, 
DuBow 1800 Sure-Strip, used as paint stripper. 
Ethyl Alchohol, used as solvent, 
Ethylene Glycol Monobutyl Ether (Butyl Cellosolve). used as solvent, 
GMC 801, used as corrosion remover, 
Grease (unspecified type) 
Jet Clean E, used as alkaline cleaner, 
Kelite Process K, used as corrosion remover, 
Kelite L-20, used as acid brightener for aluminum, 
Magna 28-C- 1,  used as static conditioner, 
Magna 8-W-5, used as surfacer (separate hardener and reducer), 
Metal Glo No. 2, used as acid brightener for aluminum, 
Methyl ethyl Ketone (MEK), used as solvent, 
Methyl Iso-Butyl Ketone (MIBK) , used as solvent. 
Nitric Acid, 
Nuvite 63 1-3A Paint stripper, used as paint stripper, 
Oakite 3 I ,  used as corrosion remover, 
Oil (unspecified type), 
Potassium dichromate, 
Sodium dichromate, 
TEC 86-2, used as alkaline cleaner, 
Thinner, TL-52, used as solvent, 
Toluene and MEK-Toluen mixture, used as solvent, 
Turco Prepaint, used as corrosion remover, 
Turco 535 1 ,  used as paint stripper, 
Turco W.O. 1, used as corrosion remover, 
Xylene, used as solvent, 
Unpsecified alkaline cleaning agent, emulsion cleaning agent, solvent degreaser. and stripper 

A December 10, 1999, Boeing letter described fuel leaks that were discovered as a result 
(Attached as -'BOEING of inspections conducted for accomplishment of SB 747-28-2205. 

LETTER OF DEC 10,1999") 

' Boeing 747 Structural Repair Manual (SRM) page 51-10-02 states that alodine is the registered trade name of a 

proprietary process marketed by the American Chemical Paint Company and notes that it is a corrosive process. 

(Attached as 5 1 - 10-02, page 1) 

The Boeing 747 Maintenance Manual (MM) 51-24-13, page 701-703. contains characteristics and limits for 

water displacing corrosion preventive compound BMS 3-23 (Attached as "5 1 - 2 4  13"). The Structural Repair 

Manual (SRM) identifies materials to use as the corrosion preventive compound, the properties of the materials. 

and their use. (Attached as "5 1 - 10-02, pages 6- 1 OC"). 
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A September 10, 1999, Boeing letter contained a description of iluids used for immersion 
tests of wiring, which was revised on September 13, 1999. (Attached as ”BOEING LETTER OF 
SEPT 13, 1999”) 

An August 4, 1998, Boeing letter stated that wires received from service or for specific 
problems are inspected “to determine the integrity of the component“ and that Boeitig performs 
some “ad hoc” inspections of airplanes that have been in service. (ilttached as ”BOEING 
LETTER OF AUGUST 4, 1998”) 

A Boeing Alert Service Bulletin (747-28A2 194) addressed fuel pump electrical 
connectors that had water and contaminant migration between the connector shell and potting. 
(Attached as “BOEING SB 747-28A2 194”) 

WIRE CLEANING 

The Boeing Standard Wiring Practices Manual (SWPM) recommends use of isopropyl 
alcohol (later mentions use of methyl alcohol), acetone, and freon to clean electrical connectors 
(not wires). (SWPM Section 20-60-01, attached as ”SWPM CLEANING“) 

A September 13, 1999, letter from Boeing stated that the SWPM did not address 
inspection or cleaning of lint or metal debris. (Attached as “BOEING (CLEANLINESS) 
LETTER OF SEPT 13,99”) 

WIRING DATA 

“AGE DETERIORATION” AND CRACKS IN WIRE INSULATION 

On July 18, 1995, Boeing responded to Safety Board questions of March 17. 1995. 
regarding “age deterioration” of certain types of wire insulation (including “Poly-X”). (Attached 
as “BOEING LETTER, JULY 18, 1995”) 

On July 20, 1995, Douglas Aircraft Company (DAC) responded to Safety Board 
questions regarding “age deterioration” of certain types of wire insulation. (Attached as 
“DOUGLAS LETTER, JULY 20,1995”) 

On May 4, 1998, Boeing responded to a Safety Board question regarding radial cracks at 
hot stamp markings. (Attached as “BOEING LETTER. MAY 4. 1998“) 

ALKANE-IMIDE WIRE INSULATION 

In December 1969, Raychem released a paper titled A NEW EXTRUDED ALKANE- 
IMIDE WIRE, which was the earliest description found for alkane-imide wire (also identified on 
page 2 as an aliphatic polyimide). Page 4 states that “the topcoat of the wire is several very thin 
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layers of a modified aromatic polyimide which serve as the base for a compatible polyimide coat 
which carries the color.’’ (Attached as “RAYCHEM. DEC 69”)’ 

NAVY REPORTS REGARDING “POLY-X” AND “KAPTON” WIRE INSULATION 

On August 11, 1976, the Naval Avionics Facility (now the Wiring Qualification Group of 
Raytheon Systems Company) released Part I of a report titled FLUID RESISTANCE TESTING 
OF ELECTRICAL WIRE USED IN AIRCRAFT AND MISSILES. The report contained the 
fluid resistance testing results of MIL-W-81044/16 through / I  9. MIL-M,’-81-381. and other types 
of wires. Solvent resistance tests conducted for longer than existing specification requirements 
resulted in insulation failures and a recommendation (#6) that the test time be extended to one 
week. (Attached as “NAFI-TR-1145”) 

On August 1 1 , 1977, the Naval Avionics Facility released Part 11 of the report concerning 
results of further cleaner and paint remover fluid resistance tests of MIL- W-8 1044/16 through 
/19 (identified in the report as “Poly-X”) and MIL-W-81381 (identified in the report as 
“Kapton”). Recommendation #1 states that “All Navy aircraft currently in service and wired 
with Poly-X wire to MIL-W-81044/16 through /19 should be inspected o n  a regular basis for 
insulation damage.” (Attached as “NAFI-TR-2 199”) 

On September 13, 1977, the Naval Avionics Facility released Part 111 of the report 
concerning results of further cleaner and paint remover fluid resistance tests of “Poly-X“ and 
“Kapton.” Testing in this report was conducted at elevated temperatures. (Attached as “NAFI- 
TR-220 1 ”) 

On October 19, 1977, the Naval Avionics Facility released Part 1V of the report. citing 
reported failures in service of “Poly-X” and “Kapton,” discussing similarities and a comparison 
of the failure rates of the two. (Attached as “NAFI-TR-2210”) 

On September 20, 1985, a Naval Air Systems Command Memorandum was released that 
was titled “TECHNICAL EVALUATION OF MIL-W-8 138 1 ELECTRICAL WIRE 
INSULATION.” The memorandum discusses differences betneen laboratory failures and 
failures found in service. The memorandum contains discussion of pre\~ious research into “Poly- 
X ’  and “MIL-W-81044/16/18” wires. (Attached as “NAVY MEMO O F  Oi30/85”)  

LECTROMEC RESEARCH INTO AGING OF WIRING 

On July 10, 1997, Dr. Armin Bruning of Lectromec presented a paper about aging 
processes of [aromatic polyimide] wiring to the First Joint DoD/FAA/NASA Conference on 
Aging Aircraft. The title of the paper was “AGING MEASUREMENTS OF OPERATING 

’ A Technical Paper for Presentation at the 18“’ International Wire and Cnhle Sqniposiium. Atlantic City, Ne\v 
Jersey, December 3 ,4 ,  & 5, 1969. 
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AIRCRAFT WIRING; IMPLICATIONS FOR SPECIFICATION WRITING & A!C 
RELIABILITY.” (Attached as “LECTROMEC. July 10, 1997“) 

On November 11, 1998, Lectromec released a paper titled DESCRIPTION OF 
LECTROMEC WIDAS AGEING SUPPORT PROGRAM, which describes a predictive method 
of “improving aircraft wire reliability” by “selective sampling of aircrat’t \$.ires [from different 
areas of airplanes and] accelerated ageing [tests to] estimate the condition of the wire insulation 
[life remaining] .” (Attached as “LECTROMEC WIDAS”) 

At the September 20-23, 1999, Third Joint FAA/DoD/NASA Conference on Aging 
Aircraft, RADM Donald R. Eaton (retired) and Dr. Arniin Bruning presented a paper. titled 
ECONOMIC AIRCRAFT WIRE MAINTENANCE. INSPECTION AND REPAIR: 
PERFORMANCE IMPLICATIONS. The paper contained historic and estimated failure data for 
wiring in military and commercial aircraft. (Attached as “EATON”) 

WIRE PROTECTION 

The Engineer’s Relay Handbook, Appendix C, contains a chart that shows how much 
voltage is required break down an air gap between two conductors and the lowest voltage value 
shown is between 300 and 400 volts. (Attached as “VOLTAGE BREAKDOWN“) 

On October 15-1 7, 1963, Mr. G.J. King presented Douglas Aircraft Company Paper 166 1 
to the Ninth Tri-Service Conference on Electromagnetic Compatibility. titled ACHIEVING 
ELECTROMAGNETIC COMPATIBILITY BY CONTROL O F  THE WIRING 
INSTALLATION.” The paper abstract stated that “Wire routing control is niandatory to prevent 
the interaction of individual systems.” (Attached as “1 963 DOUGLAS PAPER 1661 ”) 

The August 1,  1996, revision of the “Wire Harness Functional Separation“ section of the 
Boeing Standard Wiring Practices Manual (SWPM, Section 3A) slio\\-s \\ire harness separation 
in pressurized areas to be !4 inch (typ.). Where the separation is not possible due to space or 
other constraints, SWPM Section 3B contains “Separation by an Insulation Material” and Section 
3C contains “Separation by a Fusible Link Circuit Breaker.” (SWPM 20- 10- 19, dated AUG 
01/1996, attached as “SWPM HARNESS SEPARATION”) 

On October 12, 1999, a Boeing letter responded to Safety Board questions about how 
surge suppression systems had been developed. (Attached as “BOEING I,ETTER OF OCT 12. 
1999”) 

On November 3, 1999, a Boeing letter described the status of uire separation and 
shielding testing for the 747 classic FQIS compliance with AD 98-20-40. The letter invites the 
Safety Board to witness the testing that began on the same date. (Attached as “BOEING 
LETTER OF NOV 3,1999”) 
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At least two manufacturers of FQIS were found who had developed transient suppression 
devices for fuel quantity indication systems. The BFGoodrich surge-protected system has 
received supplemental type certification (STC) and been retrofitted i n  747 airplanes. Literature 
from Smith’s Industries shows that the company has developed systems designed for the 737 and 
747 airplanes. (Attached as “BFGoodrich FQIS” and “SMITHS FQIS“) 

On December 1, 1997, the FAA issued NPRM 97-NM-272-AD. which proposed 
adoption of an airworthiness directive that “would require the installation of components for the 
suppression of electrical transients and/or the installation of shielding and separation of the 
electrical wiring for [747 “Cla~sic’~] FQIS.” The NPRM also described electrical wire with 
damaged insulation at fuel probes. (Attached as “NPRM 97-NM-272-AD“) 

On May 26, 1998, Boeing sent the FAA a letter of reponse to NPRM 97-NM-272-AD. 
The Boeing letter described the condition of electrical wiring routed to fuel probes. in fuel tanks. 
and in wiring raceways that are located outside of fuel tanlts. The letter contains discussion of 
Boeing positions regarding surge protection and wire separation of FQIS in B-747 airplanes. 
(Attached as “BOEING LETTER OF MAY 26, 1998”) 

In a letter of May 26, 1998, Mr. J. M. Gay of United Airlines wrote to the FAA docket 
for the NPRM and discussed the United Airlines position regarding FQIS surge protection and 
wire separation. (Attached as “UNITED LETTER. MAY 26. 1998”) 

On September 30, 1998, the FAA issued Airworthiness Directi\.e (AD) 98-20-40. The 
AD required shielding of FQIS wires and separation of the FQIS wires from other systems. The 
AD discusses why the FAA did not require surge suppression. (Attached as “AD 98-20-40”) 

On April 7, 1999, Mr. Donald Riggn, Manager of the FAA Aircraft Certification Office. 
sent a letter (signed by Mr. A1 Habbestad) to Mr. R. C. Shields of’ Boeing regarding the 
timeliness of Boeing proposed circuit separation for AD 98-20-40. (Attached as ”FAA 
LETTER, APRIL 7, 1999”) 

On November 2, 1998, Mr. Yves Benoist, Director of Flight Safetj- for Airbus Industrie, 
responded in a letter to Safety Board questions about wire separation and other subjects. 
(Attached as “AIRBUS LETTER NOV 2,1998”) 

On May 25, 1999, Ronald Hinderberger of Boeing sent a letter to  the Safety Board that 
described development of the wire separation standards. (Attached as “ROEING LETTER OF 
MAY 25, 1999”) . 

On October 12, 1999, Boeing submitted a letter to the Safetj. Board about surge 
suppressor development. (Attached as “BOEING LETTER OF OCTOBER 12. 1999”) . 

On January 10, 2000, Boeing submitted a letter to the Safety Board about Boeing 
positions with respect to safety recommendaitons developed during the accident investigation. 
(Attached as “BOEING LETTER OF JANUARY 10,2000”) . 
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On May 6, 1999, George Slenski, the Air Force Research Laboratory Electrical Group 
Leader, wrote an email that described changes that the Society of Automoti\.e Engineers (AE-SA 
Committee) are pursuing to isolate fuel quantity system wiring. (Attached as "SAE WIRING 
SEPARATION") 

An electronic mail (email) of July 28, 1999. from George Slenski described wire 
separation standards in Society of Automotive Engineer documents sae ad50055 (In draft form) 
and AS50881A (similar to MIL-W-5088). (Attached as "AFRL EMAIL JULY 28. 1999") 

AGING AIRCRAFT SYSTEMS RESEARCH AND PROGRAMS 

The October 3 1 ,  1996, revision to MIL-HDBK-15-30. titled "AIRCRAFT 
STRUCTURAL INTRGRITY PROGRAM, GENERAL GUIDELINES FOR," contains a 
definition for Aging Aircraft. (Attached as "MIL-HDBK- 1 530") 

On February 24, 1999, Dr. Raymond Pyles of RAND testiiied before the Procurement 
Subcommittee of the House Armed Services Committee. In his statement, he noted that this 
USAF interest in aging aircraft originated in 1994 and that a RAND analysis had reviewed 
historical and planned heavy-maintenance workloads for the KC- 1 -3 5.  727. 73 7. DC-9, and DC- 
10. (The Testimony is 
attached as "RAND TESTIMONY." The project description attached as "USAF/RAND 
PROJECT") 

Dr. Pyles discussed age-related hazards and mitigation strategies. 

On July 25, 1996, the White House Commission on Aviation Safety and Security 
(WHCSS) was chartered, which resulted in a recorninendation that the FAA "Aging Aircraft 
program should be expanded to cover non-structural systems." The recommendation and an 
Executive Summary of work being undertaken by both NASA and the FAA was contained in a 
Department of Transportation status report of June 29, 1999. (Attached as "DOT WHCSS 
SUMMARY") 

On March 5 ,  1997, Mr. Gerald Dillingham of the General Accounting Office noted in 
testimony that the WHCSS recommended changes to aging aircraft programs regarding electrical 
wiring, fuel lines, and pumps and cited challenges that GAO found for the FAA. (Attached as 
"COMMISSION") 

In October 1998, the FAA released the FAA AGING 'TRANSPORT NON- 
STRUCTURAL SYSTEMS PLAN, dated July 1998. After the Sat'ttj. Board's TWA800 
investigation inspected 16 airplanes on February 2 1-25. 1998, the FAA inspected five other 
airplanes (three DC-lOs, a DC-9, and one B-727) with airline representatil es and five engineers 
from Boeing. The plan describes what the FAA found in the electrical wire inspections and 
listed the following seven areas for action. (Attached as "FAA AGIXG SYSTEMS PLAN") 
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TASK 1.  

TASK 2. 

TASK 3 .  

TASK 4. 
TASK 5.  

TASK 6. 

TASK 7. 

Establish an Aging Transport Systems Oversight Committee to 
coordinate the various aging systems initiatives within the FAA. 
Conduct an in-depth review of the aging transport fleet and make 
model-specific safety recommendations related to airplane systems. 
Enhance airplane maintenance to better address aging airplane 
systems. 
Add aging systems taks to the aging airplane research program. 
Improve reporting of accident/incident and maintenance actions 
involving wiring system components. 
Evaluate the need for additional maintenance of transport airplane 
fuel system wiring and address any unsafe conditions. 
Improve wiring installation drawings and instructions for continuing 
airworthiness. 

At the September 20-23, 1999, Third Joint FAA/DoD/NASA Conference on Aging 
Aircraft, Mr. Stewart Miller, FAA Aging Systems Program Manager. presented a paper titled 
THE FAA'S AGING SYSTEMS PROGRAM: STRATEGY AND PROBLEMS. The paper 
discussed the FAA AGING TRANSPORT NON-STRUCTURAL SYSTEMS PLAN, dated July 
1998, and progress made since release of the plan. (Attached as "FAA PROGRESS") 

On September 10, 1999, the Air Force sent a letter that responded to Safety Board 
questions. The questions pertained to fuel probes, sulfidation, aging Lviring, and information 
transfer from military airplane findings to commercial airplane usage. (Attached as "USAF 
LETTER OF SEPT 10, 1999") 

Robert L. Suaim 
TWA 800 Systems Group Chairman 
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For over 35 years, Airclaims has been serving the Aviation industry in sectors ranging from 
hull and liability claims handling, airline and operator safety audits, to airline and aircraft 
valuation and technical inspections, lease monitoring, securitisation, and a full range of 
consultancy services. We have earned a reputation for excellence in the industry that is 
reflected in the timeliness and accuracy of the information we provide to thousands of clients 
world-wide. 

This site will give you an idea of the breadth and depth of our constantly expanding 
information resources: from CASE@ and SDaceTrako, the world's most comprehensive 
aircraft and commercial aerospace databases to a full range of electronic and hardcopy 
pu bl ica t i o n s . 
Airclaims ... the world's leading independent 
aerospace industries. 

http://www.airclaims.co.uk/main. htrn 

source of information on the aviation and 
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FAA AGING NONSTRU CTU RAL SYSTEMS RESEARCH 

Christopher D. Smith, Manager, Aging Nonstructural Systems Research 
FAA, William J . Hughes Technical Center 

Abstract 

The Federal Aviation Administration’s (FAA) Aging Transport Nonstructural Systems 
Plan describes various maintenance, training and reporting initiatives, development of advisory 
material, research programs, and other activities that have already started or will be undertaken 
by the FAA in order to address the White House Commission on Aviation Safety and Security. 

long-term research. Two specific initiatives, the establishment of a “validation infrastructure” 
and the development of arc-fault circuit interrupters, will be discussed in some detail. 

In establishing the research program, the FAA has committed to the principal that a fully 
effective research program must be based on service data analysis and teardown evaluations. As 
such the program will work closely with - and draw on the findings of - the FAA’s Aging 
Transport Systems Rulemaking Advisory Committee (ATSRAC) and the Air Transport 
Association’s (ATA) Aging Systems Task Force (ASTF). Joint FAA-ASTF activities to assess 
the state of aging wiring have already been initiated. 

technologies and techniques for mitigating nonstructural systems failures. For researchers and 
developers, the validation function will include services ranging from introducing researchers to 
aircraft systems issues to assisting developers in the transfer and commercialization of proven 
technology. Services to aircraft operators and manufacturers will include assistance in 
determining the adequacy of technology and techniques for specific applications. 

Arc-fault circuit interrupter technology has the potential to mitigate the consequence of 
wire failure without requiring the redesign of aircraft circuitry. Plans call for a device sensitive 
to arc faulting and meeting all performance and design specification of existing circuit breakers. 

The FAA is working closely with the aviation community, the Air Force, the Navy, and 
NASA to effectively specify and execute research to mitigate the hazards of aging nonstructural 
systems. 

@ 

This paper describes the FAA’s approach to specifying and executing both near- and 

The FAA’s validation infrastructure will be used to determine the effectiveness of various 

Introduction 

In October 1998, the FAA released the Aging Transport Nonstructural Systems Plan (not 
to be confused with the Nonstructural Systems Research Plan (NSRP)) . The intent of the Aging 
Transport Nonstructural Systems Plan is to evaluate the effectiveness of the current processes for 
design and routine inspection, maintenance, and repair of aircraft systems in mitigating the 
effects of aging of systems components. The evaluation will include the effectiveness of present 
systems in addressing environmental and accidental damage. Environmental damage is defined 
as degradation due to exposure to the atmosphere, damaging fluids, vibration, heat, ultraviolet 
exposure, and other such effects. Accidental damage includes wear and tear due to normal 
maintenance activities. Recommendations will be made for changes to the current processes 
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under which systems are designed, inspected, maintained, and repaired as necessary to assure 
adequate consideration of systems aging effects. 

The Aging Transport Nonstructural Systems Plan calls for the FAA to add six specific 
tasks to the Aging Aircraft Research Program. These tasks are 

To determine if a service life for airplane wire is appropriate, and - if appropriate - 

To establish the condition of aging systems wiring components and validate the 

To develop nondestructive testing tools for inspection and testing of wiring systems. 
0 To establish aging effects on aircraft lightning and high-intensity radiated fields 

To develop an arc-fault circuit interrupter for transport aircraft. 
To perform destructive testing of flight control linkages. 

In establishing the NSRP the FAA has committed to the principal that a fully effective 

determine the service life for all types of wire used in transport aircraft. 

adequacy of visual inspection. 

(HIRF) protection systems. 

research program must be based on service data analysis and teardown evaluations. As such the 
NSRP will be coordinated with - and draw on the findings of - the FAA's Aging Transport 
Systems Rulemaking Advisory Committee and the Air Transport Association's Aging Systems 
Task Force. 

The NSRP consists of two major research areas: electrical systems research and 
mechanical systems research. The planned efforts in each of these areas are described in highly 
structured Research Program Documents (RPDs). RPDs are used by sponsors and oversight 
organizations to prioritize and assess specific research programs, projects, and tasks. The NSRP 
RPDs were developed by the NSRP manager in response to a research request from the 
Technical Community Representation Group (TCRG) . 

efforts to address aging effects on aircraft lightning and HIRF protection systems is an ongoing 
program established by and remaining in the Atmospheric Hazards Program. 

Though endorsed by the Aging Transport Nonstructural Systems Plan, the support of 

Y 

Auxiliary power 
Fuel systems 

Issues 

1 0.2% 1 0.7% 
1 0.2% 1 0.7% ~ 

50 10.5% 15 10.7% 

Table 1 shows a break down of airplane-related primary cause factors for serious 

I Worldwide I u .s. Onerators I 
I Total I Percentaee I Total I Percentage I 

I Powerdant or thrust reverser I 15 I 3.2% I 4 I 2.9% I 

I Structures O I O % I  

Table 1 : Airplane (Design Related) Primary Cause Factors - Hull Loss Accidents 1959 - 1998 
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accidents between 1959 and 1996. The shaded areas represent items that are the subject of the 
NSRP.' Up to 3 percent of all cause factors or 30 percent of airplane-related cause factors may 
be attributable to nonstructural  system^.^ 

and operation, it is not unreasonable to 
use this data as guidance in focusing 
FAA efforts. The kinds of damage 

Electrical Interconnect P ailure 
Aircraft electrical systems have been implicated in a number of recent accidents and 

incidents. Since 1983 there were at least 26 well investigated reports of accidents or serious 
incidents involving electrical interconnect system failures and preliminary findings seem to 
implicate such systems in the catastrophic crashes of TWA 800 in 1996 and Swiss Air 11 1 in 
1998. While this number is small in the greater context of the over 300 million successful 
commercial flights in that same time period, the trend of keeping airplanes in service well past 
their original economic design life requires that we devote additional effort to studying the effect 
of aging on critical airplane systems and functions. 

Still, civil aviation service and incident data - which in many cases can indicate the 
potential for more serious failure - is in short s ~ p p l y . ~  The Department of Defense (DoD) 
generated substantial quantitative data on the malfunctioning of electrical interconnect systems. 
Though civil aircraft do differ in design 

46% Broken Wire 
Insulation Chafing Damage 30% I 

expected in the commercial fleet, I Failure in Connector 

u 

seen in the military fleet can be 
10% 

Table 3: Boeing 737 Fuel Tank Wiring 

Though this data is based on a very specific sample set and there was no effort to identify 
wire type or age, the figures are suggestive of age-related failure. The aging factors could 
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include both wire degradation (e.g., cracking, embrittlement) and nonwire-related aircraft aging. 
Aging factors independent of wire degradation may include an increased frequency of collateral 
wire damage associated with nonwire-related maintenance actions. 

v . u u  

3 0 - 4 0 K  4 0 - 5 0 K  5 0 - 6 0 K  6 0 - I O K  7 0 K  t 

Flight hourslaircraft 
> 5 0 % Insulation Gone - - - - -  B are Wire 

Figure 1 : Age Related Wire Failure 
Electrical interconnect failure can occur in several wavs. 

J 

An open circuit. Though perhaps the most benign failure mode7, it is also the most 
prevalent and not always inconsequential. In 1983 a DC-10 experienced a serious 
autopilot failure induced by the failure of an electrical wire. Cascade effects 
associated with the interruption of current in one circuit - though theoretically taken 
into consideration by FAR 25.1309 - are hard to predict and may result in more 
serious failure in some other part of the electrical system. 
A bolted short circuit. A bolted short circuit will generally trip the aircraft's thermal 
circuit breakers and prevent their reset. If, however, the circuit breaker fails - a 
known contributing cause of at least one DC-9 aircraft in 1987 - the consequences 
can be very serious. 
An intermittent open circuit. Around half of the electrical components removed for 
cause are returned to service with no fault found (NFF). Some of these NFF incidents 
may be the result of intermittent electrical interconnect failures. Though the threat of 
any component's failure to the safety of the aircraft may be slight, a high frequency of 
intermittent failure may eventually lead to serious consequences either by the more 
critical failure of components or by a more critical failure of the interconnect system 
(e.g., electrical arcing). 
An intermittent instantaneous discharge (arcing). This is perhaps the most serious 
failure mode for electrical interconnect components. Often the shunt current is not 
sufficient to cause failure at the load or circuit breaker. This can result in a dangerous 
sparking condition in flammable environments with no means of early detection or 
mitigation. 
Degraded shielding. Degraded shielding may result in the introduction of 
undesirable noise and/or electrical energy with potential adverse affects to the safety 
of the systems. 
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The causes of an open circuit may be stress related or environmental. Stress-related 
failures may be the result of operational or maintenance-induced distress, including frequent 
disconnect and reconnect of wires, displacement of wires or wire bundles during the 
maintenance-inspection process, and corrosion of wire grounds, connections, and splices. Most 
such failures are in accessible locations subject to routine maintenance. 

The causes of a short circuit or degraded signal wire performance include chaffing or cut 
through - possibly resulting from poor installation - or environmental degradation of the 
insulation through excessive temperature, hydrolysis, or contamination by abrasive solids or 
caustic fluids. Lavatory toilet fluid and anticorrosion compounds are known to degrade may 
types of aircraft electrical wire. Short circuits can also occur where wire terminations are 
exposed to contamination by metallic and nonmetallic deposits, including metal chips or 
shavings from other maintenance activities. 

following ways: 
Poor design, manufacture, or repair can aggravate the incidence of wire failure in the 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

Failure to designate or install wire with the appropriate functional and environment- 
resistance characteristics - designated categories include fire zone, fuel quantity 
indicator systems, general purpose, general purpose pressurized, general purpose 
unpressurized, high temperaturelvibratiordengine, modules, power feeders, power 
panels, and wire wrap integration center. Appendix A contains a list of general 
purpose wire types and their prevalence in commercial aircraft. 
Inappropriate retrofit of wire without adherence to manufacturer’s standard practice - 
inadequate installation of in-flight entertainment systems, for example. 
Bad splices resulting in heat buildup or moisture contamination. 
Lack of wire segregation, sags, excessive tension - often the result of wire re- 
installation to accommodate structural modification or repair. 
Poor circuit breaker performance in the presence of arcing faults 
Degradation of circuit breaker performance with age 
Poor segregation of electrical and mechanical systems - there have been instances of 
hydraulic systems and flight control linkages damaged by arcing erosion of metallic 
components. 
Accelerated degradation of insulation due to excessive irradiation of cross-linked 
polymers - possibly the result of a bundle jacket being irradiated. 
Abusive hot stamping practice which can thin, breach, or locally degrade insulation - 
a B-757 accident in January 1985 was the result of wet arc tracking originating from 
an insulation defect coincident with a hot stamp mark. 
Poor crimp connections due to wire gauge anomalies - standard wire gauge leaves 
room for variability in conductor mass, which has changed over time. 

Once an electrical system is in a state of failure or pendingfailure there are several 

The flammability of electrical insulation itself. In addition to the very obvious 
concerns regarding flammable substances in aircraft interiors, there is the added 
concern that burning wire will lead to the failure of multiple critical circuits. 
Latent faults can, in certain circumstances, be found by inspection. However, the 
degradation of wire may not be visually detectable. 
Wire functional testing is often used by airlines to support their reliability programs. 
There is little, if any, application of sophisticated test equipment to address the safety 

mitigating and aggravating factors: 

0 
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threat of degraded wire, although newer designs include reasonably capable built-in 
test equipment reporting to maintenance readouts on a daily basis. 

The NSRP will not support initiatives into the examination of flammability requirements 
for wire but will require that any proposed electrical interconnect technology acknowledge these 
requirements. 

The adequacy of visual inspection and the development of nondestructive inspection and 
testing tools will be subjects of the NSRP. 

Mechanical System P ailure 

to anticipate. Systems of large transport aircraft are certified on a fail-safe design concept that is 
meant to ensure that any failure with catastrophic consequence is “extremely improbable” and 
the failure of any system which would reduce the ability of the crew to deal with adverse 
operating conditions is “improbable.”8 The regulation contains provisions that require the 
designer take into account “the probability of multiple [dependent or independent system] 
failures and undetected failures.” 

severing of all hydraulic lines in a multiple-redundant system due to an engine disk failure. Less 
severe accidents have occurred when electrical short circuits have damaged flight control cables 
and hydraulic lines. 

greater than or equivalent to original design life limits for the aircraft itself. Within this service 
life, potential system failure modes may have been dismissed as extremely improbable or 
improbable. Because aircraft in operation today are greatly exceeding their design life limits, 
reconsideration of these assessments is necessary. 

Current certification regulations require a probabilistic assessment, the simultaneous degradation 
of redundant or dependent systems, but do not necessarily require the specification of 
degradation interdependency. As such the failure probability of a backup or dependent system 
may be assumed as its failure probability in an undegraded state. This may be valid for 
inspectable systems (i.e., when the operator can periodically verify that such systems are not 
degraded), but some redundant systems are not inspectable. Some flight control linkages, for 
example, consist of concentric tubes with all surfaces except the outer surface of the outer tube 
being uninspectable. 

Highly complex mechanical systems are subject to failure modes which may be difficult 

Nevertheless such failures do occur: A DC-10 accident in 1989 was the result of the 

As with aircraft wiring, many mechanical systems were assumed to have a service life 

The gradual uniform degradation of mechanical systems presents some difficult issues. 

Current Initiatives Program Intiatives 

Development of an Aging N onstructural Systems Test and Validation Infrastructure 
One of the first initiatives of the NSRP is the development of a systems test and 

validation center which will take advantage of the existing inspection validation infrastructure at 
the Validation Center at Sandia National Labs. The Validation Center’s two major aircraft (a 
Boeing 737 and a McDonnell Douglas DC-9) will be augmented with the acquisition of a 1971 
Boeing 747 with over 100,000 hours of service. With the help of airline inspectors, the B-747 
will be subject to an intensive visual inspection of its wiring systems and - where the condition 
of wire is suspect - destructive testing of wire insulation. In addition to this, select electrical 
systems on both the B-747 and DC-9 test bed aircraft will be baselined by the application of a 
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state-of-the-art wire test system. Together these activities will provide two test bed aircraft 
capable of validating emerging wire test and inspec tion technology and valuable insight 
regarding the state of health of aged wiring components. 

Development of Wire Testing Equipment 
The FAA and US Air Force Office of Productivity, Reliability, Availability, and 

Maintainability (PRAM) are jointly sponsoring a short-term effort to enhance an automated wire 
test system. The state-of-the-art equipment will be used to help baseline the Validation Center’s 
test aircraft and test articles and to establish a benchmark for future testing equipment developed 
and tested under the NSRP. 

Assessment of Visual Inspection 
The ASTF survey of wiring faults will provide data on physically observable faults in 

wiring and obvious functional failures. It cannot, unfortunately, provide data on certain latent 
defects and invisible degenerative conditions nor can it provide data on the degraded 
performance of wire and insulation (as indicated by variation from some manufacturer 
established or observed baseline.) This data will only be available from a complementary FAA- 
funded effort involving enhanced in situ testing and teardown. 

Working in conjunction with the ATA, the Validation Center will perform supplemental 
nondestructive and destructive testing on interconnect system components identified by ATA 
inspection teams. Tests may include 

0 

0 TEM, SEM, optical microscopy 
0 

0 analytical chemical analysis 

impedance spectroscopy, time domain reflectometry 

microhardness, indentation creep, abrasion and cut-through testing 

Development Testing, and Validation of an Aircraft Arc P auft C ircuif Breaker 
The FAA is working with the US Navy’s Office of Naval Research and the Naval Air 

System Command, Aircraft Division to develop aircraft arc-fault circuit breakers. An arc fault is 
the undesired, momentary discharge of current from a conductor - Le., a spark. This type of 
short circuit is particularly pernicious because of the high temperature of the sparks it generates 
and the absence of any current excursions, which might trip standard thermal circuit breakers 
typically used on aircraft. Arc-fault circuit interrupter technology has the potential to mitigate the 
consequence of wire failure without requiring the redesign of aircraft circuitry. The execution 
plan for this initiative calls for a device sensitive to arc faulting while still meeting all 
performance and design specification of existing circuit breakers. 

platform with both military and civil applications. The FAA and Navy have accepted the C- 
9/DC-9 as this aircraft platform. Furthermore, it was agreed that the specific circuit breaker 
application be one that conforms to Military Specification 25017. There are at least three such 
applications on the C-9 (the ground support panel and two galleys). The selection of this 
application has at least four distinct advantages: 

The joint effort will focus on the development of a specific circuit breaker for an aircraft 

0 

0 

Among aircraft circuit breakers, the design specification is minimally restrictive. The 
circuit breaker is a relatively large circuit breaker. 
The circuit breaker controls power to wires presumed susceptible to safety-hazarding 
arc faults. Galleys are used in flight, and the wire runs are not fire proof. 
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0 

0 

The controlled circuits are not flight critical. Nuisance tripping - though a major 
concern of this effort - will not be a flight safety problem during testing. 
The applications are similar in both the military and commercial aircraft. Other civil 
uses of this particular circuit breaker include applications in the B-707, B-737, and B- 
777 aircraft. 

M ecbanical Systems 

acquisition, decommissioning, and baselining of the B-747 will be in support of both electrical 
and mechanical systems research. 

There are no current initiatives specifically supporting mechanical systems research. The 

Future Initiatives 

The FAA will be proactive in identifying and addressing aging systems safety issues. 

accidentslincident or other operational data indicate a potential safety problem whose 
solution may require research. 
design or operation philosophy have changed significantly since the original aircraft 
design or introduction into service. 
significantly more powerful design tools are available to update certification analysis. 
significantly more capable technologies or techniques are available to enhance. 
maintenance efficacy. 

Proposed technologies, techniques, or practices which require major philosophical, 
organizational, or other institutional change will have to exhibit advantages which clearly 
outweigh the cost of implementation. Conversely, proposed technologies, techniques, or 
practices which do not conflict with 

Initiatives will be established when 

0 existing FAA regulation and advisory material 
the ATA’s Maintenance Steering Group (MSG) process for establishment of 
maintenance programs 
manufacturer recommended standard practice 

will be favored because of their likely acceptability to the aviation community. 

Assessment of Wire Service Life 

when a wire, subject to certain known conditions, will no longer be able to ensure the safe 
transfer of electrical current. 

It is anticipated that this task will be coordinated by the Validation Center at Sandia 
National Labs. It will be the responsibility of the Validation Center to identify general criteria 
and ground rules for the assessment. These criteria and ground rules should be sufficient to 
ensure that (1)  the process of assessment is generally acceptable to the aviation community and 
(2) the results of the assessment are reproducible and comparable with other analytical or 
empirical assessments. 

several assessment exercises at independent facilities. Though the criteria for the assessments 
will be established by the Validation Center, the details of the assessment process will be the 
responsibility of the participating facilities. The conduct of these exercises will be such that at 

The purpose of this task is to establish - if possible - a predictive technique to determine 

Once these criteria are established, the Validation Center will supervise the execution of 
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least some of the wire types assessed will be similar at different facilities. In particular, each 
facility will 

0 propose specific wire types to be assessedg, 
0 identify one or more specific failure criteria, 
0 propose an accelerated aging process, and 
0 design and conduct experiments to determine service life of the wire. 

Upon completion of these assessment exercises, the Validation Center will attempt to 
correlate the results of several exercises with each other and - if possible - with service 
experience. 

Assessment of  C ircuit Protection Devices 
Aircraft circuit protection devices (CPDs) are typically thermal-trip breakers with 

assumed safe-life performance. Although circuit breakers have been repeatedly tested for their 
response to various circuit failures", the bases for all of these tests have included the assumption 
that circuit breaker performance is not affected by age. Though not unreasonable, this 
assumption must be verified. 

Wire Inspection and Testing 

flaws, which may impair the safe and effective electrical transmission of power and signals. The 
systems may be used for infrequent comprehensive examinations or more frequent focused 
inspection. As such user projected capability, capital cost, and equipment costs are not pre- 
specified but must be established in some balance that optimally serves an identified need in the 
aviation community. 

proposals will identify some inspection or testing technology or technique with sensitivity to 
conditions which correlate well with the degradation of electrical interconnect systems. 
Evaluation of system development proposals will be based on the proposed system's apparent 
technical merits and on evidence of endorsement and participation of aircraft manufacturers or 
operators. 

The purpose of this task is to develop systems that determine the material or structural 

It is anticipated that there will be several awards in this area of research. Successful 

Risk assessment 

effort must be 
The NSRP will fund certain risk assessment tasks. Fundamentally, any risk assessment 

Relevant model assumptions cannot be brushed off as simple parameters that can be 
changed as necessary. A risk model has no virtue if its assumptions are unjustifiable 
or parameters unknown or unavailable. 
Practical: The end users of the risk assessment tools developed under this program 
will most likely be airline maintenance organizations. The risk assessment tools will 
have no virtue if the end users can't embrace the tools because they are too 
complicated or because the tools seriously violate constraints of their operations (e.g., 
require unavailable data) 
Useful: the tools should do more than confirm the obvious. 

0 

0 

It is anticipated that such a tools might have particular virtue for mechanical systems 
subject to multiple common failure modes (e.g., jamming, breakage, wear of control linkages). 

Page 9 of 14 
Smith: FAA Aging Nonstructural Systems Research 9 

r 1 



Coordination 

The White House Commission on Aviation Safety and Security recommends that: In 
cooperation with airlines and manufacturers, the FAA’s Aging Aircraft Program should be 
expanded to cover nonstructural systems. The report further endorses the expansion of the FAA- 
DoD-NASA cooperative research program. In response to this, the FAA has committed to work 
formally and informally with 

0 Aging Transport Systems Rulemaking Advisory Committee (ATSRAC) 
0 The ATA and in particular the ATA’s Aging Systems Task Force 
0 Airframe manufacturers - either individually or through their trade organization, the 

Aircraft Industries Association (AIA) 
0 Individual aircraft operators - USAir and Airborne have been very supportive of the 

NSRP 
0 Professional organizations such as the Society of Automotive Engineers (SAE) and 

the National Electrical Manufacturers Association (NEMA). And in particular: 
- SAE Committee AE 8 Aerospace Electrical/Electronic Distribution Systems 

- SAE Committee A 6 Aerospace Fluid Power, Actuation, & Control Technologies 

- SAE Committee G 3 Aerospace Couplings, Fittings, Hose & Tubing Assemblies 
- SAE Committee S 18 Airplane Safety Assessment 

Committee 

Committee 

0 The Department of Defense (activities with the USAF PRAM Office and the Office 
of Naval Research are already underway) 

Conclusions 

The FAA’s Nonstructural Systems Research Program is fully committed to enabling and 
encouraging the aviation community to improve its already excellent safety record. In doing so, 
the FAA realizes the virtue in partnering with the aviation community including operators, 
airframers, and our military counterparts. 
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Wire Table Notes 

This data was generated using information available in the public domain (cross checked with 
manufacturers proprietary data) and the FAA's tail number database. It represents the US 
registered fleet only. Note in particular that Airbus aircraft dates on the graph correspond to the 
oldest and most recently manufactured Airbus aircraft in US service, which is not necessarily 
equivalent to first and last date of manufacturer of those aircraft models. 

Symbols used in wire type table 
t pressurized only 

$ all pressurized areas 
§ unpressurized areas 

Wire types were first associated with aircraft by date, not serial or line number. In years where 
the wire type changed, I assumed half of the production to have the old wire type and half to 
have the new wire type. Information regarding wire type changes associated with series changes 
and the assumption that sister ships would have the same wire type was used to establish wire 
type for individual aircraft. Because these assumptions will not always hold, the numbers are 
approximate. 

These statistics are for the "general-purpose" wire. General-purpose wire represents about 90-95 
percent of wire in an aircraft but not all wire. Where a distinction between pressurized and 
upressurized was made, I chose to use data for pressurized. 

The percentages are based on the number of aircraft having a particular general-purpose wire 
relative to the total fleet. Total installed length and the critically of the application are not 
considered. 

Because of approximations, omitted wire types, and unknown types, the numbers don't 
necessarily add to 100. 

The last column is restricted to aircraft produced before 1979. 

The PVC/Glass/Nylon includes PVC/Nylon also. 

K apton and Tefzel are registered trademarks of E. I. Du Pont de Nemours and Company 
Spec 44 and Spec 55 are registered trademarks of Raychem Corporation 
Apical is a registered trademark of K anegafuchi K agaku K ogyo K abushiki K aisha 
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ENDNOTES 

1. Industry Safety Strategy Team Presentation, October 1997 

2. Though landing gear and engines and fuel systems contain nonstructural subsystems, these 
systems are subject to special certification and regulation requirements. As such they are not 
addressed as part of the NSRP. 

3. The category, electrical systems and instruments, includes avionics which are not the subject 
of the FAA Aging Nonstructural Systems Research. 

4. In recognition of this, the Aging Transport Nonstructural Systems Plan calls for the 
improvement of reporting of accidenthncident and maintenance actions involving wiring 
systems. 

5. George Slenski, Aging Wire Activities and Programs Presentation. 

6. FAA APA Statistics as of June 16, 1998, available on the web a t  www.faa.gov/apa/737iu.htm. 

7. FAR 25.1309 (4) requires the safe operation of the aircraft under the assumption of this sort of 
failure. 

8. FAR 25.1309 

9. It is anticipated that wire degradation characteristics will be specific to wire type. Wire types 
of interest to the FAA and the aviation community include primarily aromatic polyimide, 
PVC/Glass/Nylon, Poly X, Polyalkene, PVDF. 

10. See, for example, DOT/FAA/CT-TN94/55, Electrical Short Circuit and Current Overload 
Tests on Aircraft Wiring. 
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Selecting 
Non Flame Propagation 
Low-Smoke Materials 

for Aircraft Wiring 
James F. Hunt 

DuPont 

Agenda 

Compare Today’s Flame Resistant 

Emphasize Influence of Design, Installation 

Clarify Misconceptions 

Insulating Materials 

and Maintenance 



Fact: 

There is no “perfect” insulation system 
for aerospace wire & cable 

The Designer’s Task: 

Consider trade-offs to secure best balance of 
properties 
Consider influence of design, installation and 
maintenance 

. . ... For Each Application! am@, 



Seek The Best Balance of Properties: 
Electrical 
Mechanical 
Chemical 
Thermal 

Plus 
Nonflammability & low smoke 

Flammability Rating of Materials 
used in wire insulation 

UL std 94 ratinFs 
PTFE v-0 

ETFE v-0 

Polyimide v-0 

PE v-2 



Flammability Rating of Wire 
Insulation 

ASTM Limiting OxyFen Index 
PTFE >95 

Polyimide 37 

ETFE 3 0-3 6 

PE 17 

Comparative Properties of Wire 
Insulation systems 

Relative Ranking 
Weight 
Temperature 
Abrasion Resistance 
Cut-Through resistance 
Chemical resistance 
Flammability 
Smoke generation 
Flexibility 
Creep (at temperature) 
Arc Propagation Resistance 

- 1 - 2 s. - 4 
PI ETFE COMP PTFE 
PTFE COMP PI ETFE 
PI ETFE COMP PTFE 
PI COMP ETFE PTFE 
PTFE ETFE COMP PI 
PTFE COMP PI ETFE 
PI COMP PTFE ETFE 
PTFE ETFE COMP PI 
PI COMP PTFE ETFE 
PTFE ETFE COMP PI 



PTFE - ETFE - PI - COMPOSITE 

Best Balance of Properties 
Inherently resistant to Flame 
Low smoke generation 

Aromatic Polyimide 
(mil spec 81381) 

Design Properties 
- abrasiodcut-through 
- low-smokehon-flame 
- weighthpace 

Limitations 
- arc-track resistance 
- flexibility 



PTFE 
(mil spec 22759/12) 

Design Properties 
- 260 C thermal rating 
- low-smokehon-flame 
- high flexibility 

Limitations 
- cut-through resistance 
- “creep” at temperature 

ETFE 
(mil spec 22759/16) 

Design Properties 
- chemical resistance 
- abrasion resistance 
- ease of use 

Limitations 
- high temperature cut-through 
- thermal rating (1 50 C) 



Compo sit e 
(mil spec 22759/80-92) 

Construction 
- 1 st layer: FluoroRUFluoro composite 
- 2nd layer: PTFE tape 

Design properties 
- high temperature rating (260 C) 
- cut-through resistance 
- arc-track resistance 

Limitations 
- outer layer scuffing 

Insulation Selection 

Select with care 

application 
- seek proper balance of properties for each 

Consider outside influences 
- design requirements 
- installation conditions 
- proper maintenance 

flamekmoke resistance 
Choose materials with inherent 



Conclusion 

Aircraft designer can choose among many 

Physical and chemical properties are 

Safest system combines “Balance of 

polymeric materials 

equally important 

Properties” with inherent flamekmoke 
resistance 
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This docwent defines t h e  methods and practices t o  be 
used in t h e  e lectr icd . /e lectrodc  area for presentin3 
c i r c u i t  inforrat ion and wire assembb and i n s t d l l a t i o n  
on the Yndd. 7L7 aircraft, 

The data is intended for use during d c s i g  and derelop- 
nent by Er,gineerb.g. 

~3 . l  hardware shall be tzanufactured and inspected for 
c o c f o m n c e  to ap?l icable  d r w i n s s ,  and t h i s  docwent  
shall not be used as  a subs t i tu te  or Jupplement thereto .  

K E Y  ' d O P . D S  

Wire Size 

Integration Panels 

Connect or 3 

Crimp Contact 
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DefMtioru 

Thk 
c re 

A. 

B. 

C. 

D .  

E. 

F. 

C. 

ti. 

i .  

J. 

K. 

L. 

H. 

N. 

Solloving d e f i n i t i o n s  are fo r  t h e  meaning of words as they  . 
used wi th in  this  d o c u e n t :  

Clamp - A device used t o  hold and support  wire by gricpfn3 
ac t ion .  

C o a x i a l  - A wire cohciT:ratfcn in which t h e r e  is an  i m c r  
conductor surtounCed RJ a d i e l e c t r i c  a d  enclosed by an 
o u t e r  conductor; n o m l l y  used for  c o n d u c t b g  radio frequexy 
cur ren t s  . 
Connector - A device t o  s k e  in-line connect ion(s)  betveen cEe 
o r  itore wires f o r  continuous e l e c t r i c a l  p a t h t s )  a t  2 l o c a t i c n  
where t h e  +-res are sub jec t  t o  be ins  disconnected *.d tecon- 
nected u i t h o u t  d s s t c h i n g  circuits. 
Contact - A device  u i t h i n  a connector used t o  provide the 
e l e c t r i c a l  s t h  JoL,?iag two h d i v i c u a l  wires. 
C ? i a ?  - A sethod of permanently j o i n b g  a device t o  an  e lect -  
t r i c a l  wire  by aechanical  pressure .  

Dripbops - The loop  fo.med br a wire bundle tou ted  t o  a coz- 
ncc tor  f roz  above t h e  l e v e l  of t h e  c o m e c t o r  5:r 1oocir.r: bdc~r 
the c o m e c t o r  i n  such a -mer t h t  cordens& z n f s t u r e  ,411 
not flow alonq the wire t o  t h e  connector. 

E q u i p e n t  Center - An area where sever& pieces of e l e c t r i c a l  
or' e l e c t r o n i c  equipnent requiring i n t e r c o r a e c t i n q  and incoa ins  
wiring a re  rOwted. 

LTtegration Panel - One or znre shee t  n e t a l  penels  near a n  
cquiF=ent c e n t e r  on wnich t o  =ocnt connectors used fo r  
i n t  eg ra t ing  the in te rconnec t ing  anti inco~Ang w! ti-. 

Y d u l e  - The i n t e g r a t i o n  of an i n s t y s e n t  and i t s  a s soc ia t ed  
switches and/or electrordcs i n t o  a o n i t .  

P i g b i l r ,  - 3h01-2 xires fms a p i t c e  of q u i v . t r . t  t h a t  z r e  c o t  
t e rsdnated  Fn a ccrvncctor. 

Pin - A c a l e  contac t  w i t h i n  a connector t h 2  is no.-s+lly r x m d  
rod shaped, pointcd o r  rnum!d o : ~  ;ne e x  and connected t o  a 
wire on t h e  o t h e r  end. 

Plug-to-Plug - To asscxble a v i re  Surdlc rrom a connectot  s n  
one end t o  a l f k a  cor.rrcct,or on t n c  c:b*:r 3 4  ui*-.:?cut 
s p l i c e s ,  te.,inals, o r  other comectors  i n  between. 
Raceway - An area with in  the  aitcr'.Tt s e t  aside for t h e  r?X- 
ing of e l e c t r i c a l  *vires. The area l  .-ay be enclosed o r  c z w .  

S h c l l  - The ou t s ide  s t x c t u r e  of a ccnncctor which s u ~ : c ~ ) T t s  
afid holds  fcgetker a l l  of the par'-s. 
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U. Wire Pamess - X Kire bundle h t h  - ~ 7  destinatiocs. 
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1.2 General practicer (Continued) 

Wire bundles betveen i n t e g r a t i o n  panels skall be cont ldercd  
s h i p s '  wir ing  &nd s h a l l  be t r e a t e d  as tr9m-k l ines  c o n s t c c t e d  
f r o r n  ccnnectar to  connector  v i r h  a =ini:un of crossovers at ' 

mult i -des t ina t lens .  Wire bundles betueen the  inte.;ratian tsael's 
and the  a d j a c e n t  e.quipient c e n t e r  ( i n s t r u z e n t  *ne1 t i  c l e c t r x i c  
rack s l e l f )  skall  become the  virc ~AXICSS conzatcfcg the crr;:s- 
over in te rconcec ts  and t k e  bw.dle d i v e r s i a n s .  Tkese c a t l e s  s k a l l  

. be used t o  ? = w i d e  for customer sariable v i t h  the  ainicum chanzcs 
t o  the  shi?s' u i r f n q .  

A l l  panel l n s f r u a e n t  and nodule v i r i a q  s t m l l  be tct=linated i n  
connect3rs for e a s e  of re rova l .  Switckes, r e l a y s ,  i n d i c a t o r  
l a n p s ,  d i a l  lamps, e t c . ,  s h a l l  be i n  nodules and t c r a i n a t e d  i n  
COMeCtOrS 9l3 t h e  EOdae. 

1.3 Engineering release of Wiring I n f o r a t i o n  

Release of ?rac?uction e l e c t r i c a l  and e l e c t r o n i c  drav izgs  s h a l l  be 
per Rf 5.7 of 8 e f  3 ,  (CS1;OlO) ar?d lief ? (Cra f t lnq  S z a d a r d s  

follovec! v i t h  t h e  f o l l o v i n g  exce?tion: 
~ U X ) .  AU of t h e  r u e s  of F?.( 6.7 fsr reLease sr.aX be 

A l l  v i re  bundles axl v i r c  rou t tng  Cravings s h a l l  be re leased  as  
r n r t a S l e s  for a -rticular c'Jstw.tr b lcck  of air?lar.es. 
R A ~ ~ ~ - . ? A C C ~  .%n ~ 3 )  

RA101-W';S) S A )  vi11 be added on as  rkey 4re c3~al:teC i f  :key 
a r e  a=:plicable t3 e x i s t i n z  d r a v i q s .  
represent  the needed configzzatia3 of the next cus tocer  block D f  
air71anes tken new drawings v i 1 1  Se c rea t ed  using e x i s t i n c  
custooer dravirgs  as a base l i n e .  

(Zxa=Tle 
b y  nev custoaer i e t r aduc t ion  (fxaz..zle 

If existing dtavings 23 not 
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5.1.9.8 

5.1.9.9 

S o l  . 3.13 

5.1.9 

5.1.5.1 

5.1.9.2 

5.1.10 

Ulre !;=bet Control 

The wire neuter S k A X  be controlled t y  :he engineer res3cnsible fcr 
t t e  sgsterr.. 
nE5er used" v i th tn  the sys:e=l. 

2 .e  engineer st.al1 bc continsausly auare of tke "last 

Rase I d  en ti ii cat 1 cn 

General f?are Wlrfn3 

Terair.a:i on3 
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ELEmcAL I N T E x F m a  

IK1281, Sec t ion  74, is Eo1.c.d "Ta be Added Later." 
i r  appl icable :  

The foUwing  

MAGUETIC OR ELECT3aTATXC COUPLISG 

Most magnetic and e l e c t r o s t a t i c  coupl ing can be c o n t r i l l e d  by 
uire s e w r a t i o n  and s t Je ld in , -  practices. 

As a basic gene ra l  s epa ra t ion  philosophy f o r  t h e  747 a i r p l a n e ,  
vhere system s e p r a t i o n  for safety is not involved, tbe  heavy 
c u r r e n t  car ry ing  cables, p i e r  d i s t r i b u t i o n ,  aad switching cables  
shall be routed on the S.H. s i d e  of t he  Paselage a d  t h e  
electronic cables sk8J.l be routed on the  L.H. s i d e  of t h e  Piselage.  

All i t e n s  of equipaerit,  wire Sun?les, e t c . ,  related t o  one ?over 
sup?ly shall be separa ted  frm ',.lose ' r e l a t e d  t o  ano the r ,  i n s o f a r  
as p r a c t i c a l .  

1 -- 
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9.1 

DH 7281, Sect ion  180, i a  a p p x c a b l e  v i th  the  f o l l o h g  except ions 
a d  add i t ions :  

Fig.  1 shovs s e v e r a l  raajor e n d r o n c e n t a l  (LFeas I,? the ?b? a i r p l a r x ,  
each r e q u I r i n 8  d i f f e r e n t  tyFes of  viricg and i n s t a l l a t i o n  t:eat=ent. 
These areas, arid the env i romen t  v i t h  a s s o c i a t e d  equipcent probless 
t o  be expected in each,  u e  defined 85 follows: 

9.1.1 

9.1.2 

Those areas i n s i d e  the  i r e s s u r s  skin vhich vould n o r a a l l y  be held 
at a l o w  pressure a l t i t u d e .  %is i c c l u d e s  the  air?lane uain body 
fron the  .radoze Fressure bulkbead t o  the a f t  v e s s u r e  bulkhead v i t h  
the  except ion of the vhec l  v e l l s .  

Passenger cabin under no rna l  cocdi t ions:  

Temperature: Cool t o  8o.F s e a  l e v e l  t o  10,OOO f t .  
Cool t o  70°F 20,000 f t  a l t i t u d e  a d  above 

pre ssure : Cabin a l t i t u d e  of 8,000 2 250 It at  a f l i g h t  a l t i t u d e  
of 45,100 It. 
Sea l e v e l  cabin t o  f l i g h t  a l t i t u d e  of 23,100 Y t .  

The maadmurr noma1  cabin p re s su re  d i f f e r e n t i a l  s h a l l  
be 8.9 2 .1 psi. 

F r e i g h t e r  cargo compartment under n o r z a l  condi t ions:  
Temperature: 40.F m i n i m u m  t vo  inches from i n t e i i o r  U d n g .  

Pressure : Cabin a l t i t u d e  of 8,~- 2 250 f t  a t  a f l i g h t  a l t i t u d e  
of 45,100 f t .  

The maxicum normal cabin pressure d i f f e r e n t i a l  shall 
be 8.5 2 .1 ps i .  

Humidity : As high  as one-hundred percent ,  h c l u d i n g  condensation, 
may be encountered. 

Condensntion - Serv ice  experience has ohawn t h a t  in some l o c a t i o n s  
moisture cocdcnsation c o l l e c t s  a z d  r e x  dovn wLre b u d l e s .  The bire  
bundles m u s t  have d r i p l o o p s  t o  s t o p  the condensa:ion from ecterin:  
the  plugs. Connectors nust  be or i en ted  on equicment i n  a h o r i z o n t a l  
o r  dovnvard d i r e c t i o n  so the coEdensation cannot c o l l e c t  in the z l u g  
backshell .  

F l u i d s  - X f e v  cabin and cargo space l o c a t i o s s ,  such a'S'6aneys a=d 
t o i l e t s ,  a r e  desi,-natad as hydraul ic  f l u i d  ( Z ? S  511) e q o s u r e  a x a s .  
Uce of connectors  ir. f b e s e  w e a s  should be avoided where 3oss ib le ;  
when u e d ,  v i r e  and connectors s n a l l  be provided vi:h mois:ure ?r- 
t ec t ion .  
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AC 43.13-1 B 9/8/98 

(14) In confined location, do not use 
solvents with a low flash point, (below 
100 OF) such as Methyl Ethyl Ketone (MEK) 
and acetone. 

(15) All equipment should be cleaned 
after work has been completed. 

(16) Check and follow all applicable re- 
strictions and requirements on the use of sol- 
vents, primers, and top coats. 

(17) Check and follow all applicable re- 
strictions and requirements for use and dis- 
posal of waste material. 

b. Blasting. The following precautions 
should be taken when using any type of blast- 
ing equipment: 

(1) Operators should be adequately 
protected with complete face and head cover- 
ing equipment, and provided with pure 
breathing air. 

(2) Static-ground the dry abrasive blas- 
ter and the material to be blasted. 

(3) Magnesium cuttings and small 
shavings can ignite easily and are an extreme 
hazard. Fires of this metal must be extin- 
guished with absolutely dry talc, calcium car- 
bonate, sand, or graphite by applying the pow- 
der to a depth of 1/2 inch over the metal. 

(4) Titanium alloys and high-tensile- 
strength steel create sparks during dry abrasive 
blasting. Care should be taken to ensure that 
hazardous concentrations of flammable vapors 
do not exist. 

6-91. CORROSION CONTROL WORK 
PROCEDURES. The effectiveness of corro- 
sion control depends on how well basic work 
procedures are followed. The following com- 
mon work practices are recommended: 

a. If rework procedures or materials are 
unknown, contact the aircraft manufacturer or 
FAA authorized Designated Engineering Rep- 
resentative (DER) before proceeding. 

b. The work areas, equipment, and com- 
ponents should be clean and free of chips, grit, 
dirt, and foreign materials. 

c. Do not mark on any metal surface with 
a graphite pencil or any type of sharp, pointed 
instrument. Temporary markings (defined as 
markings soluble in water or methyl chloro- 
form) should be used for metal layout work or 
marking on the aircraft to indicate corroded ar- 
eas. 

d. Graphite should not be used as a lu- 
bricant for any component. Graphite is 
cathodic to all structural metals and will gen- 
erate galvanic corrosion in the presence of 
moisture, especially if the graphite is applied 
in dry form. 

e. Footwear and clothing should be in- 
spected for metal chips, slivers, rivet cuttings, 
dirt, sand, etc., and all such material removed 
before walking or working on metal surfaces 
such as wings, stabilizers, fuel tanks, etc. 

f. Do not abrade or scratch any surface 
unless it is an authorized procedure. If sur- 
faces are accidentally scratched, the damage 
should be assessed and action taken to remove 
the scratch and treat the area. 

g. Coated metal surfaces should not be 
polished for aesthetic purposes. Buffing 
would remove the protective coating and a 
brightly polished surface is normally not as 
corrosion resistant as a non-polished surface 
unless it is protected by wax or paint. 
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h. Protect surrounding areas when i. Severely corroded screws, bolts, and 
washers should be replaced. When a protec- 
tive coating, such as a cadmium plating on 
bolts, or screws, is damaged, immediately ap- 
ply an appropriate protective finish to prevent 
additional corrosion damage. 

welding, grinding, or drilling, to prevent con- 
tamination with residue from these operations. 
In those areas where protective covering can- 
not be used, remove the residue by cleaning. 

6-92.4-112. [RESERVED.] 

Par 6-91 j'F-Ad L C ~ . ~ ~ - - K  J Page 6-19 (and 6-20) 



AC 43.13-18 9/8/98 

CHAPTER 11. AIRCRAFT ELECTRICAL SYSTEMS 

SECTION 1. INSPECTION AND CARE OF ELECTRICAL SYSTEMS 

11-1. GENERAL. The term “electrical 
system” as used in this AC means those parts 
of the aircraft that generate, distribute, and use 
electrical energy, including their support and 
attachments. The satisfactory performance of 
an aircraft is dependent upon the continued re- 
liability of the electrical system. Damaged 
wiring or equipment in an aircraft, regardless 
of how minor it may appear to be, cannot be 
tolerated. Reliability of the system is propor- 
tional to the amount of maintenance received 
and the knowledge of those who perform such 
maintenance. It is, therefore, important that 
maintenance be accomplished using the best 
techniques and practices to minimize the pos- 
sibility of failure. This chapter is not intended 
to supersede or replace any government speci- 
fication or specific m;ulufacturer’s instruction 
regarding electrical system inspection and re- 
pair. 

1 
c- a 

11-2. INSPECTION AND OPERATION 
CHECKS. Inspect equipment, electrical as- 
semblies, and wiring installations for damage, 
general condition, and proper functioning to 
ensure the continued satisfactory operation of 
the electrical system. Adjust, repair, overhaul, 
and test electrical equipment and systems in 
accordance with the recommendations and 
procedures in the aircraft and/or component 
manufacturer’s maintenance instructions. Re- 
place components of the electrical system that 
are damaged or defective with identical parts, 
with aircraft manufacturer’s approved equip- 
ment, or its equivalent to the original in oper- 
ating characteristics, mechanical strength, and 
environmental specifications. A list of sug- 
gested problems to look for and checks (Refer 
to the glossary for a description of the check 
types) to be performed are: -) 

“I 

- c .  
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a. Damaged, discolored, or overheated 
equipment, connections, wiring, and installa- 
tions. 

b. Excessive heat or discoloration at high 
current carrying connections. 

c. Misalignment of electrically driven 
equipment. 

d. Poor electrical bonding (broken, dis- 
connected or corroded bonding strap) and 
grounding, including evidence of corrosion. 

e. Dirty equipment and connections. 

f. Improper, broken, inadequately sup- 
ported wiring and conduit, loose connections 
of terminals, and loose ferrules. 

I 

g. 

h, Condition of circuit breaker and 

Poor mechanical or cold solder joints. 

fuses. 

i. Insufficient clearance between exposed 
current carrying parts and ground or poor in- 
sulation of exposed terminals. 

j. Broken or missing safety wire, broken 
bundle lacing, cotter pins, etc. 

k Operational check of electrically op- 
erated equipment such as motors, inverters, 
generators, batteries, lights, protective devices, 
etc. 

1. Ensure that ventilation and cooling air 
passages are clear and unobstructed. 

Rc L(3‘ ( -3  -- / E  / 
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m. Voltage check of electrical system 
with portable precision voltmeter. 

n. Condition of electric lamps. 

0. Missing safety shields on exposed 
high-voltage terminals (Le., 1 15/200V ac). 

11-3. FUNCTIONAL CHECK OF 
STAND-BY OR EMERGENCY EQUIP- 
MENT. An aircraft should have functional 
tests performed at regular intervals as pre- 
scribed by the manufacturer. The inspections 
or functional check periods should be clearly 
stated in the aircraft maintenance manual, 
along with the overhaul intervals. 

11-4. CLEANING AND PRESERVA- 
TION. Annual cleaning of electrical equip- 
ment to remove dust;dirt, and grime is rec- 
ommended. Suitable solvents or fine abrasives 
that will not score the surface or remove the 
plating may be used to clean the terminals and 
mating surfaces if they are corroded or dirty. 
Only cleaning agents that do not leave any 
type of residue must be used. Components 
must be cleaned and preserved in accordance 
with the aircraft handbooks or manufacturer’s 
instructions. Avoid using emery cloth to pol- 
ish commutators or slip rings because particles 
may cause shorting and burning. Be sure that 
protective finishes are not scored or damaged 
when cleaning. Ensure that metal-to-metal 
electrically bonded surfaces are treated at the 
interface with a suitable anti-corrosive con- 
ductive coating, and that the joint is sealed 
around the edges by restoring the original 
primer and paint finish. Connections that must 
withstand a highly corrosive environment may 
be encapsulated with an approved sealant in 
order to prevent corrosion. 

CAUTION: Turn power off before 
cleaning. 

11-5. BATTERY ELECTROLYTE 
CORROSION. Corrosion found on or near 
lead-acid batteries can be removed mechani- 
cally with a stiff bristle brush and then chemi- 
cally neutralized with a 10 percent sodium bi- 
carbonate and water solution. For Nickel 
Cadmium (NiCad) batteries, a 3 percent solu- 
tion of acetic acid can be used to neutralize the 
electrolyte. After neutralizing, the battery 
should be washed with clean water and thor- 
oughly dried. 

11-6. ADJUSTMENT AND REPAIR AC- 
complish adjustments to items of equipment 
such as regulators, alternators, generators, 
contactors, control devices, inverters, and re- 
lays at a location outside the aircraft, and on a 
test stand OF test bench where all necessary in- 
struments and test equipment are at hand. 
Follow the adjustment and repair procedures 
outlined by the equipment or aircraft manu- 
facturer. Replacement or repair must be ac- 
complished as a part of routine maintenance. 
Adjustment of a replacement voltage regulator 
is likely since there will always ’be a difference 
in impedance between the manufacturer’s test 
equipment and the aircraft’s electrical system. 

11-7. INSULATION OF ELECTRICAL 
EQUIPMENT. In some cases, electrical 
equipment is connected into a heavy current 
circuit, perhaps as a control device or relay. 
Such equipment is normally insulated from the 
mounting structure since grounding the fiame 
of the equipment may result in a serious 
ground fault in the event of equipment internal 
failure. Stranded 18 or 20 AWG wire should 
be used as a grounding strap to avoid shock 
hazard to equipment and personnel. If the end 
connection is used for shock hazard, the 
ground wire must be large enough to carry the 
highest possible current (0.1 to 0.2 ohms 
max.). 

- s 

Page 11-2 Par11-2 , 



11-8. BUS BARS. Annually check bus bars 
for general condition, cleanliness, and security 
of all attachments and terminals. Grease, cor- 
rosion, or dirt on any electrical junction may 
cause the connections to overheat and eventu- 
ally fail. Bus bars that exhibit corrosion, even 
in limited amounts, should be disassembled, 
cleaned and brightened, and reinstalled. 

AC 43.13-1 0 B 
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SECTION 4. INSPECTION OF CIRCUIT-PROTECTION DEVICES - 
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11-47. GENERAL. All electrical wires 
must be provided with some means of circuit 
protection. Electrical wire should be protected 
with circuit breakers or fhes  located as close 
as possible to the electrical power source bus. 
Normally, the manufacturer of electrical 
equipment will specify the fixe or breaker to 
be used when installing the respective equip- 
ment, or SAE publication, ARP 1199, may be 
referred to for recommended practices. 

11-48. DETERMINATION OF CIRCUIT 
BREAKER RATINGS. Circuit protection 
devices must be sized to supply open circuit 
capability. A circuit breaker must be rated so 
that it will open before the current rating of the 
wire attached to it is exceeded, or before the 
cumulative rating of all loads connected to it 
are exceeded, whichever is lowest. A circuit 
breaker must always open before any compo- 
nent downstream can overheat and generate 
smoke or fire. Wires must be sized to cany 
continuous current in excess of the circuit 
protective device rating, including its time- 
current characteristics, and to avoid excessive 
voltage drop. Refer to section 5 for wire rating 
methods. 

11-49. DC CIRCUIT PROTECTOR 
CHART. Table 11-3 may be used as a guide 
for the selection of circuit breaker and fuse 
rating to protect copper conductor wire. This 
chart was prepared for the conditions speci- 
fied. If actual conditions deviate materially 
from those stated, ratings above or below the 
values recommended may be justified. For 
example. a wire run individually in the open 
air may possibly be protected by the circuit 
breaker of the next higher rating to that shown 
on the chart. In general, the chart is conserva- 
tive for all ordinary aircraft electri- 
cal installations. 

Par 11-47 

TABLE 11-3. DC wire and circuit protector chart. 

I wire AN gauge 
copper 
22 
20 
18 
16 
14 
12 
10 
8 
6 
4 
2 
1 

I I 
Circuit breaker amp. 

5 
7.5 
10 
15 
20 
30 
40 
50 

100 
125 

ao 

Fuse amp. 
5 
5 

10 
10 
15 
20 
30 
50 
70 
70 

100 
150 

I I I 0 150 

Basis of chart: 
(1) Wire bundles in 135 OF. ambient and altitudes up to 

30,Ooo feet. 
(2) Wire bundles of 15 or more wires, with wires carrying 

no more than 20 percent of the total current carrying 
capauty of the bundle as given in Speckation 
MIL-W-5088 (ASG). 

(3) Protectors in 75 to 85 OF. ambient. 
(4) Copper wire Speafication MIL-W-5088. 
(5) Circuit breakers to Speafication M1L-C-5809 or 

(6) Fuses to Speafication MIL-F-15160 or equivalent. 
equivalent. 

11-50. RESETTABLE CIRCUIT PRO- 
TECTION DEVICES. 

a. All resettable type circuit breakers 
must open the circuit irrespective of the posi- 
tion of the operating control when an overload 
or circuit fault exists. Such circuit breakers are 
referred to as “trip fiee.” 

b. Automatic reset circuit breakers, that 
automatically reset themselves periodically, 
are not recommended as circuit protection de- 
vices for aircraft. 

11-51. CIRCUIT BREAKER USAGE. 
Circuit breakers are designed as circuit protec- 
tion for the wire (see paragraph 11-48 
and 11-49), not for protection of black boxes 
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SECTION 6. AIRCRAFT ELECTRICAL WIRE SELECTION 

11-76. GENERAL. Aircraft service im- 
poses severe environmental condition on elec- 
trical wire. To ensure satisfactory service, in- 
spect wire annually for abrasions, defective in- 
sulation, condition of terminations, and poten- 
tial corrosion. Grounding connections for 
power, distribution equipment, and electro- 
magnetic shielding must be given particular 
attention to ensure that electrical bonding re- 
sistance has not been significantly increased 
by the loosening of connections or corrosion. 

a. Wire Size. Wires must have sufficient 
mechanical strength to allow for service con- 
ditions. Do not exceed allowable voltage drop 
levels. Ensure that the wires are protected by 
system circuit protection devices, and that they 
meet circuit current carrying requirements. If 
it is desirable to use wire sizes smaller 
than#20, particular attention should be given 
to the mechanical strength and installation 
handling of these wires, e.g. vibration, flexing, 
and termination. When used in interconnect- 
ing airframe application, #24 gauge wire must 
be made of high strength alloy. 

b. Installation Precautions for Small 
Wires. As a general practice, wires smaller 
than size #20 must be provided with additional 
clamps, grouped with at least three other wires, 
and have additional support at terminations, 
such as connector grommets, strain-relief 
clamps, shrinkable sleeving, or telescoping 
bushings. They should not be used in applica- 
tions where they will be subjected to excessive 
vibration, repeated bending, or frequent dis- 
connection from screw terminations. 

c. Identification. All wire used on air- 
craft must have its type identification im- 
printed along its length. It is common practice 
to follow this part number with the five 
digivletter C.A.G.E. code identifying the wire 
manufacturer. Existing installed wire that 

needs replacement can thereby be identified as 
to its performance capabilities, and the inad- 
vertent use of a lower performance and unsuit- 
able replacement wire avoided. 

(1) In addition to the type identification 
imprinted by the original wire manufacturer, 
aircraft wire also contains its unique circuit 
identification coding that is put on at the time 
of harness assembly. The traditional “Hot 
Stamp” method has not been totally satisfac- 
tory in recent years when used on modem, ul- 
tra-thin-walled installations. Fracture of the 
insulation wall and penetration to the conduc- 
tor of these materials by the stamping dies 
have occurred. Later in service, when these 
openings have been wetted by various fluids, 
serious arcing and surface tracking have dam- 
aged wire bundles. 

(2) Extreme care must be taken during 
circuit identification by a hot stamp machine 
on wire with a 10 mil wall or thinner. Alter- 
native identification methods, such as “Laser 
Printing” and “Ink Jet,” are coming into in- 
creasing use by the industry. When such mod- 
ern equipment is not available, the use of 
stamped identification sleeving should be con- 
sidered on thin-walled wire, especially when 
insulation wall thickness falls below 10 mils. 

11-77. AIRCRAFT WIRE MATERIALS. 
Only wire, specifically designed for airborne 
use, must be installed in aircraft. 

a. Authentic Aircraft Wire. Most air- 
craft wire designs are to specifications that re- 
quire manufacturers to pass rigorous testing of 
wires before being added to a Qualified Prod- 
ucts List (QPL) and being permitted to pro- 
duce the wire. Aircraft manufacturers who 
maintain their own wire specifications invaria- 
bly exercise close control on their approved 
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sources. Such military or original equipment 
manufacturer (OEM) wire used on aircraft 
should only have originated from these defined 
wire mills. Aircraft wire from other unau- 
thorized firms, and fraudulently marked with 
the specified identification, must be regarded 
as “unapproved wire,” and usually will be of 
inferior quality with little or no process control 
testing. Efforts must be taken to ensure ob- 
taining authentic, hlly tested aircraft wire. 

b. Platings. Bare copper develops a sur- 
face oxide coating at a rate dependent on tem- 
perature. This oxide film is a poor conductor 
of electricity and inhibits retermination of 
wire. Therefore, all aircraft wiring has a coat- 
ing of either tin, silver, or nickel, that have far 
slower oxidation rates. 

(1) Tin coated copper is a very common 
plating material. Its ability to be successfully 
soldered without highly active fluxes dimin- 
ishes rapidly with time after manufacture. It 
can be used up to the limiting temperature of 
150 “C. 

(2) Silver-coated wire is used where 
temperatures do not exceed 200 “C (392 O F ) .  

(3) Nickel coated wire retains its prop- 
erties beyond 260 “C, but most aircraft wire 
using such coated strands have insulation sys- 
tems that cannot exceed that temperature on 
long-term exposure. Soldered terminations of 
nickel-plated conductor require the use of dif- 
ferent solder sleeves or flux than those used 
with tin or silver-plated conductor. 

c. Conductor Stranding. Because of 
flight vibration and flexing, conductor round 
wire should be stranded to minimize fatigue 
breakage. 

d. Wire Construction Versus Applica- 
tion. The most important consideration in the 

selection of aircraft wire is properly matching 
the wire’s construction to the application envi- 
ronment. Wire construction that is suitable for 
the most severe environmental condition to be 
encountered should be selected. Wires are 
typically categorized as being suitable for ei- 
ther “open wiring” or “protected wiring” ap- 
plications. MIL-W-5088L, Appendix A ta- 
ble A-I lists wires considered to have sufficient 
abrasion and cut-through resistance to be suit- 
able for open-harness construction. 
MIL-W-5088L, Appendix A table A-I1 lists 
wires for protected applications. These wires 
are not recommended for aircraft interconnec- 
tion wiring unless the subject harness is cov- 
ered throughout its length by a protective 
jacket. The wire temperature rating is typi- 
cally a measure of the insulation’s ability to 
withstand the combination of ambient tem- 
perature and current related conductor tem- 
perature rise. 

e. Insulations. There are many insulation 
materials and combinations used on aircraft 
electrical wire. An explanation of many of the 
abbreviations are identified in the glossary. 

11-78. SUBSTITUTIONS. In the repair 
and modification of existing aircraft, when a 
replacement wire is required, the maintenance 
manual for that aircraft must first be reviewed 
to determine if the original aircraft manufac- 
turer (OAM) has approved any substitution. If 
not, then the OAM must be contacted for an 
acceptable replacement. 

a. MIL-W-5088L Wiring, Aerospace 
Vehicle, Appendix A lists wire types that have 
been approved for military aerospace applica- 
tions in open and protected wiring applica- 
tions. These wires could potentially be used 
for substitution when approved by the OAM. 

b. Areas designated as severe wind and 
moisture problem (SWAMP) areas differ 
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from aircraft to aircraft but generally are con- 
sidered to be areas such as wheel wells, near 
wing flaps, wing folds, pylons, and other exte- 
nor areas that may have a harsh environment. 
Wires for these applications often have design 
features incorporated into their construction 
that may make the wire unique; therefore an 
acceptable substitution may be difficult, if not 
impossible, to find. It is very important to use 
the wire type recommended in the aircraft 
manufacturer’s maintenance handbook. 

c. The use of current military specifica- 
tion, multi-conductor cables in place of OEM 
installed constructions may create problems 
such as color sequence. Some civilian aircraft 

are wired with the older color sequence em- 
ploying “Red-Blue-Yellow” as the first three 
colors. Current military specification, multi- 
conductor cables, in accordance with 
MIL-C-27500, use “White-Blue-Orange” for 
the initial three colors. Use of an alternative 
color code during modification without ade- 
quate notation on wiring diagrams could se- 
verely complicate subsequent servicing of the 
aircraft. At the time of this writing, 
MIL-C-27500 is being revised to include the 
older color sequence and could eliminate this 
problem in the future. 

11-79.-11-84. [RESERVED.] 
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SECTION 8. WIRING INSTALLATION INSPECTION REQUIREMENTS 

11-96. GENERAL. Wires and cables 
should be inspected for adequacy of support, 
protection, and general condition throughout. 
The desirable and undesirable features in air- 
craft wiring installations are listed below and 
indicate conditions that may or may not exist. 
Accordingly, aircraft wiring must be visually 
inspected for the following requirements: 

CAUTION: For personal safety, and 
to avoid the possibility of fire, turn off 
all electrical power prior to starting 
an inspection of the aircraft electrical 
system or performing maintenance. 

a. Wires and cables are supported by 
suitable clamps, grommets, or other devices at 
intervals of not more than 24 inches, except 
when contained in troughs, ducts, or conduits. 
The supporting devices should be of a suitable 
size and type, with the wires and cables held 
securely in place without damage to the insu- 
lation. 

b. Metal stand-offs must be used to 
maintain clearance between wires and struc- 
ture. Employing tape or tubing is not accept- 
able as an alternative to stand-offs for main- 
taining clearance. 

c. Phenolic blocks, plastic liners, or 
rubber grommets are installed in holes, bulk- 
heads, floors, or structural members where it is 
impossible to install off-angle clamps to 
maintain wiring separation. In such cases, ad- 
ditional protection in the form of plastic or in- 
sulating tape may be used. 

d. Wires and cables in junction boxes, 
panels, and bundles are properly supported and 
laced to provide proper grouping and routing. 

e. Clamp retaining screws are properly 
secured so that the movement of wires and ca- 
bles is restricted to the span between the points 
of support and not on soldered or mechanical 
connections at terminal posts or connectors. 

f. Wire and cables are properly supported 
and bound so that there is no interference with 
other wires, cables, and equipment. 

g. Wires and cables are adequately sup- 
ported to prevent excessive movement in areas 
of high vibration. 

h. Insulating tubing is secured by tying, 
tie straps or with clamps. 

i. Continuous lacing (spaced 6 inches 
apart) is not used, except in panels and junc- 
tion boxes where this practice is optional. 
When lacing is installed in t h i s  manner, out- 
side junction boxes should be removed and re- 
placed with individual loops. 

j. Do not use tapes (such as friction or 
plastic tape) which will dry out in service, pro- 
duce chemical reactions with wire or cable in- 
sulation, or absorb moisture. 

k. Insulating tubing must be kept at a 
minimum and must be used to protect wire and 
cable from abrasion, chafing, exposure to 
fluid, and other conditions which could affect 
the cable insulation. However; the use of in- 
sulating tubing for support of wires and cable 
in lieu of stand-offs is prohibited. 

1. Do not use moisture-absorbent material 
as “fill” for clamps or adapters. 

m. Ensure that wires and cables are not 
tied or fastened together in conduit or insulat- 
ing tubing. 
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n. Ensure cable supports do not restrict 
the wires or cables in such a manner as to in- 
terfere with operation of equipment shock 
mounts. 

0. Do not use tape, tie straps, or cord for 
primary support. 

p. Make sure that drain holes are pres- 
ent in drip loops or in the lowest portion of 
tubing placed over the wiring. 

q. Ensure that wires and cables are 
routed in such a manner that chafing will not 
occur against the airfiame or other compo- 
nents. 

r. Ensure that wires and cables are po- 
sitioned in such a manner that they are not 
likely to be used as handholds or as support for 
personal belongings and equipment. 

s. Ensure that wires and cables are 
routed, insofar as practicable, so that they are 
not exposed to damage by personnel moving 
within the aircraft. 

t. Ensure that wires and cables are lo- 
cated so as not to be susceptible to damage by 
the storage or shifting of cargo. 

u. Ensure that wires and cables are 
routed so that there is not a possibility of dam- 
age fiom battery electrolytes or other corrosive 
fluids. 

v. Ensure that wires and cables are ade- 
quately protected in wheel wells and other ar- 
eas where they may be exposed to damage 
from impact of rocks, ice, mud, etc. (If re- 
routing of wires or cables is not practical, pro- 
tective jacketing may be installed). This type 
of installation must be held to a minimum. 

w. Where practical, route wires and ca- 
bles above fluid lines. Wires and cables routed 
within 6 inches of any flammable liquid, fuel, 
or oxygen line should be closely and rigidly 
supported. A minimum of 2 inches must be 
maintained between wiring and such lines or 
related equipment, except when the wiring is 
positively clamped to maintain at least 
1/2-inch separation or when it must be con- 
nected directly to the fluid-canying equip- 
ment. 

x. Ensure that a trap or drip loop is 
provided to prevent fluids or condensed mois- 
ture from running into wires and cables 
dressed downward to a connector, terminal 
block, panel, or junction box. 

y. Wires and cables installed in bilges 
and other locations where fluids may be 
trapped are routed as far fiom the lowest point 
as possible or otherwise provided with a 
moisture-proof covering. 

z. Separate wires from high-temperature 
equipment, such as resistors, exhaust stacks, 
heating ducts, etc., to prevent insulation break- 
down. Insulate wires that must run through 
hot areas with a high-temperature insulation 
material such as fiberglass or PTFE. Avoid 
high-temperature areas when using cables 
having soft plastic insulation such as polyeth- 
ylene, because these materials are subject to 
deterioration and deformation at elevated tem- 
peratures. Many coaxial cables have this type 
of insulation. 

aa. The minimum radius of bends in 
wire groups or bundles must not be less than 
10 times the outside diameter of the largest 
wire or cable, except that at the terminal strips 
where wires break out at terminations or re- 
verse direction in a bundle. Where the wire is 
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suitably supported, the radius may be 3 times 
the diameter of the wire or cable. Where it is 
not practical to install wiring or cables within 
the radius requirements, the bend should be 
enclosed in insulating tubing. The radius for 
thermocouple wire is 20 times the diameter. 

bb. Ensure that FW cables, e.g., coaxial 
and triaxial, are bent at a radius of no less than 
6 times the outside diameter of the cable. 

cc. Ensure that wires and cables, that 
are attached to assemblies where relative 
movement occurs (such as at hinges and ro- 
tating pieces; particularly doors, control sticks, 
control wheels, columns, and flight control 
surfaces), are installed or protected in such a 
manner as to prevent deterioration of the wires 
and cables caused by the relative movement of 
the assembled parts. 

dd. Ensure that wires and electrical ca- 
bles are separated from mechanical control ca- 
bles. In no instance should wire be able to 
come closer than 1/2 inch to such controls 
when light hand pressure is applied to wires or 
controls. In cases where clearance is less than 
this, adequate support must be provided to 
prevent chafing. 

ee. Ensure that wires and cables are 
provided with enough slack to meet the fol- 
lowing requirements: 

(1) Permit ease of maintenance. 

(4) Allow shifting of equipment, as 
necessary, to perform alignment, servicing, 
tuning, removal of dust covers, and changing 
of internal components while installed in air- 
Craf t .  

ff. Ensure that unused wires are indi- 
vidually dead-ended, tied into a bundle, and 
secured to a permanent structure. Each wire 
should have strands cut even with the insula- 
tion and a pre-insulated closed end connector 
or a l-inch piece of insulating tubing placed 
over the wire with its end folded back and tied. 

gg. Ensure that all wires and cables are 
identified properly at intervals of not more 
than 15 inches. Coaxial cables are identified at 
both equipment ends. 

11-97. WIRING REPLACEMENT. Wir- 
ing must be replaced with equivalent wire (see 
paragraph 11-78) when found to have any of 
the following defects: 

a. Wiring that has been subjected to 
chafing or fraying, that has been severely dam- 
aged, or that primary insulation is suspected of 
being penetrated. 

b. Wiring on which the outer insulation is 
brittle to the point that slight flexing causes it 
to crack. 

c. Wiring having weather-cracked outer 
insulation. 

(2) Prevent mechanical strain on the d. Wiring that is known to have been ex- 
posed to electrolyte or on which the insulation 
appears to be, or is suspected of being, in an 
initial stage of deterioration due to the effects 

wires, cables, junctions, and supports. 

(3) Permit free movement of shock and 
vibration mounted equipment. of electrolyte. 

-.------------------------ 1 
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e. Check wiring that shows evidence of 
overheating (even if only to a minor degree) 
for the cause of the overheating. 

f. Wiring on which the insulation has be- 
come saturated with engine oil, hydraulic 
fluid, or another lubricant. 

g. Wiring that bears evidence of having 
been crushed or severely kinked. 

h. Shielded wiring on which the metallic 
shield is frayed and/or corroded. Cleaning 
agents or preservatives should not be used to 
minimize the effects of corrosion or deteriora- 
tion of wire shields. 

a. Insulating tubing is placed over termi- 
nals (except pre-insulated types) to provide 
electrical protection and mechanical support 
and is secured to prevent slippage of the tubing 
from the terminal. 

b. Terminal module blocks are securely 
mounted and provided with adequate electrical 
clearances or insulation strips between 
mounting hardware and conductive parts, ex- 
cept when the terminal block is used for 
grounding purposes. 

c. Terminal connections to terminal 
module block studs and nuts on unused studs 
are tight. 

i. Wiring showing evidence of breaks, d. Evidence of overheating and corro- 
sion is not present on connections to terminal 
module block studs. 

cracks, dirt, or moisture in the plastic sleeves 
placed over wire splices or terminal lugs. 

j. Sections of wire in which splices occur e. Physical damage to studs, stud threads, 
at less than 10-foot intervals, unless specifi- and terminal module blocks is not evident. 
cally authorized, due to parallel connections, Replace cracked terminal strips and those 
locations, or inaccessibility. studs with stripped threads. 

k When replacing wiring or coaxial ca- f. The number of terminal connections 
to a terminal block stud does not exceed four, 
unless specifically authorized. 

bles, identify them properly at both equipment 
power source ends. 

1. Testing of the electrical and chemical 
integrity of the insulation of sample wires 
taken from areas of the aircraft that have expe- 
rienced wiring problems in the past, can be 
used to supplement visual examination of the 
wire. The test for chemical integrity should be 
specific for the degradation mode of the insu- 
lation. If the samples fail either the electrical 
or chemical integrity tests, then the wiring in 
the area surrounding the sampling area is a 
candidate for replacement. 

11-98. TERMINALS AND TERMINAL 
BLOCKS. Inspect to ensure that the follow- 
ing installation requirements are met: 

g. Shielding should be dead-ended with 
suitable insulated terminals. 

h. All wires, terminal blocks, and indi- 
vidual studs are clearly identified to corre- 
spond to aircraft wiring manuals. 

i. Terminations should be made using 
terminals of the proper size and the appropriate 
terminal crimping tools. 

11-99. FUSES AND FUSE HOLDERS. 
Inspect as follows: 

a. 
holders. 

Check security of connections to fise 
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b. Inspect for the presence of corrosion 
and evidence of overheating on fuses and fuse 
holders. Replace corroded fuses and clean 
fuse holders. If evidence of overheating is 
found, check for correct rating of fuse. 

c. Check mounting security of fuse 
holder. 

d. Inspect for replenishment of spare 
fuses used in flight. Replace with fises of ap- 
propriate current rating only. 

e. Inspect for exposed fuses susceptible 
Install cover of nonconducting to shorting. 

material if required. 

11-100. CONNECTORS. Ensure reliability 
of connectors by verifying that the following 
conditions are met or that repairs are effected 
as required. 

a. Inspect connectors for security and 
evidence of overheating (cause of over-heating 
must be corrected), and exteriors for corrosion 
and cracks. Also, wires leading to connectors 
must be inspected for deterioration due to 
overheating. Replace corroded connections 
and overheated connectors. 

b. Ensure installation of cable clamp 
(reference MIL-C-85049) adapters on applica- 
ble MS connectors, except those that are 
moisture-pro0 f. 

c. See that silicone tape is wrapped 
around wires in MS3057 cable clamp adapters 
so that tightening of the cable clamp adapter 
cap provides sufficient grip on the wires to 
keep tension from being applied to the con- 
nector pins. 

d. Make sure unused plugs and recep- 
tacles are covered to prevent inclusion of dust 
and moisture. Receptacles should have metal 

or composite dust caps attached by their nor- 
mal mating method. Plugs may have a dust 
cap similar to above or have a piece of poly- 
olefin shrink sleeving shrunk over the con- 
nector, starting fiom the backshell threads, 
with a tail sufficiently long enough to double- 
back over the connector and be tied with poly- 
ester lacing tap behind the coupling nut. The 
cable identification label should be visible be- 
hind the connector or a tag should be attached 
identifying the associated circuit or attaching 
equipment. The connector should be attached 
to structure by its normal mounting means or 
by the use of appropriate clamps. 

e. Ensure that connectors are fully mated 
by checking position and tightness of coupling 
ring or its alignment with fully mated indicator 
line on receptacle, if applicable. 

f. Ensure that the coupling nut of MS 
connectors is safetied, by wire or other me- 
chanical locking means, as required by appli- 
cable aircraft instructional manuals. 

g. Ensure that moisture-absorbent ma- 
terial is not used as “fill” for MS3057 clamps 
or adapters. 

h. Ensure that there is no evidence of 
deterioration such as cracking, missing, or 
disintegration of the potting material. 

i. Identical connectors in adjacent loca- 
tions can lead to incorrect connections. When 
such installations are unavoidable, the attached 
wiring must be clearly identified and must be 
routed and clamped so that it cannot be mis- 
matched. 

j. Connectors in unpressurized areas 
should be positioned so that moisture will 
drain out of them when m a t e d .  Wires exit- 
ing connectors must be routed so that moisture 
drains away from them. 
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11-104. CIRCUIT BREAKERS. Note 
those circuit breakers which have a tendency 
to open circuits fiequently, require resetting 
more than normal, or are subject to nuisance 
tripping. Before considering their replace- 
ment, investigate the reason. 

11-105. SYSTEM SEPARATION. Wires 
of redundant aircraft systems should be routed 
in separate bundles and through separate con- 
nectors to prevent a single fault from disabling 
multiple systems. Wires not protected by a 
circuit-protective device, such as a circuit 
breaker or fuse, should be routed separately 
from all other wiring. Power feeders fiom 
separate sources should be routed in separate 
bundles from each other and fiom other air- 
craft wiring, in order to prevent a single fault 
from disabling more than one power source. 
The ground wires fiom aircraft power sources 
should be attached to the airframe at separate 
points so that a single failure will not disable 
multiple sources. Wiring that is part of elec- 
tro-explosive subsystems, such as cartridge- 
actuated fire extinguishers, rescue hoist shear, 
and emergency jettison devices, should be 
routed in shielded and jacketed twisted-pair 
cables, shielded without discontinuities, and 
kept separate from other wiring at connectors. 
To facilitate identification of specific separated 
system bundles, use of colored plastic cable 
ties or lacing tape is allowed. During aircraft 
maintenance, colored plastic cable straps or 
lacing tape should be replaced with the same 
type and color of tying materials. 

11-106. ELECTROMAGNETIC INTER- 
FERENCE (EMI). Wiring of sensitive cir- 
cuits that may be affected by EM1 must be 
routed away from other wiring interference, or 
provided with sufficient shielding to avoid 
system malfunctions under operating condi- 
tions. EM1 between susceptible wiring and 
wiring which is a source of EM1 increases in 
proportion to the length of parallel runs and 
decreases with greater separation. EM1 should 

be limited to negligible levels in wiring related 
to critical systems, that is, the function of the 
critical system should not be affected by the 
EM1 generated by the adjacent Wire. Use of 
shielding with 85 percent coverage or greater 
is recommended. Coaxial, triaxial, twinaxial, 
or quadraxial cables should be used, wherever 
appropriate, with their shields connected to 
ground at a single point or multiple points, de- 
pending upon the purpose of the shielding. 
The airframe grounded structure may also be 
used as an EM1 shield. 

11-107. INTERFERENCE TESTS. Per- 
form an interference test for installed equip- 
ment and electrical connections as follow: 

a. The equipment must be installed in ac- 
cordance with manufacturer’s installation in- 
structions. Visually inspect all the installed 
equipment to determine that industry standard 
workmanship and engineering practices were 
used. Verify that all mechanical and electrical 
connections have been properly made and that 
the equipment has been located and installed in 
accordance with the manufacturer’s recom- 
mendations. The wire insulation temperature 
rating should also be considered. 

b. Power input tests must be conducted 
with the equipment powered by the airplane’s 
electrical power generating system, unless oth- 
e d s e  specified. 

c. All associated electrically operated 
equipment and systems on the airplane must 
be on and operating before conducting inter- 
ference tests, unless otherwise specified. 

d. The effects on interference must be 
evaluated as follows: 

(1) The equipment shall not be the 
source of harmfbl conducted or radiated inter- 
ference or adversely affect other equipment or 
systems installed in the airplane. 
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SECTION 9. ENVIRONMENTAL PROTECTION AND INSPECTION 

TIONS. Wire bundles must be routed in ac- 
cessible areas that are protected from damage 
from personnel, cargo, and maintenance activ- 
ity. They should not be routed in areas in 
where they are likely to be used as handholds 
or as support for personal equipment or where 
they could become damaged during removal of 
aircraft equipment. Wiring must be clamped 
so that contact with equipment and structure is 
avoided. Where this cannot be accomplished, 
extra protection, in the form of grommets, 
chafe strips, etc., should be provided. Protec- 
tive grommets must be used, wherever wires 
cannot be clamped, in a way that ensures at 
least a 3/8-inch clearance from structure at 
penetrations. Wire must not have a preload 
against the corners or edges of chafing strips or 
grommets. Wiring must be routed away from 
high-temperature equipment and lines to pre- 
vent deterioration of insulation. Protective 
flexible conduits should be made of a material 
and design that eliminates the potential of 
chafing between their internal wiring and the 
conduit internal walls. Wiring that must be 
routed across hinged panels, must be routed 
and clamped so that the bundle will twist, 
rather than bend, when the panel is moved. 

11-116. GROUP AND BUNDLE TIES. A 
wire bundle consists of a quantity of wires 
fastened or secured together and all traveling 
in the same direction. Wire bundles may con- 
sist of two or more groups of wires. It is often 
advantageous to have a number of wire groups 
individually tied within the wire bundle for 
ease of identification at a later date. (See fig- 
ure 11-7.) Comb the wire groups and bundles 
so that the wires will lie parallel to each other 
and minimize the possibility of insulation 
abrasion. A combing tool, similar to that 
shown in figure 11-8, may be made from any 
suitable insulating material, taking care to 

FIGURE 11-7. Group and bundle ties. 

FIGURE 11-8. Comb for straightening wires in bundles. 

ensure all edges are rounded to protect the wire 
insulation. 

11-117. MINIMUM WIRE BEND RADII. 
The minimum radii for bends in wire groups or 
bundles must not be less than 10 times the out- 
side diameter of their largest wire; or they may 
be bent at 6 times their outside diameters at 
breakouts or where they must reverse direction 
in a bundle, provided that they are suitably 
supported. 

a. RF cables should not bend on a radius 
of less than 6 times the outside diameter of the 
cable. 
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b. Care should be taken to avoid sharp 
bends in wires that have been marked with the 
hot stamping process. 

11-118. SLACK. Wiring should be installed 
with sufficient slack so that bundles and indi- 
vidual wires are not under tension. Wires con- 
nected to movable or shock-mounted equip- 
ment should have sufficient length to allow 
full travel without tension on the bundle. 
Wiring at terminal lugs or connectors should 
have sufficient slack to allow two retermina- 
tions without replacement of wires. This slack 
should be in addition to the drip loop and the 
allowance for movable equipment. Normally, 
wire groups or bundles should not exceed 
1/2-inch deflection between support pints, as 
shown in figure 11-9. This measurement may 
be exceeded provided there is no possibility of 
the wire group or bundle touching a surface 
that may cause abrasion. Sufficient slack 
should be provided at each end to: 

a. Permit replacement of terminals. 

b. Prevent mechanical strain on wires. 

c. Permit shifting of equipment for main- 
tenance purposes. 

11-119. POWER FEEDERS. The power 
feeder wires should be routed so that they can 
be easily inspected or replaced. They must be 
given special protection to prevent potential 
chafing against other wiring, aircraft structure, 
or components. 

11-120. RF CABLE. All wiring needs to be 
protected from damage. However, coaxial and 
triaxial cables are particularly vulnerable to 
certain types of damage. Personnel should ex- 
ercise care while handling or working around 
coaxial. Coaxial damage can occur when 
clamped too tightly, or when they are bent 
sharply (normally at or near connectors). 
Damage can also be incurred during unrelated 
maintenance actions around the coaxial cable. 
Coaxial can be severely damaged on the inside 
without any evidence of damage on the out- 
side. Coaxial cables with solid center con- 
ductors should not be used. Stranded center 
coaxial cables can be used as a direct replace- 
ment for solid center coaxial. 

11-121. PRECAUTIONS. 

a. Never kink coaxial cable. 

b. Never drop anything on coaxial cable. 

c. Never step on coaxial cable. 

d. Never bend coaxial cable sharply. 

e. Never loop coaxial cable tighter than 
the allowable bend radius. 

f. Never pull on coaxial cable except in a 
straight line. 

g. Never use coaxial cable for a handle, 
lean on it, or hang things on it (or any other 
wire). 

w i n  NORMAL HAND PRESSURE 

FIGURE 11-9. Slack between supports. 
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11-122. MOISTURE PROTECTION, 
WHEEL WELLS, AND LANDING GEAR 
AREAS. 

a. Wires located on landing gear and in 
the wheel well area can be exposed to many 
hazardous conditions if not suitably protected. 
Where wire bundles pass flex points, there 
must not be any strain on attachments or ex- 
cessive slack when parts are fully extended or 
retracted. The wiring and protective tubing 
must be inspected frequently and replaced at 
the first sign of wear. 

b. Wires should be routed so that fluids 
drain away from the connectors. When this is 
not practicable, connectors must be potted. 
Wiring which must be routed in wheel wells or 
other external areas must be given extra pro- 
tection in the form of harness jacketing and 
connector strain relief. Conduits or flexible 
sleeving used to protect wiring must be 
equipped with drain holes to prevent entrap- 
ment of moisture. 

11-123. PROTECTION AGAINST PER- 
SONNEL AND CARGO. Wiring must be in- 
stalled so the structure affords protection 
against its use as a handhold and damage from 
cargo. Where the structure does not afford 
adequate protection, conduit must be used, or a 
suitable mechanical guard must be provided. 

11-124. HEAT PRECAUTIONS. Wiring 
must be routed away from high-temperature 
equipment and lines to prevent deterioration of 
insulation. Wires must be rated (reference 
paragraph 11-66 and 11-67) so that the con- 
ductor temperature remains within the wire 
specification maximum when the ambient 
temperature, and heat rise, related to current 
carrying capacity are taken into account. The 
residual heating effects caused by exposure to 

sunlight when aircraft are parked for extended 
periods should also be taken into account. 
Wires such as in fire detection, fire extin- 
guishing, fuel shutoff, and fly-by-wire flight 
control systems that must operate during and 
after a fire, must be selected from types that 
are qualified to provide circuit integrity after 
exposure to fire for a specified period. Wire 
insulation deteriorates rapidly when subjected 
to high temperatures. Do not use wire with 
soft polyethylene insulation in areas subject to 
high temperatures. Use only wires or cables 
with heat resistance shielding or insulation. 

11-125. MOVABLE CONTROLS WIR- 
ING PRECAUTIONS. Clamping of wires 
routed near movable flight controls must be 
attached with steel hardware and must be 
spaced so that failure of a single attachment 
point can not result in interference with con- 
trols. The minimum separation between wir- 
ing and movable controls must be at least 
1/2 inch when the bundle is displaced by light 
hand pressure in the direction of the controls. 

11-126. FLAMMABLE FLUIDS AND 
GASES. An arcing fault between an electrical 
wire and a metallic flammable fluid line may 
puncture the line and result in a fire. Every ef- 
fort must be made to avoid this hazard by 
physical separation of the wire from lines and 
equipment containing oxygen, oil, fuel, hy- 
draulic fluid, or alcohol. Wiring must be 
routed above these lines and equipment with a 
minimum separation of 6 inches or more 
whenever possible. When such an arrange- 
ment is not practicable, wiring must be routed 
so that it does not run parallel to the fluid 
lines. A minimum of 2 inches must be main- 
tained between wiring and such lines and 
equipment, except when the wiring is posi- 
tively clamped to maintain at least 1/2-inch 
separation, or when it must be connected 
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directly to the fluid-carrying equipment. In- 
stall clamps as shown in figure 11-10. These 
clamps should not be used as a means of sup- 
porting the wire bundle. Additional clamps 
should be installed to support the wire bundle 
and the clamps fastened to the same structure 
used to support the fluid line(s) to prevent 
relative motion. 

I 

FIGURE 11-10. Separation of wires from plumbing 
lines. 

11-127.-11-134. [RESERVED.] 
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SECTION 12. WIRE INSULATION AND LACING STRING TIE 

11-155. GENERAL. Insulation of wires 
should be appropriately chosen in accordance 
with the environmental characteristics of wire 
routing areas. Routing of wires with dissimilar 
insulation, within the same bundle, is not rec- 
ommended, particularly when relative motion 
and abrasion between wires having dissimilar 
insulation can occur. Soft insulating tubing 
(spaghetti) cannot be considered as mechanical 
protection against external abrasion of wire; 
since at best, it provides only a delaying ac- 
tion. Conduit or ducting should be used when 
mechanical protection is needed. 

11-156. INSULATION MATERIALS. In- 
sulating materials should be selected for the 
best combination of characteristics in the fol- 
lowing categories: 

a. 

b. 

C. 

d. 

e. 

f. 

g- 

h. 

1. 

j. 

k 

1. 

Abrasion resistance. 

Arc resistance (noncarbon tracking). 

Corrosion resistance. 

Cut-through strength. 

Dielectric strength. 

Flame resistance. 

Heat distortion temperature. 

Impact strength. 

Mechanical strength. 

Resistance to fluids. 

Resistance to notch propagation. 

Smoke emission. 

m. Special properties unique to the 
aircraft. 

n. For a more complete selection of in- 
sulated wires refer to SAE AS 4372 Aerospace 
Wire Performance Requirement and SAE 
AS 4373 Test Methods for Aerospace Wire. 

11 -157. STRIPPING INSULATION. 
Attachment of wire, to connectors or termi- 
nals, requires the removal of insulation to ex- 
pose the conductors. This practice is com- 
monly known as stripping. Stripping may be 
accomplished in many ways; however, the 
following basic principles should be practiced. 

a. Make sure all cutting tools used for 
stripping are sharp. 

b. When using special wire stripping 
tools, adjust the tool to avoid nicking, cutting, 
or otherwise damaging the strands. 

c. Damage to wires should not exceed the 
limits specified in table 1 1-1 3. 

d. When performing the stripping op- 
eration, remove no more insulation than is 
necessary. 

11-158. LACING AND TIES. Ties, lacing, 
and straps are used to secure wire groups or 
bundles to provide ease of maintenance, in- 
spection, and installation. Braided lacing tape 
per MIL-T-43435 is suitable for lacing and 
tying wires. In lieu of applying ties, straps 
meeting Specification MS 1782 1 or MS 17822 
may be used in areas where the temperature 
does not exceed 120 "C. Straps may not be 
used in areas of SWAMP such as wheel wells, 
near wing flaps or wing folds. They may not 
be used in high vibration areas, where failure 
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SECTION 16. WIRE MARKING 

11-205. GENERAL. The proper identifica- 
tion of electrical wires and cables with their 
circuits and voltages is necessary to provide 
safety of operation, safety to maintenance per- 
sonnel, and ease of maintenance. 

a. Each wire and cable should be marked 
with a part number. It is common practice for 
wire manufacturers to follow the wire material 
part number with the five digidletter C.A.G.E. 
code identifying the wire manufacturer. Ex- 
isting installed wire that needs replacement 
can thereby be identified as to its performance 
capabilities, and the inadvertent use of a lower 
performance and unsuitable replacement wire 
avoided. 

b. The method of identification should 
not impair the characteristics of the wiring. 

CAUTION: Do not use metallic bands 
in place of insulating sleeves. Exercise 
care when marking coaxial or data 
bus cable, as deforming the cable may 
change its electrical characteristics. 

11-206. WIRE IDENTIFICATION. TO 
facilitate installation and maintenance, original 
wire-marking identification is to be retained. 
The wire identification marks should consist of 
a combination of letters and numbers that 
identify the wire, the circuit it belongs to, its 
gauge size, and any other information to relate 
the wire to a wiring diagram. All markings 
should be legible in size, type, and color. 

11-207. IDENTIFICATION AND IN- 
FORMATION RELATED TO THE WIRE 
AND WIRING DIAGRAMS. The wire 
identification marking should consist of simi- 
lar information to relate the wire to a wiring 
diagram. 

AC 43.13-1 B 

11-208. PLACEMENT OF IDENTIFI- 
CATION MARKINGS. Identification 
markings should be placed at each end of the 
wire and at 15-inch maximum intervals along 
the length of the wire. Wires less than 
3 inches long need not be identified. Wires 
3 to 7 inches in length should be identified ap- 
proximately at the center. Added identification 
marker sleeves should be so located that ties, 
clamps, or supporting devices need not be re- 
moved in order to read the identification. 

The wire identification code must be printed to 
read horizontally (from left to right) or verti- 
cally (from top to bottom). The two methods 
of marking wire or cable are as follows: 

a. Direct marking is accomplished by 
printing the cable’s outer covering. (See fig- 
ure 11-23.) 

b. Indirect marking is accomplished by 
printing a heat-shrinkable sleeve and installing 
the printed sleeve on the wire or cables outer 
covering. Indirect-marked wire or cable 
should be identified with printed sleeves at 
each end and at intervals not longer than 6 feet. 
The individual wires inside a cable should be 
identified within 3 inches of their termination. 
(See figure 11-24.) 

11-209. TYPES OF WIRE MARKINGS. 
The preferred method is to mark directly on 
the wire. Teflon coated wires, shielded wiring, 
multiconductor cable, and thermocouple wires 
usually require special sleeves to carry identi- 
fication marks. Whatever method of marking 
is used, the marking should be legible and the 
color should contrast with the wire insulation 
or sleeve. 

a. Extreme care must, therefore, be taken 
during circuit identification by a hot stamp 
machine on insulation wall 10 mils or thinner. 
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( I )  Multiple w l r a  In I sleeve 

/ 3 v y  15” 15” / 3”/  
H215A2O H21 SA20 H215AZO 

(b) Single wire without sleeve 

FIGURE 11-23. Spacing of printed identification marks (direct marking). 

3 NCH 
M A X  

b. Alternative identification methods 
such as “Laser Printing”, “Ink Jet”, and “Dot 
Matrix” are preferred. When such modem 
equipment is not available, the use of stamped 
identification sleeving should be considered on 
insulation wall thickness of 10 mils or less. 

11-210. HOT STAMP MARKING. This 
method imprints hot ink marks onto the wire. 
Caution must be exercised when using this 
method, as it has been shown to damage insu- 
lation when incorrectly applied. Type set char- 
acters, similar to that used in printing presses 
but shaped to the contour of the wire, are 
heated to the desired temperature. Wire is 
pulled through a channel directly underneath 
the characters. The heat, of the type set char- 
acters, transfers the ink fiom the marking foil 
onto the wire. 

a. Good marking is obtained only by the 
proper combination of temperature, pressure, 
and dwelling. Hot stamp will mark wire with 
an outside diameter of 0.038 to 0.25-inch. 

FIGURE 11-24. Spacing of printed identification marks 
(indirect marking). 
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(1) The conductor length in feet. 
(2)  The number of amperes of current to be 

carried. 
(3) The amount of voltage drop permitted. 
(4)  Whether the current to be carried will be 

intermittent or continuous, and if continu- 
ous, whether it is a single conductor in 
free air, in a conduit, or in a bundle. 

Assume that it is desired to install a 50-ft. con- 
ductor from the aircraft bus to the equipment in a 
28-volt system. For this length, a 1-volt drop is 
permissible for continuous operation. By referring 
to the ;hart in figure 11-5, the maximum number of 
feet a conductor may be run carrying a specified 
current with a 1-volt drop can be determined. In 
this example the number 50 is selected. 

Assuming the current required by the equipment 
is 20 amperes, the line indicating the value of 20 
amperes should be selected from the diagonal lines. 
Follow this diagonal line downward until it inter- 
sects the horizontal line number 50. From this 
point, drop straight downward to the bottom of the 
chart to find that a conduetor between size No. 8 
and No. 10 is required to prevent a greater drop 
than 1 volt. Since the indicated value is between 
two numbers, the larger size, No. 8, should be se- 
lected. This is the smallest size conductor which 
should be used to avoid an excessive voltage drop. 

To determine that the conductor size is sufficient 
to preclude overheating, disregard both the num- 
bers along the left side of the chart and the hori- 
zontal lines. Assume that the conductor is to be a 
single wire in free air carrying continuous current. 
Place a pointer at the top of the chart on the 
diagonal line numbered 20 amperes. Follow this line 
until the pointer intersects the diagonal line marked 
curve 2.” Drop the pointer straight downward to 

the bottom of the chart. This point is between num- 
bers 16 and 18. The larger size, No. 16, should lk 
selected. This is the smallest size conductor accepta- 
ble for carrying 20-ampere current in a single wire 
in free air without overheating. 

In many cases the permissible voltage drop is 
more or less than 1 volt. Since the chart in figure 
11-5 is based on only a 1-volt drop, it is necessary 
to use a correction formula when selecting a con- 
ductor which requires other than a 1-volt drop. 
This is accomplished by dividing the length of the 
actual conductor run by the permissible voltage 
drop. For example, assume that a 14-volt system 
requires a 50-ft. conductor in a bundle between the 
bus and the equipment. This would permit an allow- 

( I  

. -  

able voltage drop of 0.5 volt for equipment oper- 
ated continuously. To use the chart, divide 50 ft. by 
0.5 volt. 

50 ft. 
0.5 v. 
-- - loo 

In this case, when the conductor chart is used to 
select the wire size, the value of 100 is used instead 
of the 50-ft. conductor length to determine the size 
wire to be used. 
Conductor Insulation 

Two fundamental properties of insulation materi- 
als (for example, rubber, glass, asbestos, or plastic) 
are insulation resistance and dielectric strength. 
These are entirely different and distinct properties. 

Insulation resistance is the resistance to current 
leakage through and over the surface of insulation 
materials. Insulation resistance can be measured 
with a megger without damaging the insulation, and 
data so obtained serves as a useful guide in deter- 
mining the general condition of the insulation. 
However, the data obtained in this manner may not 
give a true picture of the condition of the insula- 
tion. Clean, dry insulation having cracks or other 
faults might show a high value of insulation resist- 
ance but would not be suitable for use. 

Dielectric strength is the ability of the insulator 
to withstand potential difference and is usually ex- 
pressed in terms of the voltage at which the insula- 
tion fails because of the electrostatic stress. Maxi- 
mum dielectric strength values can be measured by 
raising the voltage of a test sample until the insula- 
tion breaks down. 

Because of the expense of insulation and its stiff- 
ening effect, together with the great variety of phys- 
ical and electrical conditions under which the con- 
ductors are operated, only the necessary minimum 
insulation is applied for any particular type of 
cable designed to do a specific job. 

The type of conductor insulation material varies 
with the type of installation. Such types of insula- 
tion as rubber, silk, and paper are no longer used 
extensively in aircraft systems. More common today 
are such materials as vinyl, cotton, nylon, Teflon, 
and Rockbestos. 

Identifying Wire and Cable 
Aircraft electrical system wiring and cable may 

be marked with a combination of letters and num- 
bers to identify the wire, the circuit it belongs to, 
the gage number, and other information necessary 
to relate the wire or cable to a wiring diagram. 
Such markings are called the identification code. 
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a marked sleeve tied in place; the other uses a 
pressure-sensitive tape. 

(2) Three-phase distribution wiring. 
(3) Certain other wires (usually radio wiring) 

2 Wires 
3 Wires 

Electrical Wiring Installation 

The following recommended procedures for in- 
stalling aircraft electrical wiring are typical of those 
used on most aircraft. For purposes of this discus- 
sion, the following definitions are applicable : 

Open wiring-any wire, wire group, or 

622 #20 /18 #16 #14 612 #lo #8 66 #4 

10 10 9 8 7% 7 6% 6 5 4 
10 10 8% 7 6% 6 5!4 5 4 3 

wire bundle not enclosed in conduit. 
Wire group-two or more wires going to 
the same location tied together to retain 
identity of the group. 
Wire b u n d l e t w o  or more wire groups 
tied together because they are going in 
the same direction at the point where the 
tie is located. 
Electrically protected wiring-wires which 
include (in the circuit) protection against 
overloading, such as fuses, circuit break- 
ers, or other limiting devices. 
Electrically unprotected wiring-wires 
(generally from generators to main bus 
distribution points) which do not have 
protection, such Ls fuses, circuit breakers, 
or other current-limiting devices. 

Wire Groups and Bundler 

Grouping or bundling certain wires, such as elec- 
trically unprotected power wiring and wiring going 
to duplicate vital equipment, should be avoided. 

Wire bundles should generally be less than 75 
wires, or 1-1/2 to 2 in. in diameter where practica- 
ble. When several wires are grouped at junction 
boxes, terminal blocks, panels, etc., identity of the 
group within a bundle (figure 11-9) can be re- 
tained. 

Bundle tie Group tie Bundle tie 

- 
as specified on engineering drawings. 

Twist the wires so that they will lie snugly 
against each other, making approximately the num- 
ber of twists per foot as shown in table 11-3. Al- 
ways check wire insulation for damage after twist- 
ing. If the insulation is torn or frayed, replace the 
W1VD .. .Ab. 
TABLE 11-3. Recommended number of twists per foot. 

I Wire Size 

Bend Radii FIGURE 11-9. Group and bundle ties. 

Bends in wire groups or bundles should be not 
less than 10 times the outside diameter of the wire 
group or bundle. However, at terminal strips, where 
wire is suitably supported at each end of the bend, 
a minimum radius of three times the outside diame- 
ter of the wire, or wire bundle, is normally accepta- 
ble. There are, of course, exceptions to these guide- 
lines in the case of certain types of cable; for 

Twisting Wires 

When specified on the engineering drawing, or 
when accomplished as a local practice, parallel 
wires must sometimes be twisted. The following are 
the most common examples : 

(1) Wiring in the vicinity of magnetic corn- 
pass or flux valve. i 386 
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FICURE 11-10. Staggered splices in a wire bundle. 

example, coaxial cable should never be bent to a 
smaller radius than six times the outside diameter. 

Routing and Installations 

All wiring should be installed so that it is me- 
chanically and electrically sound and neat in ap- 
pearance. Whenever practicable, wires and bundles 
should be routed parallel with, or at right angles to, 
the stringers or ribs of the area involved. An excep- 
tion to this general rule is coaxial cable, which is 
routed as directly as possible. 

The wiring must be adequately supported 
throughout its length. A sufficient number of sup- 
ports must be provided to prevent undue vibration 
of the unsupported lengths. All wires and wire 
groups should be routed and installed to protect 
them from: 

(1) Chafing or abrasion. 
(2) High temperature. 
(3) Being used as handholds, or as support 

for personal belongings and equipment. 
(4) Damage by personnel moving yithin the 

aircraft. 
(5) Damage from cargo stowage or shifting. 
(6) Damage from battery acid fumes, spray, 

or spillage. 
(7) Damage from solvents and fluids. 

Protection Against Chafing 

Wires and wire groups should be protected 
against chafing or abrasion in those locations where 
contact with sharp surfaces or other wires would 
damage the insulation. Damage to the insulation 
can cause short circuits, malfunction, or inadvertent 
operation of equipment. Cable clamps should be 
used to support wire bundles at each hole through a 
bulkhead (figure 11-12). If wires come closer than 
1/4 in. to the edge of the hole, a suitable grommet 
is used in the hole as shown in figure 11-13. 

Sometimes it is necessary to cut nylon or rubber 
grommets to facilitate installation. In these in- 
stances, after insertion, the grommet can be secured 
in place with general-DurDose cement. The cut 

Protection against High Temperature 

To prevent insulation deterioration, wires should 
be kept separate from high-temperature equipment, 
such as resistors, exhaust stacks, or heating ducts. 
The amount of separation is normally specified by 
engineering drawings. Some wires must invariably 
be run through hot areas. These wires must be 
insuhted with high-temperature material such as 
asbestas, fiber glass, c,’ TeSon. Additional protec- 
tion is also often requred in the form of conduits. 
A low-temperature insulation wire should never be 
used to replace a high-temperature insulation wire. 

Many coaxial cables have soft plastic insulation, 
such as polyethylene, which is especially subject to 
deformation and deterioration at elevated tempera- 
tures. All high-temperature areas should be avoided 
when installing these cables insulated with plastic 
or polyethylene. 

Additional abrasion protection should be given to 
asbestos wires enclosed in conduit. Either conduit 
with a high-temperature rubber liner should be 
used, or asbestos wires can be enclosed individually 
in high-temperature plastic tubes before being in- 
stalled in the conduit. 

Protection Against Solvents and Fluids 

Wires should not be installed in areas where they 
will be subjected to damage from fluids or in the 
lowest 4 in. of an aircraft fuselage, except those 
that must terminate in that area. If there is a possi- 
bility that wire may be soaked with fluids, plastic 
tubing should be used to protect the wire. This 
tubing should extend past the exposure area in both 
directions and should be tied at each end. If the 
wire has a low point between the tubing ends, pro- 
vide a 1/8-in. drain hole, as shown in figure 11-14. 
This hole should be punched into the tubing after 
the installation is complete and the low point defi- 
nitely established by using a hole punch to cut a 
half circle. Care should be taken not to damage any 
wires inside the tubing when using the punch. 

Wire should never be routed below an aircraft 



4 Cable clamp 

Angle bracket with 
two point fastening 

FIGURE 11-12. Cable clamp at bulkhead hole. 

battery. All wires in the vicinity of an aircraft 
battery should be inspected frequently and wires 
disczld.. e3 by batttiy fumes should be replari? 

Protection of Wires in Wheel Well Area 

Wires located in wheel wells are  subject to many 
additional hazards, such as  exposure to  fluids, 
pinching, and severe flexing in service. All wire 
bundles should be protected by sleeves of flexible 
tubing securely held at each end, and there should 
be no relative movement a t  points where flexible 
tubing is secured. These wires and the insulating 
tubing should be inspected carefully at frequent 
intervals, and wires or  tubing should be replaced at  
the first sign of wear. There should be no strain on 
attachments when parts a re  fully extended, but 
slack should not be excessive. 

When wiring must be routed parallel to combusti. i 

1 

I 
ble fluid or  oxygen lines for short distances, as  
much fixed separation as  possible should be main- 
tained. The wires should be on a level with, o r  
above, the plumbing lines. Clamps should be spaced 
so that if a wire is broken at a clamp it will not 

I 

I 
contact the line. Where a 6-in. separation is not 
possible, both the wire bundle and the plumbing 
line can be clamped to the same structure to prevent 
any relative motion. I f  thr separation is less than 2 
in. but more than 1/2 in., a polyethylene sleeve may 
be used over the wirr bundle to give further protec- 
tion. Also two cable clamps back-to-back, as  shown 
in figure 11-15, can be used to maintain a rigid 
separation only, and not for support of the bundle. 
No wire should be routed so that it i s  located 
nearer than 1/2 in. to a plumbing line. Neither 
should a wire or wire bundle be supported from a 

Wires less than 

FIGURE 11-13. Cable clamp and grommet at bulkhead hole. 
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Drainage hole 1/8-inch diameter at 
lowest point in tubing. Make the 
hole after installation is complete 
and lowest point is firmly established 

FIGURE 11-15 Separation of wires from plumbing lines. 
FICURE 11-14. Drain hole in low point of tubing. 

plumbing line that carries flammable fluids or oxy- 
gen. 

Wiring should be routed to maintain a minimum 
clearance of at least 3 in. from control cables. If 
this cannot be accomplished, mechanical guards 
should be installed to prevent contact between wir- 
ing and control cables. 

Installation of Cable Clamps 

Cable clamps should be installed with regard to 
the proper angle, as shown in figure 11-16. The 
mounting screw should be above the wire bundle. I t  
is also desirable that the back of the cable clamp 
rest against a structural member where practicable. 

Figure 11-17 shows some typical mounting hard- 
ware used in installing cable clamps. 

Care should be taken that wires are not pinched 
in cable clamps. Where possible, mount the cables 
directly to structural members, as shown in figure 

Clamps can be used with rubber cushions to 
secure wire bundles to tubular structures as shown 
in  figure 11-19. Such clamps must fit tightly, but 
should not be deformed when locked in place. 

LACING AND TYING WIRE BUNDLES 

11-18. 

FICURE 11-16. Prcper mounting angles for cable clamps. 

or bundle of wires by individual pieces of 
cord tied around the group or bundle at 
regular intervals. 

( 2 )  Lacing is the securing together of a group 
or bundle of wires by a continuous piece 
of cord forming loops at regular intervals 
around the group or bundle. 

131 A wire group is two or more wires tied or 
laced together to give identity to an indi- 
vidual system. 

Wire groups and bundles are laced or tied with 
cord to provide ease of installation, maintenance, 
and inspection. This section describes and illus- 
trates recommended procedures for lacing and tying 
wires with knots which will hold tightly under all 
conditions. For the purposes of this discussion, the 
following terms are defined: 

(1) Tying is the securing together of a group 

(4)  A wire bundle is two or more wires or 
groups tied or laced together to facilitate 
maintenance. 

The material used for lacing and tying is either 
cotton or nylon cord. Nylon cord is moisture- and 
fungus-resistant, but cotton cord must be waxed 
before using to give it these necessary protective 
characteristics. 
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FIGURE 11-23. Tying a wire group or bundle. 

fully ; follow the manufacturer’s instruc- 
tions to avoid nicking, cutting, or other- 
wise damaging strands. This is especially 
important for aluminum wires and for 
copper wires smaller than No. 10. Exam 
ine str‘Fped wires for damage. Cut ofi and 
re-strip ( i f  length is sufficient), or reject 
and replace any wires having more than 
the allowable number of nicked or broken 
strands listed in the manufacturer’s in- 
structions. 
Make sure insulation is clean-cut with no 
frayed or ragged edges. Trim if necessary. 
Make sure all insulation is removed from 
stripped area. Some types of wires are  
supplied with a transparent layer of insu- 
lation between the conductor and the pri- 
mary insulation. If this is present, remove 
it. 
When using hand-plier strippers to remove 
lengths of insulation longer than 3/4 in., 
it is easier to accomplish in  two or more 
operations. 
Re-twist copper strands by hand or with 
pliers, if necessary, to restore natural lay 
and tightness of strands. 

FIGURE 11-24. Light-duty hand wire strippers 

Solderless Terminals and Splices 

Splicing of electrical cable should be kept to a 
mininium and avoided entirely in locations subject 
to extreme vibrations. Individual !vires in a group 
or  bundle can usually be spliced, provided the com- 
pleted splice is located so that i t  can be inspected 
periodically. Splices should be staggered so that the 
bundle does not become excessively enlarged. Many 
types of aircraft splice connectors are available for 
splicing individual wires. Self-insulated splice 
connectors arc usually preferred ; ho\r.ever, a nonin- 
sulated splice connector can be used if the splice is 
covered with plastic sleeving secured at both ends. 
Solder splices may be used, hut the! are  particu- 
larly brittle and not recommended. 

A pair of hand ,+.ire strippers is shown in  f igure 
11-24. This tool is commonly used to strip most 
types of wire. 

The following general procedures describe the 
steps for stripping wire with a hand stripper. 
(Refer to  figure 11-25.) 

Electric wires are  terminated with solderless ter- 
minal lugs to permit easy and efficient conncction to 
and disconnection from terminal blocks. bus bars, 
or other electrical equipment. Soldt>rless splices join 
electric wires to form permanent continuous runs. 
Solderless terminal lugs and splices are  made of 
cooDer or aluminum and are  preinsulatcd or uninsu- 

Insert wire into exact center of correct 
cutting slot for wire size to be stripped. 
Each slot is marked with wire size. 
Close handles together as  far as  they will 
go. 
Release handles, allowing wire holder to 
return to the “open” position. 
Remove stripped wire. 

a .  

lated, depending on the desired application. 
Terminal lugs are  generally available in three 

types for use in different space conditions. Tht,se 
a re  the flag, straight, and right-angle lug$.. Terminal 
lugs are  “crimped” (sometimes called “staked” o r  
“swaged”t to the wires by means of hand or  power 
crimping tools. 

The following discussion describes recommended 
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Hardware material and finish should be selected 
on the basis of the material of the structure to 
which attachment is made and on the material of 
the jumper and terminal specified for the bonding 
or grounding connection. Either a screw or bolt of 
the proper size for the specified jumper terminal 
should be used. When repairing or replacing exist- 
ing bonding or  grounding connections, the same 
type of hardware used in the original connection 
should always be used. 

Testing Grounds and Bonds 
The resistance of all bond and ground connec- 

tions should be tested after connections a r e  made 
before re-finishing. The resistance of each connec- 
tion should normally not exceed 0.003 ohm. Resist- 
ance measurements need to be of limited nature 
only for verification of the existence of a bond, but 
should not be considered as the sole proof of satis- 
factory bonding. The length of jumpers, methods, 
and materials used, and the possibility of loosening 
the connections in service should also be consid- 
ered. 

CONNECTORS 
Connectors (plugs and receptacles) facilitate 

maintenance when frequent disconnection is re- 
quired. Since the cable is soldered to the connector 
inserts, the joints should be individually installed 
and the cable bundle firmly supported to avoid 
damage by vibration. Connectors have been particu- 
larly vulnerable to corrosion in the past, due to 
condensation within the shell. Special connectors 
with waterproof features have been developed 
which may replace non-waterproof plugs in areas 
where mositure causes a problem. A connector of 
the same basic type and design should be used 
when replacing a ;nxnector. Connectors suF.eptible 
to corrosion difficulties may be trezied with a chem- 
ically inert waterproof jelly. When replacing 
connector assemblies, the socket-type insert should 
be used on the half which is “live” or “ h ~ t ”  after 
the connector is disconnected, to prevent uninten- 
tional grounding. 

Types of Connectors 
Connectors a re  identified by A N  numbers and 

are  divided into classes with the manufacturer’s var- 
iations in each class. The manufacturer’s variations 
are differences in appearance and in the method of 
meeting a specification. Some commonly used 
connectors are  shown in figure 11-37. There a re  
f ive basic classes of AN connectors used in most 

aircraft. Each class of connector has slightly differ- 
ent construction characteristics. Classes A. B, C. 
and D are  made of aluminum, and class I( is made 
of steel. 

( 1 ) Class A-Solid, one-piece back shell, gen- 

( 2  j Class B-Connector back shell separates 
eral-purpose connector. 

( 3 )  Class C- 

into two parts lengthwise. Used 
primarily where it is important 
that the soldered connectors be 

readily accessible. The back shell 
is held together by a threaded 
ring or by screws. 

-A pressurized connector with 
inserts that are  not removable. 
Similar to a class A connector 
in appearance, but the inside 
sealing arrangement is some- 
times different. I t  is used on 
walls of bulkheads of pressur- 
ized equipment. 

( 4  J Class D-Moisture- and vibration-resist- 
ant connector which has a seal- 
ing grommet in the back shell. 
Wires a re  threaded through 
tight-fitting holes in the grom- 
met, thus sealing against mois- 
ture. 

( 5 )  Class K-A fireproof connector used in 
areas where it is vital that the 
electric current is not inter- 
rupted, even though the con- 
nector may be exposed to con- 
tinuous open flame. Wires are  
crimped to the pin or socket 
contacts and the shells are made 
of  steel. This class oi  c ~ :  
nector is normally longer than 
other classes of connectors. 

Connector Identification 

Code letters and numbers a re  marked on the COU- 

pling ring or  shell to identify a connector. This 
code (figure 11-38) provides all the information 
necessary to obtain the correct replacement for a 
defective or damaged part. 

Many special-purpose connectors have been de- 
signed for use in aircraft applications. These in- 
clude subminiature and rectangular shell connec- 
tors, and connectors with short body shells or split- 
shell construction. 



AN3100 
wall receptacle AN3101 

cable receptacle 

AN3102 
box receptacle 

AN3107 
MCK disconnect 

Plug 

AN3108 
angle plug 

AN3106 
straight plug 

AN3106 
.straight plug 

AN3106 
angle plug 

FICURE 11-37. A N  connectors. 

ize ( in 1/16inch ) 

Contact arrangement number 

Contact style ( socket ) 

Insert rotation 

Installation of Connectors 

T h e  following procedures outline one recom- 
mended method of assembling connectors to recept- 
acles. 

(1)  Locate the proper position of the plug in 
relation to the receptable by aligning the 
key of one part with the groove or  keyway 
of the other part. 

( 2 )  Start the plug into the receptacle w i t h  a 
FICURE 11-38. AN connector marking. light forward pressure and engage the 
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threads of the coupling ring and recepta- 
cle. 
Alternately push in the plug and tighten 
the coupling ring until thr  plug is coni- 
pletely seated. 
Use connector pliers to tighten coupling 
rings one sixteenth to one eighth turn be- 
yond fingertight i f  space around the 
connector is too small to obtain a good 
finger grip. 
Sever  us^ forre t o  mate connectors to re- 
ceptac1t.s I)o r io t  hammer a plug into its 
recel)tac.lt.: and never use a torque wrench 
or pliers t o  lock coupling rings. . - .  

A connector is griierally disassembled from a re- 
ceptacle in the following manner: 

I:se connertor pliers to loosen coupling 
rings tshich ,ire too tight to be loosened 
by hand. 
Alternate11 pi111 on the plug body and un- 
screw the c.oupling ring until the connec- 
tor is separated. 
Protect disconnected plugs and receptacles 
with caps or plastic bags to keep debris 
from entering and causing faults. 
Do not use excessive force. and do not 
pull on attached wires. 

CONDUIT 
Conduit is used in aircraft installations for the 

mechanical protection of wires and cables. It is 
available in metallic and nonmetallic materials in 
both rigid and flexible form. 

When selecting conduit size for  a specific cable 
bundle application, it is common practice to allow 
for ease in maintenance and possible future circuit 
expansion by specifying the conduit inner diameter 
about 25% larger than the n i a u h u m  diameter of 
the conductor bundle. The nominal diameter of a 
rigid metallic conduit is the outside diameter. 
Therefore, to obtain the inside diameter, subtract 
twice the tube wall thickness. 

From the abrasion standpoint, the conductor is 
vulnerable at the conduit ends. Suitable fittings are  
affixed to the conduit ends in such a manner that a 
smooth surface comes in contact with the conductor 
within the conduit. When fittings are  not used, the 
conduit end should be flared to prevent wire insula- 
tion damage. The conduit is supported by clamps 
along the conduit run. 

Many of the common conduit installation prob- 
lems can be avoided by proper attention to the 

following details: 
( 1 )  Do not locate conduit where it can be 

used a s  a handhold or footstep. 
i21 Proviclc drain holes at the lowest point i n  

a conduit r u n .  Ihilling burrs should be 
carefully rrmoved from the drain holes. 

I 3 )  Support thr ronduit to prevent chafing 
against the structure and to avoid stress- 
ing its rnd fittings. 

Damaged conduit sections should be repaired to 
prevent damage to the wires or wire bundle. The 
minimum arceptable tube bend radii for rigid con- 
duit as prescribed b y  the manufacturer’s instruc- 
tions should br follou ed carefully. Kinked or  wrin- 
kled bends in a ripid conduit are  normally not 
acceptable. 

Flexible aluminum conduit is widell- available in 
two types: ( 1  Rare  flexible and ( 2 )  rubber-(mi- 
ered conduit. Flexible brass conduit is normally 
used instead of flexible aluminum conduit, where, 
necessary to minimize radio interference. Flexible 
conduit may be used where it is impractical to use 
rigid conduit, such as areas that have motion be- 
tween condu,it ends or where complex bends are  
necessary. Transparent adhesive tape is recom- 
mended when cutting flexible tubing with a hack- 
saw to minimize fraying of the braid. 

ELECTRICAL EQUIPMENT INSTALLATION 

This section provides general procedures and 
safety precautions for installation of commonly used 
aircraft electrical equipment and components. Elec- 
trical load limits, acceptable means of controlling or 
monitoring electrical loads, and circuit protection 
devices are subjects with which mechanics must be 
familiar to properly install and maintain aircraft 
electrical systems. 

Electrical Lud limits 
When installing additional electrical equipment 

that consumes electrical power in an aircraft. the 
total electrical load must be safely controllcd o r  
managed within the rated limits of the affected com- 
ponents of the aircraft’s power-supply system. 

Before any aircraft electrical load is increased, 
the associated wires. cables, and circuit protection 
devices (fuses or  circuit breakers) should be 
checked to determine that the new electrical load 
iprevious maximum load plus added load) does not 
exceed the rated limits of the existing wires, cables, 
or protection devices. 

The generator or  alternator output ratings pre- 
scribed by the manufacturer should be compared 
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with the electrical loads which can be imposed on 
the affected generator or alternator by installed 
equipment. When the comparison shows that the 
probable total connected electrical load can exceed 
the output load limits of the generator(s) or alter- 
na tor i s j ,  the load should be reduced so that an 
overload cannot occur. When a storage battery is 
part of the electrical power system, ensure that the 
battery is continuously charged in flight, except 
when short, intermittent loads are  connected such as  
a radio transmitter, a landing-gear motor, or other 
similar devices which may place short-time demand 
loads on the battery. 

Controlling or Monitoring the Electrical load 

Placards are recommended to inform crewmem- 
bers of an aircraft about the combinatior? of electri- 
cal IC,& that can safely be connected to :he p w c r  
source. 

In installations where the ammeter is in the bat- 
tery lead, and the regulator system limits the maxi- 
mum current that the generator or alternator can 
deliver, a voltmeter can be installed on the system 
bus. As long as the ammeter does not read “dis- 
charge” (except for short, intermittent loads such 
as  operating the gear and flaps) and the voltmeter 
remains at “system voltage,’’ the generator or alter- 
nator will not be overloaded. 

In installations where the ammeter is in the gen- 
erator or alternator lead, and the regulator system 
does not limit the maximum current that the genera- 
tor or alternator can deliver, the ammeter can be 
redlined at 1007, of the generator or alternator 
rating. If the ammeter reading is never allo\vcd to 
exceed the red line, except for short, inermittcnt 
loads, the generator or alternator wil l  not be over- 
loaded. 

Where the use of placards or monitoring devices 
is not practicable or desired, and where assurance 
is needed that the battcry in a typical small aircraft 
generator./battery power source will be charged i n  
flight, the total continuous connected electrical load 
may be held to approximately 80%’ of the total 
rated generator output capacity. (When more than 
one generator is used i n  parallel, the total rated 
output is the combined output of the installed gen- 
erators. 

When two or more generators are  operated in 
parallel and thr total connected system load can 
exceed the rated output of one generator, means 
must be provided for  quickly coping with the sud- 
den overloads which can be caused by generator or 

engine failure. A quick load reduction system, or a 
specified procedure whereby the total load can be 
reduced to a quantity which is within the rated 
capacity of the remaining operable generator(s), 
can be employed. 

Electrical loads should be connected to inverters, 
alternators, or similar aircraft electrical power 
sources in such a manner that the rated limits of the 
power source a re  not exceeded. unless some type of 
effective monitoring means is provided to keep the 
load within prescribed limits. 

Circuit Protection Devices 

Conductors should he protected with circuit 
breakers or fuses located as  close as possible to the 
electrical power source bus. Normally, the manufac- 
turer of the electrical equipment specifies the fuse 
91- circuit breaker to be used when mta i l ing  equip- 
ment. 

The circuit breaker or fuse should open the 
circuit before the conductor emits smoke. To accom- 
plish this, the time current characteristic of the 
protection device must fall below that of the asso- 
ciated conductor. Circuit protector characteristics 
should be matched to obtain the maximum utiliza- 
tion of the connected equipment. 

Figure 11-39 shows an example of the chart used 
in selecting the circuit breaker and fuse protection 
for copper conductors. This limited chart is applica- 
ble to a specific set of ambient temperatures and 
wire bundle sizes, and is presented as a t y i c a l  
example only. It is important to consult such guides 
before selecting a conductor for a specific purpose. 
For example, a wire run individually i n  the open 
air may be protected 11) the circuit breaker of the 
next higher rating to that slioi\.n on the chart. 

Fuse amp. Wire Ah’ Circuit 
pagr roppcr b r t e k t a r  ainprrage 

22 
20 
18 
16 
14 
12 
I O  
8 
6 
.$ 

2 
I 
0 

5 
5 

10 
IO 
15 
20 
30 
5 0 
70 
70 

100 
150 
150 

l . ‘I( .[ .Ht.  11-39. K i r e  and circuit protector chart. 
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All re-settable circuit breakers should open the 
circuit in which they are installed regardless of the 
position of the operating control when an overload 
or  circuit fault exists. Such circuit breakers are  
referred to as “trip-free.’’ Automatic re-set circuit 
breakers automatically re-set themselves. They 
should not be used as circuit protection devices in 
aircraft. 

Switches 
A specifically designed switch should be used in 

all circuits where a switch malfunction would be 
hazardous. Such switches are  of rugged construc- 
tion and have sufficient contact capacity to break, 
make, and carry continuously the connected load 
current. Snap-action design is generally preferred to 
obtain rapid opening and closing of contacts re- 
gardless of the speed of the operating toggle o r  
plunger, thereby minimizing contact arcing. 

The nominal current rating of the conventional 
aircraft switch is usually stamped on the switch 
housing. This rating represents the continuous cur- 
rent rating with the contacts closed. Switches 
should be derated from their nominal current rating 
for the following types of circuits: 

High rush-in circuits-Circuits containing 
incandescent lamps can draw an initial 
current which is 15 times greater than the 
continuous current. Contact burning or 
welding may occur when the switch is 
closed. 
Inductive circuits-Magnetic energy 
stored in solenoid coils or  relays is re- 
leased and appears a s  an a rc  when the 
control switch is opened. 
Motors-Direct-current motors will draw 
several times their rated current during 
strlrting, ;lid magnrtil t r e r g y  stored in 
their armature and field coils is released 
when the control switch is opened. 

The chart in figure 1 1 4  is typical of those 
available for selecting the proper nominal switch 
rating when the continuous load current is known. 
This  selection is essentially a derating to  obtain 
reasonable switch efficiency and service life. 

Hazardous errors  in switch operation can be 
avoided 
position 
that the 
forward 
controls 
gear or 

by logical and consistent installation. Two- 
“on-off)’ switches should be mounted so 
“on)’ position is reached by an upward or  
movement of the toggle. When the switch 
movable aircraft elements, such as  landing 
flaps, the toggle should move in the same 

40‘4 

Nominal system 
voltage 

25 v. d.c. 
24  v. d.c. 

24 v. d.c. 
24 v. d.c. 
12 v. d.c. 
12 v. d.c. 

12 v. d.c. 
12 v. d.c. 

Type of load Derating 
factor 

Lamp 8 
Inductive 

( Relay-Solenoid j 4 
Resistive (Heater I 2 
Motor 3 
Lamp 5 
Inductive 

( Relay-Solenoid 2 
Resistive ( Heater) 1 
Motor 2 

Flcr R E  11-40. Switch derating factors. 

direction as  the desired motion. Inadvertent opera- 
tion of a switch can be prevented by mounting a 
suitable guard over the switch. 

Relays 
Relays a re  used as switching devices whrre a 

weight reduction can be achieved or electrical con- 
trols can be simplified. A relay is an electrically 
operated switch and is therefore subject to dropout 
under low system voltage conditions. The foregoing 
discussion of switch ratings is generally applicable 
to relay contact ratings. 

AIRCRAFT LIGHTING SYSTEMS 

Aircraft lighting systems provide illumination for 
both exterior and interior use. Lights on the exte- 
rior provide illumination for such operations as  
landing at  night, inspection of icing conditions, and 
safety from midair collision. Interior lighting pro- 
vides illumination for instruments, cockpits, cabins, 
and other sections occupied by crewmembers and 
passengers. Certain special ights, such as  indicator 
and warning lights, indicate the operational status 
of equipment. 

Exterior Lights 
Position, anti-collision, landing, and taxi lights 

are common examples of aircraft exterior lights. 
Some lights, such as  position lights and anti-colli- 
sion lights, a re  required for night operations. Other 
types of exterior liglits, such as wing inspection 
lights, a re  of great benefit for specialized flying 
operations. 

Position Lights 
Aircraft operating at  night must be equipped 

with position lights that meet the minimum require- 
ments specified by the Federal Aviation Regula- 
tions. A set of position lights consist of one red, one 

I 

I 

I 

1 



INSPECTION TECHNIQUES 

TWA LEVELS OF INSPECTION 

LECTROMEC INSPECTION METHOD 

GRCIECLYPSE WIRE TEST 

ECAD INFO 

DIT-MCO WIRE TESTER 

UNIVERSAL SYNAPTICS 



i 

Page 12 
M a y  15/94 



7 J u l  1999 12:14PH Lectromec F A X :  703 -481-1238  P C G E  2 OF 4 

Visual Wiring Insulation Inspection 

Advanced Inspection Techniques & Emerging Technologies 
vs . 

This is a summary of findings derived fiom Lectromec’s R t p x t  N193-RPTl4MY9, an ins xction project 
completed in May 1999 by Lectromec. The scope of work i ivolved testing the Wiring in on : zone, 4 )n each 
of five military aircraft. The Lectromec DelTestW (see atta:hed description) was conducted in parallel to 
independent, professional visual inspections. 

Exhibit A, to follow, outlines the total number of wire iiisulation breaches (fractures) bund t y  each 
inspection method. The comparative data are quite telling md suggest an inadequacy in tl .e mo.;t widely 
used wire inspection technique. Visual inspection has dific ulty detecting hidden breaks wl tich a~ e behind 
harnesses, contained in the middle of harnesses, microscclpic in size, under clamps & t. es, cc v :red in 
Nomex, etc. In fact, most visual inspection practices do not untie bundles, separate wires, loose I :lamps 
or inspect wire in tight locations. 

FINDINGS : 

*The DelTestTM detected 67 total brea zhes within the zones testc d 

vs . 

26 breaches that were found during the Frofessional Visual inspec! ion. 
This means that 6 1 % of the breaches were NOT detected by Visual In: :pect c n 

CONCLUSIOIJ: 

These tests confirm the trend that k t r o m e c  has witnessed for years: “Visual inspection a one i> ?KIT an 
adequate means for determining the condition of wire or finding the majoriv of brt ache3 in wire 
insulation. ” Proper visual inspection does however play a complementary role in the tesh ; proce:s. The 
DelTestm, Lectromec WIDAS Aging Test and other similar technologies (DITMCO, ECln se, e& .) should 
be implemented in any effective, proactive preventative maintenance program. 

**The 26 breaches found by visual inspection may be a hi,:h estimate. Please see fooino‘e. 

- 1 -  
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Total # of 
Breaches 
Detected 

Exhibit A. 

Lectromec DelTestTIM Findin ys:  

aft3 Aircraft 4 Aircraft 5 ‘50-1 

1 1  11 ‘7  13 2 5  

~ 

P C G E  3 O F  4 

AIR-4.4.4. - Visual Inspection Findiws: 

“-7 

lectromechanicol M g n  to. 

- 2 -  
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**Footnotes 

There were several variables during the inspections which lead Lectromec to further cc mclucle that the 
Visual Inspection detected less that 25 percent of the total ir sulation breaks (Opposed to tk e repc,rred 39%) 

Ten percent of the trailing edge wires were solely checked by visual inspection and were I K  t part of 
the Lectromec test schedule. This resulted in an uneq id sampling between test me hods. therefore 
falsely increasing an already low “hit rate” for the Visual Inspector. 

A second factor which skewed the visual inspection count tally was the fact that, cn occa::ion, the 
Visual practice recorded multiple fractures in close proximity to one another, as one ‘ xeacll, whereas 
Lectromec’s staff recorded each breach separately. 

Because the DelTest preempted the Visual Inspection at times, hidden breaches were u nwve rt d which 
otherwise would not have been discovered by the Visi a1 Inspectors. Breaks under c lamp ; l)r in the 
middle of bundles are not areas studied during a tradit:onal visual inspection. Sever A of 1 h:se may 
have been falsely recorded in the visual inspection counts. 

Regardless of whether the exact percentage was 39%, 25% or somewhere in between, tht fip e remains 
unacceptably low. This is especially the case when considering that the purpose of the inspe1:t on is to 
detect and rectify any potential problem sources aboard ac .he aircraft. 

*In controlled, blind laboratory experiments, the Lectroniec DelTestm has proven to be effective in 
detecting nearly 100% of breaches in wiring insulation. 

Prepared for; 

Christopher D. Smith, Ph.D. 
Federal Aviation Administration 

June 17,1995 

By: 

The Lectromechanical Design Company 
45000 Underwood Ln. Suite L 

Dulles, VA 201 66 
703.48 1.1233 

- 3 -  
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Lectromechanical Design Co. 
45000 Underwood Lane 0 Suite L 
DUIIeS, VA 201 66-2305 
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TO: Bob Swaim 
FAX: 202.3 1 4.639 
FROM: Vincent Press 
DATE: 7 July 1999 
SUBJECT: Visual Inspection Vs. DelTest 
PAGES: 4 in Total 

Bob, 

As per your request, following please find the summary M hich was a product of our recer t worl; with 
the Navy. The five aircraft referred to in the findings were Naval P-3 planes. We have be ?n giv ?r 
permission to discuss this work. Feel free to use these findings as you see fit. Please no:e tha. the 
following report is a culmination of what Dr. Bruning has witnessed for years, and our ret znt WDI k 
has afforded us some hard numbers to back up our long time assumptions. Please call mytine 
with questions. Dan Kasture can address any detailed questions you may have regardin! I the c c Mal 
test methods or other technical issues. 

Marketing / Sales Manager 

T: 703.481.1 233 E: lectromc c@ac 1. :om 
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The Description 

The aim of the DelTest" is to provide the customer with scienti6c data as to the current :ondit o 1 
(level of insulation breach) of aircraft wiring. This test is effective for both exposed a n c  laced cr 
Nomex covered bundles. The DelTest" is a propriztary, non-destmctive test deva4oped ii 
administered by Lectromec Design Co. to assist aircrak operators with wire managellent Zni 
preventative maintenance programs. The test result deta can be used as a managemei i t  tool t 3 
determine rectification, schedule and prioritize maintenance and target specific problem areas fcr 
wire husbandry education. 

We recommend that the DelTest" is preformed by Lectromec personnel in conjuncticn wid1 3 

maintenance or electrical representative provided by the customer. The DelTest"' is often carr eat 
out during scheduled aircraft maintenance checks wken many of the test mas an alrerd, 
exposed. The DelTest" is a extremely complete check (3f wiring including wire contain ?d in .b: 
center and hidden sides of bundles. I t  is for t h i s  reaxn that the DelTest- is far superior tl ai 
traditional visual inspection methods. In fact, Lectromec has found that more than 759 ) of tc G 1 
breaks in insulation are not detectable by traditional visual methods. Visual inspection st U plays 3 

valuable role in selecting test zones and sewes as a supplemental practice to the Del' 'est", t I 

document for instance improper maintenance practices (Nires, clamps, splices, ties, etc). 

The DelTest"' is a relatively inexpensive method to effec ively determine or verify the cox dition c f 
wire insulation in suspected trouble zones within the ahraft. The DelTest" has a prove 1 succ35 
record in helping operators discover both potential prcblems as well as wire which rcmains ii 
good condition. Lecnomec can conduct tests using other available equipment including DITMlX) 
and Eclypse if the customer wishes to supplement the De Test"'. 

The Need 

On active aircraft there are breaches or cracks in wiring insulation. These breaches are e speck11 r 
prevalent in older aircraft. Insulation deterioration occils for several reasons including exposrn? 
to temperature, strain, water or physical damage. The aircraft may continue to operate normzll I 
with these breaches however, under certain circumstances not uncommon to active aircr dt, this 3 

breaches can lead to spurious signals, noise and elecnical arcing which in turn may result i~ 
avionics and equipment malfunctions, damage to the ~ircraft or personnel, in-flight fi es or a1 
incident or accident. The risk of these negative effects may be eliminated by repair or ewire cf  
the harness. 
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TM De ITe s t  con t'd 

The Procedure 

Lectromec personnel conduct a preliminary analysis of the aircraft to determine  he mcs' 
vulnerable locations. Three criteria are used in this xocess: 1) Density of power wlres in i 

location, 2) historical trouble areas and 3) accessibility to the location. he-Test pnparatisr 
involves anaiyzing the circuits and determining which connecturs/terminal boards hare to b 
disconnected and what panels need to be removed to allow access. We then determiae Iiow looj. 
the testing will take. 

After the completion of pre-test preparation, we run the test as follows: 1) A conducing fliic 
applied to a wire bundle. 2) a small voltage is applied to the wire. 3) A meter mezures an:' 
electric current leakage into the conductive fluid. If cur:ent is evident, there may be a m ck in thi: 
insulation. The location of the insulation breech can e8si.ly be ascertained based upon uphere !hi: 

leakage registers. Further, heuristics of background noise compensation determine if t iere k i t  

crack and investigative probing thereafter pinpoint its IC cation. 

Following are recommended actions in response to DeITest" findings. In several past mstanix; 
the problems were tended to immediately resulting in v~ry little down time for the a i r d  L 

0 Replace faulty or suspect wire as breaches are discovered 
6 Completely re-wire section determined to be a problem area 
*?. Retireaircraft 
Q The customer uses data to develop in-house solutiom or alternatives 
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3 Wtember 1999 

R o k n  L. Swaim, M-40 

Nacional Transportation Safety Board 
490 L'Enfanr Plaza, E, SW 
Washington, DC 20594 

Tw.4 systems Group Chairman 

I 

Dear Bob, I 
I 

Thank you for the kind commems regardin 3 our presentations on Automa ed 
Sysrem Quality Assurance (ASQA) and Intelligeni Wire Testing m). Both a1 !C 
International and Eclypse Internarional are proud c 4  what we have accomplished ;o f 
and continue to be quite optimistic about the poter tial for this technology in our j ndu cy . 

You are free ro include this infomation in rhe NTSB public docker. We 1 IO 1 , 

infomarion will be of assistance to others workinl; in this area and ultimatdy res 11r ih I 
better product for the traveling public. I 
PIease call if there are any questions or if ~tdditi~nd informarion is desired. 

'Sincerely , 

GRC INTERNATIONAL 

Mark N. Brown 
Decision TechnoloDes Division 
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ECAD Family of Condition Monitoring Systems 
(Electronic Characterization __ And .- Diagnostics) 

ECAD represents the state-of-the-art in automated testing for a wide variety of circuits 
and components.Our ECAD systems contain computer directed instruments that provide 
you with intimate details of your electrical circuits. As a troubleshooting tool, our ECAD 
systems can identify and locate failures in instrumentation, control and power circuits. As 
a condition monitoring tool, our ECAD systems provide valuable trending information 
which can be used as an input to predictive maintenance, life extension and license 
renewal programs. 

There are two generations of the ECAD system, the ECAD System 1000 and the second 
generation ECAD System 1 100. The ECAD system 1000 ~ is configured using laboratory- 
grade instruments mounted in a rugged equipment enclosure. The ECAD System 1 NO is 
implemented as a collection of PC-based instrument cards and is packaged in a light- 
weight, but rugged package. Both Systems are compatible with each other.You ~-~ can see 
them both side by side here. 

Our Mission 

We have been supplying ECAD diagnostic systems and services on a continuous basis 
since 1986. Our client base includes many major domestic and international electric 
utilities and industrial complexes. These systems and services represent our sole focus 
and our only business. We are dedicated to the support of our technology to the benefit of 
our clients and the industries they lead. 
As the pioneer of ECAD diagnostic technology, we have engineered our data acquisition 
system hardware and software to provide precision, repeatability, and reliability into our 
products and services that you will find nowhere else. After nearly 11 years of use in the 
field, our products are mature, and our s o h a r e  is guaranteed to run bug-free! Further, 
our corporate commitment is to ensure that all future hardware and software 
improvements are downwardly compatible to existing owners and users for purposes of 
maintaining data integrity and to advance our clients long-term commitment to condition 
monitoring, predictive maintenance, and life-extension programs. 

http ://www.ecadusa. c o d  71 221 99 
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Our World Wide Associations ~- 

CM Technologies has been providing ECAD systems and services around the world since 
1986. Their value has been recognized many times over. Take a look and see who uses 
theECAD for what in your neighborhood. 

Our Em_ployees _ _  

Our field service representatives have over 30 years combined experience in using ECAD 
data to analyze electrical circuit condition. The ECAD Division of CM Technologies 
serves their clients from 3 regional offices in the United States. 

Our - Product - __ Information ~~ 

The second generation ECAD system, the ECAD 1100, is a highly portable test and data 
acquisition system. The first generation system, ECAD 1000, is still in wide-spread use 
around the world. Take a look at the systems side by side. 

Our Technical Support and Services ~~ 

The ECAD Division of CM Technologies provides a 24-hour emergency service Hot- 
line. You can contact a member of the ECAD service team by calling: 

Emergency Hotline:(l) 412-645-2775 
Consulting and analysis services are provided to our clients and owners of ECAD. 

_ _ _  ~~ ~~~ ~- - ~ ~~ ~ ~ _ _ _  - - 

CM Technologies Corporation 

1026 Fourth Ave. 

Coraopolis, PA 15 108 

Voice: 

1 (412) 262 0734 

Fax: 

1 (412) 262 2250 

http://www. ecadusa. c o d  



El 100 Page 1 of 5 

ECADB SYSTEM 1100 

The ECAD System 1100 consists of a suite of test instruments 
that acquire data under the direction of an IBMO or  
compatible PC. Once data is acquired, it is stored on hard disk 
for later retrieval and analysis. Data can be transferred to the 
ECAD System2000 software tool for detailed analysis and 
report generation. The ECAD System1100 is compact and 
designed to operate in industrial environments. 

http://www.ecadusa.com/E 1 1OO.HTM 7/22/99 
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Shown here is the ECAD System 1100 with a source 
measurement unit and the IBM controller option. The System 
1100 weighs in at only 12 kg. The ECAD unit alone is compact 
enough to travel in the overhead of an airliner. 

The ECAD System 1100 measures and calculates lumped 
electrical parameters. The distributed character of the circuit 
under test is acquired and displayed on the time domain 
reflectometer signature. The ECAD System 1100 can also 
characterize voltage vs. current action of an ionization or  
fission neutron detector. The ECAD System 1100 will measure 
and calculate factors relating to insulation quality including 
Polarization Ratio, Dissipation factor, __ - Quality Factor, and 
Insulation Resistance. 

Under the direction of a PC, each test is performed in the same 
manner each time the component under test is characterized. 
This takes test set-up and human variability out of the results 
of the test. 

ECAD System 1100 test lead parameters are measured and 
stored prior to a testing session. The test lead factors are taken 

http://www.ecadusa.com&l 1OO.HTM 7/22/99 rEC/(Dm( 
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out of the collected circuit data. This results in "pure" circuit 
data for display and analysis. This means that very accurate 
and repeatable testing can be done in order to closely trend 
component performance. This is the key to effective condition 
monitoring. 

The ECAD System 1100 is built around a collection of printed 
circuit instruments, each residing in a full size 16 bit ISA slot. 

PCI-3100 is the first smart metallic time domain reflectometer 
on a PC-ISA bus card. The PCI-3100 competes well with other 
brand name TDRs in both ability and price (Take a look at ~- the 
numbers]. ~~~ 

Impedance and Phase Angle measurements are taken with the 
PCI-3200 LCR card. 

Voltage, current and resistance measurements are taken with 
the PCI-3400 __ Multimeter Card. 

The PCI-3300 -~ Instrument can switch up to 2500 VDC. 

Depending on test options selected, the time required to acquire 
data that completely characterizes the circuit is between 3 to 15 
minutes. The longer time period is required for the calculation 
of a 10 minute IEEE polarization index. Options for testing are 
user selected in the 1100 software where device under test 
information is stored. Fields on the ECAD System 1100 
software insure the device under test is connected the same way 
on subsequent tests. 

Here is a sample screen into which the user will input test data. 

http:Nwww.ecadusa.com/El 1OO.HTM 7/22/99 
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D e u i c e  Code : IRM A SIG FROM DET 
D e s c r i p t i o n  : SIGNAL CABLE PROM DETECTOR 
D e v i c e  Type : N I  
C o n f i g u r a t i o n  : A Tests t o  Date: 

High Test P t  : PNL P669 I D  Code : P i n  : 
Low T e s t  P t  : SHIELD I D  Code : P i n  : 
Comments : DETECTOR JUHPERED TO SIGNAL CABLE AT PREAMP 
IR Test Uolts:  UDC 

Drawing  Ref 8 :  
S h e e t  # : 0  
Comments : TESTED AT POWER WITHDRAWN 

C u r r e n t  F i l e  Set: C:\ECIID 
CAldd C P l i n d  CNlext CPlrev  C R l e u i s e  Delete< CT lest  C C l i r c u i t >  CEsc 1 E x i t  

This test file remains resident in the ECAD System 1100 
controller and is ready for future testing when the system is 
powered up. The test file provides information for connection 
to the device when the device was first tested. Selectable 
options such as Insulation Resistance test voltage and time and 
information comments are entered on the test configuration. 

When the data is collected it can be loaded into the ECAD 
System 2000 analysis software. for detailed analysis. For details 
about the ECAD System testing, see ECAD ~~ Testing ~ 

M e t h o d o m  

The ECAD System 1100 can be custom built to your needs. 

Back to ECAD HomeDaee 

PCI-3100 TDR Card 

PCI-3400 ~_ Multimeter Card 

PCI-3200 __ LCR Card 

http:/lwvw.ecadusa.com/El 100.HTM 7122199 r-3 /h)m I 



Swaim Bob 

From: 
Sent: 
To: 
Subject: 

Francis Scullion [franditmco@sprintmail.com] 
Wednesday, December 15, 1999 1:54 PM 
Swaim Bob 
DIT-MCO INFO 

ntsb-tdmfo doc 

Bob 

Thanks for help in getting the word out. 

If you have any questions please call or e-mail 

856-222-1 796 

Thanks much 
Fran 
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DIT-MCO International 
5612 Brighton Terrace, Kansas City, MO 64130 

Tele: 816-444-9700 Fax: 816-444-9737 

Maintenance and Depot Level Wire Inspections 

The Commercial Aviation Industry has achieved two mile stones, Routine Acceptance and 
Maturity. The trip to Grandma’s house is no longer in the back of the family station wagon but 
on a Boeing 777. American businesses have met the global marketing challenge by taking to the 
air in ever increasing numbers. This high demand for on-time air travel has put a strain on the 
companies and people who maintain the commercial aviation fleet. 

DIT-MCO ATE (Automatic Test Equipment) has played an important roll i n  the production of 
both military and commercial aircraft for more than 50 years. DIT-MCO ATE is, and has been, 
testing wire harness integrity and control panel functions for the space shuttle, satellites, KC- 135 
to the B-2B, V-22 to H-60 and AH-64D, Boeing 727 to 777 and all regional jets manufacturers. 

DIT-MCO ATE has been in use in maintenance shops like, Military depots. Northwest Airlines 
Electrical Shop, TWA Overhaul Center, American Airlines, and Rolls Royce engine shop for 
several years. The RB-2 1 1 E engine harness, fire wire and solenoids can be tested from the pylon 
connectors in 20 minutes or less. 

DIT-MCO has addressed the need for flexible Automatic Test Equipment with the inception of 
the model 20/20 portable 50 to 1000 point test system. The model 20120, can be carried in two 
small cases, and i s  packaged to meet the varied needs of field military and flight line support 
services. The DIT-MCO Model 21 15 benchtop test system (50 to 5000 test points) is adaptable 
to flight line maintenance, depot test stations or new product manufacturing environments. The 
DIT-MCO model 2508 system (1000 to IOOK test points) is packaged to maximize space and 
flexibility in a large system. The 2508 can be trailer mounted or a fixed station and is used to test 
large production harness before and after installation into the airframe. The DIT-MCO 
2500MBA system enables the testing of panels or harness with active components. The 
2500MBA eliminates the need for custom interface harness for each revision of a product. If the 
test cable connectors mate with the product, then it can be used to test and power the product 
active components. 

The DIT-MCO systems present in most aviation manufacturing facilities use the same test 
programs as the equipment list above. This means the test program and interface harness for your 
engine harness or airframe harness is most likely already written. 

The continuity and insulation tests performed by the DIT-MCO can detect harness fatigue and 
abrasion failures without removing the harness from the aircraft or engine. 

To learn more about DIT-MCO Automatic Test Equipment please read on or visit our 
Web Site at http://www.ditmco.com/ 



DIT-MCO Test Systems 

Once you determine your test specifications, you define the instrumentation required to meet the test 
specification. In a DIT-MCO test system, the basic instrument is the comparator that functions as both a 
stimulus generator and a measurement device. 

DIT-MCO takes testing one step beyond simple comparison-to-litnit, GO.:NO-GO resistance testing. 
Positioned for today's complex products, the instrumentation provides testing tlexibilit).. 

Each system comes complete with the capability to test: 
0 Circuit continuity tests for open circuits 

*Insulation resistance verification for short circuits 
*Dielectric breakdown (hipot) tests 
-Resistor tests 

0 *Relay tests 
=Diode tests 
*Capacitor tests 
*Switch and circuit breaker tests 

You can program measurements in high-resolution steps from 0.0 1 ohm to 1000 megohms, program 
voltage stimuli as well from .225 volt through 2000 volts and current from 5 milliamps through 2 amp. 

Product Adaptation 

Once you determine the testing requirements, you need to connect the test system to \our Unit Under Test 
(UUT). Product adaptation takes many different forms from simple cables to complex fixtures. DIT- 
MCO's experience in adaptation means users can start testing upon installation of their test s>'stem. Our 
engineers have designed fixtures to contact backpanels, wired assemblies and circuit boards as well as the 
facility tooling required to accommodate the testing. DIT-MCO's Special Products Group can provide a 
complete turnkey installation including all design, development and manufacturing required to test your 
product. 

Test Programming 

Creation and maintenance of your test program is simple and straightforward using ;I personal computer. 

DIT-MCO offers several ways to create test programs so you have the flexibility to choose the method that 
best fits your current application. You can generate test programs by: 

0 

*Using engineering design data; from-to wire lists 
*Manual entry by a test programmer 
*Self learning using a known good product 
Computer download of test data 

Test Programming Flexibility 

TestExecutiveB, a real-time control program, drives the DIT-MCO wiring anal\,zer using an extensive 
library of instructions created cooperatively with our customers over inan)' J ears. Although you can 
complete many tests using only two commands (one for insulation, the other for continuity), you have 26 
different switching system commands and 24 parameter sets. With over 90 directives and modes to control 
testing, contingency actions, report formatting, etc., the software \ \ i l l  meet \'our test requirements. 

Copyright 1999 DIT-MCO(R) International 



Error Reporting and Data Logging 

DIT-MCO allows you to capture product errors found during the test process printed in  the form of an error 
log. You can have errors identified in either DIT-MCO addressing. your product terniinology. or both. You 
will find the error logs easy to format to meet your particular needs. Use the error log as a process control 
tool to improve manufacturing processes, product design, and speed up repair. 

Fault Diagnostics and Repair Support 

Nobody but DIT-MCO gives you the features that help you debug and re\\.ork \.our product 

-DIT-MCO includes Write Error Program (WEP) which builds a test file containing onl) those tests 
that produced errors. Using this file allows you to repair the product as ou go. repeating the fault- 
causing instruction until the fault clears. 

*You can also use the Manual Mode of operation to help find and diagnose product faults. Manual 
Mode operation gives you complete functional control of the system without first h i ld ing  a test file 

*The optional Fault Locator pinpoints the location of shorts and opens within the circuit so that you do 
not need to sort through intermediate connections in search ofthe fault. 

Customer Support 

Once you own a DIT-MCO system, you receive on-going technical advice and repair support. DIT-MCO's 
success in the automatic test business over the past 50 years is due to setting high priorities for customer 
support. With service technicians in the USA and UK, we support thousands of installations worldwide. 

Experienced service technicians are ready to install systems, provide training. or solve customer problems 
at any location. They can provide all the help needed either by the telephone or at \'our facility. to 
minimize downtime. 

Need to replace a board or component in your test system? DIT-MCO ships them overnight using air 
express. Our centralized repair service location provides those repairs or exchange sew ices at a minimum 
cost. 

Training and Documentation 

DIT-MCO offers training of maintenance, operation, and programming personnel at our centrally located 
headquarters. Choose from standard training or work with our staff to develop training customized for your 
application. You also have the option of receiving training at a location you specif).. 

Your DIT-MCO test system comes with a complete set of documentation including OEM supplied manuals 
as well as software manuals and complete on-line help. 



The drawing to the right is an example of a common diode/-elay 
tested with a ground reference instrument. 

0 In  this case, the diode cannot be tested in the forward bias C O I  dition unless the instrument is floating. 

0 

configuration that cannot be fully 

A 

4 4 .  

A 

4 4  

I ,  

Another case where a fully floating instrument would be require is testing resistor networks that are 
connected to ground. In the example shown, if R 5  and R 6  are I 0 ohms. the measured value would be 
50 ohms. 

I 4 

0 With the polarity reversed, the test would be 100 ohms. 

With a fully floating instrument you do not have to be concerned with ground circuits. With the example 
shown, a floating instrument would test R5 at 100 ohms (with either polarity) and R6 would have to be 
tested by connecting a switching point to ground. I t  would also be tested at 100 ohms. 

Which instrument is right for you? 

Even though a ground reference instrument can be more accurate due to lower circuit noise. it is important 
to understand which configuration is appropriate for your testing. If your products are simple cables or 
harnesses, which will be tested on a bench or form board, you probabl) do not need the floating 
instrument. If, on the other hand, your product contains components. active p o w r .  or must be grounded 
for safety considerations, then you will require a floating instrumcnt. DIT-MCO is committed to providing 
advanced instrumentation utilizing floating designs. 

Copyright 1999 DIT-MCO(R) International 
Single Board Comparator (SBC, HVC) 



The SBC is a single printed circuit assembly capable of generating the test stimulus for measuring voltage. 
resistance, and capacitance while comparing these measured values to programmable limits. 

In systems with the high voltage Series 41 switching, the high voltage version of the SBC is used to supply 
up to 2000 VDC. This instrument is referred to as the HVC. The functionalit), for the HVC is the same as 
for the SBC except for the high voltage capability. 

With the Single Board Comparator, you have the flexibilitl, to program test stimuli as a constant voltage 
from 0.225 volt to 1500 volts (2000 volts with HVC) or as a constant current from 0.005 to 3.0 amps. 

The instrument utilizes an analog comparison to provide fast continuity and isolation testing. The analog 
comparison is enabled only for single “high” limit continuity tests with current stimulus and single “low” 
limit isolation tests with voltage stimulus. If the analog measured value is within approximately 15% of the 
programmed limit, the comparator will shift to the digital mode and calculate the \aluc. f o r  comparison to 
the limit. All measurements can be 
digitized with the appropriate test program commands. 

The SBC is available as both a ground reference and floating (ground isolated) instrument in the Model 
21 15. The 2500 Models with the SBC and HVC all use the floating instrtimcnt. 

Test Stimulus 

The SBC offers an exceptionally broad range of stimulus. It can provide constant voltage from a high or 
low voltage source, or constant current stimulus in the following ranges: 

0 Current 5mA to 2A 

=Low voltage 0.225 VDC to 29.75 VDC 
=High voltage 30 VDC to 2000 VDC 

Resistance Measurement 

The SBC can measure resistance in a range from 0.01 ohm to 1.000 megohms. digitizing the value at the 
applied stimulus. 

DC Voltage Measurement 

The SBC measures DC voltages from 0.01 volt to 1500 volts with the SBC or 2000 volts with HVC. 
Voltages greater than -4 .W will cause a pass test decision if the test instruction does not contain a low 
limit, allowing testing for “zero” volts. 

AC Voltage Measurement 

The SBC measures AC voltages from 1 .O volt to 500 volts RMS within the frequent) range of 5OHz to 
400Hz. Non-sine wave functions can be measured including DC voltages. The AC voltage measurement 
capability can thus be used to measure DC voltages where the polarity is unknown. 

DC Dielectric (Hipot) Testing 

The SBC can detect momentary ( 1  0 microseconds or longer) breakdowns or arcs in  the Unit Under Test 
(UUT). The SBC monitors the current through the UUT while the stimulus is applied. Ifthe current 
exceeds a programmed limit of OSmA, lmA, 1 SmA. 2mA, or 7.5mA, the hipot test fails even though the 
current may return to normal prior to the completion of the test. Valid stimulus voltage is from 250 VDC 
through 1500 VDC. The SBC has a maximum short circuit current of 5.0mA dur inf  hipot tests. 



Copyright 1999 DIT-MCO(R) International 
Capacitance Measurements 

The SBC is capable of measuring capacitors which may be found in your product from l Onf to 1000mf. 
These measurements use time domain techniques and a low voltage constant current source. A constant 
current generator with a compliance voltage up to 30 VDC is connected and used to determine the time to 
charge the unknown capacitance. Charging currents vary from 0.25mA to 200mA. 

Programmable Dwell Times 

You can control the minimum and maximum time the stimulus will be applied to the circuit under test 
(called dwell time). These are programmable over the range of 0.001 to 1638 seconds. With the dwell time 
bypass mode enabled, the test is completed as soon as a pass condition is true and the minimum dwell has 
elapsed, allowing you to achieve the maximum test rate. 

Discharge Wait Circuit 

The SBC incorporates a "discharge wait" circuit that monitors to ensure the test stimulus has been 
discharged after the test is complete. This keeps the system from opening the switch relays while any 
charge is present, therefore protecting the switching devices from being switched "hot''. preserving the 
switch life, and saving on maintenance costs. 

Compensated Continuity Resistance 

The DIT-MCO tester provides a method to make low resistance measurements without using four wire 
access to the product. The compensated continuity resistance measurement mode eliminates the series 
"tare" resistance from the two wire measurement. 

Simultaneous Hipot 1R 

Many applications require both insulation resistance and hipot testing. With the SBC you can 
simultaneously run the insulation resistance measurements and hipot testing. significantl>. reducing test 
times. 

Companv Information 

When you buy a wire analyzer, you buy not only the analyzer but also the company behind it 

DIT-MCO International Corporation, the first name in testing equipment, has over 50 years of experience 
manufacturing and supporting wiring test systems. DIT-MCO provides a complete line of test systems 
capable of meeting your ATE needs. 

Headquartered in Kansas City, Missouri, DIT-MCO has a sales and service office in the U K  as well as 
agents and distributors in 17 other countries. 

The company relies on its considerable engineering strengths and manufacturing expertise to produce an 
evolving series of products that continue to lead the ATE industry. 

Market Leader 
DIT-MCO has been responsible for a number of important "firsts" including: 

*First supplier of fully automatic self-programming 
*First Random Access fully programmable circuit analyzers 



*First digital comparator 

*First computer controlled standard product analyzer 
*First solid state system to test at 10,000 tests per second 

Recent innovations include: 
-1553 bus testing 

-Remote wireless test stations 

*Accurate capacitance measure with full tare compensation 
*Distributed bus switching systems for in-aircraft testing 

*True random access, multi-bus architecture analyzer 

About the Service 
DIT-MCO’s success in the automatic test equipment industry comes from setting high priorities for 
customer support. DIT-MCO now has over 2,000 major installations world\vide and a Customer Support 
Service department to match. The services they offer include: 

*Remote diagnostics 
*Free telephone consultation on any matter pertaining to your analyzer 

*Low cost parts exchange and repair 
*Express service for maintenance parts 
*Fully trained service technicians for field service work and product installation 
*Training offered at DIT-MCO’s Kansas City corporate headquarters or on-site at \‘our location 

Contacting Us 
Your local representative can give you additional information on the company. products. or available 
services. In the USA, call toll free at (800) 821-3487. Or the WEB at Iittp:!l\Y\\~\V.ditiiico.coiii~ 

Sales Offices 

Domestic 
Corporate Headquarters 
DIT-MCO International 
56 12 Brighton Terrace 
Kansas City, Missouri 64 130 
Tel: (816) 444-9700 
Fax: (816) 444-9737 
E-mail: infolink@ditmco.com 
Http://www.ditmco.com 

International 
Sales and Service 
DIT-MCO International 
Fernbank 
Bridge Lane 
Virginia Water, Surrey 
England GU25 4DX 
Tel: (44) 1344-844141 
Fax: (44) 1344-842202 
E-mail: uk@ditmco.com 

Sales Offices 
Northeast 
Southeast 
Midwest 
West 

Agents and Distributors 
Australia Israel 
Belgium Italy 
Brazil Japan 
China Singapore 
Egypt Spain 
France South Africa 
Germany South Korea 
India Taiwan 
Indonesia 
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M e r n b t m  Only Site Map Home Air Transport Association 1 
Isnerlu's wing &line . . . . * . . . . * * . . . . . . . * 

W b f i s  the ATA? 

Current ATA 
Members 

ATA Membership 

Councils and 
Committees 

ATA Headquarters - 
General Information 

How to Contact ATA 

Job Openings 

Web Site 
Notes 

What is the ATA? 

The ATA is the Air Transport Association of America. Founded 
by a group of 14 airlines meeting in Chicago in 1936, it was the 
first, and today remains, the only trade organization for the 
principal U.S. airlines. In that capacity it has played a major role 
in all the major government decisions regarding aviation since its 
founding, including the creation of the Civil Aeronautics Board, 
the creation of the air traffic control system, and airline 
deregulation. 

The purpose of the ATA is to support and assist its members by 
promoting the air transport industry and the safety, cost 
effectiveness, and technological advancement of its operations; 
advocating common industry positions before state and local 
governments; conducting designated industry-wide programs; 
and assuring governmental and public understanding of all 
aspects of air transport. 

The ATA has represented the needs and promoted the interests of 
the commercial airline industry for almost 60 years. During its 
history, ATA has seen the airline industry and its members 
evolve from the small, pioneering companies of the 1930s into 
key players in the global transportation market. The industry 
continues to evolve with the addition of new carriers, which are 
playing a major role in shaping the future of air transportation. 

As airlines continue to look for ways to reduce costs and 
maximize efficiencies while maintaining the safest transportation 
system in the world, ATA offers carriers that very opportunity. 
ATA is respected by Congress, state legislatures, the Department 
of Transportation, the Federal Aviation Administration, the press 
and the public for its professional and accomplished 
representation of the industry. As its members chart their futures 
in this changing market, ATA provides invaluable expertise, 
guidance and assistance. 

ATA's structure is similar to most airlines and provides an 
interface between the carriers and various government and 
private sector organizations. Key departments within the 
association deal with operations and safety, engineering, 
maintenance and materiel, airport operations, air traffic 
management, cargo, electronic data interchange, facilitation, 
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federal and state government affairs, international affairs, legal 
affairs, passenger service, public relations, and security. Working 
with these established functions are a variety of ATA councils, 
committees, subcommittees and task forces, composed of experts 
from member airlines, formed to address industry issues. 

Today, the ATA continues to represent the industry on major 
aviation issues before Congress, federal agencies, state 
legislatures, and other governmental bodies. It continues to 
promote safety by coordinating industry and government safety 
programs, and it serves as a focal point for industry efforts to 
standardize practices and enhance the efficiency of the air 
transport system. 

Feedback 
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Abstract 

Topic: Aging Airframes, Subsystems, Avionics 

Ten years ago, a study was commissioned by the US Air Force to compile and analyze 
data on the various electrical and electronic components contributing to aircraft mishaps 
from 1986 to the date of request in 1989. Mishaps are classified by seventy of injury 
and material damage. Class A mishaps have $1,000,000 in damage or a fatality; class 
B - $200,000 to $1,000,000 or a disabling injury; class C - $1 0,000 to $200,000; class 
HAP - High Accident Potential. The report recorded the basic electric system of the 
failed individual component and each component. Results indicated that connectors 
and wiring were the largest contributors to electrical failures. As aircraft age, it becomes 
necessary to determine what effect time has on the integrity of the systems and which 
systems demand the most attention. 

Electronic failure was identified as the primary cause in approximately 2% of Air Force 
mishaps. There are a much higher percentage of situations where electric failures are a 
contributor to a mishap. We have recently initiated a study to update the earlier 
analysis and incorporate other factors such as aircraft age and how the electronic failure 
contributed to the mishap. The analysis of primary and secondary electrical failures, 
and the aircraft systems they affect, will come closer to the true impact of electric 
systems on an aging aircraft fleet. 

Mishap data will be collected from the Air Force mishap database, which is maintained 
by the Air Force Safety Center, Kirtland Air Force Base, New Mexico. Information will 
be categorized by aircraft type and age, impact of the failure, failed component, function 
of this component and the system first affected by this failure. 

Introduction 

In 1989, a report was released in an effort to analyze the contribution of electrical and 
electronic components to aircraft mishaps. The survey included all mishaps for US Air 
Force aircraft from 1986 to the date of request. Approximately 650 reports were 
reviewed and organized by type of aircraft. A sample of reports was selected and a 
total of 326 reports were evaluated in detail. Findings included aircraft type and failed 
components. The paper covered those reports where some type of electrical failure 
was included in the findings. An effort was made in this new survey to include only 
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those mishaps where eIectricaVelectronic failures were cited as the primary or 
secondary cause of the mishap. This partition provides more confidence that the 
electrical failure initiated or was a major contributor in the mishap, instead of being the 
result of some other failure. We also selected ten years of data to determine if aging 
trends may exist in the collected data. The information was collected in a database 
format that can be readily updated for future studies. This preliminary effort will serve 
as a model for a more thorough research process. 

Mishap Report format 

Each mishap report included a brief summary of the event from the pilot for any 
conditions that affect the safety of the aircraft. Following this summary is a list of 
findings - one to several of these findings are identified as causes. Each report is 
submitted to the Air Force Safety Center, Kirtland Air Force Base, New Mexico. 
Reports are cataloged in a database and categorized by the primary and secondary 
causes contributing to the mishap. The identifying category may be a single word or 
short phrase. Collecting these reports requires a list of any words that might be in the 
list of possible categories and related to some function of subject system. 
In this case, a list of descriptors for electrical systems and components was submitted 
for a search. This selection narrowed the number of mishap reports to 271 for mishaps 
occurring between 1989 and March 1999 where the primary or secondary failure was an 
electrical system and/or component. 

Each summary and list of findings was reviewed for significant artifacts to be included in 
the final analysis. These details were recorded in a simple database via a form with 
pull-down menus to make it easier to record additional details. Those details are listed 
and defined below. 

Collected details 

0 Age of Aircraft 
0 Mishap C/ass - A US Air Force mishap is defines as an unplanned event, or series 

of events, resulting in: 
Injury to Air Force military personnel. 
Injury to on-duty DAF civilian personnel. 
Injury to non-Air Force personnel resulting from Air Force operations. 
Occupational illness of Air Force military or DAF civilian personnel. The 

medical staff reports occupational illnesses through its reporting system. 
Illness of non-Air Force personnel caused by Air Force operations. 
Damage to Air Force property. 
Damage to non-Air Force property resulting from Air Force operations. 
Degradation of nuclear or radiological safety. 

0 Mishaps included here are flight mishaps involving Air Force aircraft when intent for 
flight is established and there is reportable damage to the aircraft. 

A - more than $1,000,000;fatality or permanent disability 
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B - $200,000 to $1,000,000; permanent partial disability; inpatient hospitalization 
of 3 or more personnel 
C - $1 0,000 to $200,000; Injury resulting in a lost workday involving 8 hours or 
more away from work beyond the day or shift on which it occurred 
H - High Accident Potential (HAP), observed during maintenance or pre-flight 
checks 

Aircraft Type - Describes the mission of the involved aircraft. For concise recording, 
some categories have been consolidated. In particular, Electronic Counter Measure 
aircraft have been included with Avionics/Reconnaissance. Other categories include 
BombedAttack, Cargo, Fighter, Helicopter, and Trainer. 
Components - The primary cause of a mishap is usually attributed to one 
component. In some cases, two components (or no components) were listed in the 
report. Those components that could not be determined or did not fit within the 
range of the surveyed components were included in the avionics group. Other 
components include batteries, capacitors, circuit breakers, conductors (wiring), 
connectors, electric panels (contains switches, lights and in some cases printed 
wiring boards), fuel probes, generators, lights, motors, relays (or contactors), 
resistors, switches, and transformers. 
Function - These categories describe the function of the components. 
0 Electronic components operate without moving parts - capacitors, circuit, 

breakers, conductors, connectors, electric panels, fuel probes, lights, resistors. 
Failed components with moving parts are included in the electromechanical 
category - generators, batteries, switches, relays, and motors. A failure in one of 
these components can involve smaller electronic parts or interconnections. 
Generators in particular were often cited as failed components but for an 
undetermined reason - could be internal wiring, moving parts or connections 
from another system to the generator. 
Interconnections include wiring, connectors, and in some cases printed wiring 
boards 

Systems - The system affected by the component was recorded when the 
information was available. Some components can be a part of several systems 
(connectors, conductors, capacitors, and relays). Where a system was not 
specifically mentioned or discussed the failure was added to the avionics category. 
This category also included areas that supported other systems indirectly (general 
avionics commonly referred to as a “black box”) Other categories included flight 
control, fuel systems, instrument (indicators, panel lights, radios, landing gear, etc.), 
power systems, and total electrical failure - system unknown 

Findings 

Most mishap incidents resulted in minor damage to an aircraft or were actually 
situations that could have potentially caused the loss or serious damage to an aircraft. 
The distribution of mishap class as defined in the above paragraph is given below in 
figure 1. There are a much higher percentage of situations where electronic failures are 
a contributor to a mishap. Most mishap investigations we have conducted are the result 
of several independent events. The combination of these events can result in the loss 
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of one or more critical systems that can ultimately lead to the loss or serious damage to 
an aircraft. 

Mishap class 

I P  A B  
0% 4% 3% 1% 

Figure 1. 

As can be seen from figure 1 relatively few mishaps result in the loss or major injuries 
Most mishaps fall into the class C category or below. Next to class C mishaps, High 
Accident Potential mishaps were reported far more than mishaps in the remaining 
classes. These are mishaps that were discovered in routine maintenance or pre-flight 
checks. Had these failures not been repaired they could have caused a more serious 
mishap in flight. These findings indicate that some failures can be avoided by 
preventive maintenance, others may be unavoidable. Improvements in this area can 
avert mishaps that are more serious and maintain or reduce the number of class C 
mishaps. 

Recently, there has been considerable interest in the aging of electronics and its impact 
on overall aircraft reliability and safety. The data that was provided in the mishap 
summaries included the age of the mishap aircraft. A distribution of the aircraft age is 
given below in figure 2. 
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Age Groups of Mishap Aircraft 
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Figure 2. 

While this summary implies aircraft in the 1 1 to 15 year experience more mishaps 
caution must be used in forming any conclusions. There are several factors that must 
be considered before reaching any conclusions. This would include factors such as 
quantity of aircraft, aircraft type, and number of flight hours. Additional analysis will be 
required and correlation of several factors will be needed to normalize the data in figure 
2. Once the data is normalized for several factors, an aging trend may be apparent. 

Aircraft were categorized into several types to look at the kinds of failures that might be 
specific to one type. In most cases, the component failures were independent of the 
type of aircraft. That is to say that components failed in the same way regardless of the 
aircraft in which they failed. The percentage of mishaps with respect to aircraft type is 
shown in figure 3. 

Aircraft Type 

Training AvionicslRecon 
Refueler 12% llo/b BomberlAttack 

Helicopter 
5% 

Fighter 
36% 

Figure 3 
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Insulation degradation is a significant, if not primary, contributor to the aging problems 
attacking the entire aircraft fleet. The experience in this laboratory indicates that 
fighters may be more susceptible to aging damage, with 42% of fighter mishaps 
resulting from wiring and connector failures. Fighter aircraft typically have more 
complex avionics in a relatively small space compared to cargo and bomber aircraft. 
Wiring must be fitted into tight spaces, making it difficult to repair and increasing the 
chances for chafing. Fighter avionics are also typically subjected to higher operating 
temperatures. For comparison, nearly half of the mishaps in the Cargo and 
Bomber/Attack groups were the result of electronic failures. Again, additional analysis 
needs to be done to normalize this data with respect to aircraft population, flight hours, 
and stresses of the mission. The systems affected by these failures are analyzed in 
figure 4 below. 

System 

total electrical 

avionics flight control failure 
1% 9% / -  11% 
\ , / i  

power systems 
45% fuel systems 

8% 

instruments 
26% 

Figure 4. 

Electronic and electrical systems perform many types of functions. This can range from 
supplying electrical power to controlling flight surfaces to analyzing and displaying 
aircraft performance characteristics. The graph in figure 4 shows mishap distribution by 
system function. By this illustration, electrical power and instrumentation are the largest 
categories. Electrical power has become a flight critical system since for many 
systems, electric power is required to maintain stabilized flight. Many aircraft are now 
completely dependent on electronics and no longer have mechanical back-up systems. 
Aircraft also rely on electronics to manage and control entire systems. These critical 
systems are typically controlled in the cockpit and can not be easily overridden in the 
event of a catastrophic failure. 

Each failed component was part of a system. Many components can be included in 
several systems, for example relays, connectors or electric panels. Mishaps where a 
system could not be determined were included with avionics systems; this was usually 
in cases where one of these common components was cited without a system or 
location. The system reported with the most failures was the power system, making up 
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nearly half of all system failures. Power systems endure the most stress - they also 
have components of every function. In comparison, fuel systems and instruments had 
most failures in the electronics and interconnection components. Within these systems 
each component performed one of three functions - electronic, electromechanical, or 
interconnecting. The graph below in figure 5 illustrates the breakup across all of the 
recorded mishaps. 

Function 

electromechanical 
interconnections 34% 

43% 

electronics 
23% 

Figure 5 

Laboratory investigation experience in AFRLIMLSA failure analysis and the previous 
study on electronic mishaps suggested most mishaps are related interconnections or 
electromechanical functions. These types of functions can typically experience 
mechanical movement, wear, or direct exposure to the surrounding aircraft 
environment. The result can be mechancial or physical degradation, with both being 
time dependent. This functions are excellent candidates for further aging studies. 

Components functioning as interconnections make up the largest part of failures. This 
category generally consists of wiring and connectors. The other categories cover a 
much larger range of components - an indication that interconnective components 
deserve a higher priority in understanding the affects of aging and developing 
preventive maintenance procedures. A closer look at the distribution of functional 
failures in a sample of the aircraft popullation is illustrated below in figure 6. 
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Function of Failed Component by Aircraft Type 
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Figure 6. 

As mentioned earlier drawing conclusions from one factor can be misleading. Data 
analysis also needs to be correlated with actual field experience and system knowledge. 
To illustrate, figure 6 shows the three functions plotted against the number of fighter, 
cargo, and bomber mishaps. Bomber and cargo aircraft typically have many more miles 
of wiring (an interconnection) compared to a fighter aircraft. Yet interconnections 
appear to only dominant other function categories with respect to fighters. Based on 
AFRUMLSA laboratory experience one explanation is that fighter aircraft have a higher 
density of wiring, and therefore, more opportunities for chafing. A detailed breakdown 
of mishap failures by component function is given below in figure 7 

Components 
transformers 

resistors 6% avionics capacitors 
1 %  \3% 7 i 7% 7 

1 % electric panel 
8% 

connectors 
14% 

Figure 7. 
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Wiring and connector failures make up just over 40% of failed components. This agrees 
with our experience in conducting mishap investigations. An electrical arc that may be 
due to a chafed wire or an internal short in a connector often initiates aircraft fires. In 
some cases the wire or connector failure causes the loss of a flight critical system or 
compromises another system causing it to malfunction. Conductors and connectors are 
often nexus points and can become single point failure sites. A single site failure can 
quickly cascade into other systems, comprising the aircraft integrity. Generators make 
up the second largest segment of failed components. These components have rotating 
parts that experience wear and can de damaged by other electrical components that are 
drawing power from the generator. The remaining components listed are also of 
interest. In many cases, these failures are related to an interconnection issue. As 
noted in the 1989 study, there were very few, if any mishaps, that could be attributed to 
an active electronic component such as an integrated circuit or other type of solid state 
device. This may be due to cataloging of failures and will be further investigated. 

Conclusions 

The objective of this survey was to characterize these trends in aircraft mishaps and 
identify the types of components contributing to mishaps. This survey has initiated an 
effort to record more precise detail both in past records and in future mishaps as they 
occur.. The objective of this study was met in that it revealed areas that need further 
investigation and helped refine our data collection and analysis tools. Mishap 
databases appear to be an excellent resource for identifying the systems 
mostvulnerable to the effects of aging - a tool that will directly impact the reliability and 
safety of U S Air Force aircraft. 

Page 9 of 10 
Cooley, Survey of Electrical Failures in Aircraft Mishaps 



Acknowledgements 

Air Force Safety Center, Kirtland AFB, NM 

References 

a. Safety and Investigations Reports, Air Force Instruction 91-204, 20 February 1998 

b. Mishap reports, Air Force Safety Center, Oct 89 to Nov 98. 

c. Causes of Aircraft Electrical Failures, National Aerospace and Electronics 
Convention, George Slenski and Don Galler, 21 May 1990 

Page 10 of 10 
Coole~~,  Survey of Electrical Failures in Aircrali Mishaps 



IMPLEMENTATION OF FUNCTIONAL SYSTEMS INTEGRITY 
PROGRAMS: AN ALP AND MAJCOM PERSPECTIVE 

Russell E. Alford, A. Dodd Hamlin, W. Scott Wrigley 
C-141 System Program Office 

WR-ALC/LJLE, Robins AFB Georgia 

Captain James E. Pappas 
KC-135 System Program Ofice 

OC-ALCLCRA, Tinker AFB Oklahoma 

Ralph R. Ward, Jr. 
Boeing 

Midyest City, Oklahoma 

Ralph C. Bradley, David C. Grant, Larry Crichton 
Lockheed Martin Aeronautical Systems Support Company 

Warner Robins, Georgia 

Robert P. Bell 
Lockheed Martin Aeronautical Systems Company 

Marietta, Georgia 

Major Dale K. Colter 
Systems and Engineering Division 
HQ AMCLGB, Scott AFB Illinois 

SMSgt Jerry Dunmire 
Air Mobility Command Liaison 

Tinker AFB, Oklahoma 

James M. Fisher 
TASC 

Warner Robins, Georgia 

ABSTRACT 

Historically, military aircraft failure prevention has been predominatel!. focused on 
structural issues. In the US Air Force, th,& has been accomplished through the Arcraft Structural 
Integrity Program (ASIP). Functional systems have long avoided scrutin!, unless implicated in a 
mishap, supportability becomes problematic, or as a peripheral issue in the course of an 
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operational enhancement. The prevailing philosophy remains ''fly to failure'' for these systems. 
While this extracts the maximum usage out of each component, it fails to recognize the impacts 
associated with lost mission capability and lost revenues due to unscheduled maintenance 
downtime. It also does not recogmze the costs associated with recovering an aircraft that may 
have become inoperable at a remote location. As the total number of militan' aircraft declines, the 
availability of these weapon systems becomes increasingly important. Additionall!.: the resources 
available to maintain aircraft fleets are shrinking. Consequently, reduction of total ownership costs 
becomes increasingly important. The Functional Systems Integrity Program (FSIP) is designed to 
implement the same reliability principles that have served aircraft structures so \vel1 through the 
ASIP to predict and prevent failure of systems components. FSIP nil1 reduce n'eapon system 
operating costs, maintain aircraft availability through reliability improvements and reduce 
unscheduled downtime by performing aggressive preventative maintenance during scheduled 
downtimes. FSIP will provide astructured method based on available metrics and proactive 
management to focus on preventing in-service systems failures, thereby ensuring aircrew safety 
and mission completion. Together with the ASIP, as part of an o\.erall aircraft fleet integrity and 
reliability management program, FSIP will provide the warfighter jvith a safe. economical, 
reliable, and fully mission capable aircrdl 

INTRODUCTION 

What Is FSIP? 

FSIP is a regimen of proactive maintenance actions designed to reduce or eliminate 
functional systems failures. In so many words, it is a common-sense approach to keeping aircraft 
flying more reliably, modeled after the extremely successful Aircraft Structural Integrih Program 
(ASIP). The basic idea of any integrity program is to determine the impact if something breaks, 
and whether or not you can tolerate that occurrence. If you can't, then you tv to determine or 
predict when it is going to break, and then do what it takes to keep it from breaking, whether that 
be inspection, repair, or replacement. In the case of functional systems. there is usually not a 
catastrophic event associated with failures. It more often results in the aircraft being out of 
service for repair. When this happens out of cycle, or unscheduled. it creates many problems. 
FSIP is something our friends in the airline industry have known and done for a long time. albeit 
not by that name, because when their aircraft are out of senice they are losing money. 
Unfortunately, most USAF aircraft are not revenue generating, so \$'e have been slow to adopt 
this process for purely economic gains. Yet, if we can prevent failures b!. doing maintenance 
when the aircraft is already down, then we can better ensure aircraft safeh.. We can also minimize 
our unscheduled downtime, which is extremely costly in terms of lost mission capability, aircraft 
availability, and ever shrinhng available dollars. 

Why FSIP? 

Why do we want to implement FSIP? In the US Ar Force, there has been an "artificial" 
separation of an aircraft into two components: structure and systems Since i t  takes both the 
structure and the functional systems to flf an aircraft, we need to move ton.ard an overall aircraft 
integrity program. There has been a significant effort since 1958 to predict and prevent failures in 
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the structure. The Aircraft Structural Integrih Program (ASIP) was implemented in 1958 with 
that purpose in mind. Using analysis, test and inspection. the integrity principles used by the 
ASIP have performed admirably, with few aircraft losses due to structural failure. The functional 
systems, on the other hand, have avoided examination unless the!. were determined to be causal in 
a mishap or the supply status became unsupportable. Then and onl!. then \\.ere they subjected to 
the scrutiny of the engineering staff. The predominant philosophy for functional systems, at least 
in the US Air Force, remains "fly to failure." Once the component has failed. it is then replaced 
with a new or refurbished component, and the aircraft returned to ser\.ice. While this extracts the 
maximum usage, and therefore economy, from each component part. it fails to recognize that 
there is a cost associated with the loss of mission capability and aircraft anilabilih. This mode of 
operation was deemed adequate from a safety perspective because most s!.stenis have 
redundancy, meaning there are few single point failures that can haire catastrophic consequences. 
When an aircraft that is scheduled for a mission has to be remo1,ed from s e n k  to fix or replace 
the part that broke, it causes a ripple effect throughout the organization. I t  is difficult to put a 
dollar figure on the cost of a strike package that cannot complete its mission because the tanker's 
boom won't unlock, or on the impact of an airdrop not getting through to a unit under fire 
because the airlifter's doors won't open! It is easier to place a cost on the repair of the aircraft 
itself, but the cost of the resources required to accomplish the repair are harder to capture, 
especially if the aircraft happens to be at some out-of-the-uay location! 

the functional systems are pushed far beyond their life espectanc!. nithout inspection or attention. 
Unless they fail, they are not afforded the same analysis that aging structure recei\.es if it is to be 
used beyond its design life. Additionally, as the years pass. it becomes more and more difficult to 
support aging systems when they do fail. As the commercial aviation industq, moves ahead 
technologically, the military aviation indushy is often left holding the bag \vith regards to 
obtaining spares or finding contractors willing and able to o\.erhaul "old" s>.stems. The depots 
have in-house manufacturing capability, but are not aluays the best source for making very 
specialized assemblies and subassemblies. Often, though. they are the onl!' source available and 
the lead times are not always in line with the actual need b!. dates. If ~ , o u  did not plan for the 
depot to be the manufacturing source (which is often the case). and 1 . o ~  ha1.e parts that fail 
requiring overhaul or replacement, you're already too late! 

It's no secret that our aging aircraft have aging s!'stems. In man!' cases. components of 

FSIP - The ALC Perspective 

Supply Issues 

From an ALC perspective, there are many advantages in haling an FSIP. One big plus is 
the more or less steady-state demand rate it will create. Currentl?.. there is a fluctuating demand 
for components, or component parts, which is difficult if not impossible to predict. This makes it 
difficult to have sufficient parts or components available \\.hen needed. This often results in 
aircraft out of service for days or weeks awaiting the replacement component. When parts are 
changed at a scheduled time, rather than just when they break or fail. spares C M  be better planned. 
This in turn allows the depots that repair or overhaul those components to better schedule their 
workload and procure the parts necessary to repair or overhaul the components. It permits the 
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depots to utilize the production principles that have proven effective in the industrial world. for 
example, "just in time deliveI);". 

Maintenance Issues 

FSIP is also beneficial to the organizations performing maintenance on the aircraft, 
particularly to the depot performing heavy maintenance, which the Air Force calls Programmed 
Depot Maintenance, or (PDM). It allows the Ivorkload of each maintenance entity to be better 
predicted, resulting in a more efficient use of ever diminishing manpon'er resources. It also helps 
in the b c t i o n a l  test, or systems checkout, that is performed after PDM. As i t  currently stands, at 
least in the C-141 world, a lot of time is expended at functional test replacing components that 
break or malfunction. With the planned replacement of these components. before they break, the 
number of surprises encountered becomes much smaller. This translates to reduced PDM 
flowdays, reduced costs to the customer, and more atailable aircraft. 

FSIP Approach 

The basics of the approach to FSIP are the same for both the KC-I 35 and the C-141. 
although the focus may be a little different. The first task is a systematic re\.iew of all the 
functional systems. This may be looking for safety concerns, or "bad actors". or the components 
that require the most resources to maintain and/or overhaul. Nest a process is deI-eloped that 
may entail several steps that lead to the decision of how to reso1j.e or mitigate the 
problems/concems discovered during the review. Then an execution plan is tailored for each 
system to correct the deficiencies found. This will also provide a s!stems engineering h p e  
approach to the questions that are asked nearly eveq. day about the life espectanc!. of the aircraft. 

FSIP Implementation on the KC-135 

Purpose 
The Functional Systems Integrity Program (FSIP) for the C/KC-135 has been developed 

as a pro-active process to ensure safety of flight and durability of the aircraft functional systems 
beyond the original intended period of usage. It is intended to integrate n i t h  the ASIP program to 
provide an overall aircraft integrity process. The specific focus for the KC- 135 is on impending 
safety and durability concerns. 

Approach 

of safety is identified, whether the reduction is due to the age of the s\.stem. or a change in 
mission requirements. Each system is also reviewed to determine if there are an!. components that 
could, by their failure, endanger the aircraft and /or flight crew. The standard is measured in 
terms of functional systems safety. The C/KC-135 aircraft contains a number of functional 
systems, all at varying and different points in their respective life c!.cles. thus requiring a number 
of independent and unique FSIP investigations. 

The CKC-135 FSIP process is broken do\i:n into five steps. each using a series of 
checklists customized to fit the system under investigation. The tasks are $'stern Health 

During the systematic review of each system. each component that has a reduced margin 
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Assessment and Monitoring, Condition Analysis. Solution Deirelopment. P1,anning and 
Implementation, and Solution Health Monitoring. 

KC-135 Examples 

The following systems have been subjected to the FSIP process. n i t h  the findings as 
noted. 

GOx system 
There were 23 findings in the gaseous oq'gen system. These included the lack of an 

internal pressure relief valve, modification discrepancies during the conversion from liquid oxygen 
to gaseous oxygen, and the uncertainty of the capacity of the gaseous os!rgen g'stem. 

Landinggear 

outdated wear and rework limits to outdated technical orders to improper maintenance 
procedures both in the field and at PDM. 

There were 59 findings during the review of the landing gear system. ranging from 

Fuel system 

bladder leaks to deteriorated hoses, couplings and valves. 
There were 15 findings in the fuel system revie\\,, ranging from component \\.ear to 

Flight con frob 

problems to component wear. 
There were nine findings during the flight control relien.. These ranged from lubrication 

FSIP Implementation on the C-141 

Purpose 
The focus on the C-141 is slightly different. Due to the redundanc!. of the C-141 s!stems. 

there are few instances where a single-point failure can cause loss of the aircraft. For this reason. 
the focus has been placed on elimination of unscheduled maintenance. This xi11 ensure that each 
mission will be completed, and will ensure the capability to sustain t1L.o theatre contingencies nith 
the minimum maintenance footprint possible. Just as with the KC-135. the intent is to integrate 
all applicable integrity programs into an overall aircraft integrity and reliabilit!. program. 

Approach 

a life expectancy for each system or component of each system using historical failure data. If this 
were a new aircraft, the process would begin by analysis and test. but 30+ !'ears of test data 
already exists! Once a life expectancy is established, then a failure prel-entatii,e action is 
accomplished at a scheduled downtime just prior to the predicted failure. This action could be 
either a forced time change at a scheduled downtime prior to predicted failure. overhaul of a 
complex mechanical system to "zero-time" it, or refurbishment of the original equipment. Each 
system is also examined for frequency of maintenance and cost associated with the maintenance. 

The approach for the C-141 is to systematically examine each s!steni in order to establish 
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If either of these is excessive, actions that will reduce the amount and/or cost of maintenance are 
designed and implemented. Once these actions ha1.e been implemented. failure and maintenance 
data from both field and depot is monitored to detect any reduction in actual life for any 
component. Any reduction detected results in a more detailed analysis to determine ivhat has 
changed to cause premature failures. If necessan., padcomponent redesign or maintenance 
procedure adjustment is accomplished. In addition, an effective means of communication betlveen 
depot and Original Equipment Manufacturer (OEM) engineers and technici'ans both at depot and 
field level has been established via a bulletin board on the World Wide Web. This has already 
yielded dividends of information that had been previously lost. Again. the aim is. in the ivords of 
the Warner Robins Air Logistics Center Commander. Tomba t  read!. aircraft.. . 'anytime. 
anywhere! " 

C-141 Examples 

The following systems have been examined using this approach. 

Flight control system 

at PDM, and the mechanical PCU input systems are overhauled to an "as ne\\," condition. This 
has resulted in a reduction of maintenance required at functional test. 

As a result of the flight control systems revie\\.: the Pou.er Control Units are no\\- replaced 

Flap system 

jackscrews. and the overhaul of the flap carriage sj'stem to "like neu" condition 
The results of the flap system review are the time-change replacement of the flap actuator 

Spoiler system 

spoiler actuator, which was original equipment. Additional actions that \\ o d d  ha1.e been 
identified by FSIP have already been accomplished. for example. a redesign of the spoiler 
checkout procedure. 

The spoiler system review resulted in the refurbishment of the \\.iring hamess for the 

FSIP - The MAJCOM Perspective 

One look at the Air Mobility /Command (AMC) mission and Logistics \-ision implies a lot 
of proactivity. Unfortunately, the mission is interrupted on a daily basis uith aircraft in the 
mobility fleet breaking out in the system. This causes an unnecessaq. loss of aircraft a\dabilih.. 
cost burden (to include lost revenue) and increased maintenance nvorkload. t\MC's mission is to 
provide airlift, air refueling, special air mission, and aeromedical evacuation for U.S. forces. I f  
this mission cannot be performed due to "broken" aircraft, chances are the other militan. forces 
won't be able to complete their mission at all of for very long. From the MAJCOM perspecti1.e. 
the significance of an effective FSIP relates to three key areas: Availabilit?.. Recoiren- Costs of 
aircraft broken in the mobility system, and Total Oivnership Cost. 

Aircraft Availability 
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With the retirement of the C-141~ AMC has sigmificantl!. fe\\,er strategic airlift aircraft 
available for tasking. The 126 C-5s and currently planned 135 C-17s. supplemented from time to 
time by tankers, must completely shoulder the heal?, burden \\-hen the last of the 275 C-141 
Starlifters retires in FYO6. So far the C-17 is operating at a veq' high mission capable rate. but 
the other airlift assets aren't doing quite so well. Although the aircr'aft (with the exception of the 
(2-17) average over 30 years old, the systems, not the structure. present the greatest challenge to 
achieving a required mission capable rate. The functional s!'stenis are the main driver for the 
delayed and cancelled sorties and for the ever-increasing flou- da!s for Programmed Depot 
Maintenance. Figure 1 is an aggregate of the mission capable rates for the C-5. KC-I 0. C-17. C- 
130, KC-135, and the C-141. The graph shows that the trend of the curl-e for AMC reliability is 
continuing downward. It is short of the 87% mission capable rate required to meet our \vartime 
tasking as defined by the Mobility Requirements Stud!. Bottom U p  Rei.ie\\- Update. indicated by 
the goal line. Figure 2 is a representative aircraft. It  is clearl!. seen that the majority of the time 
this aircraft is not mission capable is due not to structural problems or inspections. but to failures 
of the aircraft's subsystems. In fact, seven major s!'stems account for 7 1 '% of the reliabilih. 
problems of this aircraft. A structured and effective FSIP itill  reduce the instances of ailing 
functional systems. A huge penalty has dread!. been paid. but the US cannot afford to continue to 
pay this cost. Not completing the FSIP implementation no\\- \vi11 further degrade the mobility 
capability and significantly increase operating costs as the fleet continues to age. 

Cost of Recovery 

All of those systems failing costs something. Let's look at an example of a cost not 

How much does it cost to replace ten $1000 parts? At depot. it costs the $1000 for the 
normally associated with the broken system or component. 

part plus the labor cost, which is probably less than the $ 1000 part each time. For simplicih.. 
mre'll double it and say $2000. 

Now how much does it cost when the aircraft breaks out in the inobilit\. s!stem. for 
example at places like Rwanda, Madagascar, Ethiopia, Iceland. Guam. Panama. Antarctica 
Argentina, Kuwait or Johnston Atoll in the Pacific'? 

(MRT) is dispatched to that location. It must c a p  the needed parts. tools and support 
equipment, plus anything else that might happen to break before the aircraft is returned to 
service. Often the MRT only has what it brings \vith it, because man!' of the places AMC senices 
barely have a runway capable of supporting the aircraft. much less M!' inaintenance capabilihr. 
Here is where AMC differs greatly from the airlines or ei'en Air Combat Command aircraft. \vhich 
usually land at the same base from which they launched. At worst case. the!. land at a base \\-here 
forward-deployed maintenance teams are waiting on them. The AMC mission requires flights to 
anywhere on the globe, which makes prepositioning unfeasible. Figure 3 s h o w  the ai.erage 
number of times a month that MRTs are dispatched. \\-ith the o\.erall al'erage about 60 times a 
month! It is an enormous expense to fly the MRT. the parts. tools and support equipment to 
eveywhere aircraft break. Many times, that $1000 part costs us hundreds of' thousands of dollars 
as sometimes a dedicated C-5 or C-17 mission is requiredjust to bring in the correct tooling. parts 
and support equipment needed to make the repair. 

When one of AMC's aircraft breaks while on a mission. a Maintenance Reco\.en. Team 
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Where does an MRT come from? The maintainers. their tools. and support equipment are taken 
from their jobs of performing routine maintenance on the arcraft at home station to deploy and 
support the MRT So not only is there the unnecessaqr burden of deplo!.ing the MRT. you also 
have lost maintenance capability at home station. \\ hich delays other aircraft from becoming 
mission capable. What a vicious circle, and what an opportunity for reducing the Total 
Ownership Cost1 

Total Ownership Cost 

FSIP recognizes that there is a value associated nith lost mission capabilih. that far 
outweighs the cost of the individual parts or components. Unfortunatel!.. the Air Force‘s current 
costing systems don’t tie all of the costs of these part failures back to the part. to include 
cannibalization from one aircraft to another and MRT expenses. In addition to the cost of 
recovery, the Transportation Working Capital Fund (TWCF) aircraft lose the rej‘enue they could 
earn from paying customers for transporting their equipment and personnel around. similar to an 
airline. Again, however, the cost associated n:ith a fighter or bomber not being able to complete 
its mission is difficult to compute, therefore it is even more difficult to show the return on 
investment that FSIP could provide. 

Fortunately, there is a serious effort to better capture and manage the costs of operating 
all of the Air Force’s systems, be they aircrafi or trucks. Reduction of Total Onnership Cost is 
the latest emphasis from A r  Staff and the Pentagon. Ei,eqr program office is scrambling to show 
how they will save valuable dollars doing evevthing from reducing support personnel to 
outsourcing every available task. Unfortunately. those quick fixes don‘t tCde care of the greatest 
need, which is the ability to monitor and effectivel!. manage the aging s!rstems ‘and structure of our 
aircraft. On the contrary, fewer people and smaller budgets in the program make it e\-en more 
difficult to be proactive. The FSIP concept requires manpon’er and funding to avoid sigmificantly 
larger costs as the aircraft ages. However, without \:e? accurate and detailed supporting data, 
programs like FSIP don’t stand a chance at getting funded, as often. if done effectivel!.. the “real” 
savings are difficult to identifi: and capture. The other realit>.. though. is that \\.e cannot afford to 
wait until our aging systems issues become major problems before we take an!. action. 

How Do We Get There? 

In order get moving in the right direction: tn’o ke!. areas need significnnt attention. 
First, there must be an Air Force-wide improvement of aircraft information capture and 
management. Data capture must include more real-time data from the aircraft itself via automated 
health and monitoring systems, from the aircrew ivith regards to usage information. and from the 
maintainer, both blue suit, contractor, and civil senant. Also necessaq. is the means to 
automatically capture all of the cost associated \vith the repair of an aircraft. All of this data 
needs be correlated by Work Unit Code and suppl~. stock number (NSN) so that i d i d  data 
screening and analysis can be automatically done to determine the real problem s!-stems and then 
take effective and proactive actions. Of course, any good FSIP program should validate the 
problems and priority with the users from the field through some kind of realit). check. To make 
all of this really effective though, formal guidance in the form of Air Force Policy and Instruction 
is a must. 
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Status 

The good news is that many individuals and program offices haJ-en't JJ aited around for 
published guidance to take needed action. There are man!' fantastic FSIP tools and methods 
already in use. Unfortunately, most are very weapon system unique. 

From the headquarters level, HQ AFMC/DR is funding a pilot Post Fielding Support 
Analysis (PFSA) project with the C-130 aimed at implementing a state of the art data 
\\arehousing system with automated screening and anal>.sis capabilit?.. Based on Air Force 
Special Operations Command's (AFSOC) A400 Special Operations Forces Reliability and 
Maintainability System, SOFRAMS, the C-130 system nil1 correlate data from all existing 
maintenance and supply mainframe systems, screen the data for anomalies. and run pre-set 
analysis algorithms to notify program managers, engineers. item managers 'and MAJCOM n.eapon 
system managers when supply and maintenance trends indicate that trouble is beginning for 
specific systems or components. 

Within A M C ,  there are some very effective FSIP programs at Iw-ious le\.els of maturih 
for the KC-135: C-141, C-5 and most recently, the C-130. Together \\.e haj-e formed a team that 
is drafting an Air Force Policy Directive (AFPD): Air Force Instruction (AFI) and a Militaq. 
Handbook (perhaps a Military Standard'?) to formalize FSIP. These efforts ha\-e been briefed to 
the Air Staff Aging Aircraft Integrated Process Team and udl  be championed b!. the IPT as polic!. 
upon completion. 

by FSIP. FSIP can be implemented on all aircraft. especiall), fielded aircraft. 'and not just ni th  
new aircraft coming on line, as MECSIP is intended. 

with Bob Giese's vision, create a Whole AirplaneIFleet Integrity Manager responsible for both 
structures and systems health. This vision integrates nicel!. nith the Operational Safeh. 
Suitability, and Effectiveness (OSS&E) policy, which is being implemented. OSS&E desigates a 
Chief Engineer for each weapon system, who is responsible for the entire aircraft. 

The already in place Mechanical Systems Integritj. Program (MECSIP) \ d l  be absorbed 

The goal will be to have ASCEN responsible for the FSIP and ASlP programs and in line 

Summary 

In summary, an effective FSIP will reduce Total Ounership Costs: reduce unscheduled 
aircraft downtime due to systems problems: impro\.e supportability in the suppl!. arena: enhance 
the enroute mission reliability by reducing unscheduled maintenance actions and the need for 
frequent MRT deployments to repair aircraft broken in the s!rstem: and finall!.. 'an effectij'e FSIP 
d l  increase aircraft operational safety by preventing systems failures. 
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ROOT CAUSES OF 
MOISTURE PROBLEMS 

When studying the origin 
of moisture problems, Boeing 
considered the following 
factors: . Moisture sources and 

. Drainage and dripping. 
condensation. 

Variables affecting 
condensation. 

1 Varying degrees of conden- 
sation and moisture prob- 
lems across model fleets. 

Moisture sources 
and condensation. 

Most condensation on air- 
plane structure occurs during 
fl ight when the temperature 
of both the outside air and 
the structure are very cold. 
Structure temperatures are 
usually below the dew point 
of the cabin air, causing 

some amount of condensation 
to  form during most flights. 
I n  addition, because structure 
temperatures are normally 
below the freezing point  of 
water, most condensation 
forms as frost (fig. 1). 

Condensation results when 
moist air moves to  the  cold 
structure (fig. 2 ) .  The cabin 
air passes through small gaps 
in the  insulation coverage 
and cools rapidly. Buoyancy 
forces induce a continuous 
flow of air and continuous 
movement of moisture to the 
cold structure. 

The rate of condensation 
depends on the  rate of 
buoyancy-driven air move- 
ment t o  the structure as well 
as the cabin humidity level. 
In- f l ight  cabin humidity levels 
are low from a standpoint of 
human comfort (usually less 
than 20 percent relative 



humidity). However, the  air 
i s  not  completely dry, and 
any moisture it contains w i l l  
condense as the air moves 
over the  cold structure. 

Drainage and dripping. 
Frost melts rapidly during 

descent if conditions allow 
the airplane skin temperature 
t o  rise above freezing. This 
causes a sudden onset o f  
drainage, which, i f  no t  man- 
aged completely, drips i n to  
the crown area (attic) o f  the 
airplane and possibly in to  the 
passenger cabin (fig. 3). 

The insulation blankets tha t  
cover the  structure typically 
are fiberglass batting covered 
with waterproof nonmetallic 
Mylar. This allows water t o  
drain over the outboard Mylar 
surface similar to how rain 
drains over roof t i les or shin- 
gles. Ideally, a l l  of the water 
flows to  the  bilge areas i n  

the  belly of the  
airplane, where it can drain 
overboard. However, some 
water may Leak through gaps 
and drip in to  the  crown and 
possibly i n to  the passenger 
cabin. Some water may seep 
through unavoidable holes in 
the Mylar covering in to  the 
insulation blankets (fig. 2). 

Insulation blankets generally 
keep most o f  the water out of 
the airplane crown. However, 
a small amount of water may 
drip onto passengers or cause 
electrical equipment failures. 

Variables affecting 
condensation, 

that  forms depends on many 
factors, a l l  o f  which belong 
to  one of four categories 
(table 1): 

Airplane design/ 
configuration. 

The amount of condensation 

Seating density 

Insulation design 

Air-conditioning 
system design 

load factor (percent of 
available seats occupied) 

Utilization rate (hours per day 
the airplane is operating) 

Mach number 

Cruising altitude 

Air-conditioning 
system operation 

Outside temperature 

Outside humidity level 

Insulation blanket 
installation 

Use of ground-based 
forced-air systems 

Condensation on structure 
and the resulting moisture 
problems are influenced heavily 
by seating density and airplane 
operations. especially load 
factors and uti l ization rates. 
High passenger loads result i n  
higher cabin humidities and 
higher condensation rates. 

ture is below the dew point  
or frost point  and greater 
accumulations of frost on a 
daily basis. Some of the most 
severe moisture problems 
occur on oirplones with com- 
binations of high seoting 
density, high loodfoctors, 
ond high uti l izotion rates. 

EFFECT 
More people produce more moisture, causing higher cabin humidity levels and increased 
condensation rates. 

An insulation design that minimizes gaps will reduce condensation rates. 

The amount of outside air per occupant supplied to the airplane affects the in-flight humidity 
level. Increasing the outside air per occupant decreases the cabin humidity, which decreases 
the condensation rates. 

More people produce more moisture, causing higher cabin humidity levels and increased 
condensation rates. 

High airplane-utilization rates result in more time during which the structure is below the dew 
point and subject to greater accumulations of frost on a daily basis. 

High-speed flight results in aerodynamic heating of the structure. Higher Mach numbers will 
result in warmer structure temperatures and lower condensation rates. 

In general, the outside air temperature and the airplane structure temperatures will decrease 
with altitude. Higher cruise altitudes will generally result in higher condensation rates. 

For airplanes with overhead recirculation fans or crown ventilation systems, operating these 
fans or air-conditioning packs on the ground will help dry out the crown space. 

Colder structure temperatures cause higher condensation rates. Colder structure temperatures 
on the ground inhibit the evaporation of moisture from wet insulation. 

Outside humidity level is not a major influence on condensation on structure. Most condensation 
on structure occurs during flight when the structure temperature is very cold and the outside 
air is very dry. In most cases, rate of condensation on structure will be much lower during 
ground operations than in flight, even i f  the outside humidity level is very high. 

Gaps in insulation coverage created during maintenance can increase condensation rates. 
Damage to insulation cover material can increase moisture problems with wet insulation. 

Ground-based forced-air systems can be useful for drying airplanes parked for extended periods 
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CONDENSATION VARIATION FOR THE 757 FLEET 

Estimated average daily condensation above the windows, 
grams per frame bay 

Conditions: 
Total number of airplanes is 708. 
Estimated mean is 91 g. 
Estimated standard dsviation is 37 g. 

Varying degrees of condensation 
and moisture problems across 
model fleets. 

and the severity of resulting 
moisture problems vary dra- blankets. 
matically across airplane 
model fleets. The variation i n  
daily crown area condensation 
for the 757 fleet i s  illustrated 
i n  figure 4. 

The amount of condensation 

the upper sur- 
face of ceiling 

and 

SERVICE EXPERIENCE 2 the most severe WITH MOISTURE 
PROBLEMS 

As part of i t s  study, Boeing 
reviewed operator reports to  
learn where moisture problems 
were occurring and which 

lanket on three 
airplanes (fig. 6). 

w i th  a new shipset of 
insulation blankets revealed 
tha t  the removed blankets 
contained up to  80 lb (36 kg) 
of  water per airplane. 

Other service experience 
results showed tha t  water 
dripping i n to  electrical 
equipment has caused some 
failures. 

AVAILABLE MOISTURE- 
CONTROL SYSTEMS 3 1  

Because moist air wi l l  
inevitably come i n  contact 
wi th cold structure, conden- 
sation cannot be eliminated. 
As a result, Boeing chose to  
evaluate potential moisture- 
control systems tha t  can help 
operators accomplish the 
following: 

a Minimize condensation. 

= Minimize dripping onto 
equipment and in to  the 
passenger cabin. 

= Maximize l iquid drainage. 

= Optimize evaporative drying 
from wet surfaces and insu- 
lation blankets. 

Boeing used a test section 
of a 757 airplane in  an envi- 
ronmental test chamber to  
simulate f l ight  cycles. Over 
an extended period of time, 
the  test section was used to  
evaluate frost levels. the  



amount of water 
retained in insulation 
blankets, and new 
moisture-control 
methods. Video 
cameras recorded 
frost formation, 
melting, drainage, 
pooling, and drip 
paths in to  the 
passenger cabin. 
Cameras were also 
used to  evaluate the 
performance of some 
potential moisture- 
control methods: 
insulation types, 
water diverters and 
collectors, and evap- 
orative materials. 

In-service airplanes, 
including those 
equipped with 
alternative materials 
for water collection 
and evaporation, 
were also tested. 
Results of these 
in-service evalua- 

- -  
the  crown volume t o  the skin. 
The model also estimated the 
amount of condensation 
(frost) that  forms on the  
structure. The model was val- 
idated using in-serice data 
and lab testing and showed 

tural temperature variations, 
how gaps i n  insulation, strut- 

tions determined 
tha t  proper placement of 
moisture-control devices is  
crucial for their performance. 

An analytical model was 
created t o  simulate the 
buoyancy-driven airflow from . Nomex felt i s  an excellent material for collecting and evapo- 

rating moisture. 
Dehumidification systems (ground-based or onboard) are 
effective a t  removing moisture bu t  are not cost effective. 

1 Water w i l l  seep in to  the insulation blankets through holes, 
penetrations, and edge seams. A drainage path i s  necessary 
to allow the water to drain. . Evaporation is  required t o  dry wet insulation blankets. 

Test results. 
Testing and inspections revealed the following findings: 

ALL blankets have holes and penetrations. Attempts a t  seal- 
ing  them during testing were not effective. . The best way to  reduce condensation is by eliminating holes 
and gaps around the insulation blankets next t o  the structure. 

Moisture-control system 

= Maintenance 

design recommendations. 

recommendations. 

. Fiberglass batting treated with an enhanced hydrophobic 

. Any type o f  system tha t  increases cabin humidity w i l l  

coating does no t  reduce water retention. 

exacerbate the moisture problem. 

and cabin humidity levels 
affect condensation. 

The testing produced the 
following information to  help 
Boeing and operators reduce 
moisture-related problems: 

Test results. 

1 Spray-on insulation is  too heavy t o  meet thermal and 
acoustic requirements and makes visual inspection of the  
structure diff icult. 

Inspections o f  aging airplanes revealed that corrosion i n  
the  crown area is  extremely unusual and should be el imi-  
nated by incorporating corrosion-inhibiting compounds i n  
the crown. 

(fig. 2) and minin 
gaps for structural supports 
can reduce air movement ar 
condensation. Penetrations 
for wire runs, electrical 
brackets, and other equipme 
should be kept t o  a minimui 
I n  addition, a l l  blankets 
should have a drainage pat1 

Moisture-control devices 
Nomex fe l t  should be uset 

t o  control water on ceiling 
panels (fig. 8), stowage bir  
(fig. 9). and structural pent 
trations. Active airflow w i l l  
promote the  evaporation of 
water collected i n  the felt. 

Airflow systems. 
Onboard systems for venti l 

ing the crown space w i l l  he 
control moisture problems. 
crown ventilation system t t  
provides a small portion of 
the cabin-supply air t o  the 
crown space w i l l  help reduc 
in - f l igh t  condensation and 
enhance drying of wet sur- 
faces and wet insulation. 



The addition of a crown 
ventilation system is not 
recommended for airplanes 
tha t  have overhead recir- 
culation fans as part of the 
air-conditioning system. 

Structural drainage 
Water drainage through 

holes and channels should 
be considered i n  structural 
designs such as stringers and 
intercostals. 

Bilge trays. 

molded plastic (fig. 10) 
intended t o  support the 
insulation blankets. Bilge 
trays should be used i n  the 
lower lobe o f  t he  airplane 
t o  keep insulation blankets 
away from any water that  
has traveled toward the 
drain valves. 

Electrical-equipment protection. 

t o  wet environments should 
be protected or moved from 
these environments. Sealed 
electrical connectors should 
be used to  minimize mois- 
ture entry and t o  reduce the 
number o f  system failures. 

Maintenance recommendations. 
Operators can take several 

steps t o  reduce moisture- 

Bilge trays are sheets of 

Equipment tha t  is sensitive 

related problems. These 
actions are related to 

' Insulation blankets. . Moisture-control methods. 
Bilge trays. 
Ground-based dehumidifi- 
cation systems. 

Insulation blankets. 
Reducing exposed structure 

and excessive gaps between 
insulation blankets w i l l  
decrease the  amount of 
condensation that forms. 
Ensuring that blanket j o in t  
areas -whether bu t t  jo ints 
or overlaps- are properly 

installed w i l l  also reduce the  
creation of condensation and 
subsequent dripping in to  the 
crown area. I f  the blankets 
are overlapped, drainage 
holes w i l l  remove most o f  the 
water and keep it away from 
the  passenger cabin. 

Maintenance personnel 
remove wet insulation blankets 
during maintenance checks 
and often wring them t o  
expel water. This helps dry 
the blankets, but  it also dam- 
ages the insulative material, 
reducing the blanket's thermal 
and acoustic capabilities. 

Moisture-control method 
A service letter (see 

has been distributed 
Boeing operators reg, 
the use o f  Nomex fel t  
ing  panels and stowa 
Applying Nomex fe l t .  
areas w i l l  reduce the  
of water tha t  could d 
the passenger cabin. 

Bilge trays 
Bilge trays provide I 

protection than strinl 
nets currently used i r  
cargo compartments 1 

airplanes. 

Ground-based dehumidii 
systems 

Ground-based dehu 
cation systems can n 
very low humidi ty let 
an airplane. They car 
icantly enhance the  I 
of wet surfaces and \ 

insulation. However, 
considerable amount 
is required to  dry an 
using these systems, 
airplane doors must 
closed for the durati l 
the process. As a res 
most operators are n 
to choose this methc 
their daily operations 
?ver, the  systems ma 
Aseful for drying airr  
parked for longer per 
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MAINTENANCE MANUAL 

J N T E  R I O R  AND EXTERIOR FiNfSHES - CLEANfNGt'PAahT I N G  ( P A I N T  S T R I P  PINQ 

1. e n e r a \  

UARNING: MANY O R G A N I C - F I N I S H  STRIPPERS ARE FLAMMABLE, TOXIC, OR CORROS:t'5. 
CONSULT THE APPROPRIATE FIRE, I N S U S T Q I J * -  HV',iENE, AH0 C.F;'TY 
ORGANIZATIONS ON F A C I L I T I E S ,  EQUIPHEi~T,  'G: P R K E G d i K - ;  W E ~ U A X E D  
FOR SAFE OPERATION W I T H  THESE rUIATER14LS. 
AVOID PROLOWED OR REPEATED BREATHING GF SOLYEH? AND S T K I P P E R  
VAPORS. THESE MATERIALS MUST NOT B E  USED I N  CONFINED SPACES 
Y ITHOUT ADEQUATE V E N T I L A T I O N .  
A V O I D  PROLONGED OR REPEATED CONTACT OF STRIPPERS W I T H  S K I N .  
CHEMICALLY RESISTANT GLOVES SHALL  B E  WORN WHEN USTNG P A I N T  
STRIPPERS. GOGGLES OR P L A S T I C  FACE S H I E L D S  AND CHEMICALLY 
RESISTANT COATS AND HATS SHALL  B E  WORN W E N  S T R I P P I N G  OVERHEAD 
SURFACES OR OTHER SURFACES &"ERE SPLASHING MAY RESULT. 
ANY STRIPPER ON S K I N  SHOULD B E  WASHED O F F  IMMEDIATELY W I T H  WATER. 
ANY MATERIALS SPLASHED I N  THE EYES MUST B E  FLUSHED OUT PROMPTLY 
Y I T H  WATER AND THE AFFECTED PERSON SHALL  REPORT TO A M E D I C A L  
STATION. 

A. 

B. 

C. 

D. 

E. 

Pa in t  may be removed by the  a p p l i c a t i o n  o f  s t r i p p e r s  or so lvents .  
app l i ed  t o  any metal  surface may be removed by any o f  t he  s p e c i f i e d  
s t r i p p e r s .  
t o  be removed. 
from p l a s t i c  laminates, f i b e r g l a s s  (bare o r  metalized), aerodynamic 
smoother o r  the edges of metal  bonds, o r  rubber par ts .  
these may o n l y  be t r e a t e d  w i t h  prescr ibed solvents.  
Pa in t  s t r i p p i n g  o f  metal surfaces may be done by i m e r s i o n  or by 
a p p l i c a t i o n  o f  a s t r i p p e r  by brush o r  spray. 
work, the brush-on method is t he  one descr ibed i n  the f o l l o w i n g  
procedures. 
Surfaces t o  be s t r i p p e d  must be p e r f e c t l y  dry and the temperature should 
be between 50'F and 100'F. 
ra in .  
If the  surface t o  be s t r i p p e d  i s  excess ive ly  soi led,  su r face  can be 
cleaned by a p p l i c a t i o n  of the approp r ia te  so l ven t  a l k a l i n e  o r  so l ven t  
emulsion c leaning agents or  by so l ven t  degreasing (Ref 12-25-01). 
The s t r i p p e r  should be thoroughly  mixed w i t h i n  the con ta ine r  be fo re  use. 
It i s  adv isable t o  keep the conta iner  covered when n o t  i n  use, t o  avo id  
losses by evaporation. 

P a i n t  

Solvents may a l s o  be used i f  ve ry  smal l  amounts o f  p a i n t s  a re  
No p a i n t  s t r i p p e r  may be used, however, to  remove p a i n t  

Such m a t e r i a l s  as 

For convenience i n  f i e l d  

S t r i p p i n g  should n o t  be dcne i n  h o t  sun o r  
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MAINTENANCE MANUAL 
F. C r i t i c a l  areas subject  t o  davaae by s t r i p p e r s  must be p r o t e c t e d  by proper 

masking, u s i n g  polyetny lene f i l m  altd i;iui;.rrtwn adhesive tape. A w a r  which 
must be p ro tec ted  from s t r i p p e r s  i nc lude  l u b r i c a t e d  parts, rubbev part:, 
laminated p las t i cs ,  f i b e r g l a s s  (bare o r  metal ized), aerodynamlc smother,  
and metal  bonded edges. Mask a l l  accefs doors, f a i r i n g s  nnci wing 
leading and t r a i l i n g  edges a t  l e a s t  one i n c h  on to  the sk ins  t o  ic:#-e 
t h a t  no s t r i p p e r  en te rs  the j o i n t s .  
s i m i l a r l y  plugged. S t r i p p e r s  should new; b- ‘ - x a  i n  ir t :?~?i :JI~ 
tanks. 

0ra;n I ~ t l e s  and vents Snculd be 

CAUTION: PAINT STRIPPERS SHOULD NOT BE ALLOWED TO COME I N  CONTACT UITH 
TEFLON LINED SELF-LUBRICATED BEARINGS, ELECTRICAL TERRINAL 
X J G S ,  NYLON-COATED WIRES, AND NYLON BUSHINGS. CHEMICALS IN 
THESE MATERIALS WILL ATTACK THE COMPONENTS. 

2. Ea u i  m e n  t and Mater i a 1s 
A. 
6. 

Polyethylene f i l m  and s u i t a b l e  zdhesive tape f o r  masking 
Pa in t  s t r i p p e r s  - a l l  purpose and q u a l i f i e d  f o r  use on n e t a l  parts, 
i n c l u d i n g  s t e e l  p a r t s  heat t r e a t e d  above 180,000 p s i  (Ref 20-30-01). 
(1) Turco 5351 ( t h i c k )  
(2) Nuv i te  631-3A 
(3) Del Chem EZ S t r i p  l9AC 

NOTE: The above m a t e r i a l s  a re  p r e f e r r e d  f o r  removal o f  epoxy 
f i n i shes .  They a re  a l s o  usable on convent ional  f in ishes.  

(4) DuBois R2134 
( 5 )  DuBou 1800 Sure-Str ip 
(6) Cee Bee A290 
(7) Ardrox 204 

N_OTE: The o rde r  o f  s t r i p p i n g  e f f i c i e n c y  f o r  o t h e r  s t r i p p e r s  l i s t e d  
has n o t  been accu ra te l y  determined. 
s t r i p p i n g  e f f i c i e n c y  on a g i ven  p a i n t  system, p r i o r  t o  l a r g e  
scale use. 

The user  should check 

C. Solvents (Ref 20-30-01) 
( 1 )  

(2) 
(3) Methyl  I s o b u t y l  Ketone, TT-M-268, f l a s h  p o i n t  75OF 
(4) Xylene, TT-X-916, f l a s h  p o i n t  81°F 
( 5 )  Toluene, TT-T-548 (JAN-T-171 Grade A o p t i c n a l )  f l a s h  point 4OoF 
(6) Methyl  E t h y l  Ketone, TT-M-261 
Miscel laneous t o o l s  i n c l u d i n g  brush o r  nonatomizing spray, s t i f f  b r i s t l e d  
brush, c lean cloths, squeegee, o r  p l a s t i c  scraper and proper  p r o t e c t i v e  
c l o t  h i  ng . 

3. Referenced Procedures 
12-25-01, A i rp lane  S e r v i c i n g  ( E x t e r i o r  Cleaning) 

4. ‘ A m l i c a t i o n  o f  S t r i p  

Ethylene G lyco l  Monobutyl Ether ( B u t y l  Cellosolve), 
TT-E-776, f l a s h  p o i n t  165OF 
E t h y l  Alcohol, U.S. Formula/denatured 0-A-396, f l a s h  po ic t  70°F 

D. 

A. 

I EFFEcT1vlTy*Il/ 
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7 B .  
M A I N  rENANCE MANUAL 

INTERIOR AND E X T E R I O R  FINISHES - CLEANINC/PAINTING - (PREPA!NT CLEANiKG G~$_~"XEATRENT)  

1. Genera l  
A. T h i s  s e c t i o n  d e s c r i b e s  a i r p l a n e  s u r f a c e  p r e p a r a t i o n  p r i o r  t o  a p g l i c a t i o n  

o f  e x t e r i o r  d e c o r a t i v e  f i n i s h e s .  
governs sequencing and s e l e c t i o n  of  procedy res  i n  t h i s  :ecc..x. 

The s p e c i f i c  pain? system s e c t i o n  

2. EauiDment and M a t e r i a l s  
A. MASKING MATERIALS (Ref 20-30-0L) 

(1) P l a s t i c  F i l m ,  Mylar, P o l y e t h y l e n e  or P c i y v i n y !  C h l o r i d e  
(2 )  A l u m i n u m  F o i l  Tapes 

( 3 )  Masking Tapes 
(a)  Permacel P11 or P12, 3M Co., No. 425 

(a )  Permacel P-705 
(b) 
( c )  M y s t i k  6223 

3M Co., No 214, Y-223, 250, or 251 

(4) P o l y e t h y l e n e  Coated Paper 
( 5 )  P r o t e x  20V 
(6) M y l a r  Tape, 17 i nches  wide, 0.005 i n c h  gauge w i t h  i n t e r l i n e r ,  

Permacel 92 
B. S o l v e n t s  (Ref 20-30-01) 

(1) M e t h y l  E t h y l  Ketone (MEK), TT-M-261 
(2 )  M e t h y l  I s o - B u t y l  Ketone (MIBK), TT-M-268 
( 3 )  Toluene (To luo l ) ,  TT-1-548 or JAN-T-171 Grade A 
(4)  1 : l  MEK-Toluene M i x t u r e  
( 5 )  Thinner, TL-52 

C. S t r i p p e r  - Turco 5351 (Ref 20-30-01). 
0. A l k a l i n e  c l e a n e r s  (Ref 20-30-01) 

(1) J e t  c l e a n  E 
(2 )  TEC 86-2 

E. Cheesec lo th  
F. Abras i ves  (Ref 20-30-04) 

(1)  
(2 )  S i l i c o n e  c a r b i d e  paper, 100 t o  240 g r i t ,  or f i n e r .  
( 3 )  

(4) 

( 5 )  

(6) Wooden o r  p l a s t i c  s c r a p e r s  
(7)  

Aluminum o x i d e  a b r a s i v e  paper, 100 t o  240 g r i t ,  o r  f i n e r .  

S i l i c o n e  c a r b i d e  a b r a s i v e  d i s c  (Bear Tex), 100 t o  240 g r i t ,  or  
f i n e r .  
S c o t c h b r i t e  pads, t ype  A, a(uminum o x i d e  abras ive ,  100 t o  240 
g r i t ,  or  f i n e r .  
N y l o n  pad, aluminum o x i d e  abras ive,  t y p e  F, 100 t o  240 g r i t ,  or 
f i n e r .  

Ab ras i ve  paper  - 150 g r i t  o r  f i n e r ,  240 g r i t  or f i n e r ,  400 g r i t  o r  
f i n e r  

G. A l o d i n e  1000 (Ref 20-30-02) 
H. Cheesec lo th  
I .  Tack rags  
J. Magna 28-C-1 S t a t i c  C o n d i t i o n e r  ( ke f  20-30-02) 
K. Magna 8-W-5 Sur face r  (Ref 20-30-02) 

(1) Hardener - 50-C-3 o r  10-C-32 
(2 )  Reducer - 66-C-28 

E F F E C T I V I T Y  
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MAINTENANCE MANUAL 

Gcncrrl 
A. Any s t r u c t u r a l  par t  which has been s!;bject t o  corros;'ve act ion muit bs 

c a r e f u l l y  examined t o  determine i t s  s t r u c t u r a l  i n t e g r i t y .  
should be removed and i f  salvageable r?.uc-CeA. 
pro tec t i ve  f i n i s h  which was previously on ''-2 cart thcr 52 !:e reapplied. 
If i t  i s  not possible t o  removi the s:ruct,,r.?Icj sourtd par';, s p e c i f i c  
treatments according t o  the type o f  mater-ial and tagree af corrosion are 
t o  be applied. 

Crjr:;Jed pdrtr 
The :axe :*~,oc of 

m: A C I D  BRIGHTENERS FOR ALLMINW AND PHOSPHORIC A C I D  CORROSION 
REHOVERS FOR EITHER ALUMINUM OR STEEL SHCt'LD NOT BE ALLOWED TO 
COME I N  CONTACT Y I T H  TEFLON LINED SELF-LUBRICATED BEARINGS, 
ELECTRICAL TERMINAL PLUGS, NYLON-COATED WIRES, NYLON 
BUSHINGS OR WITH WHlrE THERMAL PROTECTIVE FINISHES. 
CHEMICALS I N  THESE MATERIALS WILL ATTACK COMPONENTS. 

B. Corrosion removal and contro l  procedures l i s t e d  i n  t h i s  sect ion are 
appl icable t o  a l l  areas except the wing upper inspar surface as def ined 
i n  51-24-07. Procedures apply on ly  t o  l i g h t  corrosion. For severe 
corrosion rewvak, r e f e r  t o  St ructura l  Repair Hanual. 
I n  removing corrosion products i t  i s  of utmost iaportance for  the 
removal t o  be conplete. Fai lure t o  remove a l l  residues permits corrosion 
act ion t o  s t a r t  again a f t e r  a f fected areas are ref in ished. For l i m i t s  o f  
corrosion removal, r e f e r  t o  St ructura l  Repair Manual. 
Areas t o  be t reated f o r  corrosion must be f ree o f  o i l ,  grease, dirt ,  
and paint. 
Acid brighteners f o r  aluminum have s i g n i f i c a n t  a c t i v i t y  I n  no t  on ly  
removing corrosion but a l so  the me ta l l i c  surface and should therefore 
be used in f requent ly  and only as required. 
corrosion removers, on the other hand, a re  mi lder and whi le not  e f f e c t i v e  
i n  removing heavy corrosion do not appreciably at tack the m e t a l l i c  
su r f  ace. 
If corrosion cannot be removed immediately upon detect ion and the 
p ro tec t i ve  f i n i s h  renewed, t r e a t  the area w i th  BWS 3-23 t o  a r r e s t  growth 
o f  corrosion u n t i l  t h i s  work can be accomplished (Ref 51-24-13). 

A. Cheesecloth o r  new rags w i th  less than 0.75 percent o i l  
8. Cleaning brushes, nylon and wire 
C. Aluminum w o o l  and s ta in less s t e e l  wool 
D. Ahminun oxide paper, 220 and 400 g r i t  
E. Pol ish per QPL-6888, under MIL-P-6888 (Ref  20-30-01) 
F. Acid br ighteners f o r  aluminum (Ref 20-30-01) 

C. 

D. 

E. 

Phosphoric a c i d  type 

F. 

2. w t e r u  

I 

m: The fo l lowing r a t e r i a l s  r u s t  be d i l u t e d  wi th  three p a r t s  water 
p r i o r  t o  use. 

(1) K e l i t e  L-20 
(2) Ueta l  Glo No. 2 
Phosphoric ac id  type corrosion removers f o r  aluminum (Ref 20-30-01) 6. 

EFFECTIVITY 
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MAINTENANCE MANUAL 

(1) K e l i t e  Process K 

m: Before  use, d i l u t e  w i th  Si p a r t s  water. 

( 2 )  Turco W.O. No. 1 

m: Before  use, d i l u t e  w i th  6 p a r t s  water. 

H. Phosphoric a c i d  type  c o r r o s i o n  removers f . .  F ~ W !  (Rei ZG- iD-dl )  

m: The f o l l o w i n g  m a t e r i a l s  must be d : l u t c d  Uith 3 p a r t s  wner  b e f o r e  
use. 

(1) GRC 801 
(2) K e l i t e  Process K 
(3)  Oak i te  31 
(4) Turco P repa in t  

I. N i t r i c  acid, concentrated, Federa l  S p e c i f i c a t i o n  0-A-88 
J. A lod ine  1000 and 1200s 
K. Dow 1 and 19 s o l u t i o n s  
L. 
M. Chromic a c i d  
N. Powdered ca lc ium su lphate  
0. Cor ros ion  P reven t i ve  Compound, EMS 3-23 (Ref 20-30-03) 

A. 12-25-01, ( E x t e r i o r  Cleaning) 
B. 51-21-01, CLeaning/Paint ing ( P a i n t  S t r i p p i n g )  
C. 51-24-07, C lean ing /Pa in t ing  (Cor ros ion  Con t ro l )  
D. 

A. 

Sodium d ichromate or potassium d ichromate 

3-  - 
51 -24-1 3, C l ean ing /Pa in t  i n g  

General E x t e r i o r  Sk in  Cor ros ion  ( b r i g h t e n i n g  o f  aluminum) 
(1) 

(2 )  
(3 )  

(4) 

4- - 
Place the  a i r p l a n e  i n  a s u i t a b l e  locat ion,  which w i l l  a l l o w  r a p i d  
and thorough r i n s i n g  o f  a l l  sur faces.  
Remove grease, o i l  and loose p a i n t  (Ref 12-25-01 and 51-21-01). 
D i l u t e  a c i d  aluminum b r i g h t e n e r s  per  l i s t  i n  equipment and m a t e r i a l s  
paragraph. 
Apply l i b e r a l l y  t o  sma l l  areas s t a r t i n g  from lower su r faces  and 
work ing upwards so t h a t  t h e r e  w i l l  be no runs  t o  cause s t reaks .  

w: KEEP SOLUTION OFF NONCLAD ALUMINUM ALLOYS, STEELS HEAT 
TREATED OVER 180,000 PSI, RAGNESIUM WHEELS AND RAGNESIUR 
SKIN PANELS, AND AUAY FROM FABRIC AND PLASTIC PARTS. 
I T  I S  NOT NECESSARY TO MASK FABRIC OR PLASTIC SURFACES, 
BUT THE BRIGHTENING SOLUTION SHOULD BE UASHED OFF 
PROMPTLY AND NOT ALLOWED TO D R Y .  

E F F E C T I V I T Y ~ p l  5, 29 o3 
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STRUCTURAL REPAIR 

P?OTECTIVE T E A D E N T  OF METAL =PAIR PATTS 

1. General 

A. 

E. 

C .  

Any repair  process which breaks the surface of o r ig ina l  s t ructure  
requires a protective t reatnent .  The treatment acts  a s  a paint base ana 
corrosion inh ib i te r  when apFlied pr ior  t c  the in s t a l l a t ion  of repair  
pa r t s .  Unclad aluminum al lcys  of the or ig ina l  s t ructure  require 
subsequent alodizing i n  cases where repair  processes expose areas t o  
possible corrosion. 
aluminum alloy repair  par t s  require alodizing and s t e e l  par ts  require 
cadmium plat ing.  

Unclad aluminum alloy and chamfered edges of cla6 

Structural  components whose surfaces have not been damaged beyond the 
l i m i t s  of allowable clamage o r  whose surfaces have been damaged by 
corrosion must be refinished i n  accordance with the requirements of 
51-21-00 of the Maintenance Manual. 

See ?l-lO-Ol, paragraphs 5.B. and 5.D. ,  f o r  mechanical cleanup operaticns 
required f o r  the elimination of burrs o r  sharp edges. 

n -. Aluminum Alloy-Brush Alodize Process 

A .  Alodine i s  the registered t rade name of a proprietary process marketed by 
the American Chanical Paint Company. 
of a chemical f i l m  on aluminum alloy. The film is so f t e r  than the anodic 
treatment but i s  acceptable as a protective coating and a paint  base. 
Treat repair  par ts  and or ig ina l  s t ructure  t h a t  has been cu t  o r  f i l e d  with 
Alodine 1200. 

It is  approved f o r  the production 

WARNTNG: HANDLE BRUSH ALODINE 1200 W I T H  THE USUAL PRECAUTIONS FOR 
CORROSIVE CHEMICAT3. USE RESPIFUTDTts, GOGGLES, RUBBER OR 
NEOPRENE GLOVES, BOOTS AND APRONS WHEN HANDLING THE POWDER AND 
APPLYING THE SOLUTION. Do NOT ALLOW THE POWDER OR SOLUTION To 
CONTACT THE SKIN. WASH OFT IMMEDIATELY. IF SOLUTION CONTACTS 

ACID. OBTAIN MEDICAL AID IMMEDIATELY. DO NOT ALLOW SWABS, 
PAPER, E X . ,  USED FOR APPLYING OR REMOVING THE ALODINE 
SOLUTION, XI DRY OUT. THESE CONSTITUTE A FIRE HAZARD WHEN 
D R I E D .  IMMEDIATELY AFTER USE SOAK THOFOUGHLY I N  WATER B E F O E  
DISCARDING. 

* THE EYES, W A S H  W I T H  WATER FOLLOWED BY AN EYE WASH OR BORIC 

747 sm1 
4 
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MAINTENANCE MANUAL 
Y A T E R  DISPLACING C O R R O S I O N  PREVENTIVE COMF{UMD - CCEANIHG/PAINTXNG 

1. G e n e r a l  
A .  T h i s  proceduI  p r o v i d e s  i n f o r m a t i o n  on a p p l i c a t i o n  o f  w a t e r  d i s p t a c i n g  

c o r r o s i o n  p r e v e n t i v e  compound BUS 3-23. I f u s e d ,  i t  i s  recommended t o  
r e a p p l y  BMS 3-23 p e r i o d i c a l l y .  

YARNING: EMS 3-23 I S  APPROXIMATELY EQUAL T O  KEROSENE OR ALIPHATIC 
NAPHTHA I N  T O X I C I T Y .  TO PROTECT SKIN, USE SAME PRECAUTIONS FOR 
BMS 3-23 A S  FOR KEROSENE. UHEN SPRAYING BMS 3-23 I N  AN 
ENCLOSED AREA, SUCH AS LOYER FUSELAGE, A VAPOR CONCENTRATION OF 
500 PARTS PER MlLLION I S  THE MAXIMUM COMFORTABLE UORKING LIMIT. 
A T  T H I S  CONCENTRATION A MAN CAN WORK AN 8-HOUR S H I F T .  VAPOR 
LEVELS EXCEEDlNf 500 PMM ARE NOT DIRECTLY T O X I C ,  BUT FORCED 
VENTILATION M A Y  BE NECESSARY TO MAINTAIN A COMFORTABLE LEVEL. 
PERCHLOROETHYLENE IS PREFERRED SOLVENT A S  I T  I S  NONFLAMMABLE. 
PERCHLOROETHYLENE IS TOXIC.  I F  USED I N  EXTREMELY CONFINED 
AREAS, MECHANICAL VENTILATION IS MANDATORY. RESPIRATORY AND 
SKIN PROTECTION M A Y  BE NECESSARY. 

E: Each o p e r a t o r  s h o u l d  e v a l u a t e  h i s  a i r c r a f t ' s  env i ronment ,  t h e  
i n h i b i t o r  used, and the  a p p l i c a t i o n  schedu le  t o  ensu re  adequate 
c o r r o s i o n  p r o t e c t i o n .  
a s t a n d a r d  f o r  o r g a n i c  c o r r o s i o n  i n h i b i t o r s  and recommends i t s  
use, o t h e r  water  d i s p l a c i n g  c o r r o s i o n  p r e v e n t i v e  compounds may 
be s a t i s f a c t o r y ,  based on o p e r a t o r  e v a l u a t i o n  and exper ience .  

El. EMS 3-23 c o n t a i n s  wax compounds and i s  not s u i t a b l e  o n  s u r f a c e s  t h a t  

A l though  Boe ing  has deve loped  8MS 3-23 as 

w i l l  exceed 150°F. 

CAUTION: A S  A F I R E  S A F E T Y  PRECAUTION BMS 3-23 SHOULD BE KEPT AUAY FROM 
SURFACES UHICH M A Y  ATTAIN 300 DEGREES F OR MORE I N  S E R V I C E .  
D R Y  F I L M  FLASH POINT I S  500 DEGREES F. 

C .  A p p l i c a t i o n  o f  a d d i t i o n a t  f i n i s h e s ,  such as p a i n t  o r  p r imer ,  may be 
d i f f i c u l t  due t o  p e n e t r a t i n g  q u a l i t i e s  o f  BMS 3-23, and p o s s i b i l i t y  o f  
b l e e d o u t  f rom f a y i n g  su r faces .  
AtLou p r i m e r  a n d l o r  enamel t o  dry  f o r  8 hours m i n i m u m  b e f o r e  a p p l y i n g  
BMS 3-23. 
Boe ing  recommends a p p l i c a t i o n  o f  EMS 3-23 i n  t h e  f o l l o w i n g  areas, 
p a r t i c u l a r l y  i n t o  t h e  f a y i n g  s u r f a c e s  of a l l  assembled p a r t s ,  ( f r a m e  
shear  t i e s ,  s t i f f e n e r s ,  i n t e r c o s t a l s )  a f t e r  a t tachmen t  t o  t h e  i n n e r  
s u r f a c e  o f  t h e  f u s e l a g e  s k i n .  
( 1 )  Forward Cargo Compartment 

D .  

E. 

(a )  S t a t i o n  400 t o  s t a t i o n  1000 f rom S-36 l e f t  a round  l o w e r  
f u s e l a g e  t o  5-36 r i g h t .  

( 2 )  A f t  Cargo Compartment 
(a )  S t a t i o n  1480 t o  s t a t i o n  1920 f rom 5-36 l e f t  around l o w e r  

f u s e l a g e  t o  5-36 r i g h t .  
( 3 )  B u l k  Cargo Compartment 
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MAINTENANCE M A N U A L  
1 )  S t a t i o n  2360 p r e s s u r e  bu lkhead  ‘ f o r w a r d  and a f t  f aces )  f rom 

WL 220 down t o  hody s k i n .  
2 )  Skin, s t r i n g e r s ,  f rames and i n t e r c o s t a l s  5-23 t o  b o t t c a  

c e n t e r l i n e  l e f t  and r i g h t  between S T A  2360 and 2484, 
i n c l u d i n g  s t r u c t u r e  around door  opening, and i n  c r a c k s  
between s k i n  p f n e l s .  

I n t e r i o r  o f  i n s p a r  wing box 
1) On a i r p l a n e s  w i t h o u t  No. 2 and No. 3 r e s e r v e  tanks, 

2) F r o n t  spar cho rd  a rea  (upper  and l o w e r )  i n s i d e  o n  

Ovcrwing l ongeron  and c rease  beam. 
Wing r e a r  spar a f t  c a v i t y .  
H o r i z o n t a l  s t a b i l i z e r  r e a r  spar  c a v i t y .  
Lower s u r f a c e  o f  wing c e n t e r  s e c t i o n .  
Upper s u r f a c e  o f  wing c e n t e r  s e c t i o n  and s l o p i n g  p r e s s u r e  deck 
(S ta  1230 t o  1250). 
T r a i l i n g  edge f l a p  c a r r i a g e  s p i n d l e .  
Wing l a n d i n g  gear t r u n n i o n  suppor t  f i t t i n g s .  
Outboard uing boos t  pump c a v i t i e s .  
Fuselage crown skin  p a n e l s  and crown frames f rom l e f t  and r i g h t  
o f  S-12 and Sta 380 t o  2360. 
S t r u c t u r e  below main and upper  deck f l o o r s  i n  area o f  doo r  
ent ryways and l a v a t o r y  and g a l l e y  envelopes. 
I n t e r i o r  of  l a n d i n g  gear doors.  
F r o n t  spar, lower f o r w a r d  f a c e  and a d j a c e n t  i n n e r  s k i n  s u r f a c e  
i n b o a r d  and ou tboard  n a c e l l e  areas. 
Chord and Web s e c t i o n s  f o r w a r d  o f  f r o n t  spar and a f t  o f  r e a r  
spar ( o p t i o n a l  t o  f a s t e n e r , s e a l i n g ) .  
1) Hask areas not t o  be t r e a t e d  u s i n g  masking tape  and paper  

2) Mask e l e c t r i c a l  connec to rs  t o  p r e v e n t  c o n t a m i n a t i o n  o f  

D ry  bay, Wing s t a t i m  1280 t o  1485. 

a i r p l a n e s  h a v i n g  d r y  bay  c e n t e r  s e c t i o n .  

o r  p l a s t i c  f i l m .  

e l e c t r i c a l  components. + 
3 )  Do n o t  apply  BWS 3-23 t o  a c t u a t o r  rods; BHS 3-23 o r  any 

hydrocarbon may cause s e a t s  used with BHS 3-11 h y d r a u l i c  
f l u i d  t o  sue1 1. 

4) Use c a u t i o n  when a p p l y i n g  BMS 3-23 i n  v i c i n i t y  o f  s i l i c o n e  
rubber  sea ls  or r u b b e r  l i n e d  clamps such as grease s e a l s  i n  
b e a r i n g s  and l i n e r s  i n  h y d r a u l i c  l i n e  clamps or u i r i n g  
clamps. 
S h i e l d  and p r o t e c t  oxygen system components f r o m  d i r e c t  o r  
i n d i r e c t  c o n t a c t  during a p p l i c a t i o n  o f  BMS 3-23 on a d j a c e n t  
s t r u c t u r e .  

5 )  

m: CORROSION PREVENTIVE COMPOUND MUST NOT GET INTO 
OXYGEN SYSTEM AS HIXTURE IS POTENTIALLY 
EXPLOSIVE. 



6. 

S T R U C T U R A L  R E P A I R  

'D. Stress c o r r o s i o n  may o c c u r  i n  H-11 and maraging s tee l  f a s t e n e r s ,  
r e s u l t i n g  i n  cracked or broken f a s t e n e r s .  Replace these f a s t e n e r s  a s  
f o l l o w s  : 

(1) 

( 2 )  

( 3 )  

Remove f a s t e n e r s  and,  i f '  r e q u i r e d ,  machine f a s t e n e r  h o l e s  t o  t h e  
smallest s t a n d a r d  o v e r s i z e  d i a m e t e r  t h a t  w i l l  p e rmi t  damage 
c l eanup .  

I n s t a l l  permanent f a s t e n e r s  w i t h  w e t  BMS 5-95 s e a l a n t  ( e x c e p t  
f a s t e n e r s  i n c l u d e d  i n  paragraph 5B and  f a s t e n e r s  i n  s p e c i a l  areas 
where a d i f f e r e n t  s e a l a n t  is r e q u i r e d  - such a s  i n t e g r a l  f u e l  t a n k  
and f i r e  u a l l  areas). Also, a p p l y  BMS 5-95 s e a l a n t  o v e r  n u t s  and 
boltheads e x c e p t  o n  aerodynamic s u r f a c e s .  Note: See 51-10-06, 
Fig.  1 for s e a l a n t s  used i n  special areas. 

I n s t a l l  removable f a s t e n e r s  w i t h  BMS 3-23 water d i s p l a c i n g ,  
c o r r o s i o n - i n h i b i t i n g  compound. Observe i n s t r u c t i o n s  and 
p r e c a u t i o n s  i n  paragraph 6 regarding BMS 3-23. * 

E. When i n s t a l l i n g  f a s t e n e r s  a t  s t r inger  sp l ices  l o c a t e d  a t  STA 1000, 
1241, 1350, 1480, 1740, 1960, and 2180 between S-12L and S-12R a p p l y  
extra c o r r o s i o n  p r o t e c t i v e  f i n i s h  a s  f o l l o w s  : 

(1) Overspray a l l  f a s t e n e r s  common t o  stringer spl ice  f i t t i n g  W i t h  one 
coat o f  BMS 10-11 primer.  

(2) Overcoat  a l l  non-aluminum f a s t e n e r s  common t o  t h e  body frames a t  
t h e  s t a t i o n s  l i s t ed  w i t h  o n e  c o a t  o f  BMS 10-11. 

F. I n s t a l l  H-11 b o l t s  using BMS 5-95 wet s e a l a n t  i n  areas o u t l i n e d  i n  
F i g u r e  6. F i l l e t  seal around b o l t  heads and nu t s .  

Use o f  Water Disp lac ing  Cor ros ion  I n h i b i t i n g  Compounds a s  Cor ros ion  
R e t a r d a n t s  

A. Genera l  

(1) Water-displacing o r g a n i c  c o r r o s i o n  i n h i b i t i n g  compounds c a n  b e  
a p p l i e d  t o  metallic s t r u c t u r e s  t o  p r e v e n t  t h e  o n s e t  and retard t h e  
s p r e a d  of cor ros ion .  These compounds c a n  be  a p p l i e d  t o  supplement  
t h e  r e g u l a r  f i n i s h  and s e a l i n g  s y s t e m s  in t h o s e  r e g i o n s  of t h e  
a i r p l a n e  which  are s u s c e p t i b l e  t o  c o r r o s i o n .  Compounds t o  Spec 
MIL-C-16173, Grade 3 are e f f e c t i v e  a s  c o r r o s i o n  i n h i b i t o r s .  
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STRUCTURAL REPAIR 
( 2 )  Corrosion i n h i b i t o r s  are used t o  supplement f i n i s h  sys t ems  and as  

a means of  p r e v e n t i n g  or r e t a r d i n g  c o r r o s i o n  u h e r e  t h e  f i n i s h  
system h a s  been damaged. These  materials are  v o l a t i l e  l i q u i d s  
which may be sprayed or brushed on t h e  s u r f a c e s  t o  be treated. 
The l i q u i d  carrier e v a p o r a t e s  q u i c k l y  t o  l e a v e  a t h i n  f i l m  o f  
wax-l ike r e s i d u e  o v e r  t h e  c o a t e d  s u r f a c e .  T h i s  material has t h e  
a b i l i t y  t o  p e n e t r a t e  i n t o  ex t r eme ly  small c a v i t i e s  and t o  d i sp l ace  
water, consequen t ly  it is  able  t o  e n t e r  between f a y i n g  s u r f a c e s  or 
between f a s t e n e r s  and h o l e s ,  where  t h e  f i n i s h  b a s  been broken. It 
is a d u r a b l e  material, n o t  e a s i l y  removed by normal u s e ,  and where 
used e x t e r n a l l y  w i l l  w i t h s t a n d  a c e r t a i n  amount of  washing, 
a l t h o u g h  e v e n t u a l l y  r e a p p l i c a t i o n  w i l l  b e  r e q u i r e d .  

- NOTE: Each o p e r a t o r  shou ld  e v a l u a t e  t h e  aircraft 's  environment ,  
t h e  i n h i b i t o r  used,  and t h e  a p p l i c a t i o n  s c h e d u l e ,  t o  e n s u r e  
a d e q u a t e  c o r r o s i o n  p r o t e c t i o n .  Although Boeing h a s  
developed BMS 3-23 as  a s t a n d a r d  f o r  o r g a n i c  c o r r o s i o n  
i n h i b i t o r s  and recommends i ts u s e ,  o ther  u a t e r  d i sp l ac ing  
c o r r o s i o n  i n h i b i t i n g  compounds may be  s a t i s f b c t o r y ,  based 
on o p e r a t o r  e v a l u a t i o n  and expe r i ence .  

( 3 )  There  are t w o  t y p e s  o f  BMS 3-23 compounds as fo l lows :  

(a) Type I - A t r a n s p a r e n t  c o l o r l e s s  f i l m  w h i c h  is o n l y  
d e t e c t a b l e  u i t h  u l t r a v i o l e t  l i g h t .  

(b) Type I1 - A c o l o r e d  f i l m  w h i c h  is r e a d i l y  detected by t h e  
unaided eye. 

( 4 )  Materials q u a l i f i e d  under  BMS 3-23 and t h e  s u p p l i e r s  a r e  a s  
f o l l o w s  : 

Materials Vendor 

Boeshield T9 Oxy Metal C o r p o r a t i o n  
S p e c i a l t y  Chemical Group 
32100 Stephenson Highway 
Madison Heights ,  
Michigan 48071 

Gibson Chemicals L t d  
350 Reserve Road 
Cheltenham 
Victoria, A u s t r a l i a  3192 
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(5) 

( 6 )  

(7) 

STRUCTURAL R E P A I R  

Water-displacing,  c o r r o s i o n - i n h i b i t i n g  compound c a n  be  a p p l i e d  t o  
t h o s e  areas o f  t h e  a i r p l a n e  s t r u c t u r e  which have s tar ted t o  
corrode o r  i n  which there may be a p o s s i b i l i t y  of f u t u r e  
c o r r o s i o n .  Water-displacing,  c o r r o s i o n - i n h i b i t i n g  compound will 
n o t  decrease t h e  e x i s t i n g  t o r q u e  on f a s t e n e r s ,  b u t ,  a p p l i c a t i o n  
shou ld  be  restricted t o  those areas d i r e c t l y  affected by 
c o r r o s i o n ,  such  as  t h e  fo l lowing :  

S u r f a c e s  exposed t o  t h e  atmosphere d u r i n g  o p e r a t i o n  o f  
c o n t r o l  s u r f a c e s .  Examples: Wing l e a d i n g  and t ra i l ing edge 
c a v i t i e s ,  s p a r  c h o r d s  and f a y i n g  s u r f a c e s  between c h o r d s  and 
spars 

S t r u c t u r e  where water might c o l l e c t  and n o t  d r a i n  away. 
Example: Fuse lage  b i l g e  areas. 

S t r u c t u r e  which may c o r r o d e  due t o  c o n t a c t  w i t h  c o 5 r o s i v e  
l i q u i d s ,  Examples: Seat tracks and s t r u c t u r e  below g a l l e y s  
and t o i l e t s .  

R i v e t s  and b o l t s  a f t e r  i n s t a l l a t i o n  when no o t h e r  f i n i s h  is 
a p p l i e d .  

A l l  f a y i n g  s u r f a c e s  where p a i n t ,  primer, o r  s e a l a n t  is i n  any 
way d e t e r i o r a t e d .  

Where t h e  d e c o r a t i v e  p a i n t  f i l m  is broken around f a s t e n e r s  
( t o  i n h i b i t  f i l i f o r m  c o r r o s i o n ) .  

Any a d d i t i o n a l  l o c a t i o n s  where e x i s t i n g  c o r r o s i o n  is  detected 
excep t  where u s e  o f  c o r r o s i o n - i n h i b i t i n g  compound is 
restricted per par .  6.B. 

During c o n s t r u c t i o n  o f  c e r t a i n  a i r p l a n e s ,  w a t e r - d i s p l a c i n g ,  
c o r r o s i o n - i n h i b i t i n g  compound was a p p l i e d  t o  specif ic  l o c a t i o n s  o f  
t h e  airframe s t r u c t u r e  t o  p rov ide  supplementary p r o t e c t i o n  a g a i n s t  
c o r r o s i o n .  Any rework o r  r e p a i r  i n  these r e g i o n s  shou ld  b e  
followed by a f u r t h e r  a p p l i c a t i o n  o f  water-displacing, 
c o r r o s i o n - i n h i b i t i n g  compound. See Fig. 4 f o r  d e f i n i t i o n  o f  
specific l o c a t i o n s .  

For a d d i t i o n a l  p rocedures  on t h e  u s e  o f  wa te r -d i sp lac ing ,  
c o r r o s i o n - i n h i b i t i n g  compound t o  c o n t r o l  and p r e v e n t  c o r r o s i o n ,  
refer t o  D6-41910, Cor ros ion  P r e v e n t i o n  Manual. 
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STRUCTURAL REPAIR 

B. P r e c a u t i o n s  f o r  Use of W a t e r - D i s p l a c i n g ,  C o r r o s i o n - I n h i b i t i n g  Compounds  

(1) F o r  p e r s o n a l  safety t h e  following warning m u s t  b e  observed when  
u s i n g  u a t e r 4 i s p l a c i n g ,  c o r r o s i o n - i n h i b i t i n g  c o m p o u n d s .  

WARNING:  THESE COMPOUNDS ARE APPROXIMATELY EQUAL TO KEROSENE O R  
ALIPHATIC NAPHTHA I N  TOXICITY. TO PROTECT S K I N ,  USE SAME 
PRECAUTIONS A S  FOR KEROSENE. WHEN SPRAYING I N  A N  ENCLOSED 
AREA, SUCH A S  LOWER FUSELAGE, A VAPOR CONCENTRATION OF 500 
PARTS PER MILLION IS THE MAXIMUM COMFORTABLE W O R K I N G  

SHIFT. VAPOR LEVELS EXCEEDING 500 PPM ARE NOT DIRECTLY 
TOXIC, BUT FORCED VENTILATION MAY BE NECESSARY TO MAINTAIN 
A COMFORTABLE LEVEL. PERCHLOROETHYLENE IS PREFERRED 
SOLVENT A S  I T  IS NONFLAMMABLE. PERCHLOROETHYLENE IS 
TOXIC. I F  USED I N  EXTREMELY CONFINED AREAS, MECHANICAL 
VENTILATION IS MANDATORY. RESPIRATPRY AND S K I N  PROTECTION 

LIMIT. AT THIS  CONCENTRATION A MAN CAN WORK AN &HOUR 

MAY BE NECESSARY. * 
WHEN MIXED, WATER-DISPLACING, CORROSION-INHIBITING 
COMPOUNDS AND OXYGEN ARE POTENTIALLY EXPLOSIVE. KEEP 
CLEAR OF OXYGEN SYSTEM COMPONENTS. 

(2) B e i n g  h y d r o c a r b o n s  these c o m p o u n d s  a re  p o t e n t i a l l y  d a n g e r o u s  when  
mixed w i t h  oxygen. O x y g e n  system c o m p o n e n t s  must be s h i e l d e d  t o  
p r o t e c t  t h e m  from direct  o r  i n d i r e c t  contamination. 

CAUTION: AS A FIRE SAFETY PRECAUTION, THE MATERIAL SHOULD BE KEPT 
AWAY FROM SURFACES THAT WILL ATTAIN 3 0 0 ° F  OR MORE I N  
SERVICE. THE DRY FILM FLASH POINT IS 500OF. 

CAUTION: CORROSION INHIBITOR CONTAINS FLAMMABLE COMPONENTS. DO NOT 
EXWSE THESE MATERIALS TO OPEN FLAME, ACTIVE CIRCUITS, OR 
OTHER COMPONENTS WHEREBY A POTENTIAL FIRE HALARD WOULD 
EXIST. THE VOLATILE CARRIER IS A L S O  FLAMMABLE. MwINTAIN 
SAFETY PRECAUTIONS UNTIL THE CARRIER H A S  FULLY EVAPORATED. 
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STRUCTURAL REPAIR 

Precautions must be taken when using these materials which can 
constitute a fire hazard when subjected to high enough 
temperatures. 

Mask electrical connectors where there is a possibility of 
contamination of electrical contacts. 

CAUTION: REMOVE EXCESS CORROSION INHIBITING COMPOUNDS FROM 
MECHANISM AND MOVING PARTS WITH A CLEAN DRY RAG. THE 
RESULTANT THIN FILM IS ADEQUATE FOR CORROSION 
PROTECTION WHILE EXCESSIVE BUILD-UP COULD HARDEN AT LOW 
TEME'ERATURES CAUSING OPERATING DIFFICULTIES. 

Shield control cables, pulleys, teflon bearings and lubricated 
surfaces from direct application. 
materials are volatile hydrocarbons which act as a solvent for 
lubricants. Destruction of the lubricants can result in 
premature and excessive wear of the components. 

Water displacing corrosion inhibiting compounds may cause 
silicone rubber to swell consequently care must be exercised when 
making application in the vicinity of door or emergency hatch 
seals, grease seals in bearing assemblies or rubber-lined clamps 
for tubing or wiring. Skydrol seals may also be affected, so 
these corrosion inhibitors are not suitable for use on actuator 
rods. 

The carriers used in these 

* 

C. Application of Water Displacing Corrosion Inhibiting Compound 

Water displacing corrosion inhibiting compound has a solvent 
carrier with a low surface tension which will aid in displacing 
existing water from a metal surface. 
a thin Max-like film is left to act as a barrier to prevent 
chemical reaction between the metal and water or other substances 
fn the environment. 
oil, water displacing corrosion inhibiting compound will 
penetrate into cracks and crevices through capillary action; this 
peculiarity making pressure spraying unnecessary. 
51-20-04 for sources of water displacing corrosion inhibiting 
compound. 

A s  the solvent evaporates, 

Having properties similar to a penetrating 

Refer to 

Water displacing corrosion inhibiting compound may be applied to 
the desired area with no preparatory work other than general 
cleaning. It may be applied with an airless paint spray pump, by 
aerosol can or.brush. 
depends upon the location and accessibility. Successive coats of 
water displacing corrosion inhibiting compound may be applied one 
on top of the other, but if the existing coat is badly 
contaminated with dirt or other solids, the affected area should 
be cleaned before applying a new coat. Refer to par. G.(1) for 
list of solvents that may be used f o r  cleaning. 

The most effective method of application 
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(3) The procedure i n  par .  6.D. t h r u  6.G. p rov ides  in fo rma t ion  on t h e  
a p p l i c a t i o n  of  water d i s p l a c i n g  c o r r o s i o n  i n h i b i t i n g  compound. 
Compound is  t o  be a p p l i e d  only t o  areas a u t h o r i z e d  by released 
eng inee r ing  information.  

(4) AppSication of a d d i t i o n a l  f i n i s h e s ,  such as p a i n t  o r  pr imer ,  may 
be d i f f i c u l t  due t o  p e n e t r a t i n g  q u a l i t i e s  of water d i s p l a c i n g  
c o r r o s i o n  i n h i b i t i n g  compound and p o s s i b i l i t y  o f  bleedout  from 
f a y i n g  surfaces. 

Allow primer and /o r  enamel t o  d ry  for a minimum o f  8 hours  be fo re  
applying water d i s p l a c i n g  c o r r o s i o n  i n h i b i t i n g  compound. 

( 5 )  

D. Equipment and Materials 

(1) h a t e r  D i sp lac ing  Corrosion I n h i b i t i n g  Compound (MIL-C-16173) 

(2) Masking t a p e  

( 3 )  Pe rch lo roe thy lene ,  Technical  - 0-T-236 

( 4 )  So lven t  - P-D-680 

( 5 )  Wipers - c h e e s e c l o t h ,  gauze,  new or laundered rags, t i s s u e ,  
. paper ,  or o t h e r  abso rben t  materials 

(6) P r o t e c t i v e  caps  and c l o s u r e  f o r  exposed oxygen s y s t e m  tub ing  

E. Su r face  P repa ra t ion .  

CAUTION: BATTERIES SHOULD BE DISCONNECTED WHEN WORKING I N  THE 
V I C I N I T Y  OF BATTERY OPERATED ELECTRICAL EQUIPMENT, 
ESPECIALLY WHEN FLAMMABLE MATERIALS ARE BEING UTILIZED. 
SOME PROCEDURES ALSO REQUIRE C O P I O U S  QUANTITIES OF WATER TO 
BE USED, SUCH AS PAINT REMOVAL OR ALODIZING.  I N  THESE 
INSTANCES DISCONNECTING BATTERIES IS ALSO PRUDENT IF  THERE 
I S  ELECTRICAL EQUIPMENT I N  THE AREA. FAILURE TO ACCOkPLISH 
ABOVE COULD RESULT I N  POTENTIAL FIRE HAZARD OR ELECTRICAL 
SHOCK. 

* 

(1) Remove e x t e r n a l  power and remove or d i sconnec t  a i r p l a n e  b a t t e r i e s  
as required.  

S t a t i c a l l y  ground a i r p l a n e  p e r  20-41-01 of t h e  747 Maintenance 
Manual. 

( 2 )  
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STRUCTURAL REPAIR 

( 3 )  Vacuum su r faces  as necessary t o  remove excess fore ign  matter. 

WARNING: I F  AREA T O  BE TREATED IS EXTREMELY C O N F I N E D ,  MECHANICAL 
V E N T I L A T I O N  IS MANDATORY. R E S P I R A T O R Y  AND S K I N  
P R O T E C T I O N  HAY B E  NECESSARY. PERCHLOROETHYLENE IS 
P R E F E R R E D  SOLVENT FOR C O N F I N E D  AREA A S  I T  IS 
NONFLAMMABLE 

(4) Clean su r face  w i t h  perchloroethylene o r  solvent .  If area is 
enclosed or conPined, mechanical v e n t i l a t i o n  is requiked. 

- NOTE: Cleaning is required t o  enhance en t ry  oP water d i sp lac ing  
cor ros ion  i n h i b i t i n g  compound i n t o  su r face  t o  be treated 
and i n t o  fay ing  surfaces. 

( 5 )  Mask area not  to  be treated using masking tape and p a p e r  or 
plastic film. 

Mask electrical  connector t o  prevent contamination of e l e c t r i c a l  
contacts .  

(6) 

CAUTION: WATER-DISPLACING,  C O R R O S I O N - I N H I B I T I N G  COMPOUND OR ANY 
HYDROCARBON, WHEN L I B E R A L L Y  A P P L I E D  T O  A S I L I C O N E  OR 
ETHYLENE PROPYLENE RUBBER WILL C A U S E  I T  T O  SWELL AND 
PREVENT I T  FROM PERFORMING ITS  F U N C T I O N  CORRECTLY. 
T Y P I C A L  P A R T S  ARE WINDOW AND DOOR SEALS, GROMMETS I N  
W I R I N G ,  T U B I N G  CLAMPS AND SKYDROL R E S I S T A N T  ACTUATOR 
SEALS. 

(7) Oxygen system components must be sh i e lded  and pro tec ted  f r o m  
direct and indirect  contac t  during a p p l i c a t i o n  of  
w a t e r 4 i s p l a c i n g ,  cor ros ion- inhib i t ing  compound on ad jacent  
s t ruc tu re .  

( 8 )  Shield c o n t r o l  cables, p u l l e y s ,  t e f l o n  bear ings and lub r i ca t ed  
su r faces  Prom direct app l i ca t ion  o f  cor ros ion  prevent ive compound. 

Allow new prfmer or pain t  to  d r y  f o r  a minimum of 8 hours before  
applying a water4isplaclng, cor ros ion- inhib i t ing  compound. 

(9 )  
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STRUCTURAL R E P A I R  

F. C o r r o s i o n - I n h i b i t i n g  Compound A p p l i c a t i o n  

S t a t i c a l l y  ground t h e  a i r p l a n e .  

CAUTION: BATTERIES SHOULD BE DISCONNECTED WHEN WORKING I N  THE 
VICINITY OF BATTERY OPERATED ELECTRICAL EQUIPMENT, 

UTILIZED. SOME PROCEDURES ALSO REQUIRE COPIOUS 
QUANTITIES OF WATER TO BE USED, SUCH AS PAINT REKOVAL 
OR ALODIZING. I N  THESE INSTANCES DISCONNECTING 
BATTERIES IS ALSO PRUDENT .IF THERE IS ELECTRICAL 
EQUIPMENT I N  THE AREA. FAILURE TO ACCOMPLISH ABOVE 
COULD RESULT I N  POTENTIAL FIRE HAZARD OR ELECTRICAL 
SHOCK. 

ESPECIALLY WHEN FLAMMABLE MATERIALS APE BEING. 

Remove e x t e r n a l  power and remove or d i s c o n n e c t  a i r p l a n e  bat ter ies  
as r e q u i r e d .  

Observe t h e  p r e c a u t i o n s  g i v e n  i n  pa r .  B and mask or s h i e l d  
components which must n o t  be contaminated  w i t h  
c o r r o s i o n - i n h i b i t i n g  compounds. 

Ensure  t h a t  a l l  p r i m e r s  or enamels  have been p e r m i t t e d  t o  c u r e  
f o r  a minimum of 8 hours .  

P r o v i d e  mechanica l  v e n t i l a t i o n  o f  enc losed  a r e a s  such  as spar  
cavit ies and c a r g o  compartments. 

Apply a con t inuous  w e t  c o a t  so t h a t  j o i n t  p e n e t r a t i o n  w i l l  be  
achieved by c a p i l l a r y  a c t i o n .  An a p p l i c a t i o n  rate by s p r a y i n g  o f  
1 gallon p e r  hour  a t  a coverage rate  of 15 t o  20 s q u a r e  feet  p e r  
minute  w i l l  produce a film t h i c k n e s s  of 0.0003 i n c h .  A l t e r n a t e l y  
these materials may be brushed.  The u s e  of p r e s s u r e  equipment  
t h a t  a p p l i e s  these compounds uvde r  p r e s s u r e  d i r e c t  t o  a j o i n t  or 
l a p  w i l l  improve t h e  p e n e t r a t i o n .  A soak pe r iod  of 30 minu tes  is 
r e q u i r e d  b e f o r e  e x c e s s  compound is removed t o  e n s u r e  maximum 
p e n e t r a t i o n .  

747 SRM 
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S T R U C T U R A L  R E P A I R  
( 7 )  Remove puddles from treated surface using clean wipers or gauze 

after the 30 minute minimum soak period. 

( 8 )  Remove all masking tape, protective paper or plastic film installed. 

( 9 )  Maintain ventilation of enclosed areas until evaporation of volatile 
solvents is complete before enclosing area. 

(10) Water-displacing, corrosion-inhibiting compound contains wax 
compounds and is not suitable on surfaces that will exceed 15O0F. . 

C. Corrosion-Inhibiting Compound Removal 

(1) Complete removal of corrosion-inhibiting compound is required before 
repainting is attempted. Thorough solvent cleaning is also required 
before penetrant inspection. The following solvents have been 
successfully used to remove these compounds: + 

( a )  Perchlorethylene 

(b) Trichloroethylene 

(c) Trichlorethane 

(d) Naphtha 

(e) Magnaflux Corp. Solvent 

( f )  Stoddart Solvent 

- NOTE: Methyl Ethyl Ketone ( M E K )  or Acetone is not recommended. 

( 2 )  Ventilation requirements stipulated in par. 6.F. ( 8 )  must be adhered 
to while removing corrosion inhibiting compound. 

8.  Exterior Discoloration by Corrosion-Inhibiting Compounds 

(1) Liberal use of water-displacing compounds on the internal surfaces 
of the airplane can lead to discoloration of the external surface. 
Because of the excellent penetrating properties of these materials, 
a "bleed through" can be expected at fasteners that are not 
fluid-tight. This is normal and does not indicate a requirement to 
replace or redrive the fasteners. The tiny passages should seal 
themselves within a'short time. 

151-10-02 
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STRUCTURAL REPAIR 
Ccrrosion i r h i b i t i n g  ccmpour.ds cr. t h e  exzerici- sur face  xq- b2 
remved using one of t h e  sc lvents  lis:ed i n  par. G. They \rill r.c 
stair. or damage t h e  e x t e r i o r  of  the  a i q l a n e  or deccrz+iive f i n i s h ,  
but a Roticeable  d i f f e rence  ir oxida t ion  of t h e  e x t e r i o r  sur fzces  
can occur between those a r e a s  wnich have been coated v i t h  t h e  
ccmpound and s e a s  t h a t  have not. Where t h i s  d i f f e r e x e  i r  c c l o r  i; 
zipparen’, it can be buffed ou t  using the  materials listed ir :  Chl-pter 
20 of t h e  Maintenance Manual. 

-. Vse of  Solvent-Dispersed Corrosion I n h i b i t i n g  Compound t c  M I L - C - l 5 7 3 ,  
Grade I 

A. General 

Although t h e  water-displacing cor ros ion  i n h i b i t i n g  compourds a r e  th? 
primary cor ros ion  i n h i b i t o r s  used i n  a i rp l ane  manufacture, i n  
c e r t a i n  a p p l i c a t i o n s  where a more durable  su r face  p r o t e c t i o n  i s  
requi red  so lvent  d i spersed  corrosion i r h i b i t i n g  co!npounds t o  
la-C-16173, Grade I are used. 
which may be sprayed o r  brushed on the  sur faces  t o  be t r ea t ed .  The 
l i q u i d  c a r r i e r  evaporates  and l eaves  a re s idue  (hard grease  ir. 
a p p e a - a c e )  vhich w i l l  become s u f f i c i e n t l y  dry  t o  permit handling 
a f t e r  approximately 4 hours. 
f i lm,  however, does not  have t h e  p e n e t r a t i w  or vate- disp’.acirg 
qual i t ies  of the BMS 3-23 or s i m i l a r  cor ros ion  i n h i b i t i r g  compour,ds. 
Applicat ions should be l imi t ed  t o  a r e a s  where s p e c i f i c  c a l l o u t  of 
t h i s  i n h i b i t o r  i s  made. 

These ma te r i a l s  xre v o l a t i l e  l i q u i d s  

The Grade I compound provides  a k r r d  

( 2 )  Materials q u a l i f i e d  under MTL-C-16173, Grade I and tne  supp l i e r s  a r c  
provided on &pL-16173-54. 

BOTE: A commonly known corrosion i n h i b i t o r  t?iee*.i% t.he 
s p e c i f i c a t i o n s  noted is Cosmlene. 

- 

3. Preczut ions f o r  Use of MIL-C-16173, Grade I Corrosion I n h i b i t i n g  
C m o u x d s  

( 1 ) The precaut ions  l i s ted  f o r  water-displ-acing cor ros ion  i n h i b i t i r g  
compounds apply t o  t h e  MIL-C-16173, Grade I, cor ros ion  i r h i b i  tors 
(Ref pa r .  6.B.).  

C. Compatabili ty of ~ 1 ~ c - 1 6 1 7 3 .  Grade I Corrosion I n h i b i t o r s  

(1) These p a t e r i a l s  are a l l  usua l ly  hydrocarbons and r:ew a p p l i c a t i c r s  of 
2 d i f f e r e n t  compour,d may be appl ied  over e x i s t i n g  co r ros ion  
i n h i b i t o r s  without  de l e t e r ious  e f f e c t s .  

747 SRM 51-10-02 
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STRUCTURAL REPAIR 
D. C l e a i i r g  Before Applicat ion of MIL-C-16173, G r a e  I Corrcsion I rh ib i t i l -g  

Compcunds 

(1) Zxtreme c l e a n l i n e s s  i s  not  required f o r  t h e  a p p l i c a t i o n  of these  
compounds, bu t  a b e t t e r  continuous f i l m  W i l l  be achieved i f  t h e  
area is cleaned before app l i ca t ion .  Loose d i r t  o r  o t h e r  foreigr,  
matter can be removed by vacuum o r  wiping. 
be cleaned, where necessmj, by using normal a i rp l ane  c l e a n i r g  
agents  o r  solvents .  

The su r faces  c2r. +,her. 

E. Applicat ion of MIL-C-16173, Grade I Corrosion I n h i b i t i n g  Compounds 

S t a t i c a l l y  ground t h e  a i rp lane .  

Observe the precaut ions  given i n  pzr.  7.B. m.d mask o r  s h i e l d  
components which must no t  be contaminated with corros ion  
inhibi t ing compounds. * 

Ensure t h a t  all primers or enamels have been p e m i t t e d  t o  cure  f o r  
a minirmun of 8 hours. 

Apply a continuous w e t  coa t  so that a continuous su r face  f i l m  is  
achieved. Although spray appl ica t ion  i s  recomner,ded to provide 3. 
more even f i l m  th ickness  these ma te r i a l s  inay be a l t e r n a t e l y  brush 
coated. Refer to par. 7.F. f o r  f u r t h e r  detai l  of spraying 
equipment and procedures. 

Ven t i l a t e  t h e  a r e a  un t i l  t he  v o l a t i l e  so lven t s  have completely 
evaporated and remve t h e  masking or sh ie ld ing  from t h e  =ea 
t r ea t ed .  

F. Spray Applicat ion of MIL-C-16173, Grade I Corrosion I n h i b i t i n g  Cowounds 

Aerosol cans can be used i n  c o n j w c t i o n  wi th  p l a s t i c  nozzle 
extensions but, they  a r e  not  genera l ly  recomecded due t o  COS: and 
t h e  amount of overspray generated.  

The p re fe r r ed  a p p l i c a t i o n  method i s  with standard p res su re  pot 
equipment using an airless spray gun operated at low pressure  ( 4 5  
psi) .  
supp l i e r s  : 

Sui t ab le  spray equipment i s  ava i l ab le  from t h e  fo l lowi rg  

Mordson Corporation, Frankl in  and Jackson, Anherst, Ohio 44001 

The DeVilbiss Company, P.O. Box 913, 300 P h i l l i p s ,  Tolsdo, Ohio 
43601 

Binics Manuf'acturirg Company, 9201 W. Beilrnont Ave., Frzrklin 
Pa rk ,  I l l i n o i s  60131 

G r w o  Incorporated,  60, 11th Avenue PIE, Xrxeapolis, Ximesota 
55413 

I 51-10-02 
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STRUCTURAL REPAIR 
( 3 )  Greai-er a c c e s s i b i l i t y  w i l l  be provided with <he use of accessc r i e s  

scch as spray gun e x t e m i c n  k i t s  and swivel adapters  f o r  v a i a b l c  
nczzle  posit ionirig.  

(4) Standard air atomizing equipment (siphone o r  pressure  p o t )  xay be 
used when access i s  s u f f i c i e n t  t o  allcw appl ica t ior .  of a wet C C ~ : .  

A spray nozzle-to-surface d i s t a n c e  of no more than 12 inches  i s  
requi red  for wet appi ica t ion .  
pressure  po?, a s u i t a b l e  extension with nozzle may be made. 

When spray i s  cpera ted  wi th  a 

NOTE: If th in r ing  of the  ~ 1 ~ - ~ - 1 6 1 7 3 ,  Grade I cor ros ion  i n h i b i t o r  
i s  required,  use so lvent  BIG 3-2 u n t i l  sp ray i rg  i s  possible. 

- 

G. Removal of MIL-C-16173, Grade I Corrosion I n h i b i t i n g  Cocrpounds 

(1 )  Complete removal of rn-c-16173, Grade I Corrosion I n h i b i t i n g  
Compounds is  required before  r epa in t ing  i s  attempted. Solvent  
cleaning i s  a l so  requi red  before  pene t ran t  inspect ion.  
following so lvents  have been success fu l ly  csed t o  remove t h e s e  
compounds : 

( a )  Naptha 

The 

WTE: Methyi Ethyl Ketone (MEK) o r  Acetone i s  not recommended. - 
( 2 )  When using so lvents  f o r  t he  removal of cor ros ion  i n h i b i t o r s ,  

v e n t i l a t e  t he  m e a  i n  the  same manner 9s descr ibed f o r  cor ros ion  
i n h i b i t o r  app l i ca t ion  i n  par.  7.B. 

747 SRbl 51-10-02 
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Ronald J Hinderberger T I ~ c  BOCl l l  , cI >I  111.1 , 
Director P O  Box 3707 MC 67 X K  
Airplane Safety Seattle WA 98124-2207 
Commercial Airplanes Group 

10 December, 1999 
B-H200-16824-ASl 

Dr. Bernard S. Loeb 
National Transportation Safety Board 
490 L'Enfant Plaza East, SW 
Washington D.C. 20594 

Subject: Fuel Leaks, TWA 747-100 N93119, Accident off Long Island, NY 
- 17 July 1996 

Reference: Letter B-H200-16798-ASI, Dated 22 Oct 1999 

Dear Dr. Loeb: 

In the reference letter, item 7, we advised that we would provide more details 
regarding the fuel leaks reported by two operators during accomplishment of 
SB 747-28-2205 inspection. 

As stated in the meeting, there was little detail provided with the two visual data 
reports of fuel leaks. These were the only 2 reports of fuel leaks from the over 
400 airplane inspections for which we received data. 

One operator reported a fuel leak into the Center Wing Tank (CWT) dry bay at 
the lower right hand side of spanwise beam 3. The airplane involved had 
approximately 108,000 flight hours. 

The second report of a fuel leak occurred on an airplane with approximately 
i0,OGG iiignt nours. Tne ieak was reported as an AFU pump iniernai ieak. I ne 
pump and connector were replaced. 

-. 

Fuel system design includes many details to seal tanks and preclude fuel leaks. 
Nonetheless, due to structural deflection and expansion, over the life of an 
airplane, some small leaks may occur. The aircraft is designed to preclude any 
hazard should leaks occur. Typical safety measures employed in control of 
flammable fluids include the following: 

Leakage prevention using seals, sealant, safety wire and locking devices. 
Directed flow using dams, barriers, closure ribs and shrouds. Fluid 
accumulation prevention using leveling compound, drains, and drain valves. 
Fluid discharge provisions using drain tubes, holes, and masts. Separation and 
isolation of ignition sources and combustibles. Electrical ignition prevention 
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using explosion proof equipment. Flammable fluid shutoff valves located 
outside of fire and rotor burst zones with redundant and isolated actuation. 

Design measures include secondary fuel barriers between the pressurized 
cabin and any fuel source. Dry bays are provided above engine hot sections. 
The dry bay in the above report is the forward bay of the center wing box which 
is dry for weight and balance considerations. Outside of the pressurized cabin, 
drain paths overboard and venting are provided to avoid the accumulation of 
any hazardous leakage. Drainage is designed such that leaks can be identified 
during preflight walk-around inspection if significant. Examples include engine 
struts, which contain drainage bulkheads with drain lines exiting an area away 
from the hot section. Wing spar areas contain drainage control ribs, some of 
which are vapor barriers in crucial areas. The Aircraft Manuals provide 
operator information on dispatch disposition and the repair of fuel leaks if they 
occur. 

@ 
BnE’No 

If you have any questions, please do not hesitate to call. 

Very truly yours, 

-Ronald J. dinderberger 
Director, Airplane Safety 
Org. B-H200, MC 67-PR 
Telex 32-9430, STA DIR AS 
Phone (425) 237-8525 
Fax (425) 237-81 88 

CC: Mr. 9. Berman, AS-IO 
Mr. A. Dickinson, IIC 
Mr. T. Haueter 
Mr. J. Drake 
Mr. M. Birky 
Mr. J. Kolly 
Mr. R. Swaim 
Mr. D. Campbell 
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Ronald J. Hintfitrberger ~- 

Dimtor 
Airplane Safety 
Cornrneraal Air lanes Group 

The Boeing Compan 

Seattle. WA 98124-2: 07 
P.O. BOX 3707 MC e I -XK 

levised 13 September 1999 
0 September 1999 
I-H200-16764 -AS1 

flr. R. Swaim, AS-40 
llational Transportation Safety Board 
,90 CEnfant Plaza East, SW 
Vashington DC 20594 

iubject: Aging Materials, TWA 747400 N93119, Accident off Lc ng Island, 
NY - 17 July, 1996 

leference: 6-B600-16471 -ASI, dated 4 Aug 1998 

)ear Mr. Swaim: 

'he reference letter provided information as to the programs in place to 
xamine wiring after the airplane has been in service for prolonged p ?nods. 
:allowing information supplements that mntained in the reference le ter. 

'he Boeing Materials Specifications for Electrical Wire and Cable 
ontain a requirement entitled "Immersion" which addresses the issu ? of 
uid resistance. The Immersion requirement in the BMS refers to thE 
nmersion Test Method in Section 7.30 cf BSS 7324 which contains dl thtr 
?st methods for electrical wire and cable. Section 7.30 is on pages 
2 and 73 of the  BSS 7324 

iection 7.30, Table XVll lists the test fluids for the Immersion test. 
'hey are: 

I 

lonsanto Low Density Aviation Hydraulic: Test Fluid (BMS 3-1 1) 
;opropyl Alcohol, lT-1-735 
dethylElthylKetone (MEK), IT-M-261 
mti Icing Fluid, MIL-E-9900 
.u b ricating Oil, MI L-L-23699 
dkaline Detergent, ph 10-1 0.5 
:uel JP4, MIL-T-5624 
iydraulic Fluid MIL-H-5606 

'hese fluids are selected for their unique effect on insulation 
naterials e.g., BMS 3-1,l or as being representative a generic type c f 
uid, e.g., MIL-23699 represents oils in gmeral. 

\her the wire has been subjected to exposure to each of these fluidE 
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at a specific temperature Table XVll for a specific period of time, 
it is wrapped around a mandrel (Table XVllI) and subjected to a 2500 We1 
Dielectric Withstand test. 

If you have any questions, please do not hesitate to call .  

Very truly yours. 

Am?a!!"& 

Director, Airplane Safety 
Org. B-H200, M/S 67-PR 
Telex 32-9430, STA DIR AS 
Phone (425) 237-8525 
Fax (425) 237-8188 

CC: Mr. A. Dickinson, IIC 

I 
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Dear Mr. $ 
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reference I 
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Aging aterials TWA 747-1 00 N83 1 19 Accident off Long Island, 

Your e t ail to D. Rodrigues, dated May 29,1998 

N Y - 7 July 1996 

age you advised that during Inspections of older 

aim: 

new alrplanes, the systems group found such thlngs 
coffee stains etc on alrcraft wiring. In the 

specific programs are in place to re- 
been in service for prolonged periods. 

are in place for compliance of 

Data (MPD) document and 
the 737-300/400/500, 

0, MD80, MD90, and MD11 which gives guidance 
s. The other Boeing airplanes have 

systems inspection requirements and 
for that system. These programs 

amage, wire chafing, loose 

re and cable or wire harness components returned 
reason, we do testing to evaluate the integrtty of the 

an installation, we will inspect that installation, and 
ion is required. If we have a report 

move the item for further 
ave been in-service for some 

1 
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-me large domestic airlines have been inspecting older 
aging systems. A preliminary draft of a report on aging 
the FAA is now in Washington for review. The flnal report 

e 30, 1008. It is our understanding that the 
public by August 7,1898. This report is 
on and debris on wiring. After this report Is 
applicability to the wire bundle inspection 

do not hesilate to call. 
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BOEING (CLEANLINESS) LETTER OF SEPT 13,99 
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H ! ! I N &  

W I R I N G  P R A C T I C E S  MANUAL 

CLEANING OF ELECTRICAL CONNECTORS 

T h i s  Sub jec t  g i v e s  procedures t o  c l e a n  an e l e c t r i c a l  connector  when t h e  connector  has 
t o o  much con tamina t ion  
i s  n o t  necessary. 
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on t h e  connector  i n te r face ,  but t h e  replacement o f  t h e  connector  
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F i r e  S a f e t y  P recau t ions  
C lean ing  o f  Genera l  Purpose Connectors Wi th  
Methy l  o r  I s o p r o p y l  A l c o h o l  
Necessary M a t e r i a l s  and Too ls  
Connector C lean ing  w i t h  Me thy l  o r  I s o p r o p y l  
A l coho l  
C lean ing  o f  Genera l  Purpose Connectors Wi th  
Acetone 
Necessary M a t e r i a l s  and Too ls  
Connector C lean ing  w i t h  Acetone 
Cleaning o f  Genera l  Purpose Connectors Wi th  
Freon 
Necessary M a t e r i a l s  and Too ls  
Connector C lean ing  w i t h  Freon 
C lean in  o f  WALTER KIDDE F i r e  D e t e c t i o n  
System Zonnectors  
General Cond i t i ons  f o r  Connector C lean ing  
Necessary M a t e r i a l s  
Connector C lean ing  w i t h  Me thy l  o r  I s o p r o p y l  
A l coho l  
Connector C lean ing  w i t h  Acetone 
Connector C lean ing  w i t h  G r i t  B l a s t  
Connector I n s t a l l a t i o n  
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1. Genera l  Data 

A. Recommended So lvents  
I n  order, t h e  recommended s o l v e n t s  t o  c l e a n  a l l  e l e c t r i c a l  connectors  are:  

- I s o p r o p y l  A lcoho l  
- Acetone 
- Freon. 
- NOTE: When a f a s t  tu rnaround i s  necessary, h i g h  tempera ture  connectors  can be 

c leaned w i t h  t h e  recommended procedure  t o  c l e a n  genera l  purpose 
connectors  w i t h  acetone. Refer  t o  Paragraph 3.8. 

Before  any so l ven t  i s  used, obey: 
- The l o c a l  env i ronmenta l  r e g u l a t i o n s  
- The l o c a l  necessary c o n d i t i o n s  f o r  personne l  s a f e t y .  

MANUAL NO: D6-54446 



STANDARD WIRING P R A C T I C E S  MANUAL 

CLEANING OF ELECTRICAL CONNECTORS 0 
B. 

C. 

D.  

NOTE: The s o l v e n t s  must o n l y  be used f o r  a u t h o r i z e d  o r  approved purposes. 
Cond i t i ons  o f  I n s p e c t i o n  
A f t e r  an i nspec t i on :  

- 
- The c o n t a c t s  must be r e p l a c e d  i f  t h e  c o n t a c t s  a r e  uorn. 

The connector  must be r e p l a c e d  i f  t h e  s t e e l  bayonet  p i n s  on t h e  
r e c e p t a c l e  s h e l l  a r e  u o r n  

Personnel  S a f e t y  
To make SUI'? t h a t  t h e  s o l v e n t  does n o t  touch t h e  skin, any of these i t ems  c3n 
be uced i f  r h e y  do n o t  p e r m i t  t h e  s o l v e n t  t o  touch t h e  s k i n :  

- Aprons 

- C o v e r a l l s  
- Neoprene g loves  
- Rubber g loves.  

- Boots  

To make sure  t h a t  t h e  s o l v e n t  does n o t  touch an eye, any o f  these i t ems  can 
be used: 

- Chemical goggles 
- Approved eye p r o t e c t i o n .  

To make sure  t h a t  t h e  s o l v e n t  vapors do n o t  ge t  breathed, any o f  these 
c o n d i t i o n s  must occur :  

- The area  has a good a i r  f l o w  
- R e s p i r a t o r y  p r o t e c t i o n  i s  used. 

F i r e  S a f e t y  P recau t ions  
Refer  t o  Sub jec t  20-00-10 f o r  t h e  p r e c a u t i o n s  i n  r e l a t i o n  t o  t h e  e l e c t r i c a l  
pouer o f  t h e  c i r c u i t s .  
These c o n d i t i o n s  a r e  a p p l i c a b l e  i n  an area  where t h e r e  a re  flammable s o l v e n t s  
o r  vapors: 

- A l l  flames, smoking, sparks, and o t h e r  sources o f  i g n i t i o n  must n o t  

- Too ls  t h a t  a r e  used must n o t  make sparks  
- Cloth ing,  mater ia ls ,  o r  processes t h a t  can make e l e c t r o s t a t i c  

- 
- 
- Flammable s o l v e n t s  must be kep t  i n  c l o s e d  c o n t a i n e r s  
- Only t h e  s u f f i c i e n t  q u a n t i t y  o f  a flammable s o l v e n t  must be used o r  

occur  

d ischarges  must n o t  be used 
A l l  e l e c t r i c a l  equipment, such as l i g h t s ,  motors, wi r ing,  etc., must 
meet t h e  necessary e l e c t r i c a l  and f i r e  codes 
The accumula t ion  o f  vapors must be prevented  by s u f f i c i e n t  v e n t i l a t i o n .  

kep t  near .  

2. Cleanina o f  Genera l  PurDose Connectors Wi th  Methy l  o r  IsoDroDYl  A l coho l  

WARNING: METHYL ALCOHOL AND ISOPROPYL ALCOHOL ARE FLAMMABLE. MAKE SURE THAT THE 
QUANTITY ON HAND I S  NO HORE THAN I S  NECESSARY TO CLEAN THE CONNECTOR. 
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STANDARD W I R I N G  P R A C T I C E S  MANUAL 

CLEANING OF ELECTRICAL CONNECTORS 

A. Necessary M a t e r i a l s  and Tools 
These a re  the necessary t o o l s  and ma te r ia l s :  

- Alcohol, e i t h e r  methyl  o r  i sop ropy l  
- A small, f i n e  brush t h a t  i s  long enough t o  reach the  bottom o f  t he  

connector and has b r i s t l e s  t h a t  are n o t  a f f e c t e d  by methyl  o r  i s o p r o p y l  
a l coho l  

- Swabs t h a t  do n o t  have any l i n t  
- An conta iner  o f  the s u f f i c i e n t  s i z e  t o  catch any so lvent  
- Csnpressed c i r  o r  n i t r o g e n  t h a t  i s  c l - m  and dry. 

B. Connector Cleaning w i t h  Methyl o r  I s o p r o p y l  Alcohol  
Separate the p l u g  and the receptac le.  

(a) Apply t h e  a l coho l  w i t h  a brush or swab. 
(b)  Brush t h e  face o f  t he  connector u n t i l  the contaminants have been 

(c )  

(d) Let t he  connector d r y  i n  the  a i r  f o r  one hour. 

(1) 
(2) Clean each connector*: 

d i sso l ved  . I’ 

Flush the  face o f  the connector w i t h  the s u f f i c i e n t  q u a n t i t y  o f  
a l coho l  t o  remove the contamination. 

When i t  i s  possible, p u t  t h e  connector i n  a p o s i t i o n  so t h a t  i t  i s  
no t  f u l l y  on i t s  s ide  t o  l e t  t he  so lvent  d ra in .  
- NOTE: A s a t i s f a c t o r y  a l t e r n a t i v e  t o  decrease t h e  t ime t h a t  i s  

necessary f o r  t he  connector t o  d r y  i s  t o  use compressed a i r  
o r  n i t rogen.  

WARNING: COMPRESSED GAS CAN BE DANGEROUS. TO PREVENT AN INJURY, 
CAREFULLY APPLY THE GAS I N  THE DIRECTION AWAY FROM THE 
EYES, THE FACE, AND OTHER PERSONNEL. 

INSTALLED. ANY REMAINING SOLVENT CAN CAUSE DAMAGE TO THE 
CONNECTOR OR UNSATISFACTORY PERFORMANCE OF THE SYSTEM, OR 
BOTH. 

CAUTION: THE CONNECTOR MUST BE FULLY DRY BEFORE THE PLUG IS 

(3) I n s t a l l  the connectors again. R e f e r  t o  the app l i cab le  maintenance 
manual. 
NOTE: To make the  i n s t a l l a t i o n  easier, Dow Corning 4 l u b r i c a n t  compound 

can be app l i ed  t o  the inner  O-ring. 
(4) Do the  necessary f u n c t i o n a l  t es ts .  

3. Cleanina o f  General PurDose Connectors With Acetone 

WARNING: ACETONE I S  VERY FLAMMABLE. MAKE SURE THAT THE QUANTITY ON HAND I S  NO 
MORE THAN 0.25 PINT (0.125 LITER) I N  A CLOSED, ONE P I N T  (0.5 LITER) 
SQUEEZE CONTAINER. 
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STANDARD W I R I N G  P R A C T I C E S  MANUAL 

CLEANING OF ELECTRICAL CONNECTORS 

A. Necessary M a t e r i a l s  and Tools 

- 0.25 p i n t  (0.125 l i t e r )  o f  acetone 
- A closed, one p in t  (0.5 l i t e r )  squeeze conta iner  
- A small, f i n e  brush t h a t  i s  Long enough t o  reach the bottom o f  t he  

- Swabs t h a t  do n o t  have any l i n t  
- An conta iner  o f  the s u f f i c i e n t  s i z e  t o  catch any so l ven t  
- Compressed a i r  o r  n i t r o g e n  t h a t  i s  c lean and dry. 

connector and has b r i s t l e s  t h a t  a re  no t  a f f e c t e d  by  acetone 

5. Connector Cleaning w i t h  Acetone 
(1)  Separate the p l u g  and t h e  receptac le.  

WARNING: DO NOT SEPARATE THE CONNECTORS UNTIL THE TEMPERATURE I S  LESS 
THAN 150 DEGREES F (65 DEGREES C) .  DAMAGE TO THE PLUG OR THE 
RECEPTACLE, OR BOTH CAN OCCUR. 

SUFFICIENTLY COOL ENOUGH, APPROXIMATELY 100 DEGREES F (28 
DEGREES C), TO TOUCH WITH BARE HANDS. 

CAUTION: DO NOT SEPARATE THE CONNECTORS UNTIL THE TEMPERATURE I S  

(2) Clean each connector: 
P u t  3 cc t o  5 cc o f  acetone i n t o  the connector w i t h  the  squeeze 
container.  
WARNING: DO NOT PERMIT ANY DROPS OF ACETONE TO FALL ON THE ENGINE. 
Brush the  face o f  t he  connector u n t i l  a l l  o f  t he  contaminat ion has 
been Loosened. 
Le t  any remaining so lvent  d r a i n  from the  connector i n t o  a 
container.  
Remove the  unwanted so lvent  i n  the conta iner  from the  work area. 
Flush the  connector w i t h  no more than 5 cc o f  t he  so lvent  t o  remove 
the t h i n  f i l m  o f  contaminat ion from t h e  connector. 
Make sure t o  catch the so lvent  i n  the conta iner .  
Remove the unwanted so lvent  i n  the  conta iner  from the  work area. 
If the connector has any remaining contamination, do Step (e )  
again. 
Dry the  connector w i t h  compressed a i r  o r  n i t rogen .  
Make sure the i n s i d e  o f  the socket contacts  and the  i n s e r t s  around 
the socket contacts  are f u l l y  dry. 

WARNING: COMPRESSED GAS CAN BE DANGEROUS. TO PREVENT AN INJURY, 
CAREFULLY APPLY THE GAS I N  THE DIRECTION AWAY FROM THE 
EYES, THE FACE, AND OTHER PERSONNEL. 

INSTALLED. ANY REMAINING SOLVENT CAN CAUSE DAMAGE TO THE 
CONNECTOR OR UNSATISFACTORY PERFORMANCE OF THE SYSTEM, OR 
BOTH. 

CAUTION: THE CONNECTOR MUST BE FULLY DRY BEFORE THE PLUG I S  

(3)  I n s t a l l  the connectors again. Refer t o  the app l i cab le  maintenance 
manua I .  
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Freon TF Degreaser, Aeroso l  Can 

Freon T-P35 Solvent, Aeroso l  Can 

CLEANING OF ELECTRICAL CONNECTORS 

M i l l e r  Stephenson Chemical 
MS-180 Company 

M i l l e r  Stephenson Chemical 
Comoanv MS-160 

NOTE: To make t h e  i n s t a l l a t i o n  easier, Dow Corn ing 4 l u b r i c a n t  compound 
can be a p p l i e d  t o  t h e  i n n e r  O-ring. 

(4) Do t h e  necessary f u n c t i o n a l  t e s t s .  

4 .  Clean ina  o f  Genera l  PurDose Connectors Wi th  Freon 

Ex tens ion  Hose, Nozzle, So lven t  
Spray Brush 

A. Necessary M a t e r i a l s  and Too ls  

M i  1 l e r  Stephenson C h e m i c a l  
MS-226 Company 

TABLE I 
NECESSARY MATERIALS A t 3  TOOLS 

S i l i c o n e  Compound L u b r i c a n t  
Dow Corn ing 4 

Compound 
Dow Corn ing Corpo ra t i on  

WARNING: FREON T-P35 MS-160 IS NOT TOXIC, BUT I T  IS FLAMMABLE. DO NOT USE 

CAUTION: FREON TF MS-180 IS NOT FLAMMABLE AND NOT TOXIC. 

WHEN FLAMMABLE CONDITIONS OCCUR. 
HOWEVER, MAKE SURE 

THAT THE VENTILATION I S  SUFFICIENT AND THE VAPORS ARE NOT BREATHED 
FOR A LONG TIME. 

B. Connector C lean ing  w i t h  Freon 
(1) I n s t a l l  t h e  MS-226 e x t e n s i o n  hose and b rush  on t h e  a e r o s o l  sp ray  can. 

CAUTION: INSTALL THE HOSE AND BRUSH CAREFULLY. I F  THE HOSE AND THE 
BRUSH ARE NOT INSTALLED CORRECTLY, A SPRAY OF SOLVENT CAN GET 
INTO THE EYES. 

(a )  Remove t h e  s tandard  v a l v e  cap f rom t h e  a e r o s o l  can. 
(b)  Push t h e  hose assembly t i g h t l y  i n t o  t h e  v a l v e  o f  t h e  a e r o s o l  can. 
( c )  Engage t h e  hook assembly w i t h  t h e  edge o f  t h e  a e r o s o l  can t o  

p r e s s u r i z e  t h e  c l e a n i n g  brush. 
- NOTE: The f l o w  o f  c l e a n i n g  f l u i d  i s  c o n t r o l l e d  b y  s i d e  p ressu re  

t h a t  i s  a p p l i e d  t o  t h e  brush.  Refer  t o  F igu re  1. 
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CLEANING OF ELECTRICAL CONNECTORS 0 
Open 

OPERATION OF PIS226 EXTENSION HOSE 
F i g u r e  1 

(2) Separate t h e  p l u g  and t h e  recep tac le .  
(31 Clean each connector :  

(a> 
(b) Brush t h e  face  o f  t h e  connector  u n t i l  a l l  o f  t h e  con tamina t ion  has 

(c )  F lush  t h e  face  o f  t h e  connector  w i t h  t h e  s u f f i c i e n t  q u a n t i t y  o f  

(d) L e t  t h e  connector  dry i n  t h e  a i r  f o r  one hour .  

Apply t h e  s o l v e n t  o r  degreaser  w i t h  t h e  b rush  assembly. 

been loosened. 

s o l v e n t  o r  degreaser t o  t h e  rema in ing  contaminat ion .  

When i t  i s  poss ib le ,  put t h e  connector  i n  a p o s i t i o n  so t h a t  i t  i s  
n o t  f u l l y  on i t s  s i d e  t o  l e t  t h e  s o l v e n t  d r a i n .  
- NOTE: A s a t i s f a c t o r y  a l t e r n a t i v e  t o  decrease t h e  t i m e  t h a t  is 

necessary f o r  t h e  connector  t o  dry i s  t o  use compressed a i r  
o r  n i t r o g e n .  

WARNING: COMPRESSED GAS CAN BE DANGEROUS. TO PREVENT AN INJURY, 
CAREFULLY APPLY THE GAS I N  THE DIRECTION AWAY FROM THE 
EYES, THE FACE, AND OTHER PERSONNEL. 

INSTALLED. ANY REMAINING SOLVENT CAN CAUSE DAMAGE TO THE 
CONNECTOR OR UNSATISFACTORY PERFORMANCE OF THE SYSTEM, OR 
BOTH. 

CAUTION: THE CONNECTOR MUST BE FULLY DRY BEFORE THE PLUG I S  

(41 I n s t a l l  t h e  connectors  again. Refer  t o  t h e  a p p l i c a b l e  maintenance 
manua 1. 
NOTE: To make t h e  i n s t a l l a t i o n  easier, D o w  Corn ing  4 Lub r i can t  compound 

can be a p p l i e d  t o  t h e  i n n e r  O-ring. 
( 5 )  Do t h e  necessary f u n c t i o n a l  t e s t s .  

5. C lean inq  o f  WALTER K I D D E  F i r e  D e t e c t i o n  System Connectors 

A. Genera l  Cond i t i ons  f o r  Connector C lean ing  
Be fo re  any p l u g  and r e c e p t a c l e  i n  t h e  sens ing  element l oop  a re  connected, 
t h e y  must be f r e e  f rom contaminat ion .  
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CLEANING OF ELECTRICAL CONNECTORS 

These cond i t i ons  are app l i cab le  f o r  connectors w i t h  contamination: 
- I f  i t  i s  thought t h a t  t he  connector i s  contaminated, t he  connector must 

be cleaned w i t h  acetone o r  alcohol; r e f e r  t o  Paragraph 5.0. o r  
Paragraph 5.C. 

contamination from l iquids,  the connector must be cleaned w i t h  acetone 
o r  alcohol; r e f e r  t o  Paragraph 5.0. o r  Paragraph 5.C. 

element ccmnectors must be inspected and, i f  i t  i s  necessary, cleaned. 

- I f  any o f  the connectors i n  the f i r e  d e t e c t i o n  system show poss ib le  

- Whenever the  f l e x  cable connector has been disconnected, t he  sensing 

These cond i t i ons  are app l i cab le  f o r  connectors w i t h  corrosion: 
- I f  the i n t e r n a l  p a r t  o f  a connector shows co r ros ion  o r  does no t  have 

the co r rec t  color, t he  connector must be cleaned w i t h  a g r i t  b last ;  
r e f e r  t o  Paragraph 5.E. 

t h a t  i t  i s  b e t t e r  t o  rep lace i t  w i t h  a new connector 

b e t t e r  t o  rep lace the  sensing element w i t h  a serv iceable spare and 
clean the  connector i n  t h e  maintenance f a c i l i t y .  

- I f  the  connector i s  connected t o  the a i r c r a f t  wiring, i t  i s  poss ib le  

- I f  the  connector i s  p a r t  o f  a sensing element, i t  poss ib le  t h a t  i t  i s  

B. Necessary M a t e r i a l s  
CAUTION: ONLY THOSE CLEANERS SPECIFIED I N  TABLE Table I1  CAN BE USED. OTHER 

SOLVENTS, ESPECIALLY ANY THAT ARE MADE V I T H  CHLORIDES MUST NOT BE 
USED. 

TABLE I1 
NECESSARY MATERIALS 

Acetone 
Hooded Socket Contact 
Methyl Alcohol  
I sop ropy l  Alcohol  

- Any source 
- Any source 

- NOTE: The g r i t  b l a s t  k i t  has the  s u f f i c i e n t  q u a n t i t y  o f  aluminum oxide 
abrasive t o  c lean approximately t e n  connectors. 

C. Connector Cleaning w i t h  Methyl o r  I sop ropy l  Alcohol  
This procedure i s  used t o  c lean a connector i f  the re  is contamination from 
o i l  o r  other s o l u t i o n s  i n  the connector c a v i t y .  
WARNING: METHYL ALCOHOL AND ISOPROPYL ALCOHOL ARE FLAMMABLE. MAKE SURE THAT 

THE QUANTITY ON HAND IS NO MORE THAN I S  NECESSARY TO CLEAN THE 
CONNECTOR. 
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CLEANING OF ELECTRICAL CONNECTORS 

(1) 
(21 I f  i t  i s  necessary, remove the hooded socket contact :  

Separate the p l u g  and the  receptac le.  

(a1 

(b) Discard the  contact; i t  cannot be used again. 

(a) Apply the  a l c o h o l  w i t h  a brush o r  swab. 
(b l  Brush the  a p p l i c a b l e  sur face o f  the connector u n t i l  a l l  c f  t he  

( c )  

(d) Le t  the connector dry i n  t h e  a i r  f o r  one hour. 

C a r e f u l l y  p u l l  t h e  contact  ou t  w i t h  a smal l  p a i r  o f  needle nose 
p l i e r s .  

(3 )  Clean each connector: 

contaminat icn has been loosenx!. 
Flush the  face o f  t h e  connector w i t h  t h e  s u f f i c i e n t  q u a n t i t y  o f  
a l coho l  t o  remove,the contamination. 

When i t  i s  possible, pu t  t h e  connector i n  a p o s i t i o n  so t h a t  i t  i s  
not  f u l l y  on i t s  s i d e  t o  l e t  t h e  so lvent  d ra in .  
- NOTE: A s a t i s f a c t o r y  a l t e r n a t i v e  t o  decrease the  t ime t h a t  i s  

necessary f o r  t he  connector t o  dry i s  t o  use compressed a i r  
o r  n i t rogen .  

WARNING: COMPRESSED GAS CAN BE DANGEROUS. TO PREVENT AN INJURY, 
CAREFULLY APPLY THE GAS I N  THE DIRECTION AWAY FROM THE 
EYES, THE FACE, AND OTHER PERSONNEL. 

INSTALLED. ANY REMAINING SOLVENT CAN CAUSE DAMAGE TO THE 
CONNECTOR OR UNSATISFACTORY PERFORMANCE OF THE SYSTEM, OR 
BOTH. 

CAUTION: THE CONNECTOR MUST BE FULLY DRY BEFORE THE PLUG I S  

D. Connector Cleaning w i t h  Acetone 
This  procedure i s  used t o  c lean a connector i f  the re  i s  contaminat ion from 
o i l  o r  o ther  s o l u t i o n s  i n  the  connector c a v i t y .  
WARNING: ACETONE I S  VERY FLAMHABLE. HAKE SURE THAT THE QUANTITY ON HAND IS 

NO MORE THAN 0.25 PINT (0.125 LITER) I N  A CLOSED, ONE P I N T  (0.5 
LITER) SQUEEZE CONTAINER. 

(1) Separate the  p l u g  and the  receptac le.  
(21 I f  i t  i s  necessary, remove the  hooded socket contact :  

( a )  C a r e f u l l y  p u l l  t h e  contact  out w i t h  a smal l  p a i r  o f  needle nose 

(b l  Discard. the contact; i t  cannot be used again. 
p l i e r s .  

(3)  Clean each connector: 
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STANDARD W I R I N G  P R A C T I C E S  MANUAL 

CLEANING OF ELECTRICAL CONNECTORS 

Put  3 cc t o  5 cc o f  acetone i n t o  t h e  connector  w i t h  t h e  squeeze 
con ta ine r .  
Brush t h e  face  o f  t h e  connector  u n t i l  a l l  o f  t h e  con tamina t ion  has 
been loosened. 
L e t  any remain ing  s o l v e n t  d r a i n  f rom t h e  connector  i n t o  a 
con ta ine r .  
Remove t h e  unwanted s o l v e n t  i n  t h e  c o n t a i n e r  f rom t h e  work area. 
F lush  t h e  connector  w i t h  no more than  5 CP o f  t h e  s o l v e n t  t o  remove 
t h e  t h i n  f i l m  0;’ Contaminat ion f rom t h e  cunr!-;.tor. 
Make sure  t o  c a t c h  t h e  s o l v e n t  i n  t h e  con ta ine r .  
Remove t h e  unwanted s o l v e n t  i n  t h e  c o n t a i n e r  f rom t h e  work area. 
If  t h e  connector  has any rema in ing  contamination, do Step (e )  
again. 
Dry t h e  connector  w i t h  compressed a i r  o r  n i t r o g e n .  
Make sure  t h e  i n s i d e  o f  t h e  socket  c o n t a c t s  and t h e  i n s e r t s  around 
t h e  socket  c o n t a c t s  a re  f u l l y  dry. 
WARNING: COMPRESSED GAS CAN BE DANGEROUS. TO PREVENT AN INJURY, 

CAREFULLY APPLY THE GAS I N  THE DIRECTION AWAY FROM THE 
EYES, THE FACE, AND OTHER PERSONNEL. 

INSTALLED. ANY REMAINING SOLVENT CAN CAUSE DAMAGE TO THE 
CONNECTOR OR UNSATISFACTORY PERFORMANCE OF THE SYSTEM, OR 
BOTH. 

CAUTION: THE CONNECTOR MUST BE FULLY DRY BEFORE THE PLUG I S  

E. Connector Cleaning w i t h  G r i t  B l a s t  

A g r i t  b l a s t  gun: 
- Can be used t o  c l e a n  a connector  e i t h e r  on o r  o f f  t h e  a i r c r a f t  - 

WARNING: THE G R I T  BLAST GUN MUST BE USED ONLY I N  AREAS WITH SUFFICIENT 
Is used t o  c l e a n  a connector  w i t h  c o r r o s i o n  o r  heavy contaminat ion .  

VENTILATION. A RESPIRATOR WITH A DUST FILTER AND EYE PROTECTION 
MUST BE WORN BY THE OPERATOR SO THAT THE OPERATOR DOES NOT BREATHE 
THE ALUMINUM OXIDE DUST. 

CAUTION: DUST FROM THE G R I T  BLAST GUN IS ABRASIVE. OBEY THESE PRECAUTIONS: 

- PUT A COVER ON OR REMOVE THE ACTUATOR RODS OR ANY OTHER 

-. KEEP THE COVER ON THE OIL TANK SCUPPER I N  ORDER TO PREVENT 
POLISHED FINISHES 

CONTAMINATION OF THE ENGINE OIL SYSTEM. 
(1) 
(2) I f  i t  i s  necessary, remove t h e  hooded socket  con tac t :  

Separate the  p l u g  and t h e  recep tac le .  

(a )  C a r e f u l l y  p u l l  t h e  con tac t  o u t  w i t h  a s m a l l  p a i r  o f  needle nose 

(b) D isca rd  t h e  contact; i t  cannot be used aga in .  
p l i e r s .  

(3) Clean each connector :  
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STANDARD W I R I N G  PRACTICES MANUAL 

CLEANING OF ELECTRICAL CONNECTORS 

(a) With a f i n e  tool, c a r e f u l l y  scrape away as much o f  t he  co r ros ion  as 

(b) 

(c)  
(d)  Clean the  i n t e r n a l  p a r t  o f  t he  connector w i t h  t h e  g r i t  b l a s t .  

poss ib le .  
At tach the  source o f  clean, d r y  compressed a i r  o r  n i t r o g e n  t o  the 
g r i t  b l a s t  gun. 
Set the a i r  pressure of the g r i t  b l a s t  gun a t  20 p s i  t o  25 p s i .  

Make sure t o  c lean the  bottom o f  t he  connector and around the  base 
o f  the p in .  

Dry the  connector w i t h  compressed a i r  o r  n i t rogen .  
WARNING: COMPRESSED GAS CAN BE DANGEROUS. TO PREVENT AN INJURY, 

Cz? Flush the  connector " i t h  acetone o r  metnyl  a lco l tu l .  
( f )  

CAREFULLY APPLY THE GAS I N  THE DIRECTION AWAY FROM THE 
EYES, THE FACE, AND OTHER PERSONNEL. 

INSTALLED. ANY REMAINING SOLVENT CAN CAUSE DAMAGE TO THE 
CONNECTOR OR UNSATISFACTORY PERFORMANCE OF THE SYSTEM, OR 
BOTH. 

CAUTION: THE CONNECTOR MUST BE FULLY DRY BEFORE THE PLUG IS 

F. Connector I n s t a l l a t i o n  
(1)  A f t e r  t he  connector i s  cleaned, i n s t a l l  a new hooded socket contact, i f  

i t  was removed: 
(a) Putt t he  glazed end o f  the hooded socket contact  on a 0.060 maximum 

diameter p in .  
(b)  Push the  unglazed end onto the connector p i n  u n t i l  i t  touches the 

b o t  tom. 
(2) I n s t a l l  t he  p l u g  i n  the  receptac le t o  make the  environmental  seal .  

CAUTION: I T  I S  ABSOLUTELY NECESSARY THAT THE ENVIRONMENTAL SEAL I S  MADE. 
(a> Put a v e r y  l i g h t  layer  o f  DC-4 s i l i c o n e  grease on the  copper 

sea l i ng  gasket o f  the p lug  connector. 
CAUTION: HAKE SURE THAT NO GREASE IS APPLIED I N  THE CONNECTOR 

Push the  nose o f  t he  p l u g  connector i n t o  the  threaded bushing o f  
t he  receptacle.  
Engage the  threads o f  the nu t  and the threaded bushing. 

NOTE: Use two wrenches t o  so t h a t  the connectors do n o t  t u rn .  

CAVITY OR ON THE CONTACT. 
(b)  

( c >  
(d) Torque the  nu t  approximately 50 inch-pounds t o  70 inch-pounds. 

(3 )  Do the  f i r e  d e t e c t i o n  cockpi t  t e s t .  
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FROM :4252378188 INU TO : 2a231L 6349 1999,09-13 10:52 8333 P.01/03 

Ronald J. Hlnd arberger 

Alrplane Safety 
Commercial Airl4anes Group 

The k i n g  Cornpan I 

Seale. WA 98124-2 '07 
Director P.O. BOX 3707 MC 7-XK 

@ 
rB!!iNS 

1 3 September 1 999 
B-H200-16766 -AS1 

Mr. R, Swaim, AS40 
National Transportation Safety Board 
490 L'Enfant Plaza East, SW 
Washington DC 20594 

Subject: 

Dear Mr. Swaim: 

You inquired as to whether the maintena ice manual wiring inspectio i 
instructions included the removal of lint to assist in the inspection of he w rtrs, 
and whether the instructions included inspecting for metal or other dc!bris n 
wire harnesses. 

The Standard Wiring Practices documen: performs the Maintenance Manila1 
'unction for standard procedures associated with electrical wire ham' ?ss 
assembly, installation and repair. The er isting document does not a ldress 
pernoVal of lint from wire or analysis of the lint to determine it's conteiit or or  gin. 
Also, it does not contain procedures that govern inspection for, and rmo\a  of, 
netal or other debris from wire hamesse:;. 

If you have any questions, please do not hesitate to call. 

Very truly yours, 

Maintenance Manual lnspe :tion, TWA 747-1 00 N9311' 3, Accident 
off Long Island, NY - 17 July, 1996 

onald J. Hinderberger 
irector, Airplane Safety 
rg. 6-H200, MS 67-PR 

32-9430, STA DIR AS 
(425) 237-8525 



WIRING DATA 

“AGE DETERIORATION’’ AND CRACKS IN WIRE INSULATION 

BOEING LETTER, JULY 18,1995 

DOUGLAS LETTER, JULY 20, 1995 

BOEING LETTER, MAY 4, 1998 



July 18, 1995 
B-UO16-1531 1-AS1 

Mr. Greg Phillips - 
National Transportation Safety Board 
490 L'Enfant Plaza East, SW 
Washington, 0.c. 20594 

Subject: Inquiry Regarding the Use of Certain Raychem Manufactured 
Wires on Boeing Commercial Airplanes AgDEINC 

Reference: Your letter to John Puwis dated 17 Mar 95, same subject 

Dear Mr. Phillips: 

In the reference letter you asked Boeing to provide information concerning the 
use of certain Raychern manufactured wires on Boeing airplanes. The letter 
describes Mr. Edward 8. Block's belief that the insulation materials for 'Poly-X, 
Raychem 55 and Stilan' wires break down in the presence of water, hydraulic 
fluid and deicing fluid and may resuft in stray or spurious signals emitted from 
the insulation cracks. He also reportedly states that this breakdown may 
cause stray signals to adversely affect aircraft spoilers and autopilots. Finally, 
he reports that the U.S. Department of Defense ordered the removal and . 
replacement of 'Poly-X, Raychem 55 and Stilan' wires installed on Grumman 
F-14 aircraft because of known deficiencies. 

, 

Before we reply to your specific questions, we would like to provide some 
background information. Before wires can be purchased for use in Boeing 
commercial airplanes they must be 'qualified' to Boeing material 
specifications. These Boeing materiai specifications are similar idnature to 
the Military Specifications (Mil Specs) that govern electrical wires and cables, 
however, they typically contain additional perfo,mance and manufacturing 
handling requirements. We qualify new wire products to the Boeing material 
specifications by testing them in our own facilities. The specifications are 
revised to address in-sewice problems, should they arise, and to incorporate 
improvements that become available. 

Boeing monitors and corrects in-service problems reported by our customers, 
the FAA and foreign regulatory agencies, our suppliers, component 
manufacturers, other airplane manufacturers, etc. If we hear of problems from 
any of these, or other, sources that we do not already understand, we research 
the reported problem in our laboratories to determine if it could affect the 
airplanes we make. Our intent is to study and address any significant 
problems before changes are required by regulatory authorities. 

c 7 
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The Raychem "Poly-X, Raychem 55 and Stilan' wires have all been 'qualified' 
and have been used with good success in Boeing airplanes. We have not 
experienced the problems Mr. Block alleges and we do not have safety 
concerns with these wires. 

Your specific requests for information and our replies follow: 
- 

Q 1 ) 'Any known adverse characteristics related to age deterioration of 
'Poly-X, Raychem 55, or Stilan" wire used in aircraft manufactured by 
Boeing. Also provide the details of any known deterioration of these wires 
that are related to the presence of water, hydraulic fluid, (or) deicing fluid. nL7'YW" 

A l )  We are aware of reports of radial cracks on Poly-X wires in some 
military airplane applications. However, we have not received reports of 
unusual or accelerated deterioration of insulation on these wires on Boeing 
c o mm e rci ai ai planes. 

In the early 703, we experienced high wire-to-wire abrasion in some Poly-X 
wiring installed in high vibration areas of the 747 airplane. This in-service 
problem was corrected by changing clamping locations, wire routing and 
installation procedures. We applied what we had learned from studying this 
situation to the design and manufacturer procedures used on later airplanes. 
We do not attribute this higher than expected abrasion to deficiencies in the 
wires and it did not result in any safety concerns. 

I 

The Poly-X wires were replaced by Stilan wired in production as a product 
improvement. We found in the laboratory that the Stilan wires are 
susceptible to deterioration with prolonged exposure to certain alcohols. 
This has not lead to in-service problems because the exposure times 
necessary to cause detedoratjon are much greater than that experienced in 
service. 

02) 'Any known or suspected failure of 'Poly-X, Stilan, and Raychem 55' . 
wire that resulted in an adverse effect to the safety of flight of a Boeing 

A2) We are not aware of, nor do we suspect, any failure of Poly-X, Stilan or 
Raychem 55 wire that resulted in an adverse effect to the safety of flight of a 
Boeing commercial transport category airplane. (This excludes cases of wire 
chaffing as the result of improper installation or maintenance practices, or 
wires damaged as the result of explosion, intense fire, etc.) 

commercial transport category aircraft.' 4 

Q3) 'Any design changes made to Boeing commercial transport category 
aircraft in response to electrical wire design deficiencies identified by the 
Department of Cefence or other government agency (other than the FAA). 
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A3) We are not aware of any requirement or procedure for the 000 to notify 
us of problems experienced on aircraft not manufactured by Boeing. 
However, as explained below, there are many sources of information from 
which we are able to learn of repoded wire problems. 

For example, in the mid 1980's the resistance to moisture and the arc 
resistance of wire and cable insulated with Kapton (Polyimide) insulation 
was the subject of much debate, particularly within the Military. (These wire 
were not manufactured by Raychem.) We investigated the situation by 
analysis of the Kapton insulated wire in the fleet and by analysis of many 
laboratory tests. Although the in-service performance of Kapton insulated 
wire was extremely good, there was need for improvement. This lead to the 
development of a new Boeing specification for wire that is now common use. 
It is not possible to identify the DOD or any other single source of the 
information which led to Boeing taking this action. 

BnE'NG 

04)  "Any program, policy, or procedure that Boeing has in place to review 
material defects or discrepancies that may be identified by another aircraft 
manufacturer.' 

A4) It is Boeing's policy to monitor problems reported by our customers, the 
FAA and foreign regulatory agencies, our suppliers, component 
manufacturers, other airplane manufacturers, and others. There is also 
frequent interchange of information as the result of our membership in 
national technical committees and contact with counterparts in other airplane 
manufacturers. The aircraft wire and cable community is relatively small and 
it is relatively easy to keep up to date on the problems reported by others. 

We should also point out with regard to Mr. Block's reported suggestion that an 
insulation breakdown may cause stray signals to adversely affect airplane 
systems, that even if insulation is deteriorated, it does not necessarily follow 
that a stray signal will adversely affect 'the safety of the airplane. Airplane 
system redundancy and wirdwire bundle separation, minimize the possibility 
of a wire anomaly, from causing a safety problem. 

If The Boeing Company can be of further service, please do not hesitate to call. 

Very truly yours, 

Director, Air Safety Investigation i 

Orgn. 6-UO18, Mail Stop 14-HM 
Phone (206) 655-8525 
Datafax- (206) 655-8533 



MCDOUNELL DOUGLAS 

Douglas Aircraft Company 

C 1-255-LLF-95-422 
July 20, 1995 

Mr. Gregory J. Phillips 
National Resource Specialist-Airworthiness Engineering 
National Transportation Safety Board 
490 L’Enfant Plaza East, S.W. - Room 5330 
Washington, DC 20594 

Subject: Raychem Electrical Wire 

Reference: NTSB letter dated 17 March 1995 to Steve Lund 
of Douglas Aircraft Company fiom Greg Phillips 

Dear Mr. Phillips: 

Representatives of Douglas Aircraft Company P A C )  and hfcDonne11 Douglas 
Aerospace (MDA) have reviewed the subject letter and applicable files involving the 
versions of “Poly-X, Stilan, and Raychem 55A” electrical wiring manufactured by 
Raychern Corporation and used in DAC commercial transport category aircraft. DAC 
instailed “Poly-X” wire only on early production DC- 10 aircraft. 

In response to the four questions in your letter, DAC offers the following information: 

1. DAC is not aware of adverse characteristics related to “age deterioration” of the 
versions of “Poly-X, Raychem 55A and Stilan” wire utilized on DAC commercial 
transport aircraft. In addition, DAC is not aware of any deterioration of these 
\vires related to the presence of water, hydraulic fluid andor deicing fluid. 

During the first six months of 1978, DAC became aware of instances of “Poly-X” 
wire insulation wear damage caused by wire chafing in high vibration areas of DC- 
10 aircraft. Many of the wires were associated with the flight guidance system and 
some were autoland critical wires. DAC issued DC-10 Alert Service Bulletin 
X4-99 to inspect and test these wires, DC-IO Service Bulletin 24-99 to replace 
the “Poly-X” wire with an approved alternate wire (Stilan, Raychern S A  or 
Kapton) and DC-10 SeMce Bulletin 24-98 to revise bundle supports and clamping: 
in high vibration areas. In addition, the F U  issued Airworthiness Directive 79- 
05-0 1. 

I 
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During 1976, DAC became aware of a DC-IO wheelwell wire bundle failure 
involving “Poly-X” wire. The failure occurred on the ground after the wheelwell 
had been washed. DAC detennined that the most probable cause was wire 
insulation failure due to overstamping of the wire identification in combination 
with the highly conductive cleaning solution which resulted in subsequent arcing. 
This particular failure could occur with any electrical wiring and is not peculiar to 
wire manufactured by the Rachem Corporation. DAC All Operator Letter (AOL) 
10- 1065 was issued to advise operators of this occurrence. 

2. DAC is not aware of any known or suspected failure of “Poly-X, StiIan, or 
Raychem 55A” which resulted in an adverse effect to the safety of flight of a DAC 
commercial transport category aircraft. 3 

3. No design changes have been made to any DAC commercial transport category 
aircrafi in response to electricd wire design deficiencies identified by the 
Department of Defense or other government agency (other than the FA4). 

4. With regard to any program, policy or procedure that DAC has in place to review 
material defects or discrepancies that may be identified by another manufacturer, 
DAC states that in addition to informal industry-wide channels, DAC participates 
in the Government Industry Data Exchange Program (GIDEP) and industry 
associations. 

J In summary, DAC believes that the versions of “Pol -X, Stilan, and Raychern 55A” 
wire used by DAC on commercial transport category aircraft are suitable general 

For your convenience, I have enclosed copies .of the I ollowing documents: 

throughout the service life of the aircraft. 
purpose wires provided that the wiring is properly h I . dled, installed and maintained 

1. DC- I O  Service Bulletins A24-99,24-99 and 24-98; AD 79-05-0 1 ; and AOL’s 10- 
1073 and 10-1073A which relate to wire chafing in high vibrations areas. 
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2. AOL 10-1065 which relates to the wheelwell wire bundle failure. 

3. AOL’S 10-1288, 10-1407, 9-1478, 9-14784 8-949, 10-1724 a d  10-1724A which 
relate to general purpose wire replacement programs on DAC commercial 
transport category aircraft. 

Please do not hesitate to contact me if you have any questions or desire additional 
information. 

Very tnlly yours, 

Larry L. Fogg 
Senior Principal Specialist 
Design Assurance & Safety 

LLF: bew 
Enclosures - Noted 

OOUOLAS AIRCRAFT COMPANY 



Boeing Cornrnerclal Airplane Group 
P.0 Box3707 
Seattle WA C81?4 7707 

4 May 1998 
B-B600-16400-ASl 

Mr. R. Swaim, AS-40 
National Transportation Safety Board 
490 L’Enfant Plaza East, SW @ Washington DC 20594-2000 

#n!’!‘”& 

Subject: Electrical Wire Hot Stamp Marking, TWA 747-1 00 N93119 
Accident off Long Island, NY - 17 July 1996 

Reference: Your Email to D. Rodrigues dated 16 March 1998 

Dear Mr. Swaim: 

The reference message stated that there were some open questions from the 
group notes taken at Huntsville, Alabama in early 1997. The questions we 
believe concerned electrical wire hot-stamp marking. Following is the 
information requested on this subject: 

1. Boeing was asked to research in-service difficulties with hot-stamp 
marking of the BMS 13-42 wire type. 

We have had no problems or reports of problems with hot-stamp marking of the 
BMS 13-42 (known as Poly-X) type of wire. We have seen occasional 
occurrences of radial cracks in Poly-X type wire on in-service airplanes, but 
thare vias n~ indication of afiy arcing Or other daxiagzs. LZSGK~~G;.~ amlysis of 
these radial cracks associated with Poly-X type wire shows that mechanical 
stress, moisture, bend radius are contributing to the radial cracking phenomena 
of the Poly-X wire. 

2. What is the maximum specification depth for the hot-stamp marking? 

Boeing Process Specification No. BAC 51 52, “Identification of Electric Wire and 
Wire Bundles”, provides the detailed information on wire marking. The 
specification does not provide the maximum depth for the hot-stamp marking. 
However, the following parameters are controlled in order to preclude any 
damage to the wire; pressure, dwell time, foils type, typeface requirements, 
temperature for the hot-stamp machine etc. We believe that if all of these 
parameters on the hot-stamp machine are maintained properly, there will be 
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proper hot-stamp marking on the wire and the wire will be able to withstand the 
RMS potential of 1500 to 4000 volts at 60 HZ. 

If you have any questions, please do not hesitate to call. 

Very truly yours, 

John W. Purvis 
Director, Air Safety Investigation 
Org. B-B600, M/S 67-PR 
Telex 32-9430, STA DIR PURVIS 
Phone (425) 237-8525 
Fax (425) 237-8188 

cc: Mr. A. Dickinson, IIC 
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A NEW EXTRUDED ALKANE-IMIDE WIRE 

.. . -  - -  

APPROACH 

W i r a  initially manufactumd to MtLWBIM4 had sovud rk.nuglr ovr prwieJs inrub 
tion rynrnr From a functional point of vim werr lightor in might. &la and 
genera1:y mol0 durable than th.ir pl- Mado aitirdy of molt rxaudable mtu- 

islr. MIL-I-81044 wirr could be procsrad, w i q  comtiorul oxtrurior, tahnimq at  

speedsin ex- of 1,OOO feat prr minutr. In d-iq a insulation sykn, OM of 
the major a i t r i a  was to maintain tho pod  p r o m  of a continuous inrutation providd 

by malt rxnurion. In addition, it WII band mcessmv to improw soma of th. proporties 

of tho oarlir products, Tho principal om was assxhtd with tho maintotma of mahm- 

id dunbility of tho wirr at its rated tapratura In addition. sorm of the M.y.c aircrah 

hydraulic flu& attackrd thr MIL-W-81044 winr at dwated tomperatura Thus, im 

prowmont in mctunical strength and fluid r e  b t  e h v n d  tapmatures b.anw 

principal daw objactivcr. 

- 

POLYMER DEVELOPMENT 

Our resouch md drnlopmont laboratories begm UI atmrin scrooniq pogmn in a 
search for ukring bau polymrn whid, oxld I.M as the foundation for a MII* wire 

inwlation syrtan. Polymers examined inchrded ionomrs. poly~lbacitr, p o l y p t m y ~ m  

oxidr, polyatlfona and a rmgo of p d y h k k i  Nono of by i w H  satisfactorily met 
all of tho aitui. dmcribed arlir. The imido polymar dd. bormver, show weat promk. 

a i d  it WOI da&d to conantrata the most effort in this arm Polyimida werr f i rn mdi 

a t  tho du Pont laboratories presumablb(y in tho wmly 1 W r  for in 1945 tho f irst patont 

1 



was irared doscribing them pdvma Apprmtly link work was dorr on t h  in tho 

n u t  doculo. Tho imide polymr,whoaChankd formulation is illus&atd Wow {Fig I), 
is v . r y  tough, has oxdlemt mahnicl l  propmies 3wouduut I widr r rq .  of 

t u r q  but is difficult to process 

r 

FIGURE 1. 

When m commmcrd work m decided to r-mino tho a i r 0  polyLnidr f idd.  We r e  

confirmed th. fact that tho muwrfrtur of a melt proccnrblr uom& po~yimide was 
not cumntly tmchniolly f&Ma W. tJw.forr concontntd on ttu creation of I new 

d.sr of J ' w k  polyimida which rrould o v e r ~ w ~  soma of tho d k d u n w  of such 

mruri.ls which had beon discadd a unintratting sevwal y s n  ago. A b  a major re- 

s r c h  rffort a now alkar6mido porvmSr was poduad which was atrwnely tough at 

room tanpmtun, had high Nength a &vatmi tampaatura. was radiation uorrlinkable 

and could bo proclswl at very h* qmds on awnontional wur Wl i  equipmmt To 

mwufacturr tho polymw. hoacver. a sfmcidly d a w  plant was conSruW. A portion 

of it is pictured in Figure 2. The abn~- imidr  polynwr which was was d e  

to have all of the =perm popatk Of th. o k h  MIL-W-81044 wirr and. in 

Jddition, to have improved high tempcrmre mechand mrngth a d  chemical ressunce. 

2 
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FIGURE 2. 

The penaral physical and electrical propeftk of this polymer YZ Iktd below (Fio 3). 

PHYSICAL AND ELECTRICAL PROQERTIB Of MICANE-IMIM POLYMER 

Prownv 

Tensile Str.npth 

-- 

E m t i o n  

D d r t r u  Conslm? 

Ddparan Factor 

Metnod of T n t  

ASTM 0 1505 

Infiend. DSC. X a v  
O i f f r a a m  

ASTM 0 150 

As'Tkr D 150 

300% 

2.77 (50 I+? to 1 00 KHz) 

0.0007 -0.oOOe (50 Hz to 1 0 0  KH, 

FIGURE 3 

I t  can readily be seen that the slkaoeimide polymer has gat strength over a wide tcm 

parature rdnge and has excellent electrical properties. This suggests that thinner inwlb 

rions than have ha;rtofore been commoniy used may be technually feasible. 
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ALKANE- 
~ P I E D  AROU 

IMIDE POLYMER 
A n c  

B 
CLASS 2 

FIGURE 4. 

In both, m rlkano-imido p d y m a  I .yr k ortrudd next to tha con6ctor. In cam A, a 
sand layer is utruded om thr fim Tho ouwmost oovaing CoIIpO of savual wry 

thin layon of modifid romatic polyimdr which setvo as tho @ for e cornpatiwe 

polyimida coat which onisr  tho color. B i n g  aatructd of two Q mor0 biuic layom, 

each win provides an iwlrtion ryrtmn wi'n natural hrriors rQinrt notch proprgnion. 
All pvtr of tho total inruWion r+stmn YI pdyimida, thus .voidirg soma of tho prob 

lrm .pocNud with mrlior mixd pdyirniddnon-poiyimido insulation sysmm whaain 
the inaulatiq matrids had vatly diffumt physical prop.rties. 

Tho ruggal mdwnical popartia of thr bmu rlkaWmido polymu pormit tho UII of 

thinnrr insulation. fhur it is possible to rhim tubrDnthl rpra rd wow savings. At 
tho ~ u l w  time. most of ah. basic handling omprtisr are improvd mer pwiars wira  

Tha imuktian rystm described horrin is pocarud at tom- which prrmit tin, 
silva or nidtd plated c o w  conductor to k d. Othu pdvimid. insuktions 

uta tho uw of only sikw or nickel plated coppa condwtor. 



WRE PROPERTIES 

CLASS 1 

MIL-W-SOBB/l - 
A tin mtd copper conbaor inrulatod with 14 mils of plyvinyl &lorid. ud 3 mils of 

nylon, rrtod at 105 C. 

A tin cortd coppor conducUn insulatd with 15 mils of crosslinkd polyalkau nd 5 
mils of a i n k o d  polyvinylidaw fhrorid.. ratd 150 c. 

MI L-W-8 104419 

A tin coated copper conductor insulatd with 10 mils of vaalinkd polyalkena and 5 
mils of crosslinked polyvinylidau fluorid., tatad at 150 C. 

Akionalrnid. - m0811 
A tin mtd cow conductor insulated with 8 mils of aoalk*d d k m i m i b  polymrr 

and 2 mih of a modified pdyimido, r a t d  a t  150 C. 

Kapton' - OW616 -- 
A silvor 01 nidrrl mud copprr con6ctol inulnsd with Z c0ntnhdi-z~ lpolW trpa 
Tho first t p r  d of 2 mib of polyimido autod on on r u m f o  with 1/2 mil of flua. 

itutod s t k y k n  p m p y k n  polymr whil. tho is J lmil thid polyimido film 

oa both ur?acm 4th 1/10 mil of fluorinatd othylrr  propykn polymr. Oua 
tfma tapes. which YO huad togothof with i nomid 50% owflap, J 1-mii t h i  cola 
coat of d i n  of flwuiratod a t h y l w  prowlone polymers is q@id Tho wiro is 
mod at 200 C. 

TFE/H 

A dlwr or nidrd mtod conkraor insulated with 7 mils of polytao~fhmethy- 

lam OVII which is plrad 2 mils of a polyimidr. This wiro h rated n 200 01 260 C, de 
pmding upon tho costing on the copper conduceor. 
*du ?om t r w m w h  

5 
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FIGURE 5 
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MECHANICAL HANDLING 

There is no skqle test of mschvnial hndling which can fully d-ib a wire. R a t b .  a 

combination of tests. both of a stalic and dynunic nature YO gonorally used. The u~tr 
should seek to dupliutr not only the problems mcciatcd with inmll!ng a pt.a of wire. 

but also the t y p ~  of sarvira it will rn a f t a  it is applied. Fivr such tau ham km run ocl 

thae wires. They are: 
1) Tapoabrasion 

2) ScraPOabbnrion 

3) 
4) Sutic cut-thrargh 

5) Notch sensitivity 

Dynamic cut-throug - room tanprra@:re and elwated tempmature 

The tape abrasion M conformhg to MIL-T-5438 (Fig. 6) measure tho number of incha 

of an abrading upr required to wwr throuoh t%r iaulation to tho conductm. Tho - I t s  
of rhb test arr primarily dcpandm( u ~ o r l  the thick- of tho insulrrlon ud -ily 

on the tough- of thf~ imktbn The to51 k deigned to simulrt. the abrading of a wire 

inlation during installation d poPiblo sub6oquont vibration-.braion in service. Tho 

rearla of abrasbn testing YI rhonn in Fa- 7 and 8. 

-. 

FIGURE 6. TAPE ABRASION TESTER 
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I I 
FIGURE 8. 

The 6u glclantd clearly drnomtrate tht the multa UI pirrurily dqmdmt upon tho 

thicknus of the itnulotion d only #condsrily on th. tm$~nesa of Thu imulnion. 

- The rnpa abrasion test tnemros the ability of the wire insulation to rarin tha reputd 

action of a rubbing sharp .dgl under load. This could simulate the action of a bundle of 

wires going :hrargh a hole of ~ I T U  Wpa w wound a rhvp fomr and p d b l y  k arb 

jacted to vibration or q m t d  minor flax@. Thr tast md b th. G I l v J  El& typa 
R w t e d  Scrape Aklrlon nuchin in which a 5mil d g a  k m u d  back rd forth bngitu- 

d i d l y  a ~ o o  t h  wire insulation. Tho tester and i ts  o w t i o n  are Illustrated in Figs. g 
ud 10. R s ~ l t s  af thr rcrrpr rkaiOn l d n g  we rummrizd in F * s  11 and 1 2  

- - - -  . 
. .  

FIGURE 9. 
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FIGURE 10 

SCRAPE A B R G I O N  TESTING OF VARIOUS C U S S  I WIRES 

MIL.W.5086/I M1L.W- M1L.W. Alkanrlmad. Kwion TFEIH 
81044% 81044/9 8810811 a29/616 -- -- 

C v c l a  io scrape 

12.5 Ib IcwdJ 
throuM n 25 C 70 1 9 5  75 90 n i s  

FIGLRE 1 1  

SCRAPE ARRASlON TESTING OF VARIOUS C L I f s  2 W I R S  

MIL.W-16878/ M1L.W- AIkrr-lm& Kmim 
8 10441 12 88AOlll 019/616 - EN 

Cvclcr to =raw 

(1 Ib. load) 
rhroucjr a1 25 C 552 107 250 15 1 

I 
FIGURE 12 

In analyzing me results of the scrape ahrasion taring of the Class 1 wires. it IS c k w  rhn 
the MI L-W-81044/6 wire with i ts 2 0 m l w a l l  has the best scrape abrasion res is tam HOW 

ever, the 10-mil wall a lkmclmide 88 type wire has <lgnifiur.tly bene scrape abrwwon 

resistance than any of the o thw wires tested and is far superior to the other ntwer lhi- 

9 



wall w i n r  Tha Clar 2 wires tested do0 show vay similr mks. Tho UIL-W-l6878/BN 
wk0 which h u  a13-mil mll bth. krt Th. alkanrimido tvp wkowith J &nilwall b 
again mporior to tho othr wira tostd The rd.oDn for tho hi@ rap. rbraion resistma 

of th. atk~~Wmido 88 typo UriN b duo (0 its tou@nar (hM r0bW md th fact thn - 

it is a continuow mdt oxtnrdd, awnpktdy compatible polyimido systan. 

Tho static and dynmic cut-through measura tho ability of J w i n  inukion to nrkt 
tho ponetrotion of a slurp dgr In tho dynamic test a 5 m J  dgl bfocad into thowin 
'wlrti n a n t o  of .2 inch pw minuto o w  I wid0 r q  of tmporatursr Tho fora 

required to p a m r a u  tho ineulrtion is rhar m~arred. In tlu stnic art-dwugh test. tho 
inruktsd w i n  is p l w d  bstwan a flat m r f a  nd a s m 3 d g l  bdrd withr Mt 
Tho m i m u m  wi*t which a n  k upported tw 8 giwn prod ot timo without inrub 

tion cut-through is both a moatan of tho smngth of tho Lauktion at trmpcrmwr nd 
tho r&tanco of tho insulrtd wiro to bng twm =Id flow.Thotrrtsimulrtaacondition 

whom a wiro u in d i m  a rhrp ownr. a. with 

mmo forco on it for m o  timc Tho tost equipnnt for dynanic --through is *,own in 
 fig^ 13 nd 14. Tha rmub of tho dynmnic cut-through OaU m dopiad in Few i5 
ud 16. Tho tart oquipmrnt for static art-through is rhon, in F i g  17. Thr results for 
tho ~ i c  cut-through M .n in F i s  18 and 19. 

with a sharp objoct such 

FIGURE 1 3  
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FIGURE 14. 
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50 100 150 200 250 
TEMPERATURE C 

FIGURE is. DYNAMIC Cur - r i iRouGn cuss i WIRES 
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50 100 150 200 250 
TEMPERATURE C 

FIGURE 16. OYNAMIC M-THROUGH C I A 4  2 WIRES 
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FIGURE 17. 

W O N  25C 
029i616 ,sot 

I 

POUNDS TO CUT THROUGH IN 30 MINUTES 

10 20 30 40 50 

r 

r 

r 
U 

FIGURE 18. STATIC CUT*THROUGH OF CLASS 1 WIRES 
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POUNDS TO CUT-THRCUGH IN 30 MINUTES 

15OC I 
ALKANE- ZSC 
IMIDE 
-0111 15oc 

MIL-W- ZX 
8 1 W 1 2  ,50c 

FlGUAt 19. STATIC CUT-THROUGH OF CLASS 2 WIRES 

In th. * m i c  cut-%!rough t.st tho very h w  modulus Kapton wVinr h th hwat 
m-through v a l u a  The Jkaiwimidr 88 type wins haw nry signifwnrty hmr cut. 

though valua than any of tho other wires M. Indeed. wen ~t tanpratwu well in 

uxccss of its r a w  tomp.raturr, cho rlkaneimide 88 type wire ha, cut-thrargh vJua 

highor than the v a h a  obtained for all 0 t h  norrimid. w k a  at  their ratad -ra. 

In the static cut-through test, only the Kapton and Jkaneimido 88 tvp wires ahbitad a 

s + i f i i t  mount of static cut-through resistance at 150 C. The Kapton wiro rhowrd lit. 
[le chnp. in cut-through from room temperaturo to 150 C. Althou@ tho alkuwimid. 86 
typo wiro fell off soma a t  its rated temperature, it was woerbr to all tho other w i r a  when 

tested at room temprraturo and tar superior to dl the OW wires when testa at 150 C. 

Tho notch sensitivity test measures the ability of a wire to r&st having a notch oenotrata 

t h r m  to tho conductor. In this test. a 3 to 7-mil notch is modo in tho wiro w h h  is sub. 
~ c ~ e n t l y  k n t  and subjected Io a dielectric withstand test (Fig. 20). This tes~ rimulatos 
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_ _  STLP 1: NOTCH SPECIMEN 

NOTCHING FIXNRE 

STLC 2 WAAC SPECIMEN 

NOTCH IN INSULATION 

FIGURE x. NOTW sEHslnviTy TEST 

.m4 .w4 .oo( 

P m  pr C I I  

.a8 .m .006 

P m  P r  P m  

.om .Ool .un 

P r ,  l l4Pam 1 1 4 P m  

FIGURE 11 
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CLASS1 A 

YULTIUYER CONSTRUCIION 
WITH WXH ?ROPAGATlON BARRIERS 

cuss2 B 

FIGURE 23. 
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SHOP HANDLING 

b 

I 1 

i I 
FIGURE 24 

It can k sam that the rlkanrimid. wire b d i l y  m i p p a r r d ~ t o  k ruprior 
to ywlw of tha 0 t h  wires tostud. 

The new 88 typo wire described in this Q- o f f a  OM othr nm thin d l  
w;ra kaur of the .IS. with which it un be pamamdy hot rtmpdrt high- 

Typial foils ~rr:  K i d r y :  K-486 ud K 4 6  
M. W. Swift & Sorrr: C-20114 nd C-20118 
Howmet Cow., Rolled Dwirim: 8414 

Details of I9pliath we IW below (Fig. 25). 

18 



FIGURE Is. 

Usus  of 88 tym wire report that thay me sblr to procat 35,OOO %et of wim 01 shift 
through automatic cutting, stripping nd mrkirp oquipmmt. 

FIGURE 27. 
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1w a 4  wilt 

FIGURE 2s 
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FIGURE 29 

As can be seen all wiras are comiderably bettar thrr MIL-WSOBB in thin test. A Lcond 
r y p  of test which is different from tho firn is a vertical UsI in which &a wko is bumd 

in a small draft-frw enclosure. 

The apparatus ured in thb test is illustratd below (Fb 30). 

FIGURE 30. 
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In this ran. a soh yellow f lme  is applid to the mippd ad of thr m for 12 socon&. 

fhe kngth of timo for flm extinction. and d i s t m a  b u r 4  n mcmmd. It is a b  

sibla to got m o  measurn of the relatiw quantities of mako p e t a d  nd an indication 

of how irritable this smoke is whm inhldd. The last two 11y.111- m, of COLI-, sib 

j a t h ,  but n8vmh.lar ghm some idea of relative ranking a rho*n m the fdlowing 

tabh (Fig. 31). 

FIGURE 31 

As can be soen all of the mnrtructions are vastly superior to th. MIL-W-8 wire. Tho 

afur-burn of Kapton 0291616 and TFE/H wires is zero imlbting outrunding p.rform 

mea. Ho~wer, thy appear to generate a very small amaufi of highly irritabio smoke. 

Th. alkaneimide type 89 wire burns more vigorously thn cirhr of th &ma wins. T h  
small mount of smoke genaated appears to k innocuaa Tho chszial nawro of thr 

inurlation viol& ~ p o n  burning hydrowbon gaWou8 speck Thu am known to k rel, 

tively nort-toxic. 

ELECTRICAL 

All the wires tested in this study have adequate electrid prOpma Listed Mow in 

Fig. 32 are m e  typical electrical properties for h Jkumimde 88 t v p ~  wirc  

.. ... 



HEAT RESlSTANCE 

OXIDATIVE STABILITY O f  ALKANE-IM'W AM0 M I L - W a O U  160 C ?JlRES 

i 

FIGURE 33. 
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NAVY WIRE INSULATION REPORTS 

NAVY LETTER OF DEC 16,1999 

NAFI-TR-2 145 

NAFI-TR-2 199 

NAFI-TR-220 1 

NAFI-TR-22 10 

NAVY MEMO OF 9/20/85 



DEC-16-1999 16:19 NFlUAIR PUBLIC RFFRIRS 

DEPARTMENTOFTHENAVY 
NAVAL A!R SYSTEMS COMMAND 

NAVAL AIR SYSTEMS COMMAh D HEAWUARl€RS 

PATUXENT RIVER, M A W  NO 2 0 6 7 0 1  507 
471 23 BUSE ROAD, UNIT Y 

301 757 1525 P.81/81 

5000 
PA0 

16 Dec 99 

Robert L. Swaim 
Systems Group Chairman, TWA 800 Investigation 
National Transportation Safety Board 
490 L'Enfant Plaza, E, SW 
Washington, DC 20594 

Mr. Swab, 

Your request to place four NAFI reports concerning testing an3 aging properties of different ypes 3 l ' w i r e  that 
were released in the 1970s in the public docket as background for your investigation is appro ~ e d .  

You may place the reports listed below, and their appendices, n the public docket as background fijr your 
investigation, provided you redact names of suppliers in the qpropriate places as previously iiscu wd: 

Naval Avionics Facility (now the Wiring Qualification Group of Raytheon Systems Cornpity) repjrts titled 
"Fluid Resistance Testing Of Electrical Wire Used in Aircraft .4nd Missiles" comprised of: 

NAN-TR-2 145 
NAFI-TR-2 199 
NAF'I-TR-220 1 
"I-TR-22 IO 

Your point of contact in this matter is John Milliman who may be reached at the address above, by >hone at 
(301) 757-6638 or by ernail at millirnanic@navair.navv.mil Please feel free to contact him if you need ar y further 
assistance. 

Lola R. Hilton 
Director of Corporate Communications 

1 T I T W  P.81 
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PREFACE 

Th is  report describes an investigation into the ab i l i t y  
of  the insulation on a i r c ra f t  e lectr ical  wire t o  withstand immersion 
in various cleaners, paint removers, e t c . ,  which are used on a i r c r a f t  
surfaces. 
specifications were tested by immersion in thirteen solvents or 

Seventeen wire samples specified b y  three mili tary 

f icat ions.  f l  ui ds specified by seven mi 1 i tary or federa 

This work was performed for  NAVAIR 

spec 

under 
No. N001976WR68881 BCN AKA11 Appn. 1 7 6 1 5 0 6 . 4 5 B F .  

Work Request 

zu@% __ .. - .  

PREPARED BY: 
W. D. WATKINS 

---- 
Organi c Mate r i  a1 s Branch 

B 
B .  C. VAUGHN, Manager, Materials 
Laboratory and Consultants Division 



AB ST R ACT 

Electrical wiring in Navy a i r c r a f t  often i s  subjected t o  
inadvertent exposirre t o  solvents and chemicals used t o  clean the 
a i r c ra f t  surfaces i n  the course of maintenance operations. Wire types 
purchased t o  MIL-W-22759, MIL-W-81044 a n d  MIL-W-81381 are used in 
a i r c r a f t  wiring. 
Each has solvent resistance requirements employing l iquids such as 
j e t  fue l ,  hydraulic f lu id ,  e t c . ,  which are  used by the a i r c r a f t .  
The testing reported herein employs thirteen cleaners o r  solvents 

which are purchased t o  mili tary or federal specifications and used on 

a i r c ra f t  surfaces. 
purchased t o  the above wire specifications was evaluated a f t e r  
immersion i n  the cleaners or solvents. 

These specifications are under N A V A I R  cognizance. 

The insulation on seventeen e lec t r ica l  wire samples 
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I I CCNCLUS IONS 

1. Only M22759/18-20-9 wire passed a l l  t e s t i n g  i n  a l l  t e s t  f l u i d s .  
This wire i s  a l i g h t  weight, tin-coated copper wire (AWG 20) i n s u i d t r , !  

w i t h  extruded ethyl ene- te t raf l  uoroethylene polymer ( E T F E )  . 
2. Wire types,  

M22759/18-20-9 ETFE Fluoropolymer-Insulated 
M81381/7-20-2 F1 uorocarbonlPolyimide Insulated 
M81381/7-20-N F1 uorocarbon/Polyimide Insulated 
M81381/ 7- 20- 9 F1 uorocarbon/ Pol y i  m i  de I n s u l  a ted 
M81381/ 11-20-N Fluorocarbon/Polyimide Insulated 
M81381/11-20-9 F1 uorocarbon/Pol yimi de I n su l  a ted 

pass the d i e l e c t r i c  withstand t e s t  a f t e r  f o u r  week immersion i n ,  
MIL-C-43616 (pH 5 9.8)* cleaning solut ion 
MIL-C-25769 cleaning solut ion 
MIL- R-81294 paint remover 
MIL-C-5541/MIL-C-81706 chromate conversion coating 

MIL-L-23699 lubricat ing o i l ,  synthet ic  base 
chemicals 

3. Only two t e s t  f l u i d s  induced f a i l u r e s  i n  MIL-W-81044 and MIL-W-81381 
wire. They were: 

TT- R- 248 
MIL-C-43166 (with pH 2 13.3) 

4. All wires met the requirements for " l i f e  cycle" tests o f  t h e i r  
corresponding purchase spec i f ica t ion .  
5. MIL-W-81381 wires w i t h  white cosmetic coating perform be t te r  t h a n  
the natural o r  red color modified imide coated wires in f l u i d  resis tance,  
however, they a r e  the poorest in potting pull-out s t rength.  
6.  If  pot t ing i s  employed w i t h  either white coated MIL-W-81381 wire or  
MIL-W-22759 ETFE wire, the surface should be t rea ted  f o r  be t te r  potting 
adherence. 

* NOTE: Two of the f i v e  MIL-C-43616 f l u i d s  used f o r  testing had pH 
values o f  13.3 and 13.4 i n  concentrated form, see Conclusion 3. 
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7 .  Surface treatments applied t o  some wires t o  increase p o t t i n g  
adherence had 1 i t t l  e e f fec t  on f 1 uid resi  stance. 
8 .  The most s ignif icant  information obtained on f a i l i ng  wires was 
obtained in the f i r s t  week o f  testing. 

I I I RECOMMENDATIONS 

The following recommendations should be considered f o r  

1. Review a i r c ra f t  maintenance instructions for  adequacy 
implementation as soon as practicable. 

in warning the user of cleaning f luids  of the danger t o  a i r c r a f t  
e lectr ical  w i r i n g  inherent i n  h i g h  pH cleaning f luids  and i n  p a i n t  

a n d  lacquer removers. 
2 .  Request the custodian of MIL-C-43616 t o  revise the 

specification so tha t  b o t h  the concentrated and 1:4 di lut ions be 
tested fo r  pH. Reduce the pH requirement from 12 t o  11 maximum, 
the requirement t o  apply t o  bo th  the concentrated and 1:4 dilution. 

Request the qualifying ac t iv i ty  for  MIL-C-43616 t o  
perform the pH tes t ing on concentrated and 1:4 dilut ions for  product 
review information. 

overhaul f a c i l i t i e s  that  no MIL-W-81044/16 through /19 wire be used 
as new or  replacement wire in Navy a i r c ra f t .  

in service t h a t  were wired with MIL-W-81044/16 t h r o u g h  /19 wire for  
insulation damage. 

6. Request the custodian of MIL-W-22759, MIL-W-81044 and 

MIL-W-81381 t o  change the solvent resistance t e s t  procedure so t h a t  
additional solvents are added and t e s t  time i s  extended to  one week. 
Serious consideration should also be given t o  changing the specimen 
maximum loop diameter d u r i n g  immersion. 

3 .  

4. Instruct  the a i r c ra f t  manufacturers a n d  Navy repair  and 

5. Inspect on a regular basis a l l  Navy a i r c r a f t  currently 

2 
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7. Request the custodian of MIL-W-5088 t o  add a new 
requirement i n  Appendix A which establishes "overbraided harness" 
as a separate item a n d  adds  the requirement, "Open harness or 
overbraided harness containing MIL-W-81381 wire shall not be used 
i n  wheel well, stores pylons or SWAMP* areas. 

I I I I I NTRODUCT I ON 

The Naval Air Rework Facil i ty,  North Island (NARF-NORIS) 

Their findings showed t h a t  some of the 
recently reported on an investigation of the f lu id  resistance of  
a i r c r a f t  e lectr ical  wire'. 
commonly used a i r c ra f t  wire insulations were deficient in the i r  
resistance t o  certain fluids.  I n  addition t o  chemicals such as 
a lkal ies ,  acids, alcohols, aromatic and a l ipha t ic  hydrocarbons, 
es te rs ,  ketones, and chlorinated hydrocarbons, the f lu ids  evaluated 
i ncl uded a t e t r a  e s t e r  1 ubri cati  n g  oi 1 , a synthetic hydrocarbon 
hydraulic f luid and a MIL-R-81294 paint remover. 

Of the wires tested only Teflon@ TFE and Tefzel@ ETFE 
types specified by MIL-W-22759 were not degraded by immersion i n  any 
of the t e s t  f luids  for periods u p  t o  and including 8 days. 
found i n  b o t h  MIL-W-81044 and MIL-W-81381 with the modified imide 
topcoat were adversely affected by one o r  more o f  the f luids .  I n  
general the fluorocarbon/polyimide insulation o f  MIL-W-81381/1 a n d  /11 
and the crosslinked alkane-imide type of MIL-W-81044/16 and /18 did 
n o t  perform well in h i g h  pH solutions and  in the paint remover. On 
the other hand  the polyarylene insulation of MIL-W-81044/20 and /25 
wire, while res i s tan t  t o  alkaline solutions,  did not perform well i n  
acidic ones. 

Wire types 

This insulation was also degraded by the paint remover. 

* - Severe Wind And yoisture - Problems 
Fluid Immersion Testing of Aircraft Electrical Wire, Report No. 03-76 
NARF-NORIS, dated 13 Feb 1976 

3 
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Many o f  t he  f l u i d s  employed by NARF-NORIS were formulated 

i n  t h e i r  chemist ry  l a b o r a t o r y  and some 'lacked p r o p r i e t a r y  i ng red ien ts  

which a re  added by manufacturers o f  c leaning so lvents  and p a i n t  

removers. 

NARF-NORIS was probably too  shor t .  

a v a r i e t y  o f  chemicals and so lvents ,  those chemicals and so lvents  

should be used i n  w i r e  i m e r s i o n  t e s t s .  The ac tua l  chemical o r  so l -  

vent con ten t  o f  many o f  t he  s o l u t i o n s  are n o t  c o n t r o l l e d  by the  speci-  

f i c a t i o n .  It i s  poss ib le ,  there fore ,  t o  purchase a c leaner  on a QPL 
l i s t  f rom two d i f f e r e n t  manufacturers and have two d i f f e r e n t  products  

both o f  which meet t h e  requirements o f  the  s p e c i f i c a t i o n  i n  a l l  

respects  i n c l u d i n g  c lean ing  a b i l  i t y .  

t o  MIL-W-81381/7 o r  11. 
(-9), others  na tu ra l  c o l o r  ( - N ) .  The outermost c o a t i n g  on t h e  w i res  

d i f f e r  i n  chemical composi t ion and the  i n s u l a t i o n  i s  n o t  a f f e c t e d  i n  

same manner by p a r t i c u l a r  s o l  vents.  

per form f l u i d  immersion t e s t s  f o r  per iods t o  one month i n  ac tua l  

c lean ing  f l u i d s  ob ta ined d i r e c t l y  f rom manufacturers l i s t e d  on the  QPL 
o f  t h e  s p e c i f i c a t i o n s .  

w i t h  several  c o l o r s  ( e i t h e r ,  red, wh i te  o r  n a t u r a l )  o f  the  outermost 

i ns u l  a t  i on 1 ayer  . 

It was f e l t  t h a t  the 8 day maximum i m e r s i o n  t ime used by 

Since Navy a i r c r a f t  surfaces a r e  f r equen t l y  c leaned us ing 

This "dual  product"  s i t u a t i o n  a lso  e x i s t s  i n  w i r e  purchased 

Some manufacturers supply wh i te  c o l o r  w i r e  

As a r e s u l t  o f  these f i n d i n g  N A F I  was funded by NAVAIR t o  

The w i res  chosen f o r  t e s t  were a l s o  QPL i tems 

Three o f  t h e  w i r e  samples obta ined had a p r o p r i e t a r y  sur face 

t reatment  t o  enhance t h e  adherence o f  p o t t i n g  compounds. These w i res  

were tes ted  t o  see i f  the  t r e a t e d  w i r e  performed d i f f e r e n t l y  i n  f l u i d  

irrunersion than t h e  same unt rea ted  types. 
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I V ,  MATERIALS 

The f luids  chosen for this  investigation are  as follows: 

T h i s  cleaning compound used by the Navy i s  water rinsable and required 
to  be 90% biodegradable. The f lash point i s  142OF (min) and the pH 
o f  a 1:4 water dilution must f a l l  between 8.0 a n d  12.0. 
t ion does not l imit  the composition of the cleaner; however i t  does 
l i s t  a comparison formula by which to  compare the cleaning efficacy. 
Five f luids  were obtained from four manufacturers. 

T h i s  i s  a non-flammable, water rinsable solvent type paint and lacquer 
remover. 
acid, benzene, carbon tetrachloride,  perchloroethylene, trichloroethy- 
lene, o r  dichlorethylene. 
carbons i f  shown to have no deleterious e f fec t  on the a i r c ra f t .  
There i s  no requirement for  pH. 
comparison formula. 
B o t h  contained methylene chloride. 

a paint remover containing organic sol vents, evaporation retardants and 
other ingredients. I t  contains no comparison formula and has no require- 
ment f o r  pH. Fluids were obtained from two manufacturers. 

4. MIL-C-25769, "Cleaning Compound, Aircraft Surface, A1 kal  ine 
Waterbase". 
contain sugar and  shall be 90% biodegradable. 
12.0 in a 1:4 dilution a n d  i t  i s  required to  contain 5 2 0.1% (by weight) 
ethylene glycol n-mono butyl ether. There i s  a comparison formula. 
Fluids were obtained from two manufacturers. 

5. MIL-C-5541, "Chemical Conversion Coatings on Aluminzy 
and Aluminum Alloys" and MIL-C-81706, "Chemical Conversion Materials for  
Coating Aluminum and Aluminum Alloys". These chemical compositions are 

1. MIL-C-43616, " C 1  eaning Compound, Aircraft Surface". 

The specifica- 

2. TT-R-248, "Remover, Pa in t  and Lacquer, Solvent Type". 

I t  must - n o t  contain phenol, cresol,  creosote o i l ,  cresylic 

I t  may contain other chlorinated hydro- 

Th c i f icat ion does not contain a 
Fluids were obtained from two manufacturers. 

3.  MIL-R-81294, "Remover, Paint and  Epoxy System". This i s  

This cleaning compound used by the Air Force must not 
The pH must n o t  exceed 

5 
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proprietary.  
plating department a t  NAFI. T h e  products involved are :  

They are used on a continuing basis i n  the production 

a .  Ridoline # 53 (pH = 10.0) 
b. Deoxidizer #17 (pH = 0.4)  
c. Alodine 1200s (pH = 1.9)  CI 

6. MIL-L-23699, "Lubricating Oil , Aircraf t  Turbine Engine, 
Synthetic Base". This i s  a synthet ic  d i e s t e r  base o i l .  

The wires chosen fo r  t h i s  investigation are as follows: 

fluorocarbon insulation on s i l v e r  coated 19 strand copper conductor 
(AWG 20) and i s  white ( -9) .  

imide with an imide topcoat. 
conductor (AWG 20) and  i s  white ( -9) .  
sources. The manufacturer o f  both wire samples i s  the same. 

imide w i t h  an imide topcoat. 
conductor (AWG 20) and i s  white ( -9) .  

polyarylene. 
and i s  white ( - 9 ) .  

polyarylene. 
and i s  white ( -9) .  

except t ha t  the polyvinylidene f luor ide  jacket  has been replaced w i t h  
polyarylene. The primary extrusion i s  polyalkene. I t  has a t i n  
coated 19  s t rand copper conductor (AWG 20) and i s  white ( - 9 ) .  
sampl e was obtained. 

insulated wire w i t h  imide topcoat. 
copper conductor (AWG 20) and i s  red (-2). 
three sources b u t  represent only two manufacturers. 

1. MIL-W-22759/18-20-9. This i s  an  extruded ETFE 

One sample was obtained. 
2 .  MIL-W-81044/16-20-9. This i s  a d o u b l e  extruded a1 kane- 

Samples were obtained from two 

3. MIL-W-81044/18-20-9. This i s  a s ing le  extruded a1 kane- 

I t  has a t i n  coated 19 s t r a n d  copper 

I t  has a t i n  coated 19 strand copper 
One sample was obtained. 

4. MIL-W-81044/20-20-9. T h i s  i s  a double extrusion 
I t  has a t i n  coated 19 strand copper conductor (AWG 20) 

One sample was obtained. 
5. MIL-W-81044/25-20-9. This i s  a s ingle  extrusion 

I t  has a t i n  coated 19 strand copper conductor (AWG 20) 
One sample was obtained. 

6. Experimental. T h i s  wire i s  s imilar  t o  MIL-W-81044/9-20-9 

One 

7 .  MIL-W-81381/7-20-2. T h i s  i s  a f l  uorocarbon/polyimide 

I I t  has a silver coated 19  strand 
Samples were obtained from 

I t 
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8. MIL-W-81381/7-20-2. T h i s  w i r e  i s  t h e  same as 7 above 

except  t h a t  t h e  topcoat  has a p r o p r i e t a r y  s u r f a c e  t r e a t m e n t  

adherence o f  p o t t i n g  compounds. One sample was ob ta ined.  

9. MIL-W-81381/7-20-N. This  w i r e  i s  t h e  same as 

except  t h a t  t h e  c o l o r  i s  n a t u r a l  ( - N ) .  One sample was o b t a  
10. MIL-W-81381/7-20-9. T h i s  w i r e  i s  t h e  same as 

t o  enhance 

7 above 
ned. 

7 above 

except  t h a t  t h e  c o l o r  i s  w h i t e  ( - 9 ) .  

except  t h a t  t h e  topcoat  has a p r o p r i e t a r y  s u r f a c e  t r e a t m e n t  t o  enhance 

adherence o f  p o t t i n g  compounds. 

i n s u l a t e d  w i r e  w i th  im ide  topcat .  
w i r e  except  t h a t  t h e  i n s u l a t i o n  i s  t h i c k e r .  

One sample was obta ined.  

t h a t  t h e  c o l o r  i s  w h i t e  ( -9 ) .  

One sample was ob ta ined.  

11. MIL-W-81381/7-20-9. T h i s  w i r e  i s  t h e  same as 10 above 

One sample was ob ta ined.  

12. MIL-W-81381/11-20-N. T h i s  i s  a fl uorocarbon/PolYimide 
It i s  t h e  same as MIL-W-81381/7-20-N 

I t  i s  n a t u r a l  ( - N )  c o l o r .  

13. MIL-W-81381/11-20-9. T h i s  i s  t h e  same as 12 above except  

14. MIL-W-81381/11-20-9. T h i s  i s  t h e  same as 13 above except  

One sample was ob ta ined.  

t h a t  t h e  t o p c o a t  has a p r o p r i e t a r y  s u r f a c e  t r e a t m e n t  t o  enhance 

adherence o f  p o t t i n g  compounds. One sample was obta ined.  

V ,  PROCEDURE 

Numeric and a l p h a b e t i c  i d e n t i f i e r  codes were ass igned t o  t h e  
w i r e  and f l u i d  samples r e s p e c t i v e l y  (see Tab le  1). 

n a t i o n s  a r e  used i n  o t h e r  t a b l e s  f o r  ease i n  c o m p i l a t i o n  o f  data.  

These code des ig-  

The f l u i d s  were used i n  t h e  concent ra ted  " s t r a i g h t  f rom t h e  

can'' form. T h i s  i s  t h e  usual procedure f o r  u s i n g  t h e  p a i n t  removers. 

Whi le t h e  c l e a n i n g  s o l u t i o n s  a r e  sometimes used i n  t h e  concentrated 

c o n d i t i o n ,  t h e y  a r e  u s u a l l y  d i l u t e d  f o r  use. S p e c i f i c a t i o n s  r e q u i r i n g  
pH t o  be measured use a 1:4 d i l u t i o n  w i t h  water .  

t i o n  s o l u t i o n s  were measured i n  concentrated,  1:4 and 1:9,  d i l u t i o n  

form. 

For t h i s  i n v e s t i g a -  
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Three specimens from each of t he  seventeen w i r e  samples 

were t e s t e d  i n  each o f  the  t h i r t e e n  f l u i d s  f o r  imners ion t imes o f  1 

day, 1 week, 2 weeks, 3 weeks and 4 weeks. To t e s t  a l l  combinat ions 

3,315 specimens would have been needed. However, t h i s  number was 
reduced t o  about 2,500 by e l i m i n a t i n g  some o f  t he  w i r e - f l u i d - t i m e  
combinations repor ted  by NARF-NORIS as  having no e f f e c t .  

s t r i p p e d  on an automat ic Eubanks w i r e  c u t t i n g  machine. The specimens 
were formed from the  2 f o o t  leng ths  by making a s i n g l e  t u r n  l oop  w i t h  

the  ends o f  t h e  w i re  run  through the  loop tw ice  t o  secure the  loop.  

The l o o p  was formed t o  a 1 i n c h  diameter on a r o d  o f  t h a t  s i z e  and 
the s t r i p p e d  conductor ends t w i s t e d  together .  I d e n t i f i c a t i o n  tags 
were p laced upon each specimen i n d i c a t i n g  the  w i r e  and f l u i d  code 

and t h e  t ime of immersion (see Photo 1 ) .  

The w i re  samples were c u t  t o  2 f o o t  l eng ths  w i t h  the  ends 

A l l  specimens ( # l ,  #2, and #3) are immersed i n  t e s t  f l u i d s  

i n  the  "as looped" cond i t i on .  

a l lowed t o  d r y  one hour a t  room ambient cond i t ions .  I t  was then 
i m e r s e d  i n  t a p  water c o n t a i n i n g  an an ion i c  w e t t i n g  agent f o r  1 hour. 

While s t i l l  i n  t h e  tap  water t h e  i n s u l a t i o n  was subjected t o  a 1 
minute d i e l e c t r i c  w i ths tand t e s t  of 2500 v o l t s  rms. The specimen was 

considered t o  have f a i l e d  i f  i t  d i d  n o t  pass the  d i e l e c t r i c  w i ths tand 

t e s t .  

A f t e r  imnersion, specimen #1 was r i n s e d  i n  tap  water and 

A f t e r  i m e r s i o n ,  specimen #2 was r i n s e d  i n  tap  water, 

t 
1 
I 
I 
a 
I 
I 
1 
1 
f 
1 
1 
3 unco i led  and al lowed t o  d r y  f o r  1 hour a t  room ambient cond i t ions .  

It was then subjected t o  the  "double reverse wrap'' on a 0.125" diameter 
mandrel as s p e c i f i e d  i n  t h e  s o l v e n t  res i s tance  t e s t  procedure o f  t he  
w i r e  s p e c i f i c a t i o n s .  Fo l low ing  t h i s  t h e  specimen was formed i n t o  a 

loose c o i l  and immersed i n  t a p  water f o r  1 hour be fore  being subjected 

t o  a 1 minute d i e l e c t r i c  w i ths tand  t e s t  of 2500 v o l t s  rms. 

1 
1 
f A f t e r  imnersion, specimen #3 was r i n s e d  i n  tap  water , 

unco i l ed  and a l lowed t o  d r y  f o r  24 hours a t  room ambient cond i t i ons .  

Next i t  was subjected t o  the  "double reverse wrap'' on a 0.125" mandrel , 
formed i n t o  loose c o i l  and immersed i n  tap water f o r  1 hour. The 

i n s u l a t i o n  was then subjected t o  a 1 minute d i e l e c t r i c  w i ths tand t e s t  
I 
I 
I 
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o f  2500 v o l t s  rms. 

A v a r i a t i o n  o f  t e s t  procedure t ime o f  immersion was made 

on one group o f  17 w i re  sample types. These were immersed i n  three 

f l u i d s  i n  succession as i s  done i n  MIL-C-5541 t o  form chemical con- 

vers ion  coat ings  on aluminum and aluminum a l l o y s  by d ipp ing .  
th ree  f l u i d s  were: 

The 

1. R ido l i ne  #53 (pH = 10.0). . .immersed 5 min (f=.17OoF) 

2. Deoxid izer  #17 (pH = 0.4)..immersed 1 min ( Z 7 0  F) 
3.  Alodine 1200s (pH = 1.9). . . immersed 1 min (=7O0F) 

0 

The pH values were measured a t  room temperature on samples o f  the  

f l u i d s  taken from the produc t ion  baths.  

immersion i n  A lod ine  1200s. 
One group o f  w i r e  specimens was a l s o  tes ted  a f t e r  4 weeks 

Twelve specimens o f  w i r e  f rom each o f  the  seventeen samples 

were po t ted  t o  a depth o f  1/2 inch,  s i x  i n  po lyurethane p o t t i n g  

compound (MIL-M-24041) and s i x  i n  p o l y s u l f i d e  p o t t i n g  compound 

(MIL-S-8516). 

f ac tu re rs  recomnendations. No spec ia l  p repara t i on  of t h e  w i r e  

surfaces was done except t h a t  t h ree  o f  t h e  w i r e  samples a l ready  had 

sur face t reatments.  

I n s t r o n  t e n s i l e  t e s t i n g  machine a t  a r a t e  o f  1 inch/minute.  

types were subjected t o  t h e  l i f e  cyc le  t e s t  o f  t h e i r  corresponding 
purchase spec i f i ca t i ons .  A l l  passed. 

The p o t t i n g  compound was cured accord ing t o  the  manu- 

The w i res  were p u l l e d  f rom the  p o t t i n g  by an 

F i ve  2 f o o t  leng ths  o f  w i r e  f rom each o f  t he  seventeen w i r e  

V I l  RESULTS AND DISCUSSION 

A. pH TESTING 

A and D a re  no t  buffered and i n  the  concentrated form have pH values 

above 12. I n  the  1:4 d i l u t i o n  bo th  w e t  the  s p e c i f i e d  maximum of 12. 

A l l  f l u i d s  meet t h e  pH requirements o f  t h e i r  respec t i ve  spec i f i ca t i ons .  

The r e s u l t s  o f  determin ing pH are  found i n  Table 1. F l u i d s  
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B. FLUID IMMERSION TESTING 

The d i e l e c t r i c  w i t h s t a n d  f a i l u r e s  a r e  shown i n  Tables 2 

Tables 7 and 8 th rough 6 i n c l u s i v e  f o r  each p e r i o d  o f  immersion. 

were generated f rom Tables 2 through 6. Tab le  7 i s  a r a n k i n g  o f  

f l u i d  a c t i v i t y  based on t h e  t o t a l  number o f  w i r e  specimen f a i l u r e s  

r e s u l t i n g  f r o m  immersion i n  each f l u i d .  N o t i c e  t h a t  t h e  most 

a l k a l i n e  ( h i g h e s t  pH) f l u i d s  were n o t  t h e  most a c t i v e .  

t h a t  t h e r e  a r e  s y n e r g i s t i c  e f f e c t s .  

t o  t h e  same s p e c i f i c a t i o n ,  g r e a t e r  number of  f a i l u r e s  a r e  o b t a i n e d  

w i t h  t h e  most a l k a l i n e  f l u i d .  TT-R-248 p a i n t  and l a c q u e r  removers 

a r e  t h e  most harmfu l  t o  t h e  i n s u l a t i o n  of w i r e s  t e s t e d .  The more 

a1 k a l  ine ,  non-buf fe red  c l e a n i n g  s o l u t i o n s  o f  MIL-C-43616 a r e  t h e  n e x t  

most harmfu l .  

I t  should be k e p t  i n  mind t h a t  w i r e  codes 2, 3 and 4 a r e  

no l o n g e r  be ing  manufactured. However, t h e y  a r e  employed on severa l  

o p e r a t i o n a l  Navy a i r c r a f t  now i n  serv ice .  I t  may s t i l l  be p o s s i b l e  
t o  o b t a i n  these w i r e s  th rough warehouse s tocks  n o t  y e t  dep le ted .  A lso  

w i r e  codes 5, 6 and 7 a r e  be ing  manufactured o n l y  as l o n g  as t h e  

present  s t o c k  o f  i n s u l a t i o n  m a t e r i a l  l a s t s .  

w i r e s  w i l l  no l o n g e r  be a v a i l a b l e .  

The "5" f a i l u r e s  shown i n  Tab le  7 f o r  f l u i d  J ,  and t h e  "2*" 
f a i l u r e s  shown f o r  f l u i d  H a r e  a l l  from w i r e  codes 2 th rough 7 (see 
Tables 3, 4, 5 and 6 a l s o ) .  No MIL-W-81381 o r  MIL-W-22759 w i r e s  

f a i l e d  i n  f l u i d s  J and H. 

I t  i s  obvious 

However, among produc ts  q u a l i f i e d  

When t h i s  i s  gone these 

There were no f a i l u r e s  observed f o r  w i r e  code 1, t h e  

The o n l y  f a i l u r e s  observed f o r  MIL-W-81381 w i r e s  were i n  

The w h i t e  ( -9 )  w i r e  performed b e t t e r  than t h e  n a t u r a l  

Even though i t  can be e a s i l y  scraped away, i t  i s  a 

M22759/18-20-9 w i re ,  i n  any t e s t  f l u i d .  

f l u i d s  G and F (TT-R-248) and f l u i d s  A and D (MIL-C-43616 w i t h  

pH 2 13.3). 

(-N) o r  r e d  ( -2) .  

c o l o r  c o a t i n g .  

d e f i n i t e  advantage i n  p r o v i d i n g  r e s i s t a n c e  t o  a1 k a l i n e  f l u i d s .  A lso 

i t  was observed t h a t  t h e  r e d  ( - 2 )  w i r e  f rom one manufac turer  d i d  n o t  

per fo rm as w e l l  as t h e  r e d  w i r e  o b t a i n e d  f r o m  t h e  o t h e r  manufacturer .  

The w h i t e  t o p c o a t  i s  a f l u o r o c a r b o n  cosmetic 

10 
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The sample of  w i r e  purchased t o  MIL-W-81381/7-20-N 

(w i re  code 10) was found t o  have i n d i v i d u a l  conductor s t rands 

s t i c k i n g  together .  

l i f e  o f  t h e  w i r e .  It i s  s u f f i c i e n t  cause t o  r e j e c t  t h e  w i re .  About 

h a l f  o f  t h e  sample was a f fec ted .  

w i re  were a v a i l a b l e  f o r  t he  t e s t i n g  herein.  

a l l y  more a c t i v e  than f l u i d s  F and G. However, a f t e r  one week the  
s e v e r i t y  i s  t h e  same. The MIL-W-81044/16 and /18 w i r e  r e a c t s  about 
the same as MIL-W-81381/7-20-2 ( o r  - N ) .  The MIL-W-81381/11-20-N i s  

somewhat more r e s i s t a n t  than t h e  MIL-W-81381/7-20-2 ( o r  -N) This  i s  
t o  be expected s ince the  /11 has t h i c k e r  i n s u l a t i o n  than t h e  / 7 .  
Wires r e a c t  i n  an e r r a t i c  manner i n  f l u i d  D. 

shown i n  Photos 2 and 3. The damage seen i s  t y p i c a l  o f  t h a t  

observed w i t h  o ther  so lvents  i n  the  one t o  two week immersion per iod.  
However, t h e  i n s u l a t i o n  was completely d isso lved from the  conductor 

o f  MIL-W-81044 and MIL-W-81381/7 w i res  a f t e r  f o u r  weeks immersion 
i n  the  TT-R-248 p a i n t  remover. 
recognized, bu t  the d i e l e c t r i c  f a i l u r e s  which occur when the  w i r e  
s t i l l  looks good are t h e  f a i l u r e s  which are the most impor tan t  t o  

f i n d .  
Specimen # 1 does n o t  rece ive  the "double reverse  w r a p "  

l e a s t  

This  s e r i o u s l y  a f f e c t s  the f l e x i b i l i t y  and f l e x  

S u f f i c i e n t  2 f o o t  l eng ths  o f  good 

From Table 2 i t  i s  ev ident  t h a t  f l u i d s  A and D are  i n i t i -  

Specimens which f a i l e d  the  d i e l e c t r i c  w i ths tand t e s t  are 

Such d r a s t i c  damage i s  e a s i l y  

week specimen #1 always 
l u r e s  occur,  t i s  
o v e r t e s t i  ng. 

There i s  one advantage gained i n  f l u i d  immersion t e s t i n g  

by using a specimen prepared i n  the  c o n f i g u r a t i o n  used here in  compared 

t o  the specimen c o n f i g u r a t i o n  a l lowed by the  w i r e  s p e c i f i c a t i o n s .  

The bend rad ius  o r  l oop  diameter o f  the  t e s t  specimen used i n  the  

app l ied  t o  specimens #2 and #3, and the re fo re  
l i k e l y  o f  t h e  th ree  t o  f a i l .  Since a f t e r  one 
f a i l s  along w i t h  specimens #2 and #3 where f a  
concluded t h a t  any t e s t i n g  beyond one week i s  

i l  

should be the  
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wire specifications may n o t  always allow solvent s t r e s s  cracking t o  
be observed since the loop can be large and the s t r e s s  in the insula- 
t i o n  low. 
the finished wire diameter and will almost always r e su l t  in solvent 
s t ress  cracking being determined. 
deficient in th i s  respect. 

The loop i s  controlled herein t o  approximately 20 times 

The wire specifications are 

C. POTTED WIRE PULL-OUT STRENGTH TESTING 

The results of the potted wire pull-out strength tes t ing 
a re  shown i n  Table 9 ( fo r  polyurethane) and Table 10 ( fo r  polysulfide). 

The wires are ranked from the highest strength t o  the lowest 
in Bar Char t  1. This shows the average pull-out strength for each w i r e  

type potted in polyurethane. The rank i s  the same f o r  polysulfide b u t  

the values obtained were lower. 
I n  three of the f ive  wire types showing the lowest pull-out 

strength, the wire has a white cosmetic coating w i t h  no surface t rea t -  
ment (M81381/7 or / l l ) .  While the white cosmetic coating i s  an advan- 
tage to  f lu id  resistance, i t  i s  a disadvantage t o  potting adherence. 
One of the five was insulated with ETFE w i t h  no surface treatment 
(M22759/18-20-8). The remaining one i s  a red colored M81381/7 which 
has a proprietary surface treatment. I n  t h i s  instance the treatment 
did n o t  enhance the adherence of the potting compound (see wire 
code 12) .  

In  wire code numbers 12  through 17, the f lu id  resistance of 
the wires was n o t  adversely effected by the surface treatment on the 
wire. 
i f  there i s  one. 

More extensive tes t ing may be necessary to  es tabl ish a difference 

12 



APPENDIX A 



FLUID CODE 

A 
B* 
C* 
D 
E 

F 
G 

H 
I 

J 
K 

0 

P 

WIRE CODE 

1 

2 
3 
4 
5 
6 
7 

8 
9 
10 
11 

12 
13 
14 
15 
16 
17 

NAFI TR-2145 

TABLE 1, FLUID AND WIRE CODES 
TO SPECIFICATION IDENTITY 

SPECIFICATION MANUFACTURER 

MIL-C-43616 
MIL-C-43616 
MIL-C-43616 
MIL- C-43616 
MIL-C-43616 

TT- R- 248 
TT- R- 248 

MIL-R-81294 
MIL-R-81294 

MIL- C- 25769 
MIL-C-25769 

b 
C 

b 
C 

b 
C 

MIL-L-23699 e 

MIL-C-5544/MIL-C-81706 f 

SPECIFICATION MANUFACTURER 

MIL- W- 227 591 18- 20- 9 9 

MI L- W - 81 0441 16- 2 0- 9 h 
MIL-W-81044/16-20-9 h 
MIL-W-81044/18-20-9 h 
MI L-W-81044/20-20-9 h 
MI L- W- 8 1044/25- 20- 9 h 
Experimental (See #5) h 

MIL-W-81381/7-20-2 i 
MIL-W-81381/7-20-2 i 
MIL-W-81381/7-20-N i 
MIL-W-81381/11-20-N i 

MIL-W-81381/7-20-2 j 
MIL-W-81381/7-20-2** j 
MI L- W-8 1381/ 7- 20- 9 j 
MIL-W-81381/7-20-9** j 
MIL-W-81381/11-20-9 j 
MIL- W- 81 3811 11- 2 0- 9** j 

CONC. 
13.3 
9.6 
9.8 
13.4 
8.4 

11.2 
11.6 

9.6 
8.5 

11.5 
10.5 

NA 

pK *** 
1 :4 
11.9 
10.0 
10.0 
11.3 
7.3 

10.9 
11.2 

8.4 
- 

10.6 
10.3 

NA 

See Procedure 

* Different products from the same manufacturer. 
** Surface of these wires have been treated with a proprietary treatment t o  

enhance potting adhesion. 
*** The pH was measured on concentrated, 1:4 and 1 :9  dilutions w i t h  water. 

1:9 
11.6 
10.3 
10.1 
11.0 
6.8 

10.4 
11.0 

8.5 - 
10.3 
10.2 

NA 

A- 1 
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T A B L E  8, RANKING OF WIRES I N T E G R I T Y  
BASED ON TOTAL NUMBER OF WIRE SPECIMEN F A I L U R E S  

WIRE NO. SPEC1 FICATION TOTAL NUMBER MANUFACTURER 
OF FAILURES 

9 MIL-W-81381/7- 20-2 45 i 
8 43 i 
12 38 j 
13 36 j 

10 MIL-W-81381/7-20-N 41 i 

14 MI L-W-81381/7-20-9 21 
15 20 

11 MIL-W-81381/11-20-N 34 i 

16 
17 

MIL-W-81381/11-20-9 19 
18 

3 MIL-W-81044/16-20-9 40 h 
2 37 h 

4 MI L-W-81044/18-20-9 55 h 

5 MIL- W-81044/ 20- 20- 9 O* h 

6 MI L-W-81044/25-20-9 0" h 

7 Experi menta 1 0 h 

0 9 1 MI L-W- 22759/ 18- 20- 9 

* No dielectric withstand failure,  b u t  e x h i b i t e d  low D.C. r e s i s t a n c e  
a t  4 weeks in Fluid H. 

A- 8 
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You may place the npotts listed below. and thtir a p p e n d i e  n the public docket u b a c k p d  6 n  yow 
investigation, provided you rcdact names of suppliers in the qpropnate places as prcvlowly iiru! od: 

Naval Avionics Facility (now rhe Wking Qualification Group >f Raylbmn S y s u m  Compan:,) repm orled 
'Fluid Resistance Testing Of Eleceid W i n  Used in Aimaft 4nd Missiles" comprised of. 

NAFI-TR-2 145 
NAFI-TR-2199 
NAFI-TR-2201 
NAFI-m-2210 

Your point of contact in thio mer is John Millirmro who may be reached at the addms abob e. by Aonc at 
(301) 757-6638 or by email at 
assistance. 

vv mi! Please fctl free to contact ham if you need u y funhsr 

U 
Lola R. Hilton 
Director of corporate communicationr 

cc U- 

0 -  
au 

Pk 

c -  1 



UNCLASSIFIED 
Security Classification 

DOCUMENT CONTROLDATA- R&D 

OqlGlNATlN G A C T I V I T Y  (Corporate author) 2 8  R E P O R T  S E C U R I T Y  C L A S S I F I C A T I O N  

Naval Av ion i cs  F a c i l i t y  
I n d i a n a p o l i s ,  Ind iana 

. R E P O R T  D A T E  . 7 .  T O T A L N O  O F  P A G E S  

11 August 1976 42 

UNCLASSIFIED 
t b  G R O G P  

7 b  N O  O F R E F S  

REPORT T I T L E  

F l u i d  Resistance Tes t i ng  o f  E l e c t r i c a l  Wire Used I n  A i r c r a f t  and M i s s i l e s  

a. C O N T R A  T 0 
N 00 197 6 W  R&3%ff 'B'cplr AKA 1 1 
APPN. 1761595.45BF 

b. P R O J E C T  N O .  

. DESCRIPTIVE NOTES (Type of repor1 and inclusive dale.) 

Technical  Report - 11 August 1976 

Watkins, W i l l a r d  D. 
AUTHOR(S) (Lomt name, firmt name, In i t ia l )  

S a  ORIGINATOR'S  R E P O R T  NUMBERIS) 

TR-2145 

C .  

d.  

Ob.  OTHE-R R E P O R T  NO(S) ( A n y  olhernurnbere h a t  may be amaigrod 
h i e  report) 

I 

0. A V A  I L A B I L I T Y / L I M I T A T I O N  NOTICES 

D i s t r i b u t i o n  L i m i t e d  To U.S. Government Agencies Only; T e s t  and Eva lua t i on .  
Other Requests Must Be Referred To Naval A v i o n i c s  F a c i l i t y ,  Ind ianapol  i s ,  
I nd iana  46218 D i s t r i b u t i o n  U n l i m i t e d  Wi th Appendix C Removed. 

1 .  SUPPLEMENTARY NOTES 12. SPONSORING MIL ITARY A C T I V I T Y  

N A V A I  R 

3.  ABSTRACT 

E l e c t r i c a l  w i r i n g  i n  Navy a i r c r a f t  o f t e n  i s  sub jec ted  t o  i n a d v e r t e n t  exposure t o  
s o l v e n t s  and chemicals used t o  c lean  t h e  a i r c r a f t  su r faces  i n  the  course o f  
maintenance opera t i ons .  Wire types purchased t o  MIL-W-22759, MIL-W-81044 and 
MIL-W-81381 a r e  used i n  a i r c r a f t  w i r i n g .  
cognizance. 
j e t  f u e l ,  h y d r a u l i c  f l u i d ,  etc. ,  which a r e  used by the  a i r c r a f t .  The t e s t i n g  
r e p o r t e d  h e r e i n  employs t h i r t e e n  c leaners  o r  s o l v e n t s  which a r e  purchased t o  m i l -  
i t a r y  o r  f e d e r a l  s p e c i f i c a t i o n s  and used on a i r c r a f t  sur faces.  The i n s u l a t i o n  on 
seventeen e l e c t r i c a l  w i r e  samples purchased t o  t h e  above w i r e  s p e c i f i c a t i o n s  was 
evaluated a f t e r  immersion i n  t h e  c leaners o r  so l ven ts .  

These s p e c i f i c a t i o n s  a re  under NAVAIR 
Each has s o l v e n t  r e s i s t a n c e  requi rements employing l i q u i d s  such as  

.5 ecu n ty  C 1 ass 1 tic ah on 



I n s u l  a ted  Wire 
C1 eani  ng F1 u i d s  
D i e l e c t r i c  Wi thstand 
P o t t i n g  Adherence 

INSTRUCTIONS 

UNCLASSIFIED 
Securrtv Ciassification 

L I N K  A L I N K  6 L I N K  C 
R O L E  ‘ W T  R O L E  W T  R O L E  I W T  

I 
K E Y  WORDS 

I 
I 

I 

I 
I 

I 

1. ORIGINATING ACTIVITY: Enter  the  name and address  
of t h e  contractor, subcontractor ,  grantee,  Department of De- 
f e n s e  act ivi ty  or other  organizat ion (corporate  author) i s su ing  
t h e  report. 
2a. R E P O R T  S E C U H T Y  CLASSIFICATION: Enter  t h e  over- 
all secur i ty  c l a s s i f i c a t i o n  of the  report. Indicate  whether 
“Res t r ic ted  Data”  is included.  
a n c e  with appropriate  secur i ty  regulat ions.  

Marking is to b e  i n  a c c o r d  

2b. GROUP: Automatic downgrading is specif ied i n  DoD Di- 
rec t ive  5200.10 and Armed F o r c e s  Industr ia l  Manual. Enter  
the group number. Also ,  when appl icable ,  show tha t  opt ional  
markings have b e e n  used  for Group 3 and Group 4 a s  author- 
ized.  
3. R E P O R T  TITLE:  Enter  the  comple te  report t i t l e  i n  a l l  
cap i ta l  le t ters .  Titles i n  a l l  c a s e s  should  b e  unclassif ied.  
If a meaningful t i t l e  cannot  b e  s e l e c t e d  without c l a s s i f i c e  
tion, show t i t l e  c l a s s i f i c a t i o n  i n  a l l  c a p i t a l s  in  p a r e n t h e s i s  
immediately following t h e  title. 

4. DESCRIPTIVE NOTES: If appropriate ,  enter  t h e  type  of 
report, e.g., interim, progress ,  summary, annual, or final. 
Give the inc lus ive  d a t e s  when a s p e c i f i c  reporting per iod is 
covered. 
5. AUTHOR(S): Enter  t h e  name(s) of au thods)  as shown o n  
or in t h e  report. 
If military. show rank a n d  branch of service.  T h e  name of 
t h e  pr incipal  author is a n  a h s o l u t e  minimum requi rement  

Enter. l a s t  name, first name, middle ini t ia l .  

6. R E P O R T  DATE; 
month, year. or month, year. 
o n  the  report, u s e  d a t e  of p u b l i c a t i o n  

Enter  t h e  d a t e  of t h e  report as  day ,  
If more t h a n  o n e  d a t e  appears  

7a. TOTAL NUMBER OF PAGES: T h e  total  p a g e  count  
should follow normal paginat ion procedures ,  Le., en te r  t h e  
number of p a g e s  containing information. 
76. NUhfBER O F  R E F E R E N C E S  Enter  the  total  number of 
re ferences  c i ted  in t h e  report. 

8a. CONTRACT OR GRANT NUMBER: If appropriate, en te r  
t h e  appl icable  number of t h e  cont rac t  or grant under  which 
t h e  report w a s  written. 
86, 8c. & 8 d .  P R O J E C T  NUMBER E n t e r  t h e  appropriate  
military department ident i f icat ion,  s u c h  a s  project  number, 
subproject  number, s y s t e m  numbers, t a s k  number, etc. 
9e. ORIGINATOR’S R E P O R T  NUMBER(S): Enter  t h e  offi- 
c i a l  report number b y  which the  document  will b e  ident i f ied 
and control led by t h e  or iginat ing activity. 
b e  unique to t h i s  report. 
96. OTHER R E P O R T  NUMBER(S): If t h e  report h a s  been  
ass igned  any other  report numbers (e i ther  b y  the  or iginator  
o r  b y  the sponsor), a l s o  e n t e r  t h i s  nvmber(s). 

This number must  

10. AVAILABILITY/LIMITATION NOTICES: E n t e r  any  lim 
i ta t ions  on further d i sseminat ion  of t h e  report, o ther  than  tho: 

imposed by secur i ty  c lass i f ica t ion ,  using s tandard s ta tements  I 
such as :  I 

(1) “Qualified r e q u e s t e r s  m a y  obtain c o p i e s  of t h i s  
report from D D C ”  

(2) “Fore ign  announcement and d isseminat ion  of t h s  \ 
I report by DDC is not a u t h o r i z e d ”  

(3) “U. S. Government a g e n c i e s  may obtain c o p i e s  of 
t h i s  report d i rec t ly  from DDC. Other  qual i f ied DDC 
u s e r s  s h a l l  reques t  through , 

t ,  

(4 )  “U. S. military a g e n c i e s  may obtain c o p i e s  of t h i s  
report direct ly  from D D C  Other  qualified u s e r s  
sha l l  reques t  through 

I ,  

(5) “Al l  dis t r ibut ion of t h i s  report is controlled. Qual- 
i f ied DDC u s e r s  sha l l  request  through 

,, 
If t h e  report h a s  b e e n  furnished to t h e  Office of Technica l  

Serv ices ,  Department of Commerce, for s a l e  to  t h e  publ ic ,  indi- 
c a t e  t h i s  fac t  and en ter  t h e  pr ice ,  i f  known. 
11. SUPPLEMENTARY NOTES: U s e  for addi t ional  e x p l a n e  
tory notes. 
12. SPONSORING MILITARY ACTIVITY Enter  t h e  name of 
t h e  departmental  p ro jec t  off ice  or laboratory sponsor ing  (pay. 
t n g  for) t h e  r e s e a r c h  and development. Inc lude  address .  
13. ABSTRACT: E n t e r  a n  abs t rac t  giving a brief a n d  fac tua l  
summary of t h e  document indicat ive of t h e  report, e v e n  though 
i t  may a l s o  appear  e l sewhere  in t h e  body of the  t e c h n i c a l  re-  
port. If addi t iona l  s p a c e  is required, a cont inuat ion s h e e t  s h a l l  
be a t tached .  

It is highly d e s i r a b l e  tha t  the abs t rac t  of c l a s s i f i e d  reports  
be  unc lass i f ied .  
a n  ind ica t ion  of t h e  military securi ty  c l a s s i f i c a t i o n  of the  in-  
formation i n  t h e  paragraph,  represented a s  ITS). (s), ( C ) ,  or  (UJ .  

E a c h  paragraph of the abs t rac t  s h a l l  e n d  with 

There is n o  l imitat ion on the length of the  abs t rac t .  How- 
ever ,  the  s u g g e s t e d  length is from 150 tg 225  words. 

14. KEY WORDS: Key words a re  technical ly  meaningful terms 
or shor t  p h r a s e s  tha t  charac te r ize  a report and may b e  u s e d  a s  
index  e n t r i e s  for ca ta loging  the report. 
s e l e c t e d  so that  n o  secur i ty  c lass i f ica t ion  is required. Ident i -  
f iers ,  s u c h  a s  equipment  model designat ion,  trade name,  military 
project  c o d e  name,  geographic  locat ion,  may be u s e d  a s  key 
words  but  wi l l  b e  fol lowed by an indicat ion of t e c h n i c a l  con-  
tex t .  

Key words must  be  

i T h e  ass ignment  of l i n k s ,  roles ,  and weights  is opt ional .  

i 

1 
UNCLASSIFIED I 

Security Classification 



DISTRIBUTION 

Comma n de r 
Naval Air Systems Command 
Department o f  the Navy 
Washington, D . C .  20361 

A I R- 5 33D1 B 
AIR-533DlB2 
AIR-52032C 

Commander 
Naval Air Engineering Center 
Lakehurst, NJ 08733 

ESSD-9322 

Commander 
Naval Air Rework Fac i l i ty  
North Island 
San Diego, CA 92135 
A t t n :  Mr. S. A.  Springer 

DDC 

700 
710 
713 Turner 

7 50 
Watkins 

COP1 ES 

1 
1 

10 

1 

10 



r- t 1 I 
1 

n 
W 
U 

I LL 

v, 
u-I 

G 
1 
0 
z 
3 

U 

i 
I 
1 

m 
VI 
S 
0 

c, 
a 
L 
aJ 

0 

aJ 
U 
ET 
a 
c 
CJ 
c,u-o c! 
C a J C C  

*r- 

n 

!z 
t 

+ 
0 
aJ 
m 
L 
3 
0 
U - 

I 
I 
I 

n 
W 
c-l 

LL 

VI 
m 
4: 
--I 

I 
I 

c1 

LL 

VI 
m 
4: 
--I 

I 
I 
I 

c1 

0 
L 
3 
0 
L 
3 I 

1 
I 
I 
I 
I 
I 
i 
I 
I 
1 
I 
I 
I 

I P 

0 0  
0 C) 10 

U 
W 
m w m  

0 v c 3 G  
L a J  m 

C' 
L L  
0 

aJ 
0 

rQ 
N 

,-- . -  
r n  d 

z - 
c 
v, 
w 
I- 

w 
0 
Z < c 
v, 

Ln 
w 
CT 

H 

Q S  
Ed: 
0 
cz7-i 

aJ * 
a 
-c 

L 
aJ 
c, 
t 

m 
E 
cc 
0 

aJ 
L 

.P 

m 

z m  
- s  .- 

n 
M 

3 

LL ? J I  
.i 



t 1 1 
I 

a 
W 

I c3 b o  w - L.IJ a. a+) L 
E l h l  a x  .- 

aJ 
L 

1 
I 
I 
I 
I 
I 
i 
I 
I 
I 

I 

cz 
t- 
V 
w 
-J 
w 

c( n cv 
d- 

m 
H 

E 0 v) 
S 
0 
a 
-r n z 

4: 

u3 
h m 5 

L 
aJ a 
0 

a 
0 

. z  
rg 
N 

c 
*I-- 

m 

3 
d: 

W 
V 
t 

Y 

L L l d  0 
0 

@i 
, -  
=l > 

ra 
E 
+ 
0 

u 
3: 

aJ 
v) 
L 
3 
0 

- a J a J m  
w+)  L a 

0 



T R  2199 
11 AUGUST 1977 

FLUID RESISTANCE TESTING 
OF ELECTRICAL WIRE USED 
IN AIRCRAFT AND MISSILES 

PART I1 

DISTRIBUTION LIMITED TO U.S. GOVERNMENT AGENCIES 
ONLY: TEST AND EVALUATION. OTHER REQUESTS MUST 
BE REFERRED TO NAVAL AVIONICS FACILITY. 
I ND I A N A PO LI S , IN D I AN A 46218 

DISTRIBUTION UNLIMITED WITH APPENDIX B REMOVED 



NAFI TR-2199 

PREFACE 

This report describes an invest igat ion into the a b i l i t y  
o f  the insulation on a i r c r a f t  e l ec t r i ca l  wire t o  withstand exposure 
to cleaners and paint removers which are  used on a i r c r a f t  surfaces.  
I t  i s  a continuation of work reported i n  NAFI TR-2145l. 

T h i s  work was performed fo r  NAVAIR under Work Request 
No. 68E95. 

PREPARED BY: 
W.  D. WATKINS 

APPROVED BY: F H b  
F.  H .  GAHIMER, Head 
Organi c Materi a1 s Branch 

Laboratory and Consultants Division 
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ABSTRACT 

Several types o f  i nsulated electr i  cal w i  re purchased 
t o  MIL-W-5086, MIL-W-81044 and MIL-W-81381 were immersed i n  
solvents purchased t o  MIL-C-43616 and TT-R-248. 
the insulation t o  withstand degradation by the solvents was 
determined by subjecting the conditioned wire t o  a dielectric 
withstand voltage tes t .  On some wire types the electrical i n -  
sulation DC resistance was also determined. 

The abil i ty o f  
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I I CONCLUSIONS 

1. 
so lven t  res is tance a t  room temperature. The w i res  t e s t e d  he re in  
are ranked i n  the order  o f  decreasing res is tance t o  so l ven t  damage 

as fo l lows.  

Kapton i nsu la ted  w i r e  i s  super io r  t o  Poly-X i n s u l a t e d  w i re  i n  

Wire 
Code 

M i  1 i t a r y  
P a r t  No. I n s u l a t i o n  Type 

16 M81381/ 17-20-9 Double Wrap Kapton* 

14 M81381/ 7-20-9 S ing le  Wrap Kapton* 
11 M81381/11-20-N Double Wrap Kapton 

10 M81381/ 7 -20-N Sing le  Wrap Kapton 
3 M81044/16-20-9 h u b 1  e Extruded Poly-X 

4 M81044/18-20-9 S ing le  Extruded Poly-X 

* Topcoat i s  wh i te  f luorocarbon polymer. 

2. 
jacketed PVC i n  so lvent  res is tance a t  room temperature. 
i n s u l a t i o n s  e x h i b i t  low e l e c t r i c a l  i n s u l a t i o n  DC res is tance a f t e r  so lvent  

immersion. 
and the values observed are h igher  than on ny lon jacketed PVC.  

Kynar jacketed polyalkene i n s u l a t e d  w i r e  i s  super io r  t o  ny lon 
However, both 

The Kynar jacketed polyalkene takes longer  t o  be a f fec ted  

3. 

one f a i l u r e  i n  a l l  the wi res tes ted .  This  i s  a d e f i n i t e  improvement 
over pre’vious types w i t h  pH o f  11 and over. 

The new MIL-C-43616 c leaning f l u i d  ( w i t h  a pH o f  9.2) produced on ly  

I I RECOMMENDATIONS 

1. 

t o  MIL-W-81044/16 through /19 should be inspected on a regu la r  bas is  

A l l  Navy a i r c r a f t  c u r r e n t l y  i n  se rv i ce  and w i red  w i t h  Poly-X w i r e  

1 
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for insulation damage. 
MIL-W-81044/18 and /19 wire. 

Particular attention should be given 

2 .  Electrical wire insulated with newly developed polymers should 
n o t  be used i n  Navy a i r c r a f t  until i t s  resistance to  solvents has 
been de termi ned . 

3. Only electr ical  wire which i s  res is tant  to  solvents and cleaners 
should be used i n  h i g h  performance a i r c ra f t .  

I I I INTRODUCTION 

Electrical  wiring in Navy a i r c r a f t  i s  often subjected to 
inadvertent exposure t o  solvents and chemicals used to  clean the a i r -  
c r a f t  surfaces i n  the course o f  maintenance operations. Previous 
testing ’’ had i ndi ca ted tha t  some wi re purchased to  MIL-W-81044 and 
MIL-W-81381 were particularly prone to damage by MIL-C-43616 cleaners 
and TT-R-248 paint removers. 

Teflona (TFE)  and Tefze16 (ETFE)  insulated wire specified 
by MIL-W-22759 were n o t  degraded by immersion i n  any of the t e s t  f luids  
f o r  periods up  t o  and including 28 days. 

S t i l a n a  (Polyarylene) insulated wire specified by MIL-W- 
81044/20 through /29 was shown to be prone t o  s t r e s s  cracking or crazing 
when imnersed i n  alcohol, glycol-water solutions and h i g h l y  acid solutions. 
T h i s  wire i s  no longer manufactured. 

Poly-X@ (Alkane-imide) insulated wire specified by MIL-W- 
81044/16 through /19 was damaged by highly a1 kaline cleaning solutions 
and paint removers. 
MIL-W-81381 was also shown to be prone t o  insulation damage by the same 
solutions. Unfortunately, the time periods used previously t o  t e s t  the 

Kapton@ (polyimide tape) insulated wire specified by 

2 
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wire were such t h a t  the investigation did n o t  indicate which would with- 
s t a n d  damage the longest. Although Poly-X i s  no longer available, there 
i s  a considerable amount instal led i n  the  Navy F-14 a i r c ra f t .  
wire is  currently available and i s  used i n  conanercial a i r c ra f t  and  the 

Air Force F-15. 

Kapton 

KynarB jacketed polyal kene insulated wire (often referred 
to as "Spec 44" wire) which i s  specified by MIL-W-81044/2 through /15 
was not previously tested. 
by MIL-W-5086 also was no t  previously tested.  
allowed for  use i n  a i r c ra f t  wi r ing  b u t  i s  now prohibited. 

Nylon jacketed PVC insulated wire specified 
The l a t t e r  wire was previously 

I t  i s  the purpose of t h i s  investigation to:  

1. Compare the solvent resistance of Poly-X and Kapton insulated wire. 

2. Compare the solvent resistance of Kynar jacketed polyalkane, nylon 
jacketed & and the insulations previously tested.  

3. 
f lu id  (pH 2 10) t o  t h a t  caused by h i g h  pH cleaners previously tested.  

Compare the degree of damage caused by the new MIL-C-43616 cleaning 

I V  MATER1 ALS 

A. FLUIDS 

Three fluids were chosen for use in this investigation. Fluid A 

(MIL-C-43616 cleaner) and Fluid G (TT-R-248 paint remover) are the same 
as Fluids A and G used in TR-2145'. 
f luid with a pH less t h a n  10 in accordance with Amendment 2 .  
description o f  the flu.ii:s used i s  given in Appendix C .  

Fluid N i s  a new MIL-C-43616B cleaning 
A complete 

B. WIRES 

Ten different  insulated wires were used. Wires w i t h  code 

3 
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numbers 3, 4, 10, 11, 14 and 16 are the same as those used i n  TR-214S1 

and i d e n t i f i e d  t h e r e i n  by the same code numbers. 

added; w i r e  codes I, 11, I11 and IV. The w i res  are l i s t e d  by code 

number and m i l i t a r y  s p e c i f i c a t i o n  i n  Tables 1-3. A complete d e s c r i p t i o n  

appears i n  Appendix C. 

Four new wi res  were 

V ,  PROCEDURE 

The f l u i d s  were used i n  the concentrated " s t r a i g h t  f rom the 
can" fo rm.  Th is  i s  the usual procedure f o r  us ing  the  p a i n t  removers. 

While the c lean ing  s o l u t i o n s  are sometimes used i n  t h e  concentrated 
cond i t ion ,  they are usua l l y  d i l u t e d  f o r  use. S p e c i f i c a t i o n s  r e q u i r i n g  
pH t o  be measured use a 1:4 d i l u t i o n  w i t h  water.  
pH o f  the s o l u t i o n s  was measured i n  concentrated, l :4 d i l u t i o n  and 1.9 

d i l  u t i o n  form. 

For t h i s  i n v e s t i g a t i o n ,  

Three specimens f rom each o f  the ten  w i r e  samples were tes ted  
i n  each of t he  three f l u i d s  f o r  imners ion times o f  1 though 7 consecut ive 

days, 2 weeks, 3 weeks and 4 weeks. 

The w i re  samples were c u t  t o  2 f o o t  leng ths  w i t h  the ends 
s t r i p p e d  on an automat ic Eubanks w i r e  c u t t i n g  machine. The specimens 

were formed from the 2 f o o t  lengths by making a s i n g l e  t u r n  loop w i t h  

the ends o f  the  w i r e  run through the loop tw ice  t o  secure the loop. 

The loop was formed t o  a 1 i n c h  diameter on a rod  o f  t h a t  s i z e  and the 
s t r i p p e d  conductor ends t w i s t e d  together .  

upon each specimen i n d i c a t i n g  the w i r e  and f l u i d  code and the t i m e  of 
immersion. 

I d e n t i f i c a t i o n  tags were placed 

A l l  specimens (#l ,  #2, and #3)  were immersed i n  the t e s t  f l u i d  

i n  tt;e "as looped" cond i t ion .  

4 
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A f t e r  immersion, specimen #1 was r i nsed  i n  tap w a t e r  and 

a l lowed t o  dry one hour a t  room ambient cond i t ions .  I t  was then 
immersed f o r  1 hour i n  tap w a t e r  con ta in ing  an an ion ic  we t t i ng  agent. 

While s t i l l  i n  the tap water the i n s u l a t i o n  was subjected t o  a 1 

minute d i e l e c t r i c  w i ths tand t e s t  o f  2500 v o l t s  rms. 

A f te r  imnersion, specimen #2 was r i nsed  i n  tap water, un- 

c o i l e d  and a l lowed t o  d ry  f o r  1 hour a t  room ambient condi t ions.  I t  
was then subjected t o  the "double reverse wrap'' on a 0.125" diameter 
mandrel as s p e c i f i e d  i n  the so lvent  res i s tance  t e s t  procedure o f  the 

w i r e  s p e c i f i c a t i o n s .  Fol lowing t h i s ,  the specimen was formed i n t o  a 
loose c o i l  and immersed i n  tap water f o r  1 hour before being subjected 
t o  a 1 minute d i e l e c t r i c  w i ths tand t e s t  o f  2500 v o l t s  rms. 

A f t e r  immersion, specimen #3 was r i n s e d  i n  tap water, 

uncoi led,  and a1 lowed t o  d ry  f o r  24 hours a t  room ambient cond i t ions .  

Next, i t  was subjected t o  the "double reverse wrap" on a 0.125" mandrel, 
formed i n t o  loose c o i l ,  and immersed i n  tap water f o r  1 hour. The insu la -  

t i o n  was then subjected t o  a 1 minute d i e l e c t r i c  w i ths tand t e s t  o f  2500 

v o l t s  rms. 

Note: The mandrel diameter was 0.250" f o r  w i r e  code I V  due t o  i t s  
l a r g e  f in ished diameter. 

During d i e l e c t r i c  w i ths tand t e s t i n g  some specimens e x h i b i t e d  

excessi ve c u r r e n t  leakage b u t  mainta ined the vol  tage w i  t hou t  breakdown. 
These specimens were subjected t o  i n s u l a t i o n  res is tance t e s t i n g  us ing  
500 VDC app l i ed  fo r  1 minute. 

V I ,  RESULTS AND DISCUSSION 

A. pH TESTING 

The pH o f  the f l u i d s  was as fo l lows : 



Fluid Code 

A 

NAFI TR-2199 

Speci f i cation 

MIL-C-43616 

G TT-R-248 

N (New) MIL-C-43616BY Amend. #2 

pH 
Conc. 1:4 1:9 
13.3 11.9 11.6 
11.6 11.2 11.0 

9.2 9 .2  9 .1  

B. FLUID IMMERSION 

The d ie lec t r ic  withstand fai lures  are shown i n  Tables 1-3 
for each period of immersion. Also shown are the values of e lec t r ica l  
resistance ( i n  M n - 1000 f t . )  of specimens exhibiting current leakage 
d u r i n g  the d i e l ec t r i c  w i t h s t a n d  t e s t .  

Electrical  resistance values of the wire insulation a f t e r  
drying and subsequent immersion in water are shown i n  Table 4.  

There were no d ie lec t r ic  withstand fa i lures  o f  e i ther  Kynar 
jacketed polyalkene o r  nylon jacked PVC wire (wire codes I ,  11, I11 and 
IV). 
Subsequent dryi ng res tored some o f  the el ec t r i  cal resistance , b u t  upon 
reimersion i n  water the values again were lowered (see Table 4 ) .  
insulation resistance" for  the purposes of reporting was a rb i t r a r i l y  
chosen to be those values below 500 M n - 1000 f t .  This i s  a t  l e a s t  
one order of magnitude less t h a n  the specification requirement f o r  
Kynar jacketed polyalkene b u t  an order higher t h a n  tha t  specified fo r  
nylon jacketed P V C .  

Note: Finished cable harnesses before ins ta l la t ion  into a n  a i r c r a f t  
generally must provide 100 M 0 (min.) between one wire and  a l l  others 
e lec t r ica l ly  t i ed  together. 

However several of these wires exhibited low insulation resistance. 

"LOW 

F l u i d  G (paint remover) lowered the e lec t r ica l  resistance 
of b o t h  Kynar jacketed polyalkene and nylon jacketed PVC. 
A and N lowered the electr ical  resistance of nylon jacketed PVC, b u t  

Both fluids 

6 
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did n o t  lower the resistance o f  Kynar jacketed polyalkene below 
500 M n - 1000 f t .  T h u s ,  Kynar jacketed polyalkene i s  superior t o  
nylon jacketed PVC. 

Two methods of analyzing the data were used t o  rank the 
solvent resistance charac te r i s t ics  o f  the wire. One method involves 
summing up a l l  d i e l e c t r i c  withstand f a i lu re s  f o r  each wire and t h e n  
ranking them according t o  tha t  number, a s  shown i n  Table 5. 
method involves computing the percent f a i lu re s  f o r  each wire f o r  each 
immersion time and p lo t t ing  the resu l t s  as shown i n  Graph 1. 
i s  the same i n  both methods. 

The other  

The rank 

Graph 1 gives some additional information. The curves should 
be shaped l i ke  those shown fo r  wire codes 4 and 10, b u t  wire code 3 i s  
not. The i n i t i a l  f a i l u r e s  of wire code 3 (double ex t ruded  Poly-X) i n  
F l u i d  G were probably caused by a combination of a l k a l i  and methylene 
chloride,  while the l a t e r  fa i lures  were due to  a lka l i  alone (af ter  the 
methylene chloride had evaporated). 

I t  i s  concluded t h a t  double extruded Poly-X is superior to  
Double wrap Kapton i s  superior to s ingle  wrap 

Kapton w i t h  a fluorocarbon topcoat i s  superior t o  Kapton w i t h  
s ingle  extruded Poly-X. 
Kapton. 
a modified imide topcoat. Kapton i s  superior t o  Poly-X. 

The new MIL-C-43616 cleaner w i t h  a pH of 9 . 2  caused only one 
d i e l ec t r i c  withstand f a i lu re  and t h a t  was on s ing le  extruded Poly-X a f t e r  
28 days immersion. 
PVC b u t  h a d  no e f f e c t  on the e l ec t r i ca l  res is tance of any other. 
Kapton wire and Kynar jacketed polyalkene wire are the only wire types 
currently available (of those tes ted herein) and s ince MIL-C-43616B 
Amend. #2 f lu id  has no adverse e f f e c t  on them, both of th2se wire types 
look promising for  use. 

I t  lowered the insulat ion resis tance of nylon jacketed 
Since 

7 
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RANK 

1 

2 

3 

4 

5 

6 
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TABLE 5 ,  
RANKING OF WIRE IN ORDER 

OF DECREASING RESISTANCE TO FLUID 

WIRE 1 
CODE SPEC1 FI CATION TOTAL NUMBER 

OF FAILURES 

I 
I1 

I11 
IV 

MIL-W-81044/12-20-5 
MIL-W-81044/12-20-6 
MI L-W-81044/2-20-9 
MIL-W-5086/2-18-9 

l6 I MI L -W -81381/ 11- 20-9 10 

l4 I MI L-W -81 381/ 7-20-9 I l2 

3 
11 

MZL-W-81044/16-20-9 
MI L-W -81381/ 11-20-N 

27 
27 

lo I MIL-W-81381/ 7-20-N 31 

4 1  MIL-W-81044/18-20-9 51 

A-E; 
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W I R E  
CODE 

3 

4 

10 

11 

14 

APPENDIX B 
MATER1 AL CODES 

. 
M I  L-W-81044/ 16-20-9 

M I L  -W-81044/ 18-20-9 

MIL-W-81381/7-20-N 

MIL-W-81381/ 11-20-N 

M I  L-W-8 1381/7-20-9 

i 

MANUFACTURER PRODUCT 
IDENTIFICATION MI L I TARY SPEC I FI  CAT1 ON CODE 

-. . - .  .- . .I. Y. ._._.,... . - & a .  ....I..- -_ .- ..-- -- - -  I A 1 MIL-C-43616 

TT-R-248 

16 MI L-bl -8 1 38171 1 -20-9 - 
I MIL-W-81044/ 12-20-5 

I 1  MIL-W -81044/ 12-20-6 
I 1 1  M I  L-W-81044/2-20-9 

I V  MIL-W-5086/2-18-9 

You may place the reports luted below. and thur appcdccr, n &e public docket u backgrcuad fin your 
invcmgauon, provulcd you redact ma of supphcn UL thc gplopnare places as pm~owly h u  rd 

Naval Awonia Facility (now the W m g  Quahfiunon Group Jf  Rayrboon Syrtems C ~ m p n : ~ )  npm htled 
'Fluid RcsisumC Testing OfEIsctnd Wue Used UI AucdI4nd Missiles" comprised of 

NAFI-TR-2145 
NAFI-TR-2 199 
NAFI-TR-2201 
NAFI-lR-2210 

Your poinc of contact in this m e r  is John Milhian who may be reached 11 the address nbob e. by hone at 
(301) 7576638 or by enuil P ml Pleascfcclfmtocontscthmdywneod uyfunhr 
rainmte. 

Lola R. Hilton 
olrrctor of corporate communicslioru 

I .  

5 7  
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APPENDIX C I 

D E S C R I P T I O N  OF F L U I D S  AND W I R E S  USED 

A. FLUIDS 

The f l u i d s  chosen f o r  t h i s  i nves t i ga t i on  are as fo l lows:  

1. MIL-C-43616, "Cleaning Compound, A i r c r a f t  Surface". This 

c leaning compound used by the Navy i s  water r i n s a b l e  and requi red t o  be 
90% biodegradable. The f l ash  p o i n t  i s  142OF (min) and the pH of a 1:4 
water d i l u t i o n  must f a l l  between 8.0 and 12.0. The spec i f i ca t i on  does 
no t  l i m i t  the composition o f  the cleaner; however, i t  does l i s t  a comp- 
ar ison formula w i t h  which t o  compare the c leaning ef fect iveness , and a 
recent  amendment ( 2 )  l i m i t s  the pH t o  10 max. 

F l u i d  A (p rev ious ly  tested)  w i t h  a pH o f  13.3, and a new f l u i d  (N) w i t h  
a pH o f  9 - 2  (both pH's measured i n  the concentrated form).  

Two f l u i d s  were used: 

2. TT-R-248, "Remover , Paint and Lacquer, Sol vent Type". 
This i s  a non-flammable, water  r i nsab le  so lvent  type p a i n t  and lacquer 
remover. I t  must - not  conta in  phenol, c reso l ,  creosote o i l ,  c r e s y l i c  
acid, benzene, carbon te t rach lo r ide ,  perchloroethylene , t r i ch lo roe thy lene,  
o r  d ich lorethy lene.  I t  may conta in  o ther  ch lo r i na ted  hydrocarbons i f  

shown t o  have no deleter ious e f f e c t  on the a i r c r a f t .  There i s  no re-  
quirement fo r  pH. 
formula. 
and having a pH i n  concentrated form o f  11.6, was used. 

The spec i f i ca t i on  does n o t  con ta in  a comparison 

F l u i d  G (prev ious ly  tested)  , conta in ing  methylene ch lo r i de  

B.  WIRES 

The wires chosen f o r  t h i s  i nves t i ga t i on  are as fo l lows:  

1. MIL-W-81044/16-20-9, This i s  a double extruded alkane- 
imide w i t h  an imide topcoat. 

conductor (AWG 20) and i s  vr r i i  t e  ( -9 ) .  

and i d e n t i f i e d  by w i re  code #3. 

It has a t i n  coated 19 strand copper 
This w i re  was tested i n  TR-2145' 
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2. MIL-W-81044/18-20-9. This i s  a s i n g l e  extruded alkane- 

imide w i t h  an imide topcoat. 

conductor (AWG 20)  and i s  wh i te  ( -9 ) .  
and i d e n t i f i e d  by w i re  code #4. 

I t  has a t i n  coated 19 s t rand copper 

This w i r e  was tested i n  TR-2145l 

3. MIL-W-81281/7-20-N. This i s  a f luorocarbonlpoly imide 
I t  has a s i l v e r  coated 19 s t ran  

This w i r e  was 
i n s u l a t e d  w i re  w i t h  imide topcoat. 
copper conductor (AWG 2 0 )  and i s  na tu ra l  c o l o r  ( - N ) .  

tes ted  i n  TR-2145' and i d e n t i f i e d  by w i r e  code # l o .  

4. MIL-W-81381/7-20-9. This w i re  i s  the same as 3 above 

t h a t  the c o l o r  i s  whi te  ( -9) .  This w i r e  was tes ted  i n  TR-2145 and 
f i e d  by w i r e  code #14. 

except 

den t i  - 

5. MIL-W-81381/11-20-N. This i s  a f luorocarbon/poly imide 
i n s u l a t e d  w i r e  w i t h  imide topcoat.  

w i r e  except t h a t  the i n s u l a t i o n  i s  t h i c k e r .  I t  i s  na tu ra l  ( - N )  co lo r .  

I t  i s  the same as MIL-W-81381/7-20-N 

This w i r e  was tested i n  TR-2145' and i d e n t i f i e d  by w 

6. MIL-W-81381/11-20-9. This i s  the same 

t h a t  the  c o l o r  i s  whi te  ( -9) .  This w i re  was tes ted  

i d e n t i f i e d  by w i re  code #16. 

7. MIL-W-81044/12-20-5 and -6. This i s  a 

r e  

as 
n 

code #ll. 

5 above except 

R-2145' and 

cross1 inked po ly -  

v iny l i dene  f l o u r i d e  (Kynar) jacke ted  po lya l  kene. 

because they were ava i lab le .  This w i r e  was n o t  p rev ious ly  tested. The 
f i n i shed  diameter i s  0.055 inches. 

Two co lo rs  were used 

8. MIL-W-81044/2-20-9. This i s  the  same as 7 above except the 
c o l o r  i s  wh i te  and the f i n i s h e d  diameter i s  0.078 inches. 

9. MIL-W-5086/2-18-9. This w i re  i s  ny lon jacke ted  PVC w i t h  a 

glass f i b e r  b ra id  beneath the ny lon j acke t .  The c o l o r  i s  wh i te  and the 

c2 
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diameter i s  0.095 inches.  I t  would have 

20 b u t  AWG 18 was a l l  t h a t  was immediate 

c3 

been p r e f e r a b l e  

l y  ava i  1 ab1 e .  

t o  
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PREFACE 
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I I CONCLUSIONS 

1. The wires tested herein are ranked in the order of decreasing 
resistance t o  solvent damage as follows: 

Wire 
Code 

Mi 1 i tary 
Part  No. Ins ul a t i  on Type 

1* M22759/18-20-9 Tefzel 
2 3* 55A0811-20-9 Irradiated Modified Tefzel 
11 M81381/ 11-20-N Double Wrap Kapton 

12 M81381/7-20-2 Single Wrap Kapton 
3 M81044/ 16-20-9 Double Extruded Poly-X 

4 M81044/18-20-9 Single Extruded Poly-X 
* No difference i n  rank .  

2. B o t h  Tefzel (M22759/18-20-9) and irradiated modified Tefzel 
(55A0811-20-9) insulated wires are superior in solvent resistance 
to a l l  other types tested. 
resistance t h a n  Poly-X insulated wire. 

Kapton insulated wire has bet ter  solvent 

3. The new MIL-C-43616, Amend. 2, cleaning f luid w i t h  a pH of  
9.2 will cause f a r  less solvent attack on wire insulation t h a n  
previous types w i t h  a pH 2 11. 

4 .  Elevated temperatures increase the a c t i v i t y  o f  the MIL-C-43616 
fluids used. O f  the wire types susceptible t o  damage, the damage 
occurs fas te r  a t  75OC than a t  room temperature. 

I I I RECOMMENDATIOliS 

1. Of the wires tested herein, serious consideration f o r  use should 
be given t o  b o t h  M22759/18-20-9 (Tefzel ) and 55A0811-20-9 ( i r radiated 
modified Tefzel) wire. 
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Previous tes t ing '  had established the time-to-failure 
of wires No. 3,  4 ,  11 and 12  when immersed i n  f l u i d s  A and N. I t  
was concluded t h a t  Kapton insulated wire performed be t te r  than 
Poly-X insulated wire in similiar wal l  thicknesses. 

@e *+ w r a t u r e s  w i t h i n  the a i r c r a f t  can be as h i g h  as 8 
75OC (higher i n  engine compartments). I f  a wi r ing  harness i s  inad- 
vertently contami nated w i t h  cleaning sol utions or  paint remover, i t  
may be degraded f a s t e r  t h a n  expected due to  the elevated temperature. 

I t  i s  the purpose o f  this investigation t o :  
I 

1. Compare the solvent resistance o f  Poly-X and Kapton insulated 
wire by immersion i n  f luids  a t  7 5 O C .  1 

- I .  0 2 .  Compare the solvent resistance of Tefzel and I r r a d i a t e d  
Modified Tefzel insulated wire by immersion i n  f l u i d s  a t  75'C. 

3. Compare the relat ive degree of damage caused by MIL-C-43616 
cleaning solutions a t  room temperature and a t  75OC. 

I V ,  MATERIALS 

A. F l u i d s  

Three f l u i d s  were chosen for use i n  this investigation. 
Fluids 
TT-R-248 paint remover. 

A and N are MIL-C-43616 cleaning compounds and F l u i d  G i s  a 

-4- All three wek previously usedLs2 and are 

identified i n  the same manner as i n  the previous reports.  A complete 
*r 

description of the f luids  used i s  given i n  Appendix C .  
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B. Wires 

S ix  d i f f e r e n t  i n s u l a t e d  w i res  were used. Wires w i t h  

code numbers 1, 3, 4, 11 and 12  are the  same as those used i n  TR-21452. 
One new w i r e  was added. It i s  i d e n t i f i e d  as w i r e  code number 23. The 

w i res  are l i s t e d  by code number and m i l i t a r y  s p e c i f i c a t i o n  i n  Tables 1 

through 3. A complete d e s c r i p t i o n  appears i n  Appendix C. 

V ,  PROCEDURE 

The f l u i d s  were used i n  the  concentrated " s t r a i g h t  from 
the can" form. This i s  the usual procedure f o r  us ing the p a i n t  re-  
movers. 
t r a t e d  cond i t ion ,  they are  usua l l y  d i l u t e d  f o r  use. 
q u i r i n g  pH t o  be measured use a 1:4 d i l u t i o n  w i t h  water .  
ves t i ga t i on ,  pH o f  the so lu t i ons  was measured i n  concentrated 1:4 d i l u t i o n  
and 1.9 d i l u t i o n  form. 

Whi le the c leaning so lu t i ons  are sometimes used i n  the concen- 
S p e c i f i c a t i o n s  r e -  

For t h i s  i n -  

Three specimens from each o f  the s i x  w i r e  samples were 
tes ted  i n  each o f  the three f l u i d s  f o r  immersion times o f  1 through 7 

consecut ive days, 

t a ined  a t  75OC dur ing immersion. 

2 weeks, 3 weeks and 4 weeks. The f l u i d s  were main- 

Test ing i n  TT-R-248 ( F l u i d  G) was d iscont inued a f t e r  two 

days due t o  the cond i t i on  o f  the  f l u i d .  
which was d i f f i c u l t  t o  remove from the w i r e  specimens w i t h o u t  damage t o  
the i n s u l a t i o n .  However, t e s t  r e s u l t s  t o  t h a t  p o i n t  were s i m i l a r  t o  

those obta ined w i t h  MIL-C-43616 (pH = 13.3), F l u i d  A .  

A hard gum-like ma te r ia l  formed 

The w i r e  samples were c u t  t o  2 f o o t  leng ths  w i t h  the ends 
s t r i p p e d  on an automatic Eubanks w i r e  c u t t i n g  machine. The specimens 

were formed from the 2 f o o t  lengths by making a s ing1 e t u r n  loop w i t h  

the ends o f  the w i r e  run  through the loop tw ice  t o  secure the loop. 



The loop 
s tri pped 

~~ 

4Ymii. * 1' 

t h a t  s i z e  and tbe 
1) 
was formed t o  a 1 inch  d<+ter on a 
conductor ends t w i s t e d  t o G t h e r .  Ide  t i o n  tags we 

placed upon each specimen i n d i c a t i n g  the  w i r e  and f l u i d  code and 
time o f  immersion. 

A l l  specimens (tfl,  #2, and #3) were immersed i n  the  t e s t  

f l u i d  i n  t h e  ''as looped" cond i t i on .  

A f t e r  i m r s i o n ,  specimen #1 was r i nsed  i n  tap water  and 
al lowed t o  d ry  one hour a t  room ambient condi t ions.  
f o r  1 hour i n  t a p  water conta in ing  an an ion i c  w e t t i n g  agent. 

i n  the  tap water the i n s u l a t i o n  was subjected t o  a 1 minute d i e l e c t r i c  

w i ths tand t e s t  o f  2500 v o l t s  rms. 

I t  was then imnersed 
While s t i l l  

A f t e r  immersion, specimen #2 was r i nsed  i n  tap  water, un- 
c o i l e d  and al lowed t o  d ry  f o r  1 hour a t  room ambient cond i t ions .  I t  

was then subjected t o  the "double reverse wrap" on a 0.125" diameter 
mandrel as s p e c i f i e d  i n  the so l ven t  res is tance t e s t  procedure of the  
w i r e  spec i f i ca t i ons .  Fol lowing t h i s ,  the specimen was formed i n t o  a 
loose c o i l  and immersed i n  tap water f o r  1 hour be fore  be ing  subjected 

t o  a 1 minute d i e l e c t r i c  w i ths tand t e s t  o f  2500 v o l t s  rms. 

A f t e r  imnersion, specimen #3 was r i nsed  i n  tap water, 

uncoi led, and al lowed t o  d ry  f o r  24 hours a t  room ambient cond i t ions .  LT 

Next, i t  was subjected t o  the  "double reverse wrap" on a 0.125" mandrel::, 
formed i n t o  loose c o i l  , and imnersed i n  tap water f o r  1 hours. The i n -  

s u l a t i o n  was then subjected t o  a 1 minute d i e l e c t r i c  w i ths tand  t e s t  of 
2500 v o l t s  ms. 

1 -+ 
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V I  I RESULTS AND DISCUSSION 
A, DH TESTING 

The pH o f  the f l u i d s  was as f o l l o w s :  

I F l u i d  Code 

As 
Recei ved I 

A 
G 

N (New) 

A f t e r  28 
days a t  75OC 
( t e s t e d  a t  
room temp.) 

S p e c i f i c a t i o n  pH 

Conc. 1:4 1:9 

MIL-C-43616 13.3 11.9 11.6 

TT- R- 248 11,6 11.2 11.0 

M I  L-C-436 16B ,Amend#2 9.2 9.2 9.1 

M I  L-C-436 16 10.4 10.1 10.2 

TT- R-248 n o t  tes ted  
MIL-C-436 16B ,Amend#2 8.7 I 8.8 I 8.9 

Aging f o r  28 days a t  7 5 O C  s i g n i f i c a n t l y  lowers the pH o f  
F l u i d  A and o n l y  s l i g h t l y  lowers the pH o f  F l u i d  N o  

B. F l u i d  Immersion 

The d i e l e c t r i c  w i ths tand  f a i l u r e s  are  shown i n  Tables 1 

through 3. 

There were no f a i  1 ures o f  e i  t h e r  Te fze l  (M22759/18-20-9) 

i n s u l a t e d  w i r e  o r  I r r a d i a t e d  Mod i f ied  Tefze l  (55A0811-20-9) i n s u l a t e d  w i r e  

i n  any o f  t he  f l u i d s  tested.  Both o f  these are promis ing f o r  such app l i ca t i ons .  

Table 4 conta ins the r e s u l t s  obta ined i n  previous t e s t i n g ” ’  

as w e l l  as those obta ined i n  c u r r e n t  t e s t i n g ,  The w i res  are l i s t e d  

i n  o rde r  o f  decreasing res is tance t o  s o l v e n t  damage, 

I t  i s  concluded t h a t  double ext ruded Poly-X i s  super io r  

t o  s i n g l e  extruded Poly-X. Double wrap Kapton i s  super io r  t o  s i n g l e  

5 
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m 

wrap Kapto ingle  wrap Kapton an single extrUQd 
Poly-X. Double wrap Kap ton  i s  no l e  extruded 

The r e su l t s  a l so  indicate t h a t  i f  cleaning were r e s t r i c t ed  t o  the use of 

f lu ids  no more active than the new MIL-C-43616, Amend. 2 (pH = 9,Z) f lu id ,  

only the s ing le  extruded Poly-X insulation would l i ke ly  be attacked. 

I 

I 

6 
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MILITARY SPEC1 FICATION 1 CODE I 
1 A [ MIL-C-43616 

I G 1 TT-R-248 

t 1 

3 MIL-W-81044/ 16-20-9 

I I 

MIL-W-81044/ 18-20-9 

MI L-W-81381/11-20-N 

12 MI L-W-81381/ 7-20-2 

55A0811-20-9 1 23 I 
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APPENDIX C ,  

DESCRIPTION OF FLUIDS AND W I R E S  USED 

A. FLUIDS 

The f l u i d s  chosed f o r  t h i s  i n v e s t i g a t i o n  are as fo l lows: 
1. MIL-C-43616, "Cleaning Compound, A i r c r a f t  Surface". This 

c leaning compound used by the Navy i s  water r i nsab le  and requi red t o  be 
90% biodegradable. The f l a s h  p o i n t  i s  142OF (min) and the pH o f  a 1:4 
water d i l u t i o n  must f a l l  between 8.0 and 12.0. The spec i f i ca t i on  does 
no t  l i m i t  the  composition o f  the cleaner; however, i t  does l i s t  a comp- 
a r i son  formula w i t h  which t o  compare the c leaning effectiveness, and a 
recent  amendment ( 2 )  l i m i t s  the pH t o  10 max. 
F l u i d  A (prev ious ly  tested) w i t h  a pH o f  13.3, and a new f l u i d  (N) w i t h  
a pH o f  9.2 (both pH's measured i n  the  concentrated form). 

Two f l u i d s  were used: 

2. TT-R-248, "Remover, Pa in t  and Lacquer, Sol vent Type''. 

I t  must - n o t  conta in  phenol , cresol ,  creosote o i l ,  c r e s y l i c  
This i s  a non-flammable, water r i n s a b l e  so lvent  type p a i n t  and lacquer 
remover. 
acid,  benzene, carbon te t rach l  o r i  de, perch1 oroethylene , tri chl  oroethylene, 

o r  d ich lorethy lene.  I t  may conta in  o ther  ch lo r ina ted  hydrocarbons i f  
shown t o  have no deleter ious e f f e c t  on the a i r c r a f t .  There i s  no re- 

quirement f o r  pH. 
formula. 
and having a pH i n  concentrated form o f  11.6, was used. 

The s p e c i f i c a t i o n  does n o t  conta in  a comparison 
F l u i d  G (prev ious ly  tested) ,  conta in ing methylene ch lo r ide  

B. WIRES 

The wi res chosen f o r  t h i s  i n v e s t i g a t i o n  are as fo l lows:  

1. MIL-W-22 

carbon i n s u l a t i o n  on s 
and i s  wh i te  (-9)o Th 
Wire Code # l .  

59/18-20-9. This i s  an extruded ETFE f l uo ro -  
l v e r  coated 19 s t rand copper conductor (AWG 20) 

s w i re  was tes ted  i n  TR-21452 and i d e n t i f i e d  by 

c- 1 
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2. MIL-W-81044/ 16-20-9. Th 

imide w i t h  an imide topcoat. I t  has a 
conductor (AWG 20) and i s  w h i t e  ( - 9 ) .  

s i s  a ext ruded a1 
t i n  coated 19 s t r a n d  copper 
This w i r e  was t e s t e d  i n  

TR-2199” and i n  TR-214!j2 and i s  i d e n t i f i e d  by w i r e  code #3. 

3. MIL-W-81044/18-20-9. This  i s  a s i n g l e  ext ruded alkane- 
imide with an im topcoat. 

conductor (AWG 20) and i s  wh i te  ( - 9 ) .  
TR-2199’ and TR-2145’and i d e n t i f i e d  by w i r e  code #4. 

I t  has a t i n  coated 19 s t r a n d  copper 
This w i r e  was t e s t e d  i n  

4. MIL-W-81381/ 11-20-N. This i s a f l  uorocarbon/poly i  m i  de 
i n s u l a t e d  w i r e  w i t h  imide topcoat.  
w i r e  except  t h a t  the i n s u l a t i o n  i s  t h i c k e r .  
This w i r e  was tested i n  TR-2199’ and i n  TR-21452 and i d e n t i f i e d  by w i r e  
code #11. 

I t  i s  the same as MIL-W-81381/7-20-2 
I t  i s  n a t u r a l  ( -N)  c o l o r .  

5 .  MIL-W-81281/7-20-. . This  i s  a f luorocarbon/poly imide 

This w i r e  was 
i n s u l a t e d  w i r e  w i t h  imide topcoat.  
copper conductor (AWG 20) and i s  r e d  
t e s t e d  i n  TR-21452 and i d e n t i f i e d  by w i r e  code #12. 
w i t h  w i r e  code #10 i n  TR-2199’ s ince  i t  i s  i d e n t i c a l  except  f o r  co lo r .  

I t  has a s i l v e r  coated 19 s t r a n d  
i n  c o l o r  ( - 2 ) .  

It can be compared 

6. 55A0811-20-9. This  i s  an i r r a d i a t e d  mod i f ied  ETFE f l u o r o -  
carbon i n s u l a t i o n  on t i n  coated 19 s t r a n d  copper conductor (AWG 20) and .,  

i s  w h i t e  ( -9 ) .  
s idered  f o r  i n c l u s i o n  i n t o  MIL-W-22759. 

This w i r e  was n o t  p r e v i o u s l y  t e s t e d  and i s  b e i n g  con- 



I 

UNCLASSI F I  ED 
Security Classif icat ion 

DOCUMENT CONTROL DATA - R I D  
(Securlfy cla*aif icaflon of tlfle. body of abatracf and indexing ennotelion muat be enfered whnn fhe overall report le clmmrflad) 

0 5  I G IN A TIN G ACT1 VI  T Y  (Corporafe nufhor) 2 9 .  R E P O R T  S E C U R I T Y  C L A S S I F I C A T I O N  

Naval Avi on i  cs Faci 1 i ty  UNCLASSIFIED 
I n d i a n a p o l i s ,  I nd iana  46218 2 b  GROUP 

. REPORT T I T L E  

F l u i d  Resistance Test ing o f  E l e c t r i c a l  W i r e  Used i n  A i r c r a f t  and M i s s i l e s ,  
P a r t  111. 

,. DESCRIPTIVE NOTES (Type of reporf and Inclumlve date.) 

Technical  Report  - 13 September 1977 
,. AUTHOR(S) ( t a a f  name. f i n f  nnme. Iniflal> 

Watkins, W i  1 l a r d  D. 

. REPORT DATE 7 9 .  T O T A L  N O .  O F  P A G E S  7 b .  N O .  O F  R E F S  

13 September 1977 24 2 
I.. C O N T R A C T  O R  G R A N T  N O .  

N A V A I R  Work Request No. 68E95 
b. P R O J E C T  N O .  

9.. O R I G I N A T O R ’ S  R E P O R T  N U M E I E R f s )  

TR-2201 

C 96. O T H E R  R E P O R T  NO(S> ( A n y  orhernumbera rhnf may be ame1mn.d I =port> 
I 

d.  

0. A V A  ILABIL ITY /L IMITATION NOTICES 

D i s t r i b u t i o n  l i m i t e d  t o  U.S.Government agencies on ly ;  Test  and Evaluat ion.  
Other requests rnus t be r e f e r r e d  t o  Naval Av ion i  cs Faci 1 i ty , I n d i  anapol i s , 
Indiana 46218 DISTRIBUTION UNLIMITED WITH APPENDIX B REMOVED. 

1 .  SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY 

I 
i 

3 .  ABSTRACT 

Several types o f  i nsulated e l e c t r i c a l  w i  r e  purchased t o  MIL-W-22759, MIL-W-81044, 
and MIL-W-81381, along w i t h  a new f luoropolymer i n s u l a t e d  w i r e ,  were immersed i n  
so lvents  purchased t o  MIL-C-43616 and TT-R-248. 
t o  w i ths tand  degradat ion by the so lvents  was determined by s u b j e c t i n g  the 
condi t i oned  w i r e  t o  a l d i e l e c t r i  c w i ths tand  vo l tage  t e s t .  
from previous t e s t i n g  ” i n  t h a t  the f l u i d s  were maintained a t  75 C d u r i n g  
immersion o f  t h e  w i r e  specimens. 

The a b i l i t y  o f  t h e  i n s u l a t i o n  

This t e a t i  ng d i f f e r s  

Secur i ty  Classif icat ion 



Clean ing  f l u i d s  
Dielectric w i  thstand 

1. ORlGINATINC ACTIVITY Enter the name and address  
of t h e  contractor. subcontractor ,  grantee, Department of D e  
fense  act ivi ty  or other organizat ion (corporate author) i ssu ing  
t h e  report. 
2.. REPORT S E C W T Y  CLASSIFICATION: Enter  the  over- 
dl securi ty  c lass i f ica t ion  of the report. Indicate  whether 
“Restr ic ted Data” is included. Marking is to b e  in  accord- 
ance with appropriate secur i ty  regulation.. 
26. GROUP: Automatic downgrading is specif ied i n  DoD Di- 
rect ive 5200.10 and Armed F o r c e s  Industrial Manual. Enter  
the group number. Also. whcn appl icable ,  show that  optional 
markings have been used  for Croup 3 and Group 4 as author- 
ized. 

3. REPORT TITLE: Enter the  complete  report t i t l e  in  all 
capi ta l  letters. Titles i n  all c a s e s  should b e  unclassif ied.  
If a meaningful t i t l e  cannot  be se lec ted  without c l a s s i f i c e  
tion, show t i t l e  c lass i f ica t ion  i n  all c a p i t a l s  in  parenthesis  
immediately following the title. 
4. DESCRIPTIVE N O T E S  If appropriate, enter  the type of 
report, e.g.. interim, progress ,  summary, annunl. or finA1. 
Give the inclusive d a t e s  when a spec i f ic  reporting period is 
covered. 
5. AVTHOR(S): Enter  t h e  n a w s )  of author(s) as shown on  
or in t h e  report. 
If  military. show rank and  branch of service. T h e  name of 
t h e  principal author is a n  ahaolute  minimum requirement  
6. REPORT D A T E  Enter  the  d a t e  of the  report as day,  
month, year, or month, year. If more than one  date  appears  
on the report, u s e  d a t e  of publ ica t ion  
7a. TOTAL NUMBER OF P A G E S  The total  page  count 
should follow normal pegination prucedures ,  Le., enter  t h e  
number of p a g e s  containing information. 
76. NUMBER O F  R E F E R E N C E S  Enter the  total  number of 
references c i ted  in t h e  report. 
Sa. CONTRACT OR GRANT NUMBER: If appropriate. enter 
t h e  appl icable  n u m b n  of the contract  or grant under which 
t h e  report was wri t ten  
86, %, & 8d. PROJECT NUMBER. Enter  the  appropriate 
mil i t r ry  depmtment identification, such  as project  number, 
subproject  number, sys tem numbers. t ask  number, e t c  
98. ORIGINATOR’S R E P O R T  NUMBER(S): Enter  t h e  offi- 
c ia l  report number by which the  document will b e  identified 
and controlled by t h e  originating activity. 
b e  unique to  t h i s  report. 
9b. OTHER R E P O R T  NUMBER(S): If t h e  report h a s  been 
ass igned  any other  report numbers (e i ther  b y  the  ori&?inator 
or b y  the  sponsor). a l a o  enter  t h i s  n u m b d s ) .  
10. AVAILABILITY/LIMITATION NOTICES. Enter  any lim 
i ta t ions on further disaemination of the report, o ther  than thosc 

E n t a  l a s t  name, first name, middle initial. 

This number must 

INSTRUCTIONS 
imposed by securi ty  c lass i f ica t ion ,  using s tandard s ta tements  I - 
s u i h  as: 

(1) “Qualified reques te rs  may obtain copi.8 of this 
report from DDC” 

(2) 

(3) 

“Foreign announcement and disseminat ion of this 
report by DDC is not a u t h o r i z e d ”  
“U. S. Government agencies  may obtain cop1.s of 
t h i s  report di rec t ly  from DDC. Other  qual i f ied DDC 
u s e r s  shdl reques t  through 

. 

(4) “U. S. military a g e n c i e s  may obtain copiea  of chis 
report d i rec t ly  from D D C  Other q u a l i f i d  u s e r s  
sha l l  reques t  through 

( 5 )  “All dist r ibut ion of t h i s  report i s  cont ro l lcd  Qual- 
i f ied DDC u a m  sha l l  request  through 

If t h e  report h a s  been  furrushed to the Off ice  of Technicd . 
Services ,  Department of Commerce. for s a l e  to t h e  publ ic  
c a t e  t h i s  fact  and enter  t h e  pr ice ,  i f  known. 
11. SUPPLEMENTARY N O T E S  Use for additional explane- .,_ 
tory n o t e s  
12. SPONSORING MILITARY ACTIVITY: E n e r  tbe MU of 
t h e  departmental project  off ice  or laboratory s p o n w r i  (pap 
in& for) t h e  research  and development  Include d&o& 
13. ABSTRACT: E n t e r  a n  aba t rac t  giving a brief u r d  fic-1 
summary of the document indicat ive of the  report, even  thqugh 
i t  may a l s o  appear  e l sewhere  in the body of the technica l  ro- . 
port. If addi t ional  s p a c e  is required, a continuation shoot o b  
be a t tached .  

It is highly des i rab le  tha t  the  rbs t rac t  of c lass i f ied  re 
b e  unclassif ied.  E a c h  paragraph of the abstract  sha l l  e n d  
a n  indicat ion of the military securi ty  c lass i f ica t ion  of the  in- 
formation in  the paragrsph,  represented as [Ts), (S), fC). 

There is n o  limitation on t h e  length of the abstract .  Hoa- 
ever ,  the sugges ted  length is from 150 tg 225 words. 

14. KEY WORDS: Key words a r e  technically meaningful temo 
or  short  phrases  that  charac te r ize  a report and mag be u s e d  as  
index en t r ies  for ca ta loging  the report. Key words m u d  be 
s e l e c t e d  so that  no secur i ty  c lassi f icat ion i s  required. Menti- 
f i - rs ,  s u c h  as equipment model designation. trade name, mil i t .  
p ;dject  c o d e  name,  geographic  location, may be uaed a s  key _ _  
words but  will b e  followed by a n  indication of technical  con- 
text .  The ass ignment  of l inks ,  roles, and weights  is optional. 

- 

>. t Security Classification 

._ ... 



D I STRI B UTI OW 

Comnander 
Naval Air Systems Comnand 
Department o f  the Navy 
Washington, DC 20361 

AI R-533DlB 
AIR-533DlB2 
AI R-5 20 32C 

Comande r 
Naval Air Engineering Center 
Lakehurst, NJ 08733 

ESS D-9322 

Comnander 
Naval Air Rework Faci l i ty  
North Island 
San Diego, CA 92135 
A t t n :  Mr. S.  A. Springer 

D DC 

700 
7 10 
713 Gahimer 

Wa t k i  ns 
750 

COP1 ES 

1 
1 

10 

1 

1 

16 



r t 
1 1 
1 

I 

i 
I 
1 
r 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

n 
W 

L L  
Y 

Y 

WJ 
m 

m -  I 
I W  I s I 

I 

.- U A  
& H  

I-m 
Vv ,  

.- I C, 

3 
0 
c, 

*I- 

a 
d 
N 

L 
u r  n 

d 
N 

0 0 t 
0 
*I- 

h 
h h 

h 

Q 
aJ 
ln 
m 
d 

. .  
3% 
v) 
c o  
*I- C, 

Q 
aJ m .- c Y 

W r 
c, 

m 
d 

U 
U 
U 

I- 
W r 
I- 

ir 
a 4: 

n 
W 
H 

m -  I - 
I W  
u-1 
& H  

I-v, 
Ov, 
w u  
-I= 
W 

I 

L 
U n  

*I- I 
r 
c, 

I 

CL 
I- 
V 
W 
d 
W 

H 

" L  

W 
-1 

v, 
v, 

z 

H 

U 

I 

n 
d 
N 

n 
d 
c\1 0 

c, 0 u 
S 
0 
.r 

0 0 I= 
0 
.C 

Y 
LL. s 

n 
z 
Q 

U n 
LL L Z  

N 
W I  
a J 3  
U I  

LL 
0 c, 

a 
c 

C, 
a 
? 

c3 z I- LL 

2 
0 
& 

4: 

z 

U 

U 

v 

2, 
C, 
-7 

? .- 

h 
h 

h 
h 

n 
al m 
m 
d 

U 

I- Ln 
W 
I- 

=! 
v) 
E 0. 

Q, 
v, 

aJ c u 
V 
a- 
L L d  
0 

v ) W  
V N  

m 
d 

W 
V z cc 

0 
ce 
0 

A u 
*I- 
? 

n 
W 
m 
1 

.r I 
S &  
O I -  

W C ,  
Q L  
0 - n  

aaJ > &  
5 
z 

.r 

h 
C, v, 

W 
& U 

U 
U 

I- 
CL 
2 

W 
& 
U 

aaJ 
L L  

'5 
-I- n a n 

U 
1 
-1 
LL 

aJ 
-s 
I- t a 

V 1 



-r I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

I 
I 

0'1 

I 

-1 

0 

t.' 

, &...... 3. 
. .. 

0 

I 
I 
I 

I 
I 
I 

I 
I 
I 
I 
I 
1 
1 

0 



r t 1 
n 
w 
L L  

v, 
v, 
Q 

Y 

U 

n 
W 

LL 

v, 
v, 
4: 

Y 

Y 

1 
V 
z 
3 

-1 u z 

V I  
I w  I 

-1 
c 

I - -m 

I 
01 0 U 

LL 
a 

I 
I 
I 
I 
I 

‘ I  
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 

-. 

n 
W 

L L  
U 

n 
W 

LL 
CI 

Y U 
v, 
v, 
4 

v, m 
4: 
-1 
u 
z 
3 

-1 
V z 
3 

m -  I 
I W  I t 

l - 4 1  .C I C, m i  
s-u 3 o a n  Od.5 

.d 
N O  

n 
d 
N 

0’ I 0 Y 
LL 

I 



-I- I 7 

A. d. 

3 3  
Ln 

A. d. 

3 3  
In 

D 
v) 
v) 

I - 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

0 
r+ A. A. 
2 3  a 

P 
n t- 

I 

. .  r 
D 
v, cn - 
z 
m 

D 
v, 
v) 
CI 

z 
m 
0 



T R  2210 
I9 OCTOBER 1977 



PREFACE 

This  r e p o r t  descr ibes  an i n v e s t i g a t i o n  i n t o  t h e  a b i l i t y  
o f  the  i n s u l a t i o n  on a i r c r a f t  e l e c t r i c a l  w i r e  t o  w i t h s t a n d  exposure 

t o  c leaners  which are used on a i r c r a f t  sur faces.  It i s  a c o n t i n u a t i o n  

‘of work r e p o r t e d  i n  NAFI TR-2145’, TR-2199l and TR-22012. 

This  work was performed f o r  N A V A I R  under Work Request 

No, 68E95. 

PREPARED BY: 
W. D. WATKINS 

APPROVED BY: 

M a t e r i  a1 s Branch 

63.0 .> 

Labora tory  and Consul tants  D i v i s i o n  



Several types o f  insulated e lec t r ica l  put ased 

t o  MIL-W-81044 were immersed i n  cleaners purchased to  MI -C-43616, 
The a b i l i t y  o f  the insulation t o  withstand degradation by the 
cleaners was determined by subjecting the conditioned wire t o  a 
d i e l e c t r i c  withstand voltage t e s t .  The e lec t r ica l  insulation 
DC resistance was also determined. I 
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I I CONCLUSIONS 

1. None of the insulations tested were degraded enough t o  
cause a d i e l ec t r i c  w i t h s t a n d  fa i lure .  1 

. 2. Halar@' and Kynar@ jacketed polyalkene wire resisted the 

However, Halar may have some superiority i n  regards 
cleaners equally well as evaluated by d ie lec t r ic  withstand 
testing. 
to DC resistance testing. 

3. 
performance i n  d ie lec t r ic  withstand testing. 

4. Kapton insulated wire may f a i l  on naval a i r c r a f t  a f t e r  seven- 
to twenty-one years service. More complete f i e ld  fa i lure  reports 
concerning bo th  Poly-X and Kapton insulated wire are necessary i n  
order t o  improve this estimate o f  the service l i f e  of Kapton 
i ns u l  a ted w i  re. 

Removing the Halar and Kynar jackets d i d  not affect  the 

/ - 
.. 
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' 1 -  I RECOMMENDATIONS 

1. 
use i n  N a v y  a i r c r a i ;  on the t ; s is  o f  a l l  t es t ing  performed to  date: 

-!-,e f~::owin5 f:.,r wires sr ,cu- ,c  be considered f o r  general 

MIL-W-81CC4/30 anc ,'i 1 'Proposed) 

MIL-W-22759/16 a n d  !lP 
5 5A08 1 1 

MIL-W-81044/9 a n d  / 12 --- 
- / . H  

- / .  

2 ,  I t  i s  recommended t h a t  a twofo ld  evaluation program be 
i n s t i t u t e d  for the above wires.  One p a r t  would cons is t  of 
qua l i f ica t ion  t e s t i n s  of each w i r e .  The second par t  would in- 
volve performing 28 day immersion t e s t 5  i n  a b r o a d  spectrum of 
f lu ids  as in the ear ly  evaluations done by NARF-NORIS4,  

3. The DC res is tance should be determined on a 25 f t ,  speci- 
men i n  future  solvent res is tance tes t ing .  

4. I n  order to  obtain a b e t t e r  estimate of the  Kapton service 
l i f e  based on the Po ly -X  service experience i t  i s  recommended t h a t :  

a .  All f a i l u r e s  of Poly-,: insulated wire on Navy a i r c r a f t  
s h o u l d  be reported,  ident i fy ina  the a i r c r a f t  type, a i r c r a f t  BUNO, 

type o f  f a i l u r e  ( a r c - t h r u ,  low res i s tance ,  e t c . ) ,  and location on 
the a i  rcra f t 

b ,  Failed Poly-X insulated wires o r  cables should be sen t  
to N A F I ,  D/713, along w i t h  a copy of the f a i l u r e  repor t ,  w i t h  the 
fa i led  wire tagged or otherwise marked. NAFI wi l l  perform fur ther  
f a i l u r e  analysis ana pos i t ive ly  ident i fy  wire insu la t ion  type, 
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I I I I INTRODUCTION 

I n  a previous report '  i t  was recommended t h a t  newly 
developed polymers used as insulation on e lec t r ica l  wire be 
evaluated for their resistance to  solvent and f luid damage. Two 
relatively new plast ic  materials have since been proposed for  
use in a i r c ra f t  e lec t r ica l  w i r e .  

One is  ECTFE (Halarq jacketed polyalkene which i s  
radiation crosslinked. 
MIL-W-81044/30 (Proposed) and /31 (Proposed) 
construction to MIL-W-81044/9 and /12, which i s  polyvinylidene 
f l  uori de (Kynarq jacketed polyal kene and i s a1 so radiation cross- 
1 inked. 

This wire i s  described i n  specifications 
I t  i s  simi 1 a r  i n 

The other i s  Irradiated Modified ETFE (TefzelB) which 
i s  radiation crosslinked. This wire i s  described in a commercial 
specification and i s  referred t o  as Spec "55" wire. I t  i s  similar 
to MIL-W-22759/16 o r  /18 which are insulated with unmodified Tefzel. 

Both Tefzel and  Irradiated Modified Tefzel were previously 
tested" for solvent damage by immersion. 
sistance t o  damage by high pH fluids (pHx13)  even a t  75' C. There 
were no d ie lec t r ic  withstand fai lures  a f t e r  28 days immersion. The 
Halar jacketed polyalkene wire was n o t  previously tested. 

Both have excellent re- 

I t  i s  t h e  purpose of this  investigation t o :  

1. 
alkene wire immersed a t  2 5 O C  a n d  7 5 O C  with and  without jackets. 

Compare the solvent resistance of Halar and Kynar jacketed poly- 

2. Measure the DC e lec t r ica l  resistance of the wire insulation 
d u r i n g  solvent immersion. 

? 
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I V ,  YATERIALS 

F1 u i c s  

;wo f l u i d s  w e r e  chose1 f o r  t h i s  i n v e s t i g a t i o n ,  F l u i d s  A 
2nd N are  i.:IL-C-43616 c l e a n i n g  compounds which were p r e v i o u s l y  

empl oyed '' L' 

p r e v i o u s  r e p o r t s .  

i n  Appendix C. 

and a r e  ider- , t -  - ,,; i x e  same manner as i n  the  

A comp-!e?;t. d e s c r i p t i o n  o f  t he  f l u i d s  i s  g i v e n  

Wires 

Severa l  combinat ions o f  two d i f f e r e n t  i n s u l a t e d  w i r e s  were 

used. 

po l ya l kene .  They were a l s o  t e s t e d  w i t h  t h e  j a c k e t s  removed, They 

a re  i d e n t i f i e d  as  f o l l o w s :  

B, - 

The i n s u l a t i o n  systems a r e  e i t h e r  H a l a r  o r  Kynar j a c k e t e d  

W i r e  Nc. Speci fi ca ti on 

19 MI L-W-81044/30-20-9 (Proposed) 
20 MIL-W-81044/31-20-9 (Proposed) 
19wo No. 19 wi t h  j a c k e t  removed 
2owo No. 2C w i t h  j a c k e t  removed 

22wc No. 22 w i t h  j a c k e t  r e m v e d  
22 MIL-W-81044/ 12-20-9 

The w i r e s  a r e  l i s t e d  by code number and s p e c i f i c a t i o n  i n  Tables 

1 and 2. A complete d e s c r i p t i o n  appears i n  Appendix C .  

V ,  PROCEDURE 

The f l u i d s  were used i n  t h e  c o n c e n t r a t e d  
P e r i o d i c a l l y  t h r o u g h o u t  t h e  t e  f r o m  the can" form. 

" s t r a i g h t  

t i n g  i t  wa 

necessary t o  " r e c o n s t i t u t e "  some o f  t h e  f l u i d s  by adding d i s t i l l e d  

w a t e r  t o  compensate f o r  loss due t o  e v a p o r a t i o n .  

o f  c o n s t i t u e n t s  o t h e r  than wa te r  was assumed t o  be n e g l i g i b l e ,  

The e v a p o r a t i o n  
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Three specimens from each o f  the five wire samples 
were tested in each of the fluids ( A  and N )  for  immersion times 
of 1 through 7 consecutive days, 2 weeks, 3 weeks, and 4 weeks, 
bo th  a t  2 5 O C  and 7 5 O C .  

The wire samples were cut to 2 foot lengths with the . ends stripped on an automatic Eubanks wire cutt ing machine, The 
specimens were formed from the 2 foot lengths by making a s ingle  
t u r n  loop with the ends of  the wire r u n  through the loop twice to 
secure the loop. The loop was formed t o  a 1 inch diameter on a 
rod of t h a t  s ize  and the stripped conductor ends twisted together. 
Identification t a g s  were attached t o  each specimen indicating the 
wire and f luid code and the time and temperature of imnersion. 

All specimens (#l ,  #2, and #3) were immersed i n  the 
test f l u i d  i n  the "as looped" condition. 

After i mme rs  
water and  then immersed 
sistance of the insulat  
fication using 500v DC. 

on, a l l  three specimens were rinsed 
i n  5% s a l t  water for  1 hour.  The DC 
on was determined a f t e r  one minute e 

n tap 
re- 
ec t r i  - 

Specimen #1 was then imnersed for  1 hour i n  t a p  water 
containing an anionic wetting agent. While s t i l l  i n  the t a p  
water the insulation was subjected t o  a 1 minute d ie lec t r ic  w i t h -  
stand t e s t  o f  2500 vol ts rms. 

Specimen #2 was rinsed i n  t a p  water, uncoiled, and 
I t  was allowed to dry for 1 hour a t  room ambient conditions. 

then subjected to the "double reverse wrap" on a 0.125'' diameter 
mandrel as  specified i n  the solvent resistance t e s t  procedure of 
the wire specifications. Following t h i s ,  the specimen was formed 
into a loose coil and immersed i n  tap water for 1 hour before 
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b e i n g  subjected 
2590 vol t s  rms. 

I 

Fluid Code 1 Speci f i  cation pH 
I 

Conc, 1:4 1:9 

As A MIL-C-43616 13,3 1 1 - 9  11.6 
1 
! 

I I 
days a t  7 5 O C l  n I L-C-43616 10.4 1 10.1 10.2 

Received I N (New) I MIL-C-:;,16B, Amend #2 9.2 9.2 9.1 
I 

After 28 1 
( t e s t e d  ar. i 
room terno,; , 

I 
I 

I I MIL-C-43616B, Amend = 2 /  8.7 1 8.8 8.9 
I I 

Spec 

* 

t c  a 1 minute die 

wn = 3  was rinsed 

e c t r i c  withstand t e s t  of 

i n  t a p  water, uncoiled, and 
sllowed t o  dry f o r  2: nour: .=t v o m  ambient conditions.  Next, 
i t  was subjected t c  tne I l d G ; l t l F  reverse wrap" on a 0.125'' 
mandrel, formed ir,;D a loose cci i ; ,  a n d  immersed i n  t a p  water f o r  
1 hour. The i n s u l F t i o n  war tp ,e r~  subjected to  a 1 minute d i e l e c t r i c  
withstand t e s t  of 2500 vol ts  rrL- 

V I ,  RESULTS A L  ZiISCUSSION 

A, pH TESTING 

T h e  pH cf the f - iu ias  was as  follows: 

Ag ing  f o r  28 days a t  7 5 O C  s i g n i f i c a n t l y  lowers the pH 
o f  Fluid A a n d  o n l y  s l i g h t l y  lowers the pH of Fluid N o  

B. Fluid Immersion 

There were no f a i l u r e s  i n  e i t h e r  Halar jacketed polyalkene wire 
(MIL-W-81044/33 or /31, Proposed) or  Kynar jacketed polyal kene wire 
(MIL-W-81044/12) i n  e i t h e r  o f  the f l u i d s  a t  2 5 O C  or 75'C. 

1 
1 
I 
1 
I 
1 
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1 
3 
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I 
I r e 
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There were n o  fa i lures  in  the above wires with 
jackets removed and subjected t o  the same t e s t  conditions. 

The averages o f  measured DC e lectr ical  resistance 
values are l is ted in Tables 1 and 2. The DC resistance of wires 
imnersed a t  room temperature i s  lower a t  the end of 28 days 
immersion than  a t  the start. 
wires tested i n  Fluid A (pH = 13 .3 ) .  
w i t h  jackets removed and tested i n  Fluid N (pH = 9.2).  

This trend i s  clearly seen for  a l l  . 
I t  i s  also seen for  wires 

The DC resistance of wires immersed a t  7 5 O C  in Fluid A 
are also lower a t  the end of 28 days imnersion t h a n  a t  the s t a r t .  

The daily variation i n  DC resistance d a t a  can be attri- 
b u t e d  to  the short length of the specimen. 
specimen is immersed and measured for  DC resistance., When tes t -  
i n g  is  performed s t r i c t l y  t o  the specification, the DC resistance 
is measured on a 25 f t .  length. I t  i s  f e l t  t h a t  future testing 
o f  DC resistance a f t e r  f luid immersion should be done using the 
25 ft. specimen. 

Only 12 inches o f  the 

Curve f i t t i n g  (with d a t a  smoothing) was performed on 
some of the DC resistance d a t a  collected a t  room temperature and 
the resultant curves are shown in Graph 1. These curves are 
useful i n  showing trends and re la t ive  position, b u t  the values 
of DC resistance shown are n o t  accurate due t o  the variation 
i n  the original data,, 

I t  i s  encouraging that  no i n d  

of DC resistance on any o f  the wires was 
ance specified for cable harness assernbl 
lOOMn (1  x 10%). 

vidual determinat 
below the mi nimum 
es a t  the NARFs, 

on 
res i s t -  

7 
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The measured values of DC res is tance a re  lowered 
by removing the Halar a n d  Kynar jackets  a b o u t  40% due t o  loss 
i n  material  alone. ;t i s  obvious t h a t  the measured difference 
i s  much grea te r  thar ,  LO'-o 

enhance the insulat ioq constructioE f o r  protect ion against  f l u i d  
degradati on 

I t  i s  concluded t h a t  b o t h  jackets  

C ,  Summary 

A summary of the resul ts  t o  date of d i e l e c t r i c  w i t h -  
s t a n d  t ec t ing  a f t e r  f l u i d  irnwrsion i s  given i n  Table 3. 
wire types current ly  used or proposed f o r  use a r e  l i s t e d .  

Only 

D o  :.:ire Service i i ; c  

Wires 3 a n d  4 (Poly-X) a re  purchased t o  MIL-W-81044/16 
and / 18 respect ively,  
81044 on 2 January 1970. The wire was used on the F - 4 N  a i r c r a f t ,  

and  i n  September 1975 the f i r s t  malfunction due t o  the Poly-X 

degradation was recorded6, The wire could not have been i n  
service more t h a n  f ive years.  

These speci f i  cations were added t o  MIL-W- 

Poly-X wire was c i ~ , ,  used on the F-14 a i r c r a f t ,  which 
has been operational f o r  about s i x  years.  Field f a i l u r e s  of Poly-X 
wire have a l s o  been reported for the F-14. While the reports 
have not accurately establ ished the time of  f a i l u r e ,  i t  appears 
to  be no sooner than about three years ,  

7 
I 
1 
1 
I 
1 
I 
1 
I 

1 

1 
4 

! 

The laboratory t e s t s  have indicated t h a t  s ing le  extlZlded 
Poly-X will  f a i l  before double extruded Poly-X, The f i e l d  f a i l u r e  
reports do not l i s t  which of these caused the malfunction. 
preponderance of the wire used i n  both a i r c r a f t  i s  double extruded. 
B u t  there i s  doub t  as t o  which OW &r) choose i n  t ry ing  t o  cor re la te  
the three year  minumum f i v e  year maximum est imate  of service l i f e .  

The 

8 
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Most o f  the damaged w i r e  found i n  the a i r c r a f t  was i n  SWAMP* 
areas ., 

Wires 11 and 12 (Kapton) have been used i n  the 
S - 3 A  a i r c r a f t ,  i n c l u d i n g  SWAMP areas, and have been opera t iona l  

f o r  about f o u r  years. No f i e l d  f a i l u r e s  have been reported. 

Laboratory t e s t i n g  i n d i c a t e d  t h a t  l i g h t  weight  

Kapton (M81381/7) w i l l  f a i l  a t  about the same t ime as normal 

weight  Kapton (M81381/11) i n  h igh  pH cleaners.  Compared t o  

Poly-X (Table 3, Column l ) ,  Kapton i n s u l a t i o n  may l a s t  from 

2.3 t o  7 times longer ,  depending upon whether the comparison is 
made w i t h  s i n g l e  o r  double extruded Poly-X. 

I f  i t  i s  assumed t h a t  there i s  reasonable c o r r e l a t i o n  

The use o f  
between labo ra to ry  t e s t s  and se rv i ce  experience, then Kapton 
i n s u l a t e d  w i r e  may f a i l  a f t e r  7-21 years o f  serv ice ,  

m i l d e r  c leaning compounds t o  MIL-C-43616, Amend. 2 (pH 2 10) 

should extend the serv ice  l i f e  o f  the i n s u l a t i o n ,  

I t  i s  impor tan t  t o  be able t o  p r e d i c t  if and when 
Kapton i n s u l a t i o n  w i l l  f a i l  i n  se rv i ce  t o  determine whether rework 
may be necessary i n  present equipment, and t o  make i n t e l l i g e n t  

dec is ions i n  f u t u r e  app l i ca t i ons  o f  Kapton. 

o b t a i n  b e t t e r  f a i l u r e  data on Poly-X now i n  se rv i ce  so t h a t  a 
b e t t e r  est imate o f  Kapton serv ice  l i f e  can be made. 

present, Kapton should no t  be used i n  SWAMP areas. 

I t  i s  necessary t o  

For the 

I n  o rde r  t o  determine more accura te ly  t h e  f a i l u r e  

h i s t o r y  o f  the Poly-X i n  serv ice ,  and thus o b t a i n  a b e t t e r  

* SWAMP = - Severe - Wind - -  And Moisture - Problem 
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estimate o f  t h e  Kapton service l i f t :  

a ,  All cable harnesses w h i c h  f z i l  e l e c t r i c a l l y  s h o u l d  be 

r e p o r t e d ,  ident i fying t h e  date o f  f a i l u r e ,  the a i r c r a f t  t y p e ,  
a i r c r a f t  BUNO, location o f  c a b l e  i n  a i r c r a f t ,  age of a i r c r a f t  
( o r  harness) i f  known, 

b,  Failed cable harness a s s e m l i e s  (including connectors, 
i f  unusable) should be s e n t  :c NAFI ,  D/713, f o r  further f a i l u r e  
analysis  and posit ive ident j f ica t ion  of wire insu la t ion  type. 

1 
1 
I 
1 
I 

I 
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MANUFACTURER PRODUCT MILITARY SPECIFICATION IDENTI FICATIoN CODE 
1 I 

MIL-C-43616 

I " 1  

I 

I 1 N 1 MIL-C-43616, k n d .  2 

1 1  MIL-W-22759/ 18-20-9 

I 4 

3 
I 
1 
1 
I 

4 

11 

MIL-W-81044116-20-9 

MIL -W - 8 1044/ 18-20-9 

MIL-W-81381/ 11-20-N 

I 

MIL-W-81381/7-20-2 

1 1  
MI L-W-81044/30/20-9* l9 

I '  

MIL-W-81044/3 1-20-9* 

MIL-W-81044/ 12-20-9 

55A0811-20-9 23 

Your point of C O ~ W  in lhir matter ir John Milllman who may be reached P the address abob e, by Jonc I 
(301) 7576638 01 by 6 1  at -rm vv mg Please feel fm to contact turn if you nod u y hrrrhn 
UsIsmIlce. 

Lola R. Mmn 
Dlmtor of Corporate communicaIiolu 

T l T F L  P 

1 Proposed 5- 1 . . ... .... ---*.*.-n 
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APPENDIX C ,  

DESCRIPTION OF FLUIDS AND WIRES USED 

A. FLUIDS 

The f l u i d s  chosen f o r  t h i s  i n v e s t i g a t i o n  are as f o l l o w s :  

w 1. MIL-C-43616 , "Cleaning Compound, A i r c r a f t  Surface". Th is  
c lean ing  compound used by the Navy i s  water r i n s a b l e  and requ i red  t o  be 

90% biodegradable. 

water  d i l u t i o n  must f a l l  between 8.0 and 12.0. 

n o t  l i m i t  t he  composition o f  t he  c leaner ;  however, i t  does l i s t  a comp- 

a r i son  formula w i t h  which t o  compare the c lean ing  e f fec t i veness ,  and a 

recent  amendment ( 2 )  l i m i t s  the  pH t o  10 max. 

F l u i d  A w i t h  a pH o f  13.3, and a new f l u i d  (N) w i t h  a pH of  9.2 (bo th  

pH's measured i n  the concentrated form). 

The f l a s h  p o i n t  i s  142OF (min) and the  pH o f  a 1:4 

The s p e c i f i c a t i o n  does 

Two f l u i d s  were used: 

B. WIRES 

The wi res chosen fo r  t h i s  i n v e s t i g a t i o n  are as fo l l ows :  

1. MIL-W-81044/30-20-9 ( Proposed). Th is  i s  a r a d i  a ti on 
c ross l i nked  e t h y l e n e c h l o r o t e t r a f l  uoroethylene (ECTFE, Ha1ara ) jacke ted  
polyalkene i n s u l a t e d  e l e c t r i c a l  w i re .  

copper conductor (AWG 20) and i s  wh i te  ( -9 ) .  
t o  MIL-W-81044/12-20-9. 

" l i g h t  weight"  w i re .  

I t  has a t i n  coated 19 s t rand  

I t  i s  s i m i l a r  i n  c o n s t r u c t i o n  

The f i n i s h e d  diameter i s  0.055 inches and i s  a 

I t  i s  i d e n t i f i e d  h e r e i n  as Wire No. 19. 

2. MIL-W-81044/31-20-9 (Proposed). Th is  i s  i d e n t i c a l  t o  

MIL-W-81044/30-20-9 w i r e  except  the f i n i s h e d  w i r e  diameter i s  0.070 

inches and i s  a "medium weight"  w i re .  I t  i s  s i m i l a r  i n  cons t ruc t i on  

t o  MIL-W-81044/9-20-9 w i re .  I t  i s  i d e n t i f i e d  h e r e i n  as Wire No. 20. 

c-  i 
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3. MIL-bi-E1044/12-20-9. T n i s  i s  a r a d i a t i o n  c ros s l inked  
polyvinyl idene f l u o r i d e  (Kynare ) j acke ted  polyalkene i n s u l a t e d  
e l e c t r i c a l  wire.  
( A W G  2 0 )  and i s  wh i te  ( - 9 ) .  The firrisned diameter  i s  0.055 inches 
and i: a " l i g h t  weigi;t" wire .  I: i s  i de r l t i f i ed  here in  as Wire No. 22.  

I t  has  a t i n  coated 19 s t r a n d  copper conductor 
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DEPARTMENT OF THE NAVY 
NAVAL AIR SYSTEMS COMMAND 

NAVAL AIR SYSTEM8 COMMAND HEADQUARTERS 

WASHINOTON. DC 10361 IN REPLY REFER TO 

MEMORANDUM 

From: AIR-530A 
TO: AIR-546 

Subj: TECHNICAL EVALUATION OF MIL-W-81381 ELECTRICAL WIRE INSULATION 

Encl: 
- 

7 .  A 

( 1 )  Technical Review o f  MIL-W-81381 
(2) Tabulation of Report s/Documents Reviewed 
(3) NADC Technica.1 Evaluation of 30 Aug 85 
( 4 )  Aerostructures Technical Evaluation of 16 Sep 85 
( 5 )  NASA Technical Evaluations of 9 Sep 1985 
(G) NAC Technical Evaluation of 16 Sep 85 
( 7 )  Proposed Status Letter to Industry 

echnical review, enclosure (11, of available reports/documen 
conducted by AIR-5304 over the period 22 August to 13 September 198 

:s was 
i. The 

objective was to assess the material perforiance and ballistic impact behavior 
of electrical wires conforrning to MIL-W-81381. These wires are insulated with 
a polyimide film manufactured by E.I. Du Pont Company under the registered 
trademark of "KAPTON". The maintenance performance of these wires has been a 
subject of debate for years, however a new review was required because recent 
ballistic impact testing at NRL raised the question of aircraft survivability. 
This type of wire insulation is now being used on nearly all military and 
commercial aircraft. 

2. The subject review was conducted by AIR-5304 supplemented by the personnel 
identified below: 

Mr. K .  Clark - NAVAIRDEVCEN, Warminster, PA 
Mr. M. Stander - Aerostructures, Arlington, VA 
Mr. E. Kelsey - NASA Langley Research Center, VA 
Mr. J. Gowdey - NASA Langley Research Center, VA 
Mr. R. Beach - NAC, Indianapolis, IN 

The pertinent documents reviewed are tabulated in enclosure ( 2 )  and the 
individual technical evaluations are provided as enclosures (3) through ( 7 ) .  

3. This review was conducted from a materials engineering point of view, the 
conclusions of which are summarized below. The rationale for these conclusions 
is provided in enclosure (1) and forms the basis for this technical position. 
It should be noted that several of the conclusions are not in complete 
agreement with the recommendations of the support personnel, however their 
input was valuable in assessing the overall situation. 
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DEPARTMENT OF THE NAVY 

N A V A L  A I R  SYSTEMS C O M M A N D  
N A V A L  A I R  SYSTEMS C O M M A N D  HEADQUARTERS 

WASHINGTON. D C  P O 3 6 1  

DRAFT 
E.I. Du Pont De Nemours & Company, Inc. 
Attn: rlr. Nicholas Pappas 
Polymer Products Department 
Wilmington, Delaware 19898 

Gentlemen: 

IN REPLY REFER TO 

1000 
A I  R- 5304C/4 197 

As indicated in our letter of 22 August 1985, we initiated a review of 
reports/documents pertaining to the in-service performance of KAPTON insulated 
wire (MIL-W-81381). 
establishment of a Government/Industry Task Group to oversee additional 
testing. O f  particular concern i s  a thorough understanding of the performance 
of the insulation when subjected to ballistic impact. 

This review determined that there is a basis for 

Membership of the group will be solicited by separate correspondence. It is 
estimated that it will take 3 to 4 months to complete the testing, in the 
interim the selection of wire insulation for new aircraft, such as the V-22, 
will be held in abeyance pending the results of this testing program. 

Sincerely, 



c 

D. 

(1) appeers t o  have been caused by 8 f lashover  o f  one wire t o  the  e n t l r e  
bundle, 
I n i t i a t e d  t he  failure, 

Field Repprts of Yapton Performance 

1. 
- 

Fallures on the Ef-112 Kupton bundle repo r ted  4n report 135 of enclosure 

Evidence f s  availsble b u t  r t O t  s u b s t e n t l a t d  t h a t  arc-tracking 

2, ?'he Alr Force report, P24 o f  enclosure ( I ) ,  from 1993 shows Kapton wfre 
failures were seen dutlng the Inspect ions,  The snelysis shows t h a t  potential 
problems may e x i s t  over ctrl e x t e n d d  servlce l i fe ,  However, the conclusfon 1s 
t h a t  Ks t on  is edequste for continued usage b e s e d  on current ds te  and 
re1 i a b i  P i t y  Mstory, 

3, Extenslve data was cbmplled by R s p e c l e l  tesk group o f  t h e  Aeronautical 
Systems D f v f s f o n  (AS9  DAG) for the Air Force on the use o f  Kapton, Extens ive  
cornrnwtial use o f  Kapton i s  shown w i t h  mostly good results for i t  sface u s e k  
began I n  1972, However, mclny airlines have reported Kapton b u n d l e  damage 
I n  Lockheed L-1011 aircraft. TWA has postulated f lre  damage of the bundles 
may have been caused by an arc-tracking f a t l u r e  and h8s expressed concern 
over the contqnued use of Kapton wire i n  t h e l r  nlrcraft, The task groups 
excellent r e v i e w  supports the continued use o f  Kspton.. The genera\ feeling 
was t h a t  the  fnolated falluren are few cmpered t o  the tota l  f o o t a g e  used 
since Kapton was introduced, 

4. The tnspecttons perfommed by HEHA (sea repart 538 of enclosure 1) 
show t h a t  Kapton hydrolysis cracking I s  a potentla1 problem i n  SWAMP areas. 
However, the inspection indicates Kbpton perfoms He71 when properly 
t n s t a l l e d  and melntafned, 

Recmendat7ons 

continue t o  be chosen based on thelr app7ication, Before any appltcation 
dec is ion  can be made for a pa,~tlcular fnsutat lon s j e t e m ,  a d e f t n l t i v e  set of 
envtronmental chwacterlstfcs  m u s t  be established, Once a11 t h e  wlre's 
characteristics have been ident i f ied t h e y  must t h e n  be matched w i t h  each 
envlronmental cheracteristic, thereby definlng the usage 1 Imi tat ions.  To make I 
decision regardfng the use of Kopton, the  fo l lowing areas should be 
ex mined : 

1, Taktng I n t o  &count a11 reports, i t  i s  recomhendPd wire f n s u l o t i o n r  

8, Further Information f s  needed t o  determind what environmental 

b. Comparison tests should be conducted on vaf tout  typps o f  wfre 
e, To Increase safety, new procedures and/or systems for circuff  

d, field dbta  should be compiled I n t o  a data b8se t o  h e l p  predlct the 

character i s t i t s , current- 1 o ad, and b und 1 e con f i g  w e t  ion s c an c 8 u s e 

bundles i n  current overload and flamabtlity conditfons. 

protection and f a u l t  detect ion should be cons fderd  t o  Protect Wire bundle 
insulations during htgh current overload. 

actual service I f f e  of Kapton (end other ulres).  Kapton's length o f  time In  
ac tub l  s e v i c e  i s  only  now teveslfny useful service l i f e  da ta ,  

e. Eva luat ion  of Kapton properties as 8 function o f  age shou ld  be 
per formed, 

flaShOVWS. 
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A!lAtY$I$ OF AVAILABLE DATA ON THE PJLATIVE PERFORPANCE OF KkPTOH INSULATED H R E S  
_L_ -- - - - .  

Encl: (1) Test Reports on Kapton dre for HAVAIR E v a l u a t i o n  

Introduction; Concern over the  use of Rapton h s u l a t e d  &e and cable for 
aerospace appllcations bas become o prlorty I ssue  w i t h  NPVAIR over  the last 
f i v e  years , Increased awareness o f  k y t O n ' 5  llmitatlons due t o  h drolysfs 

~II f i e l d  eppl  fcatfons, The increased awareness of Kapton's chemlcal 
cmpasi tlon and per formance dl f fe rences  from other wlre Insulation systems 
has led t o  an8lysls o f  Yapton (along with o t h e r  wtre insulat ions)  i n  a 
multttude of loboratcry t e s t s ,  Hew t e s t s  have been developed i n  o r d t r  t u  
attempt t o  s imula te  conditions i n  the f leld,  These t e s t s  were performed I n  
the Iaboratwy for repeatability and to compare d i f f e r e n t  Insulation 
systems, Since the MC Test  Report TR-2333 o f  1983, testing has been done to 
anal ze Kapton and other w l r e  types to determine behavior of wlre bundles to 
flat -over fallures caused by arc track4ng and the impact of  projectiles. 

To evaluate t h e  properties o f  any wtre and thus determine i t s  
appllceblllty t o  a parttcular system, a1 1 characteristics must b e  examined then 
compared t o  the required environment. The purpose o f  t h i s  summary f s  to rev few 
the characterlstfcs o f  KaptOn whlch have been documented In the reports o f  
enclosure (1) and t o  provide guidance on what additional date  should be 
generated t o  have a f u l l  comprehension o f  Kapton's cheracterktfcs and 
1 Imftfitlons, 

and baslc cleanfng f l u i d s  has resulted I n  scrutiny o f  the  fvsulat .r on system 

x 

Conclusions: , 

. A ,  General &pose wjre Properties 
b 

A review O f  a l l  sppticab'le test reports indicates the HAC Test Report 

The other reports o f  enclosure ( 1 )  b a s i c a l l y  substantiate the  
TR-2333 (enclosure 1 HD. 18) terves as the basic reference for the  
evaluhtlon o f  wire char8,cterlstIcs,  except for .the f lashover  and ballistic 
phenomena, 
results and c h a r a c t e r i s t i c s  6s reparted I n  TR-2333, 

B, Cdrbon Tracking-Fleshover Phenomenon 

perspective o f  al l  reports, and t h e  fo l lowing  conclusions were drawn: 
Reports 821, 23, and 35 of enclosure (1) were amlyred I n  the 

1. Kapton and othgr similar lnsulatlons w i t h  aromatlc pol mer backbones 
and slaller structures (such as PEEK) v l l l  support carbon arc- t racking making 
these insulations susceptible to flashover-failures I n  bundles under 
spec i a1 i zed condl t ions 

' 2, ETFE & X-llnked ETFE are  n o t  susceptible to t h i s  phenomenon due t o  theft  
chemical structure, S i m l l a r  halogenated a l ipha l  I C  hydro-carbon polymers w e  
'generally resfstant t o  t h i s  phenmenon, 

3. Sa'Zutions and contamlnants prov id lng  carbonfr!ng materials for 
nselftracklng" (example sugar water) should not be used t o  evaluate the carbon 
tracking characteristlcs o f  an insulation. 
materials to develop a laboratory t e s t  whlch simulate 8 f l e l d  condi t ion  b u t  I t  
should not be used t o  categorize a partlcular fnsulation a s  susceptible t o  

I t  may be v a l i d  t o  use self tr-ackfq 

. 

carbon ttecklng, E M CL OS 3R E@) 
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t i m e .  No o t h e r  I n s u l a t i o n  w i t h  t e s t  r e e u l t r  i n c l u d e d  in the r e v i e w  

c a o e  of h a r n c s e  f i r e  in a c i v i l i a n  L-1011 vae p r e s e n t e d ,  a t t r i b u t e d  t o  
this c a u r e .  A l t h o u g h  t h e  v i d e o  w a a  not v i e w e d ,  the n a r r a t i v e  e c r i p t  
of  a v i d e o  r e c o r d e d  t e s t  u e f n g  an  a c t u a l  a i r c r a f t  breaker p a n e l  with a 
o i m u l a t e d  harness d c m o n s t r a t i h g  this effect was i n c l u d e d  +n t h e  r e v i e w  
m a t e r i a l .  M a s s i v e  damage t o  t h e  h a r n e e e  r e e u l t e d .  

material d e p o s i t e d  conductive c a r b o n  ae a r e e u l t  of p y r o l y z a t i o n .  One 

S e v e r a l  o t h e r  i n s u l a t i n g  m a t e r i a l a  s u i t a b l e  f o r  une i n  (and in u n e  i n  
oome) a i r c r a f t  were t r e a t e d  by t h e  r e v i e w  m a t e r i a l .  I n  p a r t i c u l a r ,  a 
wire  i n s u l a t i o n  t r a d e n a a e d  "RapChem Spec S 5 " ,  covered by MIL-W-22759 
a p p e a r s  f r o m  t h e  t e s t  d a t a  p r e s e n t e d  t o  be t h e  n e x t  b e s t  insulation 
f o r  e i r c r e f  t a p p l i c a t i o n ,  after "as-ncu* '  Kapton. Thin insulation, 
a l t h o u g h  t e n d i n g  t o  become l e s e  t o u g h  a t  maximum r a t e d  t e m p e r a t u r e ,  
d o e s  n o t  e x h i b i t  e i t h e r  t h e  u a t e r  a b s o r p t i o n  or the c a r b o n  t r a c k i n g  
e f f e c t s  d e s c r i b e d  a b o v e .  I t  l e  c o n s i d e r a b l y  t h i c k e r  t h a n  K a p t o n  f i l m ,  
t h u s  c r e a t i n g  a b u l k l e r  h a r n e r s  i n  e e r v i c e .  

CONCLUSIONS AND RECOMMENDATIONS 
The 6 c l e C t l O n  of any wire I n s u l a t i o n  6 y b t e m  i o  a aeries o f  e n g i n e e r i n g  
t r a d e - o f f r ,  rince it is u n l i k e l y  t h a t  e v e r y  d e s i r e d  c h a r a c t c r i 6 t l c  
v l l l  be a v a i l a b l e  in a s i n g l e  m a t e r i a l .  T o p i c o  8 u c h  as t e m p e r a t u r e  
r a n g e ,  w e i g h t ,  bulk, t o u g h n e o e ,  r e s i s t a n c e  t o  w a t e r ,  o i l o ,  and o t h e r  
m a t e r i a l e  w h i c h  may a c t  as a o l v e n t s ,  w o r k a b i l i t y ,  d u r a b i l i t y ,  a g e  
d e g r a d a t i o n ,  breakdown mechsnisms and  b r e a k d o w n  p r o d u c t s ,  
f l a m m a b i l i t y ,  c o m p a t i b i l i t y  with o t h e r  m a t e r i a l s ,  a n d  other f a c t o r o  
cater i n t o  t h e  e n g i n e e r i n g  d e c i o i o n .  Many o f  t h e  c o n s i d e r a t i o n s  which 
e a t e r  i n t o  a d e c i s i o n  a r e  not a d d r e s e e d  by t h e  a p p l i c a b l e  
s p e c i f i c a t i o n ,  or may not be r e c o g n i z e d  as  r e q u i r e m e n t s .  In 
r e t r o a p e c t ,  i t  a p p e a r .  t h a t  this h86 b e e n  the e a e e  w i t h  t b o  
a p p l i c a t i o n  of Kapton t o  a i r c r a f t .  , 

The w a t e r  a b s o r p t i o n  a n d  c a r b o n  t r a c k i n g  e f f e c t 8  d e s c r i b e d  i n  t h e  
r e f e r e n c e  m a t e r i a l  a r e  n o t  a e t c ~ o a r l l y  u n i q u e  t o  Kapton .  The w a t e r  
a b s o r p t i o n  w.0 ehowa to be a c h a r a c t e r i o t i c  of polyimide I n e u l a t i o n e  
in g e n e r a l .  T h e r e  a p p e a r s  from the r e v i e w  m a t e r i a l  t o  be  no o t h e r  
p o l y i m i d e  i n s u l a t i o n  t h a n  K a p t o o  c u r r e n t l y  b e i n g  i n s t a l l e d  I n  
a i r c r a f t ,  a l t h o u g h  a p r o d u c t  t r a d e n a m e d  "Poly-X", c o v e r e d  by 
XIL-W-81044, h 8 a  been u s e d  in the p a o t  snd may e t 1 1 1  be in a i r c r a f t  i n  
ae rv ice .  

B a s e d  on t h e  information c o n t a i n e d  In the r e v i e w  m a t e r i a l ,  i t  1 8  
concluded t h a t  p o l y i m i d e  and p o l y i m i d e  f i l m  vire i a o u l a t f o n r  are 
basically u n r u l t a b l e  f o r  any l o n g  e e r v i c e  a p p l i c a t i o n  w h e r e  e x p o s u r e  
t o  u a t e r  may occur. It i r  t h e r e f o r e  the r e c o m m e n d a t i o n  of t h i r  
r e v l e v e r  t h a t ;  

1. The uoe of polyimide insulated wire be i m m e d i a t e l y  r t o p p e d ,  
w h e t h e r  in new, r e p l a c e m e n t ,  or r e t r o f i t  a i r c r a f t  i n r t a l l a t i o n s .  
!4IL-W-22759 u f r e  1 8  recommendad a a  a a u b 8 t I f u t e .  
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S e p t e m b e r  9 ,  1 9 8 5  

To: Naval A i r  S y o t e m s  Command 
Naval A i r  S y s t e m s  Command Headquarters 
W a s h i n g t o n  D . C .  20361  

A t t :  A I R  5304C2/Hr. Michael Mitchell 

Prom: National Aeronautics a n d  Space A d m i n i s t r a t i o n  
L a n g l e y  Research C e n t e r  
Hampron,  V i r g i n f a  2 3 6 6 5  

MS 4 3 3 / E l e c t r i c a l  S y s t e m s  Sectfon/SDB/SED 
Hr. Joe C. Covdey 

S u b j e c t :  L i t e r a t u r e  r e v J e w  of documentation p e r t a i n i n g  t o  a i r c r a f t  
wiring 8 y 8 t e m 8 ,  c o n d u c t e d  3 t o  5 S e p t e m b e r ,  1985 .  

BACKGROUND 

Aircraft wiring ~ y s t e m 8 ,  b o t h  m l l i t a r y  a n d  c i v i l i a n ,  h a v e  uoed w i r e  
i n n u l a f e d  w i t h  polyimide film, t r a d e n a m e d  "Kapton", f o r  many y e u r a r  
R e v i e w e  of t h e  p e r f o r m a n c e  of t h i s  i n s u l a t i o n  in s e r v i c e  h a v e  
I n d i c a t e d  t h a t  i t  may n o t  be the b e s t  c h o i c e  o f  a v a i l a b l e  i n s u l a t i o n  
8 y ~ t e m 6 .  The N a v a l  A i r  S y s t e m 6  Command, o e e k i n g  t h e  a d v i c e  of outeide 
a g e n C I e 6 ,  aeremblad a c o l l e c t i o n  of l i t e r a t u r e  p e r t a i n i n g  t o  the 
8 u b j e c t  and s o l i c i t e d  a r e v i e w  by k n o w l e d g e a b l e  but independent 
r e v i e w e r r .  The e x p e c t e d  output of r h c  r e v i e w ,  a @  u n d e r e f o o d  by this 
r e v i e w e r ,  I n  1)  an e v a l u a t i o n  of the o u i t a b i l l t g  of existing in. 
r e r v i c e  w i r i n g  ryutems € o r  their a p p l i c a t i o n ,  2 )  r t c o m m e n d e t f o n s  01 t o  
p o r a i b l e  change6 t o  or retrofit of v i r i n g  s y 8 t e m o  In in-service 

. a i r c r a f t ,  and 3) r e c o m m c n d a t i o n r  as to changer to 8 p t c i f i c a t i o n 6  in 
orde r  t o  g i v e  g r e a t e r  a e e u r a n c e  t h a t  wiring a y e t e m s  ate properly 
a p p l i e d  in f u t u r e  procurement. Two r e v i e w e r r  were from NASA-LaRC. 
The r e m a i n i n g  reviewers are  not known t o  t h i s  r c v l e u e r ,  a n d  no 
c o m m u n i c a t i o n  h a s  t a k e n  place between the NASA 8nd a o n - N A S A  persons 

* i n v o l v e d  in t h e  review. 

MATERIAL REVIEWED 

A l i 8 t  of the reference m a t e r i a l  r e v i e w e d  lo attached. (Not i n c l u d e d  
in t h e  in formal  t r a n e m i t t a l ) .  

pISCUSSION 

Kepton w i r e  fnrulatioo A m  c o v e r e d  by ~ 1 ~ - W - 8 1 3 8 1 .  I n  g e n e r a l ,  it i c  
r c l e e t e d  for ure because I t  l e  tough, t h i n ,  and h a s  a h i g h  t e m p e r a t u r e  

, 
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Pertinent Documents Reviewed 

# Subject/Tltle Date Authcr/Affiliation 

1 Aqueous Degradatlon o f  Polyimides , 1971 R. DeFasi ;  3 .  Rissell 
s 

Grumnan Aerospace 

- 2 Thermal Regeneration o f  the Tensile 
Properties o f  Hydrolytlcally Polyimlde Film 1972 DeIasi, Grumnan 

3 

4 

0 

9 

10 

11 

Fluld Emerslon Testlng of Aircraft 
Electrical Wlre 

Fluid Resistance testing of Electrical 
Wire Used in Aircraft and Missiles 

D.C. Power Wiring Harness 

Insulation Agetng , 

E f f e c t  of MIL-C-43616 on Polyimide 
Insulated Wlre 

Polyimide Film Insulated Wire Failures 

Fluid Resistance o f  Polyimide 
Insulated Wire 

a. Djffctence Infrared Spectroscopy 

b. Fatigue-Induced Vibrational Shifts . 

Minutes o f  SAE-AE-8D 

of Stressed Polymers 

In Polyimide [ilms 

12 Investigation o f  Polyimide Wire 
Insulation Cracking Phenomenon 

13 Study o f  Wiring Problems In 
Selected Navy Afrcraft 

14 Failure Analysis of  Kapton Insulated 
Mire in Operstlonal Use 

15 Inspection of RF-4B Electrical Wlring 
Engl neetlng Report 

16 Long T e n  Thermal Aging o f  Raychem 
Specification 55A Wire 

17 Correlation o f  Damage to Kapton Wfte 
Insulation with Properties and 
Constituents of  Four AIrcraft Cleaners 

2/1976 NARF til 

1977 HAC Indiana 

1977 NARF Norfolk 

1978 Brancate, NRL 
1978 NADC Warminstet 

1981 TWA 

1981 NAOC 

1980 MCAXR 

, 

1982 

1982 Raychem Cotp. 

1982 Systems Associates  

1982 UP, AFWAL 
WPAF B 

1983 Raychem 
c 

1983 NAC. Indiana 
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aircraft in service. It is known from first hand experience t h a t  many of 
these llfncldentsw are  considered minor and are consequently not reported. 
The records kept by TWA indic8te t h a t  commercial aircraft are also subject, 

The recently discovered potential bf arc trackfng or carbon trcckfng adds a 
.new dimension. The molecular structure of polylmlde Is slmtlbr to graphite 
( ref .  20). in tha t  I t  has a h i g h  Carbon to Hydrogen ratio. The degradatdon 
process produces free carbon. 
small conductors on the surface of adjacent wires which, when an arc occurs, 
provide current P a t h s  on, and eventually In ,  the insulntlop naterlal I t se l f .  
Once a damaged wire arcs, the resulting current paths are numerous, sometimes 
explosive. 
arcing i s  frequently continued. 
insulation have been unsuccessful without the a i d  of qucntitles of highly con- 
ductive fluids. 

Hydrotysis e f f e c t s  on a wire bundle can produce 

Even a f t e r  power i s  removed and reapplied, the paths remain and 
Efforts to produce these effects w f t h  ETFE 

ETFE simply does not have thls potentlul. 

Lest it be argued that only one organization is generating the "Fuilure" 
reports on the polyimide material ,  It should be noted that several sources 
have reported the above characterlstlcs from both fleld and laboratory 
evfdence. 
unassociated Professlonal/Technicaf otgani atlons and the manufacturer of large 
quantltles o f  polylmlde Insulated wfre (Kapton). Uhile there are no standard 
tests, the range o f  testing has been such t o  show failures under a variety of 
condltions and does not detract from the facts.  

These include separate elements o f  the Navy, aircraft manufacturers, 

CONCLUSIONS 

1. Sufficient data exists t o  establlsh that potylmide insulated electrf- 
cal wire can and will deteriorate when exposed to moisture, mild 
stress and a variety of aircraft related chemicals. 

2. Sufflclent data exists to suspect polyimide Insulated clectrlcal wire 
o f  being capable o f  explosive failure tha t  could result I n  damage o f  
loss of personnel and equipment. 

The continued use o f  polyimides as electrical insulation should not 
be permitted in the aircraft environment except, possibly,  in cases 
when no other insulat ion will meet special requirements, or when con- 
ditions are known to be benign. 

3. 

RECOMMENDATIONS: 

1. Xmnediatt halt to use of polylmtdes In production aircraft, 

2. Close lnspcctlon o f  exlstlng aircraft cabling - particularly f n  areas 
exposed to weather and moisture. 
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SUBJECT: Document Review fertaining to Alrcraft Electtlcal Wirlng, Conducted 
September 3 to 5, 1985 

. .  

GENERAL 

The fo l lowing  IS a brtef discussion and conclusions reached after a review o f  
documentation of laboratory testing, field experience and Independent surveys 
made available by the! Naval Air Systems Comnand dutlng the week o f  Sept. 2, 1985. 

The issues to be. addressed are centered around the lnsulatlon material used, 
or recommended for use, on electrical wiring I n  both present and future 
,aircraft, military and clvlllan. Two materials are at the center of the 

1. Polimidet - extruded or t h i n  fllm wraps with top coat.  Known In 
short as Poly-X and Kapton. 

2. ETFE - Ethylene-Tetrafluoroethylene, (a teflon) single or double 
extruded - radfatton crosslinked copolymer - Tefztl. 

, Issue: 

0 I SC USS ION 

Since 1971, a variety o f  testlnq has been conducted t h a t  pofnts to the same 
general conclusion: 
degrades I n  the presence o f  certain flulds, Including water, t o  the polnt o f  
cracking ahd loss o f  mechanical strength. 
Aerospace at tested to the aqueous degradation o f  the  material by a measured 
loss in tensile strength o f  nearly 40% and a decrease l n  elongatlon to failure 
from 38% to 5%. 

aircraft wiring insulation made of polyimide material 

Results o f  testing by Grumnan 

These t e s t s  were conducted in 1971, uslng distilled water 



Comments on above: 

1)  The Rapton wire i n s u l a t i o n ,  because of  i ts s t i f f n e s s ,  is more 
prone t o  i n s t a l l a t i o n  d i s c r e p a n c i e s  then  t h e  o t h e r  t ypes .  
other i n s t a l l a t i o n  methods should be  reviewed t o  induce t h a t  good 
practices such as low s t r a i n s  are being fo l louod.  One item t o  r ev iew 
is  clanp des ign  and rubber  cushlon t o  a s c e r t a i n  t b a t  i t  does n o t  

i n s u l a t i o n  chafing.  

Routing and 

. d e t e r i o r a t e  w i t h  age o r  s o l v e n t  a t t a c k  t h a t  would lead t o  wire 

2)  T h e r e  is a great deal o f  evidence t h a t  stress, time and 
t e p p e r a t u r e  affect  t h e  h y d r o l y s i s  ~f Kapton and leads t o  r e d u c t i o n  in 
molecular  weight ( c h a i n  s c i s s i o n )  and decrease  i n  t e n s i l e  s t r e n g t h  and 
e l o n g a t i o n  t h a t  causes cracking .  S t r a i n  l e v e l s  of less t h a n  304% w i l l  
produce no degrada t ion  of mechanical p r o p e r t i e s .  S t r a i n  l e v e l  must be  
>9% t o  be  s i g n i f i c a n t ,  
1a.boratory tests under  s t r a i n  i n  warm water t h a t  are n o t  r e p r e s e n t a t i v e  
of real  l i f e  cond i t ions .  They d o  no t  take i n t o  c o n s i d e r a t i o n  t h e  facta 
t h a t  s t r a i n s  induced i n i t i a l l y  in i n s t a l l a t i o n  are r e l i e v e d  and the 
n o i u t u r e  reeoved by repeated current- induced hea t icg .  It is likely 
t h a t  sone h y d r o l y s i s  does occur  in s e r v i c e  t h a t  h a s  n o t ,  as y e t ,  been 
p r e c i s e l y  determined. I n v e s t i g a t i o n s  are recornended on v i r g i n  and 
exposed material us ing  repeated, a l t e r n a t i n g  high humidity-dry,  
e l eva ted  temperature  exposure.  The repor ted  annea l ing  effects 
r e s u l t i n g  f r o m  h e a t i n g  Kapton t o  t e n p e r a t u r e s  o f  140-180°C t o  e l i m i n a t e  
h y d r o l y s i s  effects are i n t e r e s t i n g  b u t  n o t  a p r a c t i c a l  rzethod t o  employ 
after i n s t a l l a t i o n  i n  an aircraft. 

The above f i n d i n g s  are based on ac?elerated 

3) Arc tracking o f  Kaptm,  leading t o  f l a s h o v e r ,  is unique  t o  
polyimide materials such as Kapton and should be f u r t h e r  i n v e s t i g a t e d  
as it is involved i n  a r e c e n t l y  reported F-14 and F-111 f a i l u r e  (Item 
35) and undoubtedly others in t h e  past. 
problems a t  MAVAIR i nvo lv ing  f i re  do not i d e n t i f y  the  c a u s a t i v e  
factors. The f l a s h o v e r s  appear t o  be induced i n i t i a l l y  by cracks i n  
t he  i n s u l a t i o n  induced by s t r a i n / h y d r o l y s i s  a n d l o r  mechanical damage. 

Review of reported f i e l d  

. 
4)  The ba t t l e  damage resistance tests on Kapton wire i n s a l a t e d  

bundle  raise s e r l o u s  doubts  about  combat s u r v i v a b i l i t y .  Thtse r e s u l t s  
are related t o  t b e  materials arc t r a c k i n g  and f l a s h o v e r  behavior .  It 
is e s s e n t i a l  t h a t  t h e  NRL teat  be reconfirmed a t  t h e  earliest possible 
date because of its major impact on t h e  F l e e t .  P r o t e c t i v e  and modi f ied  
i n s t a l l a t i o n  methods may be implemented t o  overcome t h i s  d e f i c i e n c y  i f  
confirmed. 

5) Q u a l i t y  control can be improved by t ightening i n s p e c t i o n  and 
s p e c i f i c a t i o n  requi rements  and developing  better test  methods for 
assessing p o t e n t i a l  de lamina t ion  of the  o u t e r  l a y e r .  

RECOMMENDATIONS 

gapton w i r e  i n s u l a t i o n  i s  Implicated i n  many aircraft w i r i n g  
f a i l u r e s  and based on l imi t ed  evidence,  appears t o  be d e f i c i e n t  in 
regard t o  arc tracking, f l a s h o v e r ,  and b a l l i s t i c  d u e  performance. 
The I n v e s t i g a t i o n s  d i scussed  above should be ircplemented along with  a 
long t e r n  approach such as an  Ii&D program t o  e v a l u a t e  ana develop  
k p r o v e d  polyriers and wire i n s u l a t l o n  systems t h a t  overcome Kapton's 



35. Analyses  of EF-111’ Aircraft Wire Bundle F a i l u r e  - AFSC -- 1985 

c i r c u i t  breaker. kkon reset, t h e  b r e a k e r s  were subsequent ly  t r i p p e d  
w i t b  arcing, burning and carbon depos i t ed  on t h e  pa in ted  aluminum 
sur face .  Tbe other ha rness  was s h o t  w i t b  the b a l l  s e v e r i n g  a t  l eas t  
one cable w i t b  no carbon f o r n a t i o n  and wi thout  t r i p p i n g  a c i r c u i t  
breaker .  When shot wi th  t b e  fragment s imula to r ,  there was a b r i g h t  arc 
and a c i r c u i t  breaker was t r i p p e d .  When reset there w s  no arc and no 
t r i p p i c g .  The f i n a l  t e a t  was cohducted on a !4JL-W-813!31/11 wire bundle 
n i t b  a f r a z n e n t  s i m l a t o r .  Arcing and f l m i n g  occurred wi th  t r i p p i n g  
of the c i r c u i t  breakers which were not reset. 

‘ 

Purpose of t h i s  r e p o r t  was t o  determine the cause of a catastrophic 
wire bundle  f a i l u r e  and e s t ab l i sh  c o n d i t i o n s  under which it w i l l  
occur .  
power connsctcd t o  the  e l e c t r i c a l  system w!xn a f lash  occurred  i n  t h e  
forward l znd ing  gear area. The c i r c u i t  breaker was t r i p p e d  a l o n g  wi th  
its associated wire bundle whose dar=e&ed area was n o t  i n  c o n t a c t  w i t h  
t he  a i r f rme or clam?. 
phase power source  acd was a Kapton type.  

An a i rc raf t  was undergoing r o u t i n e  maintenance w i t h  e x t e r n a l  

The nire  bundle was connected t o  115 V three 

36. NAVAIR J o i n t  Pane l /Al rc ra f t  Wiring Systems -- 1983 

Cites w i r e  s ize  r educ t ion  from 1959 t o  1972 from 22 AWG = .O3On to 
26 AWG = .019” and wire cross s e c t i o n a l  area reduc t ion  of 831 and 
ueight r educ t ion  of 72%. F l e e t  i n c i d e n t s  were F-14A wheel well, S-3A 
wingfold w i r l x x  harness and RF-4B aft cockp i t  fires. Wiring af‘fects 
r e a d i n e s s  and absorb3 5-105 of d i r e c t  maintenance Qan-hOUrS a t  “0” 
level and l i t t l e  a t  other l e v e l s .  Laboratory f i n d i n g s  were Arrhonius  
effect a t  5O-10O0C and e n v l r o m e n t a l  factor such as  a l k a l i n e  f l u i d s ,  UV 
l i gh t ,  high stress and h lgb  humidity.  Although h y d r o l y s i s  was n<jt a 
problem on a l l  inspec ted  a i rcraf t ,  poor worknanship was i n d i c a t e d  and,  
o o r r e c t l v e  a c t i o n s  recommended were w i r i n g  changes,  elliphasis on proper 

concluded t h a t  p roper ly  i n s t a l l e d  and maintained Kapton w i r e  should  be 
good for t h e  life of the  a i r f rame except  for a small n u d e r  of 
i d e n t i f i a b l e  harnesses .  
J o i n t  P a n e l  on aircraft wiring systems. 

maintenance i n  p u b l i c a t i o n s  and r e v i s i o n s  t o  w l r f n g  s p e c i f i c a t i o n s .  It 

The recommendation was made t o  establ ish the 
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30. Advanced E l e c t r i c a l  System I n v e s t i g a t i o n  -- Westinghouse 
Electric 1982 

Eva lua te s  electrical  s y s t e m  i n  r e p r e s e n t a t i v e  hel icopters  such a s  
CX-47D,YAH-64, Fl'ghes 500 M-D, UH-60 and B e l l  222. Discusses  problems 
encountered w i t h  Kapton wire such as: 

a )  Unraveling of the spiral  wrap due t o  heat o r  s o l v e n t  
contaminat ion.  Care n u s t  be used t o  clamp t h e  s t r a n d e d  
i n s u l a t i o n  a t  t he  ends t o  minimize t h i s .  

b )  I n t e r n a l  air  passages t h a t  can hold mois ture  and p rono te  
co r ros ion .  

c)  Handling problems - stiffness makes t h e  wire hard t o  s t r i p ,  
d i f f i c u l t  t o  handle ,  d i f f i c u l t  t o  r o u t e  because of iccreaeed 
bending r a d i i  r equ i r ed ,  and hard t o  dress. 

P r i c e  coDparisons were ffiade between Kapton and SPEC 55 wire. 
wire p r i c e s  are as fol lows:  

I n s u l a t e d  

20 
22 

0.20 
0.143 

0.105 
0 . 0954 

The SPEC 55 i n s u l a t e d  w i r e  is a double  l a y e r  ex t ruded  t y p e  wi th  
i n n e r  and o u t e r  l a y e r s  of c o n t r a s t i n g  c o l o r s  for  v i s u a l  d e t e c t i o n .  
Although the double  layer  i n s u l a t i o n  does not e x h i b i t  t h e  c u t  th rough 

SPEC 55 wire is e x c e l l e n t  fo r  handl ing ,  r o u t i n g ,  s t a n p i n g  End does  n o t  
e x h i b i t  unrave l ing .  
replace Kapton or Tef lon  wire with l i t t l e  or  no des ign  chawe. 

. r e s i s t a n c e  of Kapton, its notch propagat ion  is not  n e a r l y  as  high. The 

Westinghouse recommended t h a t  SPEC 55 be used t o  

31. TAF Fie ld  Experience f o r  Comparit ive Analyses - A i r  Force 
Tactical A i r  Command -- 1984 

This prov ides  basic data collected i n  Dec 1983 from tact ical  fighter 
u n i t s  t o  i d e n t i f y  problem areas or c o n s t r a i n t s  i n  c u r r e n t  weapon system 
des igns  t ha t  can  prevent  t h e  Tactical A i r  Force  (TAF) f r o m  ach iev ing  
its o p e r a t i o n a l  goals. F i f t e e n  areas w e r e  eva lua ted ,  i n c l u d i n g  one on 
connec to r s  and w i r i n g .  
maintenance are discussed  i n  detail bu t  l i t t l e  is said about  t h e  
d i f f e r e n t  t y p e s  of wire i n s u l a t i o n .  A supplementary document refers t o  
t h e  Kapton wire h i s t o r y  i n  the Navy and earlier A!? and c o m e r c i a l  
aircraft exper ience  that  f i n d s  the i n s u l a t i o n  s u i t a b l e .  

W i r e  -- June 1983 

Procedures  involved  i n  i n s t a l l a t i o n  and 

32. Minutes of H i l i t a r y / I n d u s t r y  Meeting on HIL-W-22759/43A (USAF) 

Refers t o  s ix ty- four  comrrenta on proposed s p e c i f i c a t i o n  changes. It 
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20. Tercperature Dependence of H y d r o l y s i s  of Polyimide Wire 
I n s u l a t i o n  - 1983 -- NRL 

Applied to  Arrhenlus r a t e  equat ion t o  achieve l i n e a r  e x t r a p o l a t i o n  
of the i n s u l a t i o n  system h y d r o l y s i s  from high  temperature  s h o r t e r  l i f e  
tests. 

21. Flashover  F a i l u r e s  from Wet-Wire Arcing and Tracking - 1984 -- 
NRL 

Flashover  begins as  t h e  wire bundle d e t e r i o r a t e s  by c rack ing  o r  
chafing and surfaces of adjacent  wires in t h e  bundles become 
contaminated due t o  sal t  spray,  mist, fog and high humidity.  Arcing 
and t r a c k i n g  i n i t i a t e  and eventua l ly  loca l i zed  po in t s  extend i n t o  a 
c o n t i m o u s  carbon a c c e ~ s  pa th  br idging t h e  wire f r o m  f a u l t  t o  ground. 
Flashover occurs  l a t e r  without wet t ing  on t he  s u r f a c e  of p o l y m r i c  
materials t h a t  r e a d i l y  carbonize when pyrolyzed, such as phenyl 
c0ntainir .G r .z te r iEls  I.&. polyimide and PEEC, but  no t  t h e  
f luompoiyoers .  
temperature of about 1000%. Tefzel wires  showed t r a c k i n &  and arcing 
but  no f lashover .  

Continuous arcirg, emlesions produce l o c a l i z e d  s u r f a c e  

22. Wire Comparison Tes t ing  of  Aircraft Electrical  W i r i n g  - 1984 -- 
NARF N O R s  

Mechanical and e l e c t r i c a l  p r o p e r t i e s  of Tefzel ,  Cross-linked Tefzel 
and Kapton in su la t ed  wire Were tested for mechanical 2nd electrical  
p r o p e r t i e s  by t h e  NARF, DuPont and Raychem. Tests are sunmarlzed as  
fo l lows  : 

e) Scrape Abrasion Resis tance - The Tefze ls  were more r e s i s t a n t .  

b) Dynamic Cut-Through - Ranks Kapton b e s t  and unmodified Tefze l  
lowest . 
e) Ver t i ca l  Flammability - Kapton, Crosslinked T e f z e l  and 
unmodified Tefzel are ranked in order of increasing f lammabil i ty .  

d )  Smoke Generation (Current Overload Method) - Kapton produced 
very l i t t l e  compared t o  t h e  o thera .  

e) Smoke Generation (NBS Smoke Density Method) - same as d ) .  

f) Bending end Formabil i ty  - Kapton was stiffer and produced 
greater spring back than  the  others. 

g) Dielectric Strength = All exceeded minimum dielectric 
breakdown s p e c i f i c a t i o n  by factors of 5-10. 

23. Carbon Tracking Tests - 1985 - DuPont 

Evaluated Kapton and Tefzel, under varying t e s t  c o n d i t i o n s  and both 
fa i led by t rack ing .  Claims no s tandard  t e s t  e x i s t s  and t h e  above 
requirement does not  appear  i n  m i l i t a r y  s p e c i f i c a t i o n s .  
does happen t o  unda-ed wire, sometimes causing ex tens ive  harness  
damage". Suggests  research effort would be requimd t o  understand 

"Cut-through 



12. Study o f  Wiring Problems i n  Selected Navy Aircraft - 1982 -- 
S y s t e m  Assoc ia t ion  of C a l i f o r n i a  

Analyzed Navy 3M data ,  interviewed f leet  maintenance pe r sonne l  and 
conducted on - s i t e  i n s p e c t i o n s  a t  HAS KiriIcar and HAS North I s l a n d .  
Aircraft c o n s i s t e d  of F-14, S-3, H-2, H-3 and 8-6. Only 205 o f  w i r i n g  
repair a c t i o n s  were proper ly  d o c p e n t e d .  
f i l m  i n s u l a t i o n  d e t e r i o r a t i o n  were t o p  c o a t  peeling, cracking, and f i l m  
de lamina t ion .  Causes were appa ren t ly  n o i s t u r e  and chaf ing .  Unusual 
s t i f f n e s s  and s p r i n g i n e s s  con t r ibu ted  t o  m a i n t a i n a b i l i t y  and 
reliability problers. Cost broken wires occurred wi th in  six I n c h e s  
back of a connector .  Wire icduced e longa t ion  of Ercmct h o l e s  allowed 
water l f i t r u s i o n  i n t o  concector .  I d e n t i f i e d  p r o b l e m  i n  wire repair  
t raIn1r .g  and docurenta t ion  ac t ion .  Recornended irTproved s p l i c i n g  
t o o l l n g s  and t h a t  wire systems be narked and s t r i p p e d  as  eas i ly  as 
MIL-11-81044/9. Closes t  wire t o  t h e  i d e a l  is MIL-H-22759/32-15/41-43. 

P r i n c i p a l  forms of  polyimide 

13. F a i l u r e  of Kapton Insu la t ed  Wire in Opera t iona l  Use - 1982 -- 
m1fL 

Consis ted of an i n v e s t i g a t i o n  of Kapton i n s u l a t e d  wire on t h e  F-15. 
Tef lon  i n s u l a t e d  wires appeared good, however s e v e r a l  Kapton coated 
wires were cracked after bending and showed s e p a r a t i o n  o f  t o p c o a t  
(manufactur ing de f i c i ency) .  Recornended t h a t  tes t  uiethod fo r  l a t t e r  be 
Incorpora ted  i n t o  MIGW-81381. Extens ive  damage t o  Kapton wire found i n  
wheel w e l l ;  reconxiended a g a i n s t  its u s e  i n  h i g h  v i b r a t i o n ,  unpro tec t ed  
environment. 

14. Inspec t ion  of RF-4B Electrical Wiring Engineering Report - 1983 - NADC NI 
S e v e r a l  cockp i t  electrical f ires related t o  wire chafing were 

repor t ed .  Local Engineer ing S p e c i f i c a t i o n  (LES) documented i n s p e c t i o n  
of 21 aircraft. RF-4B S e r v i c e  Life Extension Program (SLEP) i n s t a l l e d  
Kapton w i r e  s i n c e  Tef lon  w i r e  (MIL-W-22759) was larger diameter and 
created "extreme wire bundle d e n s i t y  restraints". It was reported t h a t  
R v a r i a t i o n s  between wire bundle  r o u t i n g  i n s t a l l a t i o n s  c o n t r i b u t e d  t o  
v a r i o u s  degrees of chafing". Proper r e p a i r  practices and i n s p e c t i o n  
were recommended. Did not c r i t i c ize  Kapton w i r e  i n s u l a t i o n .  

. 

15. Flu id  Immersion Testing of Aircraft Electr ical  Wire - 1983 NESE 
N O R I S  

T e s t s  conducted on Tefze l ;  Crossl inked Tefzel and Kapton I n s u l a t e d  
u l re  i n  21 f l u i d s  us ing  ~ a n d m l  and bend spec inens .  Kapton wire 
had a cosmetic  topcoat  of modified polyimide because a l l  colors cannot 
be produced as per MIL-W-81381; Kapton wires fa i led  ( f l a k i n g ,  pee l ing ,  
cracking, topcoa t  removal) In six of t h e  d i f f e r e n t  f l u i d  t y p e s  tested. 
There were no dielectric f a i l u r e s  of the other wire types, 

16. Long Term Thermal Aging of Raychem S p e c i f i c a t i o n  558 W i r e  - 1983 
-0 Raychem 

I n s u l a t i o n  is based on e t h y l e n e  - t e t r a f l u o r o e t h y l e n e  (ETFE) 
modif ied by c r o s s l i n k i n g  pronoters, s tabi l izers ,  f l v n e  r e t a r d a n t s  and 
o t h e r  agents .  This is ext ruded  and then  r a d i a t i o n  c r o s s l i n k e d .  Host 



Summary of Data: 
. a )  Teflon and Tefzel were 

f l u i d s  used i n  tes t ing 

b )  Poly-X was affected by 

c) Stllan was a f f e c t e d  by 
pH f l u i d s  

d )  Kapton was affected by 

t y p e s  c 

unaffec ted  by any of s i x t e e n  (16)  

s e v e r a l  f l u i d s ,  e s p e c i a l l y  high pH 

s e v e r a l  f l u i d s  and is r e s i s t a n t  t o  high 

a l l  f l u i d s ,  e s p e c i a l l y  high pH t y p e s  

5. D.C. Power Harnesses - F-14A -- N A F P  Korfolk - 1977 

Harnesses were repor ted  wi th  wires having low breakdown r e s i s t a n c e  
( i n s u l a t i o n  ledcage). Corrosion and r e s i d u e  Were found on connec to r s  
and r e s p e c t i v e  backshe l l  adapters. I n s u l a t i o n  cracks and leakage i n  
MIL-\!-81044 occurred d u e  t o  a l k a l i n e  c l e a n e r  a t tack and a l k a l i n e  
r e s i d u e  was found. Eecoumeodations were made t o  i n s p e c t  a l l  F-14 
aircraft  wheel well ha rnesses ,  
i n s p e c t  ha rnesses  i n s t a l l e d  i n  
leakage. 

6. Effect of MIL-C-43616 on 
1978 

l i m i t  and c o n t r o l  c l e a n i n g  materials and 
mois ture  prone areas for i n s u l a t i o n  

Polyimide - I n s u l a t e d  Wire -- NADC - 
The effects of above s o l v e n t  emulsion c l e a n e r  on three t y p e s  of 

polyimide i n s u l a t e d  wire MIL-W-81044/18/16 ( s i n g l e  and doub le  Poly-X) 
and MIL-W-81381/11 (Kapton) were determined. Also, . the h i g h  
tempera ture  d u r a b i l i t y  ( l i fe  c y c l e )  of p o t e n t i a l  replacement  wires is 
repor ted .  Candidate replacements  are MIL-W-81044/30 ITT Surp renan t  
Halar, an extruded polyzlkene jacketed w i t h  crosslinked ex t ruded  
copolymer of e thy lene  and c h l o r o t r i f l u o r o e t h y l e n e  (Halar) and . MIL-W-22759 (Tefzel), composed of two e x t r u s i o n s  of e t h y l e n e  and 
t e t r a f l u o r o e t h y l e n e  (Tefzel) . 1 

No cleaning compound was compatible  with t h e  three t y p e s  of wire 
tested. Uater at 75°C induces  mandrel cracking of a l l  polyimide 
i n s u l a t e d  wire tested. Recommendations are made t o  avoid high humidi ty  
e x p o s w e  and c o n t a c t  w i t h  c l e a n e r s  and develop a more compatible 
c l e a n e r .  
t empera ture  d u r a b i l i t y  after 166 hour s  a t  200°C). 

The Raychem wire wa8 s u p e r i o r  t o  t h e  Halar t y p e  i n  high 

7. F l u i d  Resistance of Polyimide - I n s u l a t e d  wire. - 1981 (forwards 
above NADC report  t o  NAC I n d i a n a p o l i s )  

8. Wiring and Connectors in the SH-60B SEAHAWK -- BUG 81 

Cites NAC Report TR-2201 where T e f z e l  and Spec 55 wire showed no 
f a l l u r e s  after e m e r s l o n  in three cleaning f l u i d s .  
regarding Kaptons s u s c e p t i b i l i t y  t o  c l e a n i n g  agents .  
e x i s t s  with Kapton based on LAMPS HK I11 Maintenance Engineer ing  
Inspec t lon .  A test is being conducted of v i b r a t i o n  and heat aging. 
Sikorsky recormends a d d i t i o n a l  i n v e s t i g a t i o n s  c o n s i s t i n g  of bend r a d i i  
tests, more ex tens ive  v i b r a t i o n  t ea t s ,  c o n t r o l l e d  F l e e t  Tests, and 

Raises q u e s t i o n s  
C h a f i n g  problem 



A LITERATURE REVIEW. 

The fo l lowing  docurcentation r e l a t e d  t o  a i r c r a f t  wire i n v e s t i g a t i o n s ,  
i d e n t i f i e d  by sub jec t  and source were reviewed: 

1. Aqueous Degradation of Polyimide - Crumman -- 1971 

Kapton f i l m  was soaked i n  d d s t i l l e d  water a t  25-100°C from one bour 
t o  s e v e r a l  hundred hours. U l t .  t e n s i l e  s t rength  decreased from 23 KSI 
t o  14  K S I  and e longat ion t o  f a i l u r e  from 38% t o  5%. H y d r o l y s i s  is 
i n d i c a t e d  t h a t  is pH dependent; high degradat ion rate a t  pW12. 

2. Thermal Regeneration of  t h e  Tens i l e  P rope r t i e s  of Hydro ly t i ca l ly  

Heat t r ea tmen t s  of 224°C t o  310°C of degraded material regenerated 

Degraded Polyimide Film -0 G r u m m a n  - 1972 

t e n s i l e  s t r e n g t h  and elongat ion.  

3. Ef fec t  of A i r c r a f t  Cleaning F lu ids  on MIL-W-81381 (Kapton) 
Wire-Mar 1976 

Immersion of 16" loops of wire i n  f l u i d  f o r  24 hour i n t e r v a l s  p l u s  
one hour i n  t a p  water; then 2.5 KV rms and bend tes ts  (as p e r  spec). 
F lu ids  were DOD c l eane r ,  de i c ing  f l u i d  and NaOH tes t  (pD12.0) .  Some 
(feu)  diameter changes and cracking observed. 

4. Flu id  Immersion Testing of Aircraft Electrical  U i r e  -- NARF HI - 
Feb 1976 

Problems were reported w i t h  MIL-W-81044/16/18 (Poly-X) and 
MIL-W-81044/20/25 (non-oriented S t i l a n )  wire t y p e s  (Raychem). Latter 
formerly showed "solvent  stress crazing" of t h e  i n s u l a t i o n .  In  an 
i n s t a l l a t i o n  on t h e  F-4, Poly-X showed improper cu re  of polyimide 
topcoat  which r e su l t ed  i n  stress concent ra t ion  when wire is f l exed  
causing cracks. Even if properly cured,  the  MIL-W-81044/16/18 made by 
Raychem w i l l  show d e t e r i o r a t i o n  and cracking when exposed t o  ph>lO 
c leaning  compounds. NARF NORIS p l a n s  t o  r ep lace  Poly-X w i t h  wire 
bundle assemblies conta in ing  Teflon in areas subjec ted  t o  f r equen t  
exposure of cleaning so lvents .  

. 

Various types  of abrasion r e s i s t a n t  wire i n s u l a t i o n s  ne re  tested: 

a) MIL-W-22759/5/7/11 Teflon extruded p- te t ra f luoroe thylene  
fluompolymer (mineral  f i l led) 

b) HIL-U-22759/16/18 Tefzel  extruded e thy lene  t e t r a f l u o m e t h y l e n e  
f luoropolymer 

c )  HIL.-W-81044/16 Poly-X dua l  layered  crosslinked alkane-imide 
wi th  modified imide topcoat  

HIL-W-81044/18 as above but  single layered. 

d )  HIGW-81044/20 S t i l a n  dual walled polyary lene  

MIL-W-81044/25 as above but  single w a l l e d  



J 

MATERIALS EtIGII,’EERI!lG 
TECHNOLOGY EVALUATIOXS 

Prepared for: 
AIR 5304 

Haterials & Process Branch 
Naval Air Systems Command 

Prepared by : 
Uax Stander  

Aerostructures, Inc. 

August 1985 
~ ~ 8 5 0  14 



Conclusions 

1. 
mtchsnismsi 

Kapton w i r e  is failing i n  service by one or mote o f  the following 

a. 
cracking under utreus 

Hydrolysis of Kapfon polyimide insulation and rubsequent 

b. Nicking of wirc prior t o  inatallation and mubstquent propagation 
of the defect  under 8trers 

C. Peeling of the  topcart followed by unraveling of incompletely 
eealed tape wraps 

d.  Inadequate clamping of wite  lending to chafing contact  with 
nearby surface8 (due to the tendency of the wire to re ta in  its  shape as 
manufactured) . 

2. With the  exception of insulation chafing, current laboratory tests 
4rt not a b l e  to identify t h e  feilure mechanirm on wires which have failed i n  
rervice. 

3 .  High humidity, s a l t  spray, and h o t  weather operations combine to make 
the naval aircraft environment especially hostile toward materialm which are 
hydrolytically unstable .  The high rate of failure of Kapton in naval aircraft 
results from environmental conditions more conducive t o  failure by hydrolyois .  

4. Annealing by r e 6 i E t i V t l y  heating Kapton wiring is not a practical 
means for preventing h y d r o l y s i s  due to the high temperature@ required. 

5. Carbon tracking and flashover is an important consequence of Kapton 
ReEult&nt damage to Eurrounding wire and i n i t i a t i o n  of w i r e  fti lurer.  

sircraft fires is a threst to a i r c r a f t  murvivability. 

6. ETFE o r  crosslinked ETFE vlre has been shown to be a ruitable 
replacement for Kapton wire. 

Recommendations 

1. Kapton wire installed i n  SWAXP azcas or in focations requiring s h o r t  
radius  bends should be replaced with ETFE or cronslinked ETFE wire. 

2. Other Upton wiring txhibitfng excessive peeling or blistering of the 
topcoat 8hOuld be replaced i f  it interfeter with normal inspection for wire 
integrity,  

3. Adequate malfunction c@es rhould ba established to galn am such 
information from f i e l d  repair a c t i o n s  a8 po8rible. 
used to determine whether mort extensive replacement programs will be 
necessary . 

Such information will be 

4.  Unless topcoats aro developed which prevent the hydrolytic ef fects  
found above, plyhide-insulated ware 8hould not be rpecified i n  future Navy 
aircraft design.  



POSlTION OH KAPTON UIRXNG 

Laboratory Data 

LaSaratory 6 t u d i t s  have established the following facts regarding the  two 
major problems w i t h  Kapton -0 hydrolytic inetability and carbon 
trcckinq/flashovcr phenomenat 

1. The unrtresrred polyimide fllm used i n  Kapton wire suffer8 l a p e  
mechanical losses (due to hydrolys is )  during im.ersfon in water at 25 to 
1 0 0 ~ ~ .  (R. D@fs6i, Applied Polymer_ Science, V O ~ ,  IS, pp 2965-2974 (1971)) 

(P. 3. Campbell, N R L  Nemo 
2. Kapton-insulated w i r e  under egress rugfers dielectric fa!.lures during 

exposure to water or water vapor at 60 
Eeport 5158 of 4 Aug 831 Raychern Lab Report 5191 of J u l  62)  

t o  100 C. 

3. Dielectric fai lures  occur more rapidly with: 

a D  Increased Btrain (tighter wire bend) {C. J. Wolf, IEEE 
Transactions on Electrical fnsulation, Vol.  EJ-19, No. 4 ,  Aug 8 4 )  

b. Higher temperature (Campbell 1983 above; Raychem 1982 above) 

C. Water than with humid air (Raychem 1982 above) 

d .  Expocure to high pH cleaning compounds (W. P. Wbtkins,   NAP^ 
Report TR 2199 of 11 Aug 778 N. Bryant, 
27 Jun 8 3 )  

Materials T e s t ' R e p o r t  No. -- 27-83 of 

4. Dielectric frilures do not  occur with ETPE or crossl inked ETFE under 
the same conditions ln the above reports. 
present in the Kaptoh polyihridt are inherently sensitive to hydrolysis, no 
6uch sensitivity is present i n  ETFE. 

While the chemical structures 

5. The topcoat of most Upton wire, &Is0 a hydrolytically unstable 
polyimide, exhibits wrinkling and delamination in water and severe b l i r t e r i n g  
and disao~ution i n  high pH cleaning compounds. (K. C l a r k ,  NADC Lab Ruports of 
18 Apt 78 and 5 Jun 78) . .  

6 .  Annealing o i  Kapton wire under utresc cag increaoe the  time to 
* 

fai lure,  but requires heating at a minimum of 140 C for 8 hours. 
above 1 

(Wolf 1984 

7. lcapton wire euffetr much more carbon tracking and flamhovers than  
does ETFE or crosslinked ETEE due t o  the tendency of aromatic polyimide 
chomical structure to carbonize. 
of 1 7  Dcc 64)  

(F. J. Campbell, 9 Memorandum Report 5S08 

. 8. Although Kapton-insulated Wire is superior t o  ETFE- or crossl inked 
ETFE-insulated wire with respect to 

a. Cut through resistance 
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G. KAPTON has superior cut-through resistance a t  a1 1 ter,iperatures tested,  
retaining approximately 70 percent o f  i t ' s  room temperature capabili ty a t  
200 degrees C .  

o r  KAPTON, v i z . ,  a notch up t o  about  3 mils i n  depth will propagate much nore 
slowly i n  Tefzel t h a n  in the other 2 wires. 

*NAC Report TR-2333 "Testing of Selected Aircraft Electrical  Wire Insulations" 
8 June 1983. 

7 .  Tefzel i s  much less  sensitive t o  s l ight  nicks t h a n  are e i ther  Spec 55 
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3 .  The most severe degradation has resulted from laboratory tests which 
imnerse the wire in water. 
moisture absorbed have a significant effect on the rate of hydrolysis. The 
rate is not directly proportional; for exariple the rate at 50 percent relative 
humidity is not twice as slow as at 100 percent but rather 20 times as slow. 
The point is that the wire installed in an aircraft i s  not continwusly exposed 
to water immersion, therefore the rate of hydrolysis is significantly different 
than predicted based on the laboratory immersion tests. 

Testing has shown however that small reductions in 

4. While the aircraft is in flight, the humidity is low and the wire can 
dry out. The current heating effect will also evaporate any moisture which 
condenses on the surface or has been absorbed by the insulation. Additional 
cyclic testing in this area is required for a better understanding. 

5. There is disagreement between investigators on v;hether the hydrolytic 
deterioration o f  KAPTON i s  a first order or fifth order kinetic reaction. The 
difference in life prediction for 50 percent relative hunidity is pr ycars 
versus 80 respectively. This area requires additional clarification. 

The conclusion which is drawn from this is that for most installations the 
moisture and strain levels required to induce cracking by hydrolysis do not 
normally exist. There is some evidence which shows that without strict 
adherence to good design practices (minimum strain, proper clanping etc.) in 
wet areas the use of KAPTON could result in electrical problems. This would 
account for some of the problems experienced in wing fold wheel and well areas. 

8. Arc Tracking 

The arc tracking characteristics of KAPTON can be demonstrated in 
controlled laboratory experiments. However, certain conditions must be met 
before arc tracking can occur. 

conductor i s  exposed. Laboratory experiments require that the insulation be 
cut. 

1. The wire must be damaged (i.e. cracked insulation) such that the bare 

2. A second conductor, such as a ground plane, must exist within a 
reasonable distance of the first conductor. 

3.  A potential difference must exist between the two bare conductors of 
such magnitude that a spark can initiate across the gap. 

4. 
conductive path between the conductors. 

As previously discussed the probability o f  cracks developing in the 
insulation is small, therefore one o f  the key conditions listed above would not 
normally be satisfied. 
could be mechanically damaged but again this is only one of the key conditions 
which would have to occur before arc tracking became a possibility. There arc 
a few incidents referenced in the data, plus the recent F-14 incident at 
NAVAIREWXKFAC Norfolk, where it appears that some form of arc tracking may 
have occurred and it is therefore recommended that a standard test be developed 
to determine arc tracking resistance. 

A liquid electrolyte must be present to effect an intermittent 

The remote possibility does exist however that a wire 
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c. Preliminary ECP(s) should be prepared to restrict the use of KAPTC):! 
insulated wire in combat aircraft now in production (i.e. F-18, AV-83 etc,), 
If the ballistic testing in item "B'l above shows that this material behaves 
unfavorably under ballistic inpact then the contractual vehicle will be 
available to change the wire insulation. 

d.  Airframe companies should be directed to review design procedures for 
installation of MIL-W-81381 wire to insure proper clamping and that strain 
levels are kept to a minimum (less than five percent). 
should be reviewed includinq verification that the rubber cushion will not 

Also clamg design 

deteriorate with age or solient attack which cGuld lead to insu 

e. Wire selections for future aircraft (i.e. V-22)  should 
until completion of the governnient/iridustry revieki. 

f. Recommend a letter be forwarded to manufacturers, prov 
our current position. Enclosure (7) is provided as a "straw man 
a basis for this letter. 

ation chafinij. 

be delayed 

ding them with 
to be used as 

g. New maintenance codes be established by AIR-04 to better define wiring 
pro b 1 ems. 

5. Although numerous reports and studies have been conducted on this subject, 
it is very difficult to find documented data on fleet aircraft which 
substantiates the laboratory tests which show sensitivity to moisture, arc 
tracking and ballistic impact. In those instances where data is available it is 
inconclusive that wire failure initiated as a result o f  poor design, insulation 
degradation and/or mechanical damage, or how NIL-W-22759 insulation would have 
performed under the same scenario. 
previously discussed are based on the assumption that the formation of a 
Governr.ient/industry task group will be iGplernented and additional ballistic 
testing conducted. 
direction will have to be provided to restrict the use of MIL-W-81381 in 
aircraft high vibration and wet areas. 

6. 
X25025. 

The conclusions and recommended action 

If however, this is not approved then more definitive 

AIR-530 point of contact for this review is Mr. Thomas White, AIR-5304C, 
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“Structural failure” used as a discipline in conjunction with ”aging failure of electrical wire” may 
be a strange association in the minds of most of the attendees of this conference. But Figure I on the next 
page illustrates the consequences of a structural crack in the electrical insulation on a conductor. And 
Figure 2 indicates the electrical noise caused by the electrical leakage current of Figure 1 .  Finally, Figure 3 
shows a micro crack typical of those found in an aircraft. These micro cracks -as well as grosser d a m a g e  
allow leakage current of Figure 1 between the conductor and ground or other conductors. This is typical 
of aging insulation used on the domain of air and space vehicles related to all three sponsors of this First 
DoD/FAA/NASA Conference on Aging Aircraft. 

To illustrate the significance of the wiring failures, one set of published field failure data follows: 
These U.S.  Navy statistics’ emphasize the serious impact that aircraft wiring insulation structure system 
failures have on fleet readiness, as well as the significant contribution to the overall cost of ownership. A 
parenthetical comment may also be in order: our experience is that invariably such data has a large spread 
of uncertainty, and its collection and access in some organizations subject to the emotions of command 
structures. 

In a one year period in U.S. Naval aviation -- 

.- ’ ..I L \ - * ,  

’. 1 , . ( t i :  

0 

0 

there were 143,64 1 wiring failures. 

the mean flight hours between wiring failures was 1 1.4 hours. 

0 there were 807,418 man-hours spent on unscheduled wiring maintenance. This represented 
8.6% of all aircraft maintenance man-hours. 

‘ from A ircraft Wiring Analvsi s Program. Readiness. Reliabilitv. and M aintaina b i l i  h/ I m- I) a ct ReD ort of 15 
January 1989; data for the period July 1, 1987 to June 30, 1988; issued by Fleet Readiness Engineering Branch 
(Code 9 16), Naval Avionics Center, Indianapolis, Indiana; report of comparative failure/maintenance data on 
wiring systems for 19 type/model/series aircraft (total of 3,158 aircraft), both fixed and rotary wing. 



Figure 1 t t t ec t  01 structural micro cracks allowing leakage current from a 120 volt circuit 
aircraft bundle after 4 years, 3 months service. The visual appearance of carbon arc I 

ing is unusual. More common is invisible leakage which causes EM1 and glitches, or 
developed arcing breakdown. 

Figure 2 EM1 measured one meter from a failed structure similar to Figure 1 ,  

111 ail 
trach- 
full \  

I-'igure 3 An aromatic polyimide tape substrate with micro cracks. The external fluorinated pol! nirr 
coating has been removed for examination ofthe aged pol! imide in order to she\+ \ i h u a l l \  

the concealed structure failure. 



0 aircraft averaged 0.94 flight hours per day. The same aircraft averaged 0.72 unscheduled 
wiring maintenance man-hours per day. 

0 aircraft wiring maintenance had the Navy’s 3rd (based on an average of 1 15 systems per 
aircraft) highest total of unscheduled maintenance man-hours at the organizational 
maintenance level. 

Detailed analysis of the failure data indicates these failure rates are specific to the type of aircraft. Further, 
based upon understanding of the hndamental thermodynamics of the process aging as well as field tests 
of active aircraft, wire aging is not related to flight hours, but rather to the environmental conditions. We 
expect to see a continuing increase in recognized aging failure of non-maritime aircraft as use of older 
aircraft increases, better records are kept, and access to testing for aging of active aircraft wiring is made 
available to persons experienced in insulation structural-material thermodynamics. 

The material in this presentation is the result of work done with the services of four countries: USA, 
Canada, Netherlands, and Great Britain. It includes test results from well over 25 operational aircraft, as well 
as years of fundamental chemical thermodynamic research. Electrical insulation failures are material and 
wire structure design specific. Thus the details covered below are for one specific wire type where the 
preceding experience is greatest, but are meant to illustrate fundamental principles for all wiring structures. 

There are two components of the failure process which we consider in our work. There are various 
visible “ultimate” failures. These can be of several forms. But prior to the obvious ultimate or final 
manifestation of failure, there is a proximate failure that may then lead to the final failure. That is, the failure 
process can be divided into two steps: (1)  the proximate failure being the structural failure, and (2) the 
resulting ultimate form of electrical failure. 

Proximate failure of insulation of aircraft wiring can be called a structural failure since the vast 
majority of aircraft wire insulation failures are induced by mechanical stresses. Voltage induced failure at 
28 and 120 volts in aircraft installations we have examined are nonexistent. Thus structural failure is the 
subject of this presentation. 

Description of Aging and Failure Processes 

There are at least eight different insulating polymers which have been popular and widely used for 
some period of time since the advent of synthetic polymers in aircraft wiring, remembering that PVC was 
discovered in 1913. Detailed examination reveals the incidence of structural failure is related to “chemical 
aging” of the synthetic organic polymers. 

For purposes of illustrating the principles and statistics the rest of this paper deals with one of the 
two more successful and widely used polymer constructions. This is illustrated in Figure 4 on the following 
page. The construction is a conductor on which is helically wound, thin, coated polymer tape. The coating 
is a fluorinated polymer which is thermally melted to bond the helical tape. In our example the tape itself 
is an aromatic polyimide - sometimes referred to, based upon its components by a rather long and involved 
name which is useful in the context of this paper only to emphasize the data is related to this specific’ 
aromatic polyimide with its selective additives. 

~~~ 

‘ Pyromelitic dianhydride [PMDA] and 4,4’  diamino diphenyl ether [ODA] 



WIRE, ELECTRIC, FLUROCARBONlPOLYlMlDE INSULATED, 
MEDIUM WEIGHT, SILVER COATED COPPER CONDUCTOR, 600 VOLT, 

NOMINAL 8.4 MIL WALL, 200’C 

“SMALL DIAMETER” TOPCOAT- 
SILVER COATED WRAP 1 WRAP 2 MODlFlEO AROMATIC 

STRANOED COPPER FLUROCARBONlPOLY IMIDE POLYIMIDE RESIN 
CONDUCTOR TAPE COATI tJG 

Figure 4 Structure of MIL-W-81381/11 aromatic polyimide film bonded with FEP-TeflonTM 
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diameter bent in a loop of diameter “D”. 



To emphasize the shifting character of material properties when combined in structural variations 
of insulation build, we have tested ostensibly the same or similar materials which have varying lifetimes 
under identical demanding condition. Some have life times that are as much as 50 times longer than the 
shortest lived presumably same material and construction. The insulating material of the MIL-W-8 I38 1 
type wire treated in this paper is fiequently called by its trade name, "Kapton3" in conflict with trademark 
laws, implying generic-ness of the material produced by Du Pont. 

This MIL-W-81381 construction was used during the period of 1977 through 1986 on U. S. Navy 
planes. I t  also exists on many other types of aircraft so managing its aging is of practical significance for 
all aircraft organizations. 

The structural aging and failure process for polyimide is well defined From a theoretical insight 
viewpoint. Application of the theory is complicated by virtue of chemical reaction rate constant relations 
in the fundamental aging relations, and to the structural form. The basic syllogism of the failure process for 
polyimide tape insulated wire is as follows: 

I .  The polymer is formed by an imidization of the two monomers leading to formation of a long chain 
polymer with the release of water during the polymerization process. 

2 .  As a result of the lengthening of the molecular chains from this polymerization, the polymer develops 
increasing ability to withstand various stresses. 

3 .  In a user aircraft environment where there may be sufficient water-characterized by the relative humi- 
dity particularly when the aircraft is on the ground, temperature, and continual strain energy, this polym- 
erization can reverse. That scissioning leads to a deterioration of the physical properties -in other words, 
the material ages. 

4. When the applied stresses exceed the weakening aging physical properties the material fails mechanically 
exposing the conductor to the outside environment.. This is the proximate failure step. 

5.  When and if sufficient leakage current occurs, then the visible electrical ultimate failure occurs. This 
failure can be RF EMI, glitches in the electronics, or occasionally arcing energy. 

Note the accuracy of the above scissioning scenario is not necessary to justify the fundamental calculation 
of rate of loss of mechanical property. One can use the concept of transfer function without insight into the 
process to formulate the rate equation. But the scissioning process described in the following serves to assist 
in intuitive understanding of the aging process. 

Some of the relevant structural failure stresses that have been identified include: 

1 ,  Hoop bending strain. Figure 5 on the preceding page is the classical illustration of this. 
2. Flexing strain fatigue 
3. Torsional strain. 
4. Vibration 
5. Cut through 
6 .  Chafing'abrasion. 

Kapton is a trademark of the E. I .  du Pont de Nemours & Company 



We have chosen to use the bend breaking strain of a !4 inch diameter wire bend as the maximum 
strain to which the wire should be exposed as a “standard” maximum strain and associated stress. Note there 
is a nonlinear equivalency of other failure stresses to hoop bending. For instance insulation resistance to 
abrasion decreases with aging faster than resistance to bend failure. 

Also, there are second order mechanisms such as adhesion between layers; and diffusion, adsorp- 
tion, absorption, and chemical transport of water which have a bearing on aging rate. Some have also 
proposed that repolymerization may occur, although we have not been able to measure this in any of the 
higher temperature current carrying conductors which we have examined from operating aircraft. Further, 
statistical distribution of quality of polymer and the fabrication control of tape application have a large 
practical effect on the life of the insulation structure. 

Figure 6 on the following page indicates a typical variation in failure rates for 256 contiguous 
specimens of polyimide wire. This large variation has a great affect on the analysis of present quality and 
life-remaining. Note here one sees about a two to one ratio of maximum to minimum life of insulation. 

This graph also has another implication. For instance, if all the specimens were considered a single 
continuous specimen 256 times as long there would be only one life expectancy, the 52.5 units of time of 
the weakest link in the series chain of shorter specimens. From this one can infer that the probability of 
failure is related to the length of test specimen. This important conclusion means that MIL specifications 
can not provide absolute life data since they do not correlate the length of the test specimen with actual 
installed lengths in establishing probability of failure. 

In addition to the structural stresses, the other part of the failure process -the chemical aging is 
pertinent. Fundamental work beginning in 1927 can be used to determine the rate at which this scissioning 
occurs. This work is covered in detail in an IEEE Transaction “Aging in Wire Insulation under Multifactor 
Stress”, Bruning & Campbell, Oct 1993 V28 N5. This reference contains extensive references and the 
pertinent statistical thermodynamics. The principles can be illustrated by Figure 7 and Figure 8 (Figure 8 
is our interpretation of data published by Du Pont in 1963). Here we see the following: B represents a 
typical polymerization link between the repeat units (indicated by a straight line segment). A indicates a 
polymerization that did not occur or scissioned from B. As the number of scissions of B reverting to A occur 
with aging the average molecular weight, and associated length of polymer chain decreases. The resulting 
effect on the physical properties is shown in Figure 8. This illustrates the decreasing strain-sustaining 
capability of the polymer as the chain shortens. 

Since one can calculate the rate at which the polymer shortens for any combination of moisture, 
temperature, and aging strain, and the failure strain is defined by Figure 8, one can calculate the ‘‘life’’ of 
the insulation. 

Figure 9, second page following, indicates the typical variation in age to fail at a ’/2 inch diameter 
wire bend as a function of temperature and humidity. Of course, if we are concerned about an “excessive 
trauma” such as a mechanical blow, chafing, etc. the polymer may reach the failure point with less 
shortening of the polymer chain. This can be analyzed on paper, measured in the laboratory and field, and 
results observed on “hard usage” aircraft. Figure 10, three pages following, is one such example. Much of 
some organizations’ effort is aimed at this excessive trauma situation. Of course as aircraft wiring ages, 
amelioration of this effect becomes increasingly expensive and difficult. In addition efforts have been made 
to protect aircraft with polyimide insulation from moisture, as examination of the fundamental relations of 
the reference development reveal that the life of aromatic polyimide is very long if the material is protected 
from water. Practical implementation of protection from water is yet to be demonstrated, as far as we know. 
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scission points (A). of Polymer. 
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Figure 9 Variation of life in hours of one group of MIL-W-81381 as a function of the temperature 
( " C )  and relative humidity (%). All specimens aged with a continuous % inch bend. 
Confidence limit 1% probability of any failure before time indicated. Similar curves exist 
for other aging bend diameters and failure stresses. 





Diagnostics and Cures 

Most classical wiring fault detection systems depend upon monitoring the insulation to find cracks 
that already exist in the insulation, not for detecting material that has deteriorated sufficiently that cracks will 
develop in the near future nor material that has so deteriorated it is sensitive to trauma. These classical sys- 
tems use such instruments as 

1 DIT-MCO 
2 megger 
3 reflectometer 
4 low current leakage 

The DIT-MCO test unit has been used for many years to check wiring continuity and also leakage resistance 
to ground with a hipot voltage. A megger is a compact dc insulation resistance measuring device usually 
using 500 or 1000 volts dc. The reflectometer measures pulse voltage reflections in cable at impedance 
change points. Thus, if there is a break, this will be indicated by a pulse reflection voltage. The low current 
leakage technique uses a very low voltage to minimize test time to indicate existing breaks in insulation. 
All of these techniques are presently available, and are NDE in use. Other techniques are partially 
developed. They include sonic, optical, RF detectors, and insulation hardness testers (“indenters” similar 
to Brinell testers). We are not aware of any that have reached a commercial stage. Finally, the May 30, 1997 
A. E. Petsche Co., Inc. “Committee Notes” indicates that Wright-Patterson AFB’s Mr. George Slenski 
“never sounded more positive for the success” on his NDE in situ development program. Technical details 
have not been made available to this author. 

All of the preceding techniques depend upon the existence of a complete break in the insulation on 
the wire in order to obtain a reading for the common micro crack of the insulation structure. Of course, these 
systems all measure the extreme trauma fault of Figure 10. These wire husbandry efforts are a reactive repair 
process. Further, as mentioned below, this also does not distinguish between wiring that is starting to fail 
because of aging of the polymer, and unusual trauma. 

A system we have been using since 1991 provides data which measures the amount of remaining 
insulation life at the time a specimen is removed From the aircraft. From this one can infer how much time 
is left before the end of life is reached for any projected stress and environmental condition, The age of the 
polymer is determined by measuring how short the molecule has become. From this one can predict the 
amount of life-remaining in the polymer. This prediction follows directly from Figure 8. Figure 1 1  
(published with premission) indicates one form of presentation of the projection of actual tests of life- 
remaining which can be used to schedule partial rewiring of aircraft. We note parenthetically, that managers 
of some aircraft types have been able to organize and implement quite economical partial repairs, contrary 
to common feeling this is not practical. 

Recapitulation and Opinion 

The process describing wire insulation deterioration is a structures failure phenomenon arising from 
the chemical aging of the polymer. This technical detail of the process permits quantitative analysis of the 
age and susceptibility of the insulation to failure before the onset of normal aging failure. Further, while 
use of the several techniques for locating existing open insulation will clearly improve reliability, the 
susceptibility of aging insulation to rupture by smaller and smaller stresses means that in aging aircraft the 
wiring will be increasingly prone to unexpected failure. By measuring the state of the polymer it is possible 
to black list aircraft before radical failures begin to occur. 



Note a second type of failure, distinct from normal aging failure is common in some aircraft types 
we have examined. This “excessive” trauma can be identified by measuring existing failures vs age of the 
wiring. This process can be observed in Figure 12 and Figure 13. 

0 %  100 % 200 % 

Figure 12 Age measurement of a batch of new 
polyimide wire. Abscissa is percent of life re- 
maining as a percent of the shortest life expec- 
tancy of new specimens. Ordinate is the failure 
rate. 

0 %  100 % 200 % 

Figure 13 Measurement of the same wire from an 
active aircraft in maritime service since 1981. 
The left hand bell are the number of specimens 
which had already failed at the time specimens 
were removed. Note the bell is shown for clarity 
but all specimens were failed at time zero. The 
right hand bell is the normal aging distribution, in 
this case indicating essentially no aging since 
198 I for this group. The dashed bell is the ex- 
pected distribution of aging in more severe envi- 
ronmental locations. Note associated with this 
partially aged group is a lower resistance to 
trauma. 

This composite report of Figures 12 and 13 provide the basis for predicting the improvement in aircraft 
reliability to be expected from remedial work. Partial rewiring, standard repair, and training programs will 
help for the two solid bell curves ofFigure 13. Those actions will not cure the problem revealed by the solid 
left-dotted center bell, nor the dotted bell with no left bell curve. 

In our opinion the informal level of wiring problem reports we receive indicate to us the insulation 
structure gradual deterioration process is placing our aging aircraft in a state where we will see more and 
more unexpected wiring failures. The process is compatible with the preceding scenario. Making “insulation 
structure” examinations to determine the normal aging drift can provide the information to take proactive 
remedial action on wiring, rather than waiting for overt failure. The molecular examination process is well 
defined. Examination of well over 25 active aircraft lend us this confidence. 
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DESCRIPTION OF LECTROMEC WIDAS AGEING SllPPORT PROGRAM 

Background 

D C has confirmed that the deterioration of aromatic polyimide wire insulation, such as that used m MIL- 
W-8 138 1 type wire, is not a function of the chronological age of the aircraft or the wiring but a function of 
the service environment Unless all the aircraft m a series are exposed to the same environmental stresses 
over their operating life, no two aircraft will have the same amount of wire insulation deterioration for the 
same time period There is a significant mcrease in the rate of insulation deterioration when there is an 
mcrease in a combination of humidity, temperature, and strain 

The study of a number of aircraft by the US Naval Research Laboratory (NRL), Washington, 

Smce it is impractical to replace all wiring ln all aircraft it would be desirable to be able to plan for 
wire replacement before failure occurs There are two forms of failure The most common is the 
breakdown of insulation leadmg to moist salt or carbon tracking This tracking may lead to internment 
leakage current which generates electrical noise in the circuit These "glitches" can cause mtermittent 
failure of connected electronic equipment with particularly troublesome impact on digital equipment These 
intermittent signals mterfermg with electronics become increasingly troublesome as polyimide ages 
Occasionall,, in naval environments u1 warm climates short circuit failure with circuit breaker tripping, 
destructive arcing, or wire and bundle bum through failures occurs The Lectroniechanical Design 
Company (Lectromec) of Sterling, Virginia has demonstrated and employed a system for determining the 
amount of aromatic polylmide type aircraft wire lnsulation deterioration that has occurred between the time 
the wire was installed and the present The name of this system is the Lectromec Wire Insulation 
Deterioration Analysis System (WIDAS) 

The goal of WIDAS is to support improved aircraft wiring reliability. availability, and 
productivity, with resultant reduction m mamtenance cost per unit life cycle WIDAS can be utilized to 
support extended operatmg cycles and extended life programs It may also be used to support revised 
maintenance strategies m the face of budget or other resource reductions 

Knowledge of the amount of insulation deterioration that has occurred 

( 1 )  determlnes the criticality for managing wire replacement or wire maintenance BEFORE failure 
occurs This allows aircraft mamtenance personnel to identify and replace selected aircraft wirmg 
(harnesses, bundles, etc ) before wire msulation failure results in wire failure and/or unscheduled 
wirmg mamtenance and to allocate wire repair/replacement resources (manpower or financial) 
efficiently 

(2) establishes a base for estimatmg the amount of life remaining in the tnsulation Repeating this 
analysis periodically will give additional data points to facilitate an extrapolation of the end of 
insulation life 



WIDAS Brief Description 

WIDAS is a predictive technology that utilizes engineering knowledge of aircraft wiring for 
combining wire specimen selection, selective sampling of aircraft wires, accelerated ageing of the wire 
specimens in a controlled environment, and detailed analysis of the ageing test results to produce a report 
on the condition of the aircraft wiring. The system is designed to measure the amount of wire insulation 
deterioration caused by the environmental factors of temperature, moisture, and strain. 

WIDAS determines the time to failure for each wire specimen taken from different locations in 
the aircraft. Statistically, the time until failure of each tested wire specimen compared to the time to 
failure of baseline (control) specimens represents the percentage of wire insulation life used. Selective 
sampling and testing will result in a high confidence estimate of the condition of the wire insulation for 
an entire aircraft. 

Briefly, the WIDAS procedure: 

( 1  ) Takes wire samples removed from an aircraft. 

A wire specimen is defined as a 24 inch (61 cm) i n  length, of statistically significant AWG 
diameter. Lectroinec has aged polyimide insulated wire diameters of AWG 12, 16, 18, 20, 22, 
24, and 26. 

The choice of which aircraft to select samples from and test might be a function of scheduled 
depot level maintenance or the result of an age exploration or similar type program. Conversely, 
the results of this testing process could be the basis for the scheduling or initiation of such 
programs. 

The wire specimens are taken from areas of the aircraft exposed to hat-sh environment and/or 
predetermined wiring maintenance problem areas. WIDAS is designed to report on the condition 
of wire insulation in these high wiring maintenance areas. 

(2)  Accelerates further insulation ageing of the specimens i n  a controlled environment in the 
Lectromec laboratory. 

The wire specimens are placed in an automated wire insulation deterioration accelerator for 
accelerated ageing and analysis. This ageing accelerator is an environmental testing chamber 
capable of ageing the wire specimens under pre-established, tightly controlled and precisely 
defined thermodynamic physical chemistry conditions. Insulation breakdown at a specified 
voltage is used as the failure criterion. 

Each sample is aged in the ageing accelerator until  the insulation fails. The time to failure is 
dependent on the gage of the wire, the mechanical strain on the wire, the humidity and 
temperature in the environmental chamber, and condition of the wire being tested. 

( 3 )  Analyzes the specimens and test results. 

WIDAS determine's the time to failure for each sample taken from the aircraft. Statistically, the 
time until failure of each test sample compared to time to failure of a control sample (baseline) 
represents the percentage of wire insulation life used, that is, its "age". 



(4) Makes conclusions about the condition of the wire insulation in the sampled aircraft. 

Comprehensive WIDAS Survey 

The first step i n  initiating an aircraft wiring evaluation program for any aircraft 
type/model/series is to conduct a C'oniprehensive WIDAS Strrvey. The purpose of this survey is to 
produce a profile, to the extent the information is reasonably available, of the environmental locations, 
circuits, cables, connecting devices, clamping points, removal and repair maintenance areas, abrasion 
points, and wire bends which are relevant to wire insulation ageing. A characterization will be presented 
for selected individual circuits, wire bundles, harness transitions, environmental zones, and for the 
overall aircraft. The deliverable of this first step will be a written report of the results, conclusions, and 
recommendations for selection of the aircraft and circuits to be sampled for testing i n  the second step of 
this proposed C'oniprehrnsive WlDAS Survey. 

A "location" is defined as an environmental zone of the aircraft, such as the cockpit, a wheel- 
well, an avionics bay, engine nacelle, etc. in which the wiring in that zone is exposed to different 
temperatures and humidity than other zones. For each location the Coniprehrmi~~  It'IDA.7 S u r i q  \vi11 
identify wires to be sampled that are representative of the state of insulation deterioration for that 
locat ion. 

The initial acti\.ities are associated with identifying the aircraft locations and wire specimens 
that should be sampled and tested i n  subsequent activities. Following items 1-9 can be done during a 
working visit and inspection of aircraft of the relevant service by Lectromeand Jour personnel. A 
follow-up visit by an Lectromec engineer will be made to support service electrician( s )  during sample 
removal. This rerno\,al is a routine process which we have supported for acti\.e dut! aircraft. The 
following are a listing o f  relevant activities. 

1.  Comprehensive review of engineering information and drawings for selection of 
locations and sub-locations to be sampled and evaluated. 

2 .  Interviewing of cognizant Tornado aircraft engineering and maintenance personnel 
concerning wiring system related problem experiences. 

3 .  Identification of aircraft locations for WIDAS testing and evaluation 

4.  Examine wiring bundles and wires in each aircraft location. Include in the examination 
the condition of the wiring insulation, clamps, ties, and connectors. Especially observe 
wire routing curvatures. 

5 .  On any convenient aircraft at time of meeting of Lectromec and your personnel, make 
selected current leakage measurements on several wire circuits. This will require the 
assistance of an wireman to disconnect several cables to permit access to pins of 
connectors. 

6. Lectromec to photograph all potential WIDAS aircraft sampling locations 

7. Identification of a minimum of 4 to 8 wire specimens, each 24 inches long, from each 



8. 

9. 

I O .  

11. 

12. 

13. 

14. 

aircraft location (sub-location) for WIDAS testing and evaluation. There may be several 
specimens in one length of wire sample. There is some flexibility in this process. Last 
minute modifications can and probably will be made at the time of actual sample 
removal in step 2, with the assistance and advice of the Lectromec engineer that will be 
in attendance for this first WIDAS wire removal from an aircraft. 

Train engineering and aircraft wiring maintenance personnel in the WIDAS program, 
wire specimen selection and removal process, and wiring specimen handling and 
shipping requirements. 

Database compilation of datdinformation collected during survey. 

Formulate interview speculations on condition of the wire insulation in each location. 

Make recommendations as to aircraft, aircraft locations, and wire specimens to be tested 
and evaluated during second step of the Comprehensive WIDAS Sitniey. 

Selection of a minimum of 4 to 8 wire specimens from each sub-location as candidates 
for testing and evaluation. 

Preparation of the report of the analysis, conclusions, and recommendations. 

The deliverable will be a written report, "Aircraft and Wiring Selection 
Recommendation Report", of the results, conclusions, and recommendations of the 
wiring samples to be taken for the second step of this Coniprehensii-e WIDAS S z r r ~ q .  

I t  is expected that Lectromec engineers will work closely with the cognizant aircraft maintenance. 
logistic, and engineering personnel in accomplishing these first steps. Upon conpletion of these steps 
prodeed as follows: 

1 5 .  

16. 

17. 

18. 

19. 

20. 

Review of engineering information for selection of locations and wire specimens to be 
evaluated, including data derived from Step I ,  and comparison with previous WIDAS 
evaluations and the Lectromec data bank from polyimide insulated wire tests (Data bank 
started in I98 1 ). Analyze effect of large amounts of AWG 22 & 26 wire. 

Selection of a minimum of 4 to 8 wire specimens from samples taken from each location 
for testing and evaluation. 

Examination and preparation of the wire specimens for accelerated ageing 

Accelerated ageing of the wire specimens in the Lectromec Automated Wire Insulation 
Deterioration Accelerator (LAWIDA). The LAWIDA is a proprietary controlled ageing 
and testing system, designed and built by Lectromec, located at the Lectromec 
laboratory. 

Post-ageing examination of the wire specimens. 

Database compilation of the ageing test results. 



2 1 .  Data analysis. 

22. Formulate conclusions about the condition of the wire insulation in the various locations. 

23. Formulate Recommendations as to age implications of wire.. 

24. Preparation of the report of the analysis, conclusions, and recommendations on a 
location and overall aircraft basis. 

Systematic WIDAS Evaluation 

Systematic WZDAS Evaluation performs evaluation of an aircraft on a location basis. The 
number and identity of the locations will be a result of the Comprehensive WZDASSurvey. Again, a 
"location" is defined as an environmental zone of the aircraft, such as the cockpit, a wheel-well, an 
avionics bay, engine nacelle, etc. in which the wiring in that zone is exposed to different temperatures 
and humidity than other zones. It is a simple process may be an appropriate tool to use in the 
maintenance stragey. 

Systematic WZDAS Evaluation of each location includes the following tasks: 

1.  Review of engineering information for selection of locations and wire specimens to be 
evaluated, including data derived from the initial Comprehensive WIDAS Survey for the 
type of aircraft of specific interest. Data from previous WIDAS evaluations are also 
used for comparison purposes. A significant data base of various manufacturer's wire 
quality, and ageing characteristics have been banked since 1982. These data are 
particularly useful in examining damage arising from external trauma, as compared to 
continuous thermodynamic ageing. 

2. Selection of a minimum of 4 to 8 wire specimens from each location for testing and 
evaluations. 

3 .  Examination and preparation of the wire specimens for accelerated ageing. 

4. Accelerated ageing of the wire specimens in the Lectromec Automated Wire Insulation 
Deterioration Accelerator (LAWIDA). The LAWIDA is a proprietary controlled ageing 
and testing system, designed and built by Lectromec, located at the Lectromec labs. 

5 .  Post-ageing examination of the wire specimens. 

6 .  Database compilation of the ageing test results. 

7. Data analysis. 

8. Formulate conclusions about the condition of the wire insulation in the location. 

9. Recommendations. 

10. Preparation of the report of the analysis, conclusions, and recommendations on a 



location and overall aircraft basis. 

Definition of End-of-Life and Ageing 

applied between the conductor, through the insulation, to a close ground plane (outside of the insulation) 
will lead to excessive leakage current (greater than 2.5 mann,). As a practical matter, the precise 
magnitude of the test voltage and leakage current make little difference in the total quantitative life 
measurement of polyimide type wire insulation. This end-of-life is defined for our purposes as 100% 
age point. 

Lectromec defines the end-of-life of wiring insulation as the time at which a brief high voltage 

As the wire insulation reaches the end of its life at 100% age it becomes increasingly susceptible 
to cracking when moved by bending, such as occurs during maintenance. Although we know-of no 
reliable quantitative fretting and abrasion correlation with polyimide type insulation ageing, ou r  
experience is that polyimide type insulation becomes much more susceptible to abrasion as it ages. 

Many examples have been seen where insulated wiring which did not indicate visible cracking 
did develop conduction path(s) from the conductor to the outside of the wire. As salt and cleaning fluid 
deposits accumulate, with humidity these microscopic path(s) conduct current which leads to wire 
fa i I ure. 

The following analogy may also help to understand the terms "age" and "life remaining" of wire 
ins 11 lat ion : 

Polyimide insulation has a specific number of good molecules at the time of material 
production and wire wrapping. This number of good molecules can be thought of as 
analogous to a starting balance of a bank account. That is, a new aircraft with new wire 
insulation has a starting balance of, let us  say, 100% (or $100) life available and age of 
0% corresponding to a certain number of good molecules which we also call 100 YO. The 
stresses and strains of aircraft usage withdraw over time from the "insulation life 
account", or use up the good molecules. The dollars withdrawn (or number of molecules 
used) is related to the amount of stress over a period of time. For instance, 95°C for ten 
hours at 100 YO relative humidity might withdraw $10 from our life account, leaving us 
with only $90 (aged IO%, leaving us with 90 YO of insulation life still available). Each 
type or combination of use stress such as moisture, strain from bending or abrasion or 
vibration, and temperature makes its own $ withdrawal per period of time from the "life" 
account (uses a specific number of good molecules). Note that all polyimide insulation 
molecular usage is sequentially additive. Also, the life remaining account is a one-way 
bank account, in the aircraft environment; i.e.: we can use the good properties of 
insulation but cannot restore the insulating properties --we can make a cash withdrawal 
but can not make a redeposit. There is an opposite viewpoint that it is possible to 
"anneal" polyimide insulation. We do not believe this is possible in the aircraft 
application. 

Definition of Baseline Life 

WlDAS does not use "new wires" as the baseline (control group). Laboratory tests from 1982 to 
present by the Naval Research Laboratory and Lectromec have demonstrated large variations within 
MIL-W-81381 type (polyimide) insulation quality. Thus, for any given aircraft, the length of life to be 



expected from a given wiring installation (Le., the number of "good" molecules available) is highly 
variable. To measure how much the wiring has aged as a percentage of the original life available, it is 
not possible to compare the life remaining as a per cent of an industry average. WIDAS, instead, 
measures the original amount of life available in the specific aircraft which is being tested. 

Fundamental thermodynamic development and experimental data indicates that polyimide 
deterioration rate is negligible with low relative humidity, low strain, and moderate temperature. This 
fact is utilized to determine the actual life duration capability of the wire as originally installed on  the 
tested aircraft. As part of the WIDAS process, an area of the aircraft will be identified which has 
relatively low humidity and moderate temperature from which wiring samples with low strain will be 
selected as representative "unaged" wires (baseline specimens). 
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Abstract 

Maintenance is one of the more costly elements of aircraft operation. Wiring as an 
element of that maintenance cost that has been regarded as of relatively little importance. In 
addition to wire maintenance cost, wiring is today receiving a high level of attention because of 
the perception that it may also have a significant impact on reliability ofoperation. I t  would be 
well to be aware of economic impact of any changes in wire maintenance if this new interest in 
wiring (and thermal blanket insulation changes) can lead to increased wire costs. We explore the 
economic aspects based upon our experience, particularly drawing lessons from our military 
experience to raise questions, and suggest some answers and options for extension to the 
commercial jet fleet. 

The senior author of this paper was the Director of Logistics and Fleet Support for U.S. 
Navy and Marine Corps Aviation for a period of 4 years. That included command of six Naval 
Aviation Depots caring for wiring of a fleet 5,400 aircraft. The depots either performed this 
work or directed the work of civilian contractors. The number of unscheduled field wire events 
was reduced from an annual rate of 143,641 in 1987-1988 to an expected total in 1999 of 62,200 
(extrapolated from the first five months of 1999). Our report relies on that experience. 

In addition to the reduction in cost associated with this improvement there was a 
corresponding decrease in the number of A/C wire fires. On one specific A/C typeheries the rate 
of in-service A/C fires was reduced by 88%, resulting from a proactive wire management 
program. 

The major components of the tools to improve maintenance that have lead to the cited 
improvement in unscheduled outages and reduction of A/C fires include: Continued use of the 
classical techniques of professional dedicated visual inspection teams, hi-pot and leakage 
resistance test devices, improved husbandry practices and sensitization of the non-electrical 
mechanics as to special needs of wiring. Recognizing the tendency to report all wiring problems 
as a charge against the connected device, work uni t  codes were established to more accurately 
reflect the under reported wire events. The junior author cooperated in the development of two 
novel maintenance techniques. He has applied these broadly across the fleet. For some types of 
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A/C significant improvement resulted, both with the U.S. Navy and cooperating military forces 
in Canada, the Netherlands, and Great Britain. The two techniques provide ( I )  actuarial life 
prediction of wiring aging by zones of many types of aircraft. used to plan proactive 
maintenance. (2) In addition nondestructive examination (NDE) of high risk zones permit 100% 
correction of wiring that has breached insulation. 

Background 

Study of wiring care economics and impact on reliability is at an early stage of 
development. The available data is frequently of questionable validity, having both possible 
military intelligence and adverse commercial impact potential which leads to proprietary 
treatment. We expect to continue the investigation of the material presented here with some of 
you in this audience and solicit your communications, particularly with respect to increasing 
accuracy and as to new viewpoints and models. We note several caveats: 

. While the question of safety and loss of aircraft can have severe economic impact 
we have chosen not to attempt to assign our judgement of liability personal injury dollars 
to wire derived events. We note the statement by Mr. Robert Baker. American Airlines 
Executive Vice-president for Operations: "If it is a safety issue. there isn't such a thing as 
too much money."' 

The value of lost hull can be handled from several viewpoints including depreciated value 
or replacement cost. Consequential cost includes or excludes lost passenger fare and 
liability costs. At the early stage ofthis work we have little basis on ikhich to choose. We 
have chosen to use the underwriters's coverage as an indication of the value placed on the 
equipment by commercial operator for the hull  and liability loss. 

Such numbers do not exist for military aircraft. The "dollar value" o f a  military 
aircraft is a complicated number, subject to the question of quantity in the order chain, 
assignment of development costs, etc. We can only recognize there are substantial costs 
associated with loss of availability and hull loss in the military. Militarq maintenance 
costs are therefor handled as a cost avoidance opportunit} . 

8 Costs associated with loss of an in-flight aircraft consist oftnzo ma-jor elements: 

We treat in this paper the following categories: 
8 Background 

8 Technical aspects affecting economics 
Cost Scenarios 

8 Initiatives 
As background we present estimates of maintenance costs for A/C wiring in the USN and 

for commercial jet transports. As far as the Air Force we can only quote' that about half of the 
Air Force personnel are reported to be assigned to maintenance activities. The junior author has 
had a number of anecdotal comments made to him by Air Force personnel about wiring events 
that leads him to believe that the portion of this maintenance effort for \viring is not negligible. 
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As to the U.S. Navy wire maintenance costs, we estimate the Navy will spend 
$20.1 million on unscheduled wiring maintenance in 1999. This leads us to Figure 1. 

Figure 1.  Yearly unscheduled US Navy maintenance costs, 1999 estimated. 

Naval Air Logistics Data Analysis (NALDA) indicates 5.2% of 
all naval unscheduled maintenance hours is on electrical power 
systems. Projecting 1 Jan - 21 May 1999 data implies 62.2 13 wire 
repairs for 1999. 

Estimated cost of labor, material and overhead (but no burden) is 
$20.1 million. This is a cost of $323 per wire event. 

A sidelight to this number: The senior author’s logistics group at the Naval Postgraduate 
School has developed data that indicates a sharp difference in maintenance economics for the 
navy and one major commercial airline: The navy’s incidence of unscheduled maintenance is 4.5 
times the amount of scheduled wiring maintenance. On the other hand. in the case of one studied 
commercial airline the unscheduled maintenance is only 0.3 times their scheduled maintenance. 
The reasons for this difference have yet to be positively identified. 

We estimate commercial jet wire maintenance costs by the following process: Figure 2 
indicates the distillation from 1998 DOT aircraft operating cost data. And complete data sheet 
for the 727-200 is shown in Figure 3. Figure 4 compares the navy and commercial wire 
maintenance costs. 

Figure 2. Operating vs. maintenance data. Overheads included, but no burdens. 

727-200 (Based on 1998 DOT data 

Block Hour Costs: 1998 Dollars per Block Hour: 

Carrier # A/C Flying Direct $ 
Operated Operation $ Maintenance 

American 78 $ 1,282 $509  
Airlines 

Delta 129 $ 1,496 $336  
Airlines 

United 75 $ 1,206 $386  
Airlines 

Totiil Maint. 

Block hrs. / 
Maint. $ 

238,266 I 
$ 12 1,000,000 

424,608 I 
$ 143,000~000 

23 1,974 I 
$ 90,000,000 
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Figure I. Comparison of wire maintenance costs. 

Wire Maintenance Cost on all 437 Commercial 727-200s 
(DOT data from Figure 3) 

- $1.8 billion operating 

- $0.57 billion maintenance (no burden) 

If 5% of maintenance is wiring, then: 

- $29 million/437 A/C = $66,000 per A/C per year 

- $29 million/1.34 million block hr = $2l/block hr 

In comparison: Wire Maintenance Cost on USN Air Fleet 

- $21 million/390,245 flight hours = $52/flight hr 

In addition to the maintenance costs of wiring we need to have a measure of the costs of 
loss of A/C, as attributed to wiring, to estimate savings from improvement in aircraft wire 
maintenance. This is, of course, quite controversial. We will not try to adjudicate the difference 
in opinions as to whether failing electrical insulation has caused the loss of commercial AIC. We 
know conclusively this has happened in our naval service. With the reports of smokers and fires 
in commercial jets we take the position of bracketing with an upper and lower bound the cost of 
lost commercial A/C averaged over the complete inventory of 3,972 U S .  jet transports (based on 
the 1998 DOT A/C data count, Figure 3).  We use the loss associated with an A/C at Peggy’s 
Cove, Halifax recently, as a measure of what a single large modern loss could cost. Of course, in 
the U.S. fleet there were no fatalities related to A/C loss in 1998. We emphasize that we pick the 
Halifax loss in order to establish a measure of average loss that is a reasonable estimate. 

aircraft fires or smokers that came very close to causing similar U.S. A/C losses in 1998. 
Business Insurance magazine quotes the responsible underwriter for Swissair 1 1  1 that the 
“incurred hul I and 1 iability losses.. . totaled.. .$64 I mi 1 I ion”’. 

Figure 5 presents two prorated costs per A/C which for this analysis we attribute to 
electrical wire insulation failure. The average cost is. of course. calculated by dividing the one 
event cost by the total number of A/C in the US population at risk. We divide this over the U.S. 
fleet for one event per year and one event per ten years. This costing is the equivalent to a 100% 
efficient insurance pool payment by all operators, completely spreading the loss risk. 

For those that argue that this is an unreasonable approach we could cite a number of 
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Figure 5 .  A “straw man” estimate of range of hull loss and liability cost prorated over all U.S. 
aircraft. 

Insurance Trade Journal Business Insurance indicates 
Swiss Air 11 1 “incurred hull and liability losses 
. ... totaled ... $641 million”. For purposes of calculating an 
average hull loss cost use this loss for an electrical US 
carrier hull  and liability loss. 

DOT indicates there are 3,972 U.S. jet hulls. 

Averaging, this would be $161,000 per hull per year for 
each US aircraft. 

I I 
If this unusual wire event occurs once per decade, the cost 

per hull would be $16,100 per year. 

Another number which may give some feeling as to magnitude of the assumed loss: 
According to the same reference 4, ”in 1998, total; aviation insurance losses topped $ I  .8 
billion ... there were 26 Western built jet losses ...” 

there are other cost factors. These include flight diversion costs for which we have estimates 
ranging from $10,000 to $50,000 per diversion, a large number of smaller items such as necessitj. 
to repeat a deicing because of flight delay from electrical repair, etc. More serious are loss of 
reputation with customers from delay or canceled flights, a major economic impact from 
deterioration of employee moral, and diversion of management attention from creative tasks. 

In addition to basic cost of wire maintenance, and wire related hul l  loss economic costs, 
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Cost Scenarios 

Figure 6 is the diagram of a simple wire repair sequence in response to an unscheduled 
wire failure event. The event could have been a ramp, taxiing, or in-flight event. We have used 
input data appropriate to our military experience. 

Figure 6. Standard wire repair sequence from ramp, taxiing, or flight insulation wire breach. 

I T- Failure. 

RDczlrewwre, 
Clam etc 

t5 

I I 

thxl-mt 
Failure, Rqmr 

t8 

b 
I 
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Report and 
Document 
Failure 

I 2 hour Diagnosis 

Labor $ 50/hr. 

0.5 hours 

1 hour 

2 hours 

1 hour 

0.5 hours 

0.5 hours 

1 hour 

2 hours 

Procure Test 
Equipment 

10 hour Diagnosis 

Labor $40/hr. Labor $ 50/hr. 

0.5 hours 0.5 hours 

1 hour I hour 

10 hours 10 hours 

1 hour I hour 

0.5 hours 0.5 hours 

0.5 hours 0.5 hours 

1 hour I hour 

2 hours 2 hours 

Trouble Shoot 
Failure and 
I.D. the Failure 

200 $ 

50 $ per hour 

Remove Failed 
Wires 

200 $ 200 $ 

40 $ per hour SO $ per hour 

Labor $40/hr. 

Total Yearly 
cost 

I (Unburdened) 

0.5 hours 

38.9 million $ 

1 hour 

53.5 million $ 63.8 million $ 

2 hours 

1 hour 

Procure New 
Wire and 
Accessories 

0.5 hours 

Install New 
Wire 

0.5 hours 

Test and 
Verify Repairs 

1 hour 

Document 
Findings and 
Repairs 

2 hours 

Labor Rate 
(Unburdened) 

40 $ per hour 

33.6 million $ 
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Figure 8.  Summary of wire repair cost logic flow and sensitivity analysis. 

NALDA USN data indicated 5.2% wire maintenance 
resulting in $20.1 million maintenance costs for 1999. 

Model calculations in preceding slide imply USN cost for 
62,213 NALDA wire event costs ranging from $33.6 million 
to $63.8 million. At the lower number this is $540 per wire 
event. 

Estimate from NALDA may be low. Difficult not to 
submerge wire repair time into code for connected device. 

Emphasizes critical nature of quick identification of fault. 

There are several comments about the results of this analysis: First. even the lower cost of 
$33.6 million for the navy experience is above our NALDA based cost estimate of $20.1 million 
for 1999, made above. But we consider the results are within what \+'e feel is the accuracy range 
of our present data input. 

the cost of lost revenue in the case of commercial flights, or some "cost" for an adversely 
affected mission for military operations. It would not take many "lost fares'' because of diversion 
of passengers, to amount to many millions of dollars over the year for an airlines' operations. 

There are many other scenarios which it will be usefiil to cost. While it is beyond the 
scope of this presentation to analyze the many cost scenarios that are a part of aviation operations 
we list a few of them in Figure 9. 

Figure 9. Other economic scenarios. 

A second result is not apparent from the table. That is the effect if one were to include 

e Ramp Events 
- EM1 
- Smokers 
- Fires 
- Flight Delays 

e Taxiing Events 
- ditto 

e Flight Events 
- ditto 

~~ ~~~ 

e Associated Economics 
- Loss of Customers/Fares 
- Loss of Military Mission 
- Loss of reputation 
- Punitive liability costs 
- Management diversion 
- Employee demoralization 
economic impact 

e A/C Purchase/Resale Value affected 
by Wire Condition 

maintenance quality 
e Age/Type of Insulation Past 
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A selection chart for identifjling each of the cost options for in-flight wire failure is 
shown in the following Figure 10. 

5 

6 

7 

8 

9 

Figure 10. Wire penetration caused failure results possibilities; in-flight failure. 

Loss of AiC 

Abnormal OK 
Landing 

Loss of A/C 

Failed Power Ditto Ditto 
Device 

Smoke or fire Ditto Ditto 

Examination ofthe probability chart indicates there are a number of routes to the 
following abnormal situations which each have their cost consequences. Note \\.e have not 
presented our probability estimates for each branch point because of their great variation and 
uncertainty. The results include: . diverted flight 
0 damaged aircraft 
0 loss of aircraft 
Probabilities and cost for similar unscheduled wiring event options exist for A/C on a ramp (or 
deck), or in the process of taxiing. 
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Technical Aspects 

For economic calculations, a deterministic model confirmed b j  field data and laboratory 
experiments, can provide the means to make probability estimates to be used in  the summation of 
the results derived from the processes of the preceding section. There are ti\ o fundamental 
phenomenon relating to wire insulation failures. The first is the actual process of penetration of 
the wire insulation. The second technical process is the impact on the aircraft of a wire breach 
which muy occasionally result in an aircraft event. 

We document some of the types of insulation penetrations. These exist on all types of 
aircraft we have examined, even some with only a few years of use. The vast majority of these 
penetrations are benign with respect to aircraft operation: . Fractures from bending as when removing equipment. design of cable routing. etc. 

Chafing against other wires, structure, clamps e . Crushing . Cutting . Wire tension 
Each of the insulation penetrations is affected by the aging of the polymer as ne11 as the force 
intrinsic to various force “insults”. The aging factors for the various polymers are well 
documented in the voluminous polymer literature. Further it appears to your authors there is one 
overriding factor dominating the longevity of wire insulation. This is the thickness. or perhaps 
we should say “thinness” of the insulation. This is illustrated in the following Figure 1 1. And to 
define types of penetration we illustrate some in the following Figure 12. Note the more 
common types of wire presently installed have their “favorite” failure modes. We commonly 
find all of these in military and Coast Guard aircraft. 

Page I 1  of20 
Eaton. Economic Aircraft Wiring Maintenancc. I nspcctioii. & Repair 



Figure 1 1. Fundamental Challenge; Wire cross section illustrating 3% hair "thinness" of 
insulation. 

The 4 human hair cross sections on the right indicate the implied delicacy of much of the 
insulation on our A/C. The probability of encountering a force, and insulation aging, in the 25- 
150 miles of wire found on our aging transport appears to the authors to be high. The 
probability, forecast, and finding these before the insulation breach that can lead to an aircraft 
event is at the heart of realistic economic maintenance and consequential damage economic 
challenge. 
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Figure 12. Four types of failures in four different widely applied types of insulation. 

Mil- W-22759134 

Flowing 
(X-ETFE) 

Mil-W-81381 (Aromatic 
Polyimide) Fracturing 

from age 

Mil- W- 5 08612 (PVC/Nylon) 
Compression split 

Mil-W-8 1044/16 (Aliphatic 
Polyimide) Spalling 

The authors have widely discussed in various military publications, transactions, and 
previous FAA-DOD-NASA conference the principles of Figures 13, 14, and 15. The underlying 
fundamentals to insulation breaching are illustrated: 
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Figure 13. Time to first insulation fracture of aromatic polyimide for a one half inch diameter 
bend as a function of temperature and humidity. 

Life plot corresponding to 1 /2" bend radius (copyright) 
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Figure 14. Insulation breaching probability in a specific aircraft zone (zone 32) of a fighter, 
based upon sampling tests of active aircraft wire (thirty feet of removed wire from 100,000 feet 
in an active aircraft). Similar projections have been verified by field follow up of projections 
initiated in 1990 on other A/C. 

Zone 32 Survivability Curve (Independant of Date) 

0 0  s o  1 0 0  I S O  2 0 0  2 5 0  ? n o  i s n  J o n  

Time in Years 
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Figure 15. Wire actuarial breaching probability chart. Used to proactively load level wire 
maintenance scheduling, avoid emergency flight delay repairs, and avoid in-flight events. 

Location 
Bomb Bay 

Wing, Outboard 
Trailing Edge 

Galley/Aft Cabin 

Wing,Center 
Leading Edge 

Forward Electrical 
Load Center 

Avionics Bay C1 

Wing, Inboard/Root, 
Leading Edge 

Avionics Bay HI  

Hydraulic Service 
Center, Under Deck 

Main Wheel Well 

Nose Wheel Well 

Wing, Center, 
Trailing Edge 

IYearsI I 2 5 10 20 I 

I % Failures I 

I P-3 Four Engine % Probability of failure As of May 17th, 1995 I 
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At this point we have defined wire insulation penetration phenomena. Insulation 
penetrations, fortunately, do no always lead to adverse economic and safety consequences. There 
is a second step that must occur before we have an adverse A/C event. This is the fact that at the 
dominant 120/208 volt system most threatening on jet A/C there will he no adverse efect ofwire 
insulation breaching unless a (partial) short circuit develops. Broadly speaking, there are two 
types of short circuits. The first is the bared electrical conductor directly contacting metal of the 
airframe (ground) or another conductor at a different potential. In our experience this “dry 
arcing” is the more common form of troublesome failure. 

tracking failure. Here low level current “creeps” through the insulation fracture to dirt and 
moisture on the surface of the insulation, along this path to a ground return. This current can 
carbonize lint, dirt, and insulation, sometimes over long periods of time, and occasionally leads 
to a violent final arcing and severe electrical fire. 

which we have the fundamental techniques to determine the answer is: 

The second type of failure affecting cost probability projections is the so called wet arc 

The key economic impact question, for which the final answers are not yet in but for 

What is the quantitative connection between the occurrence of an insulation breach and a 
serious consequence for operation of the aircra)? 

The forms of serious consequences include: 

operation by EM1 and noisy circuits. 
a Electronic noise interfering (intermittently) with electronic and power equipment 

Tripped circuit breakers dropping loads. 
Reclosing circuit breakers without a simple pre-thought out failure action card (we have 

. . 
seen recommendations that a flight crew should “analyze the flight fire problem which 
may take as much as one half hour” with the associated probability of economic impact of 
loss of the A/C). 

blinding smoke; and ignition of gasoline and other combustibles. 
a Fire; arc cutting of structures, control cables, other wires ,hydraulic lines; generation of 

Using wire age measurement sampling techniques we have identified severely aged wire 
insulation in a group of a 100 A/C at the cost of $3000 per aircraft, Figure 1 5 above. Where 
action has been taken by services in various countries to correct this problem there has been no 
reported fbrther wire induced failures. Where corrective actions have not been taken there are 
written reports of wire associated flight fires. Follow-up 100% non destructive examination 
(NDE) at a cost of $20,000 located all insulation breaches and repaired them in a period of two 
days. (Laboratory staged blind fault location tests have demonstrated essentially 100% reliability 
of the proprietary tests combined with use of standard commercial test equipment.) 

On one specific A/C typeheries use of the new techniques reduced the rate of in-service 
A/C fires by 88% over a five year period. We believe the same techniques would markedly 
reduce unscheduled wire events for every type of military and civilian aircraft for all types of 
insulating materials. These techniques are particularly important to protect against the 
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characteristic of aromatic polyimide burning in the presence of the very high electric arc 
temperature, the economic impact of which can be severe if this aspect is not properly managed. 

Economic Impact Initiatives 

The preceding findings indicate several guiding thoughts 

Two of the lower cost estimates for unscheduled repair were $323 and$550 per repair. 
This is well over twice the cost of the NDE repair described in the test. 

compared to even the $16,000 for loss of A/C and liability for one loss each ten years. 
The safer we can operate, the more economical it is. 

. The overall proactive NDE cost rate is low for the detection and repair of faults as 

Quoting Dr. David Huntzinger, Vice President of Safety, America West: “Prevention is 
always cheaper than in~estigation”~. In that spirit we list some of the actions that can be 
initiated, or perhaps deserve further economical investigation: 

Generate a whole new husbandry attitude in all mechanical trades, engineering design, 
and management personnel about the delicacy of wire insulation and possible 
consequences of ignoring the problem. 
Recognize that visual inspection locates only about 25% of insulation breaches. Consult 
with and use newly emerging and existing inspection equipment. 
Decide on a management philosophy: I .  Attempt to maintain an insulation system with 
minimal insulation breaches; or 2. analyze and recognize for one’s particular 
type/age/maintained aircraft the cost of reactive maintenance. 
Particularly recognize the high cost associated with the severe arc burning propensity of 
aromatic polyimide. Either check engineering aspects to minimize arcing fault impact or 
replace wire with other materials ifthe engineering application enviroiiiiienf will perinit 
use of materials with different weaknesses. 
Consider retiring A/C with severely chemically aged (not necessarilq correlated with 
chronological aged) wire. This has been very effective in reducing severe accidents with 
some Navy type A/C. 
Consider the feasibility of arc fault detector circuit breakers to prevent possibility of 
arcing faults. 
Investigate possibility of arc suppression fire extinguisher slstems. 
Accelerate replacement of signal wires with multiplexed and fiber optic information and 
control systems. Note the authors believe this will take significant support structure 
development so that interim wire care would be beneficial for a period of years, near 
term. 
Utilize developing techniques to audit occurrence of work practice induced trauma vs. 
unavoidable age related insulation failures. Refine existing husbandry training and 
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practices, some of which we have seen that do not account for some fundamental 
materials properties. 

certified A/C repair stations do not mistreat wire. To the authors that are familiar with 
managing the work of six repair depots, this appears to us to be an awesome management 
challenge. 

type/model US Navy A/C. Based on our examination of the civilian and Air Force 
situation it appears that if a decision is made that proactive wire maintenance is 
economically and safety wise justified, the phenomena would be responsive to the new 
inspection techniques in combination with standard practices to a similar degree of 
improvement, 

. Recognize severe challenge identified by FAA of ensuring that practices in some 4,500 

. Recognize that we have seen the navy achieve an 88% reduction in wire events in one 

. Investigate tracer wire insulation fault detectors. 

In conclusion, we believe air transportation is the vital enabling factor i n  a robust global 
economy and a safe effective air force is a guarantor of national securitj,. The demonstrated 
safety and economy of commercial and military aircraft is awesome toda)., but it can be made 
better. The adoption of the wire maintenance strategy recommended b) the authors will ensure 
wire will never compromise safety or revenue. 
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A C " G  - C " i T I C  CCMFATIBILITY BY COKCROL OF THE 
WIFUNG DSULIATION 

G. J. K i n g  
AIRQiAFT DMSICN 

Douglas Aircraft Campany, Inc. 
Long Beach, Cal i fornia  

Abstact -. Control of t he  wire routing'and grouping of the many equipments 
systems that a r e  i n s t a l l e d  in  modern aircraft is necessary t o  a138ure the  e lec t ro-  
magnetic compat ib i l i ty  of the ultimate system. Controlled c l a s s i f i c a t i o n  o f  the 
wiring and t h e  bundles reduces the interact ion of equipments cawed by the inadvert- 
ent coupling r e s u l t i n g  from random ins ta l la t ion .  Wire routing control  is mandatory 
t o  prevent the  in te rac t ion  of individual systems and may also be required with w i r i n g  
associated with systems that are susceptible t o  self- interference.  The minimum design 
concept for adequate wiring i so la t ion  is defined in  t h i s  paper .  Def in i t ive  grounding 
of systems and t he  attendant grounding methods, including t h e  bonding of a l l  equip- 
ment i n s t a l l a t ions ,  i s  a s ignif icant  part  of the overa l l  compat ibi l i ty  of the elec- 
t r i c a l l e l e c t r o n i c  environmenz. Ehphasis is directed towards th i s  area. 

I. INIRODUCTION c 

For many years a i r c r a f t  have been increasingly burdened with e l e c t r i c a l  and elec-  
t ron ic  equipment. These equipnents have been evolved frm t h e  simple dc systems, 
of not so many years ago, t o  the modern integrated complexes operating e n t i r e l y  on 
an ac power source. As a result, the modern environment is  one that is dynamic in 
nature where t h e  e q u i p e n t ~  are subjected t o  an ambient electraanagnetic f i e l d  of 
complex shape and frequency. It is not strange t h a t  some of this  ambient energy will 
appear  on the wiring. 

Much has been done t o  reduce interference at the  ccmponent, equipnent and system 
levels.  L i t t l e  information is avai lable  concerning the i n s t a l l a t i o n  of equipment 
inter-connect ing  w i r i n g .  Sparadic i m e r e s t  has occurred in  w i r i n g  compat ibi l i ty  
where the various schemes vary fran the custom ins t a l l a t ion  ( the  reference is to 
"build-it" and " f ix- i t "  methods) t o  the over-desimed brute-force technique. The 
airframe manufacturer is confronted with the i n s t a l l a t ion  problem i n  which t h e  inter- 
connecting wire coupling e f f ec t s  upon any of the  equipments can only be estimated. 
Few equipment manufacturers are prepared t o  indicate  the  necessary i n s t a l l a t i o n  pre- 
cautions required f o r  compatibility. The precautions would include r equ i rmen t s  f o r  
spec ia l  w i r i q  (o ther  than  single conductor), threshold s u s c e p t i b i l i t y  values over 
a specifi3.d frequency range, and the Character is t ics  of t h e  conducted and rad ia ted  
energy over a broad frequency range. The fact remains that spec ia l  installation 
requirements of w i r i n g  is necessary because most equipments rad ia te ,  and almost all 
equipments are. suscept ib le  samewhere in the  electranagnetic s p e c t m .  

The method of w i r i n g  control t o  be described c l a s s i f i e s  a l l  of t he  interconnect iag 
w i r i n g  in accordance with the  energy carr ied by each wire and the  probabi l i ty  of 
that  w i r e  becoming either a "transmitter" or a "receiver." A hiqh degree of compati- 
b i l i t y  is achieved by physical separation of the  categories  of bundles and by group- 
ing only the w i r e s  of similar charac te r i s t ics  anti volt%e levels. 
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For example: a wire carrying 28 v o l t s  t o  a lamp would not be susceptible t o  a wire 
carrying 115 v o l t s  t o  a motor. However, i f  the  28 volt wire is connected t o  a servo 
ampl i f ie r  then  a degree of s u s c e p t i b i l i t y  might e x i s t .  Therefore, t he  first problem 
is the induct ive suscep t ib i l i t y  of a wire. The induced voltage is dependent upon the 
separa t ion  dis tance of the wires and the coupling area or para l l e l  dis tance.  There 
are many other factora ,  but if the spacing between the  wire is  infinite and the 
parallel length is zem a coupling problem w i l l  not ex is t .  

The o the r  f ac to r s  are modifiers useful t o  the design engineer t o  deternine t h e  
minimum requi red  separation versus  %he maxim pa ra l l e l  dis tance before t h e  threshold 
s r s c e p t ' i b i l i t y  is exceeded. 

The other  problem of wire coupling is that experienced from e lec t ro - s t a t i c  f i e l d s  
(voltage) usually associated with the radio frequency spectnun. Physical isolation 
w i l l  reduce same of the voltage coupling but not as e f fec t ive ly  as fo r  magnetic 
f i e l d  coupling. Generally, e l e c t r o s t a t i c  coupling is associated with high impedance 
circuits.  Many low impedance circuits can become c a r r i e r s  of e l e c t r o s t a t i c  energy 
that is conducted d i r e c t l y  t o  a suscept ible  c i r c u i t .  Such c i r c u i t r y  is adversely 
a f fec ted  by ex terna l  coupling. Frequently, the  reduction of external  coupling does 
not a l l e v i a t e  the problem. Many of these were found t o  be caused by coupling between 
the  i n t e r n a l  wiring. The usual precautions are employed for e l e c t r o s t a t i c  isolation 
such as shielded wiring and, equal ly  important, t he  proper grounding of t h e  sh ie ld .  
The grouping of susceptible wires away fram "transmitter" w i r i r g  f requent ly  reduces 
the requirements f o r  shielding. 

The wire c l a s s i f i c a t i o n  methods, described in  t h i s  paper, M v e  evolved over a number 
of years. However, it was only a few years ago that the  environment reached the 
degree of complexity where the extensive use of c l a s s i f i ed  w i r i n g  was required.  . 
An ana lys i s  was conducted on onemodel of a i r c ra f t  t o  detennine w h a t  could be done 
to con t ro l  t he  interference caused by t h e  interconnecting wiring. All of the empirical 
and theoretical data colected over the years was evaluated and a logical model of 
the proposed method was developed. The a i r c r a f t  was completely remodeled with the 
new system. Mter testing the aircraft, it was found necessary TO change one wire  
frm a single bra id  coaxial t o  a double braid. F i l t e r s  that had been i n s t a l l e d  on 
the o r i g i n a l  aircraft to reduce interference were found t o  be unnecessary after 
implementation of the c l a s s i f i c a t i o n  technique. The a i r c ra f t  was a complex m i l i t a r y  
type that had a h i s t o r y  of multiple interferences. Once the  wire c l a s s i f i c a t i o n  had 
been implemented, several of the more vexing problems were revealed as being self- 
induced. 

A second model airplane had a similar his tory  of severe and subt le  in te r fe rences  
that were subdud  by the usual c o s t l y  rework and l o s s  of t i m e .  The en t i re  system 
was c a r e f u l l y  categorized by detailed evaluation of each equipment. After test, one 
fix was requi red- the  installation of a diode t o  quiet  down the inductive kick of a 
relay. The sub t l e  interferences were resolved t o  be self-induced within s p e c i f i c  
systems. 

The la t ter  a i r c r a f t  has been in current  production for  one year without any i n t e r -  
ference problans. Wire c l a s s i f i c a t i o n  w i l l  make the product like "peas in a pod" 89  

compared t o  others without wire  c la s s i f i ca t ion  which may exhibi t  wide var iance of 
interference from unit to unit. 



- 
MRY-15-199E 07:23 I NTELLECTURL fiop.&L I C 562 593 5406 P.11 - 

Design Concept - The minimum design concept for  adequate wiring isolat ian is based 
upon c lass i f ica t ion  according t o  the energy and power that the wire carries.  A 
second consideration i s  that of the impedance of the wire that may carry spurious 
energy. This will indicate whether the interference may be induced by e i ther  w e t i c  
or e lec t ros ta t ic  f ie lds  or  both. The th i rd  consideratian is the division accordiw 
t o  the suscept ibi l i ty  of a given wire t o  e i ther  inductive or electrostat ic  coupling. 
For example: a wire t o  the input of an anplifier is more susceptible t o  spurious 
energy than a wire connected t o  a motor. 

C a t e r y  * ra- Power Wiring - category I 'is ccRlprieed of the following exasuplee: 

1. 
2. 

3. 

Three Fhase distributian wiring (115/200 volts ac) 
Single phase distribution wiring (U5 volts ac] 

Other wiring carrying 115 volts  ac 

There are two sources of coupled energy that can cauae interference into numerous 
system: the magnetic f ie ld and the electrostat ic  field. Of the two, the m e t i c  
f ie ld is the most d i f f icu l t  t o  handle since shielding is ineffective. The practical  
method f o r  magnetic field isolation is physical separation where the current-carrying 
wires are isolated frcin other wiring that is susoeptible t o  megnetic coupling. Power 
systems are insensitive t o  coupled w e t i c  f ie lds  fram other power lines. Motors, 
relays, most power transformers, actuators, and other power devices a r e  inherently 
insensitive t o  induced voltages, induced phase s h i f t ,  transients, etc: Therefore, it 
is possible t o  group all distribution power lines into one categary. Primary, or 
feeder wiring, is not grouped with distribution w i r i n g  t o  minimize damage i n  the case 
of faul t  currents. 

All of the noted wires m y  be bundled into groups dependent upon the instal led w i r i n g  
configuration. 

Category I1 - Secondary Power - Secondary power w i r i n g  is grouped into Category 11. 
Secondary power wiring is gene-rally classed as w i r i n g  carrying watts of power at 
voltages less than 1l5 volts (ac/dc). Secondary power wiriag can be troublesome in 
rest r ic ted areas such as cockpits, radio racks, conduit m, and other areas requir- 
ing dense w i r i n g  runs. Since the w e t i c  field is direct ly  related t o  the current, 
and secondary power l ines a re  found in  sensitive equipmeat wire bundles, it has been 
necessary t o  create  t h i s  category. Secondary power l ines  aPe usually associated with 
in te r ior  l igh t ing  circui ts ,  synchro c i rcu i t s ,  small  motors, actuator circuits, etc. 
Therefore, Category I1 is comprised of the following examples: 

1. Law-voltage power c i rcu i t s  
2. Low-voltage lighting circui t8  

3. 

4. 

Synchro and sumo c i rcu i t s  not in Category IV 
Includes wiring from an equiplasnt power supply t o  other equipments within 
the same system for  dc voltages up t o  XQO volts. 

Category XI1 - Control Wiring - Reference was made in Category I on the coupling 
effects  of the magnetic md electrostat ic  fields.  In Category 111, the w i r i r g  is - -  
grouped according t o  the transient fields that exhibit both characteristics.-Line 
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t r ans i en t s  occasioned by operating charac te r i s t ics  of the equipment C a n  produce 
t rans ien t  magnetic fields associated with a f a s t  rise t h e  of the  current.  High 
voltage t r ans i en t s ,  caused by the familiar "inductive kick-back" can produce broad- 
band RF voltages.  Therefore, Category 111 is  similar t o  Category I1 except that it  
a l so  c a r r i e s  t r a n s i e n t  energy. Category If1 ais comprised of the following examples: 

1. 

2. 

All w i r i n g  that involves the operation of relays (solenoid) ,  stepper 
switches, autanatic haning switches, intermit tent  pulsing energy, etc. 

Any other w i r e  that can produce pulse energy caused by operating character-  
istics of the system or e q u i p n t  such 8s wiring t o  f lash ing  incandescent -- - o r  fluorescent exterior lights. 

Note: Category 111 can be converted t o  a Category If by reducing or eliminating 
t rans ien t  energy, Category 111 could be eliminated en t i r e ly  by use of t r ans i en t  
suppressors at each r e l ay  or inductive device. Other wiring could be placed i n  
Category 11 by determining the frequency of occurrence o f  t rans ien t  energy 
that could affect other  equipment1 I f  the t rans ien t  does not a f fec t  a c r i t i c a l  
c i r c u i t  o r  an equipment listed d e r  safe ty  of f l i g h t ,  then it may be changed 
t o  Category 31. Eventually, by cansideration of these elements i n  the  design 
stage,  t h e  need for t h i s  category may not be required. 

Category IV - Sens i t i ve  Wiring - Sensi t ive wiring is samewhat of a misnomer s ince  
sensit iveness is d i r e c t l y  re la ted  t o  suscep t ib i l i t y  i n  th i s  case. There are many 
wires within a system or complex that would appear under t h i s  category. Most of the  
wiring in  t h i s  category is susceptible t o  e l e c t r o s t a t i c  types of energy because o f  
high impedance c i r c u i t s .  L o w  impedance c i r c u i t s  a r e  susceptible t o  magnetic f i e l d s .  
However, a low impedance c i r c u i t  can act as a c a r r i e r  of e l e c t r o s t a t i c  energy that 
will conduct spurious energy d i r e c t l y  into a sens i t ive  c i r cu i t  such as  a microphone 
input t o  an ampiif ier .  Dual protection is usually required f o r  these c i r c u i t s .  

Category IV is comprised of the  following examples: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

A high 

All microphone c i r cu i t s .  These invariably require twisted/shielded leads t o  
reduce coupled q e t i c  f i e l d s  and prevent the  conduction o f  e l e c t r o s t a t i c  
RF fields. 
A l l  audio output and video output c i r cu i t s .  

A l l  s e n s i t i v i t y  c o n t m l  circuits and volume/gain controls .  

All cathode and g r id  c i r cu i t s .  

Signal wiring requir ing a "shield out" shield.  

All metering and bridge input c i r c u i t s .  

All c i r c u i t s  associated with signal inputs  t o  a computer. 

All s w  c i r c u i t s  associated with a demodulator. 

percentage of t h e  above w i r e s  are required by the designer t o  be shielded. To 
avoid & o d  c i r c u i t  problerns it is mcea~&y t o  e k h a s i z e  that all shielded wire 
shall be insulated w i t h  an external non-conductive jacket.  

Category V - Suscept ible  Wiring - Experience has shown that ce r t a in  w i r i n g  is ex- 
tremely susceptible t o  most al l  l eve l s  of e l e c t r i c a l  energy. Such w i r i n g  shall be 
routed f r e e  of a l l  other  w i r i n g  and anst not be m u p e d  in to  a bundle unless associated 
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with a single system. Antenna cables may be grouped provided that the shielding 
integri ty  of the  ent i re  system is good. High power antenna cables and pulse cables 
shall be  run separately. 

Category V is comprised of the following examples: 
A l l  radio antema coaxial cables. 

All wiring t o  electm-explosive devices. 

1. 
2. 
3. Fire  Warning shielded wires. 

4. Fuel guantity coaxial cables. 

57 Liquid Oxygen indicator coaxial cables. 

6. Other wiring pertaining t o  safety of f l ight  items such as anti-skid systems, 
spoiler actuator c i rcui ts ,  etc. 

Category V I  - System Wiring - Category V I  is a compromise designed for convenience 
of installation. To minimize extensive separation o f  system w i r i n g  bundles and t o  
reduce the result ing w i r i n g  ccmplexity, certain system bundles may contain w i r i n g  
that otherwise would appear in Categories 11, 111, and IV. The category does not 
contain w i r i n g  that  is classed as Category I or V. System groups may be installed 
only after careful analysis has indicated that the system is f ree  of self-induced 
interference. An example would be the Automatic Flight Control System (APCS) that is 
inherently susceptible. The AFCS usually has m a y  interconnecting wires between 
multiple black boxes grouped in  close proximity. These mns, and the Long m s  from 
the imnediate.aree t o  the control center, are classed as Category VI. There may be 
more than one system within the cmplex that has been classlf ied as a Category VI. 
It i s  suggested that each system bundle be identified and routed separately. It is not 
recamnended that bundles of Category V I  be grouped together. 

Design L i m i t s  fa r  Separation-Minimum coupling between wires of  the various categories 
can only be  controlled by specifying the minimum distances t o  be maintained throughout 
the cable run. Table I gives the minimum design data for physical isolation. Mcdifi- 
cations t o  the rather r igid requirements are described in subsequent paragraphs. It 
must be emphasized that  the design paramters noted in (Table I) are tc be used as the 
minimum, and that  the compromises suggested be used only where necessary. Compromises 
a r e  the responsibil i ty of the Electromagnetic Lmpatibil i ty engineer and are usem 
only when the threshold s u s c e p t i b i l i t y  of 3 given wire is hown. 

Classifying the categories as '!transmitters" and "receivers" w i l l  help in understanding 
why the groups are spaced and w i l l  assist in the selection of compromises where required. 
It w i l l  be noticed that Categories I, 11, and I11 may be classed as transmitters and 
that Categories IV, and V as good broadband receivers. Category VI is in the position 
of proving that  it w i l l  not interfere wi th  i t se l f  since it contains potential trans- 
mitters and receivers. Another way of classification is t o  consider that Categories 
I and 11 carry re lat ively intense nragnetic fields, Category III carries magnetic f ie lds  
of similar intensity and transient RF fields of relatively high energy with a oroadband 
distribution. Categories I.v and V are. then susceptible to these fields.  The th i rd  con- 
sideration is that the groups carry similar types of energy: Category I, power line 
voltages (115/200 volts ac); Categories I1 and I11 car ry  low voltage power (28 volts 
ac-dc), and Categories IV and V carry signal voltages and kequencies. The method of 
classifying is based upon the m'inimum voltage gradients between wires within any given 
c8 t egory . 
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Instal la t ion Consideration -The possibil i ty ax maintaining the minimum separation d is -  
tance for a l l  cateeories throughout the aircraft is remte. Structural areas and design 
prohibit such luxuries. Eiequiremts for the three comnan areas of minimum isolation 
are noted in  the following: 

Lightening Holes -Wire bundles shall maintain the m i n i m u m  spacing u n t i l  they im- 
mdia te ly  enter the lightening hole and shall break away at the f i r s t  opportunity. 
Lightening hole paral le l  runs are added t o  compute the overall parallel run. Nor- 
a y ,  there is no rest r ic t ion on the category of bundles. It is preferred, however, 
t o  route Categories IY, V, and VI through adjacent holes wherever possible. The 

-&category to  be routed through adjacent holes depends upon the physical s ize  of the 
bundle, see Figure 1. 

Camon Plugs-Camurn e q u i p n t  plugs and bulkhead pluqrs are treated the s a m  as for 
lightening holes. C o m m  plug wiring should break into categories as soon as pos- 
sible,  see Figures 2 and 3. 

Conduit-Grouping of bundles in conduit will be slmiiar t o  the grouping used for 
m i a g e  clamping. Non-metallic c d u i t  is preferred. Metallic conduit may be used 
t o  increase the isolation when canduits are closely nested and t o  take advantage 
of the shielding effects. Aluminum c d u i t  should be used far e lec t ros ta t ic  shield- 
ing and special  purpose steels far magnetic "shielding." Unrestricted use of mtal- 
l i c  conduit should be discouraged since the reflected inner fields could increase 
coupling between wires within the conduit, see Figure 4. 

Compromises-Practical considerations for the installation of bundles require s m  mdi- 
fication of the basic rules. It must be emphasized that modificatian of the basic  rules 
wt be held t o  an absolute minimmr. There will be areas where the minimum spacing of 
the bundles cannot always be maintained. Other areas my require that  the wires origi- 
nating at  an equlprrrent plug must be bundled t q e t h e r  for  a specified distance. The in- 
stallaticm designer xrrust control the wiring t o  ensure that the compromised areas do not 
result in  an unbalance towards tk interference end of the scales. What is lost on ane 
end of the scales nust be regained an the other. 

Category VI-Category V I  is a cmprmise as noted under the categories. 

Marriage Clamping-The minimm design spacing may be relaxed in close areas such as 
cockpits, ccmtrol centers, and other dense areas. This is based upon achieving sepa- 
ration in the rest of the aircraf t  that results in coupling far below threshold sen- 
s i t i v i t y .  The following categories may be marriage clamped: 

Category 
1. If with I11 
2. IV with V 
3. V I  with either 11, 111 or IV 

It 

N 
or 

is r e c m n d e d  that  Categcoy I not be marriage clamped with any 
group. Maximum distance should be maintained between Category I 
and V. 

other category 
and Categories 

Special Wiring-Special w i r i n g  includes all types of wiring configurations other 
than the slngle-conductor-insulated wire. Special wires an? always used for the con- 
trol of interference and, in the wire categorization p lan ,  they are used for  isola- 

6 
I 
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t ion purposes where the m i n i m  physical isolation distances must be reduced for 
practical  reasons. Therefore, the special w i r i n g  would replace the siRgle conductor 
wire under cer ta in  installation conditions. 

There are two types of special w i r e :  t w i s t e d  wires (two ar mare) and shielded con- 
ductors (one or more). Twisted w i r e s  are used for control of radiated or induced 
magnetic f ie lds ,  and the shielded w i r e  is used for the containxfent ar exclusion 
of e lectrostat ic  fields.  Combinations of both are used where the c i r c u i t r y  my be 
susceptible to  m g e t i c  and electrostat ic  fields. Configurations recomnded for 
use include the following: twisted pairs, shielded twisted pairs, shielded single 
Epnductor, ana the various configurations of coaxial cable. 

Special w i r i n g  is used anly when and where necessary i f  not cal led out in the sys- 
tem design. Use of special wiring is an admission that the system is susceptible 
or radiates over some specified portion of the electramgnetic spectrum*(just l ike 
a gasket is an admission that a perfect mechanical joint cannot be obtained). Re- 
quiremnts for extensive use of special wiring my be reduced by considering the 
e n v i r o m n t a l  ef fects  preliminary t o  the desiqn of the electrical/electronics 
portion of the system. Wire categorization does not require, per se, additional 
requiremnts for the  use of special wire. The necessity for the use of s p c i a l  
wire can be reduced in many cases. k e s t r i c t e d  use of shielded w i r e .  can produce 
mre problems than it cures, end the unrestricted use of twisted uiring is &owned 
upon because of the increased cross sectional area. Special w i r a  installed for 
the prevention of coupling can be eliminated for the most par t .  Under the categori- 
zation rules, special wiring is used only in areas where the des@ separation 
dista.nces cannot be achieved. 

Special Wiring and Pigtai ls  -Electronic and blectrical e q u i p e a t  racks are f'requent- 
ly so highly congested that wire separation to  the desim limits is an hposs ib i l i ty  
The problem can be resolved by considering all of the wires emanating from a single 
equipment p l u g  as a pigtail  t o  where the wires can break out in to  categories a t  a 
distribution center or a terminal board. Pigtail length canmiry frm two t o  ten 
feet. Lengths in  excess of ten feet should be cansidered for classif icat ion into 
categories. Since space isolation is not possible in a pigtail, the only recourse 
is t o  specify the use of special wiring, refer to Figure 5. Power w i r i n g  should be 
twisted w i t h  the ground return for wires grouped under Categories I and 11. Single 
conductor signal wiring should be shielded (Categories IV and V ) .  Two conductor 
signal wirings (Categories IV and V), such as microphone circui ts ,  should be twisted 
and shielded. Category 11, other than power w i r i r g ,  and Category 111 do not require 
special w i r i n g .  In general, the requirerent for special w i r i n g  t o  achieve isolation 
in a p ig ta i l  grouping does not exis t  a f t e r  the wiring has entered the proper cate- 
gories. Figure 6 is a description of an e q u i p n t  rack uti l iz ing pigtails from the 
e q u i p n t  plugs t o  the texminal junction and then t o  the categorized ship 's  wiring. 

'In referring t o  Figure 5, it w i l l  be noticed that the categorized wirlng has bsen 
labeled in a definite order. When using parallel runs (when all of the categories 
are in $the s a m  plane) it is desirable t o  locate the bundles for m i n i m  coupling. 
The suggested order would be: 1, 2, 3, 6 ,  4, and 5 where Category I is always the 
farthest  distance f h m  any t e n i n a l  board w i r i n g  and/or Categories IV and V. 

Ground Wires -Ground w i r e s  shall always take the category of the mating "hot" wire. 
k s t i n g  of pairs of'wires always refers  t o  the hot wire and the (ground) return. 
Twistzd pairs of wires m y  be used au c i rcu i t s  of either transmission (Catsgories 
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I, 11, and SII) or c i r c u i t s  of reception (Categories IV and V). h e  former reduce? 
the n q g e t i c  f i e l d  coincident with current flow and th l a t t e r  i n h i b i t s  induced 
w e t i c  f ields.  Twisted wires may a l s o  be used t o  reduce the loop aperture whers 
a t i g h t  t w i s t  results i n  m i n k  loop area. 

Ground Studs-All  ground studs w i l l  take an the category o f  the a t tach ing  w i r e .  
This i m d i a t e l y  states that only me category can be cmaected t o  a given ground 
stud. 

111. I " U T I 0 N  C W O L  

Enginesring Control-Engineering control  of the wiring ins t a l l a t ion  is a c o r o l l a r y  t o  
the wire c l a s s i f i c a t i o n  p l a n .  Previously, e q i n e e r m g  furnished the wiring schematics 
and pertinent data. Actual installatian of the a i r c r a f t  wiring "as accomplished w i t n -  
aut spec i f i c  e x i n e e r i n g  requiremnts for a spec i f ic  ins ta l la t ion  design. Wirq in -  
s t a l l a t i o n s  were then frequently m d i f i e d  by the e lec t romgnet ic  compatibi l i ty  g r x p  
t o  reduce interwir ing interference.  If the wiring ins ta l la t ions  could not be modified 
for diverse  reasons,  effor ts  for  interference reduction were than d i rec ted  a t  the a f -  
fected e q u i p n t .  Occesionally, t h i s  resul ted in equipmnt redesign t o  operate s a t i r -  
f ac to r i ly  in an interference e n v i r m n t .  More often,  external  f i l t e r s  were required.  
The desired e n g i n e e r i q j  control  is accanplished by c a r e f i l l y  designing. the  installa- 
tion on the deve lopent  a i rc rafk  in  accordance with the data contained i n  t h i s  p p e r .  
Frm t h i s  e f for t , engineer ing  control  of the ac tua l  wire runs and loca t ions  is estab-  
lished. Engineering documents define the c l a s s i f i ca t ion  of each bundle where each 
wire i n  the bundle is ident i f ied .  Application of the e n g i n e e r a  control  Fade it 
mandatory that subsequent a i r c r a f t  would b e  wired ident ical  t o  the developwnt 3:r::raft. 

Iv. 

AFplicatican of a c l z s s i f i ca t ion  plan t o  all of the w i r a  in tne a i r c r a f t  w i l l  r e s d t  
h a considerable reduction of  system interferences caused by inadvertent wire couplir&. 
\!my of the h o t t y  probiem associated with the e q u i p n t  or auxi l iary haraware can then 
be defined as having been caused by wire coupling. The reverse may also be t rue .  Inter-  
ferences, mistakenly l a i d  t o  wire coupling, may be resolved as system def ic ienc ies .  
'!/ire c l a s s i f i c a t i o n  is a d i s t i n c t  a id  i n  the  solut ion and tracking down of many e iec t ro-  
w e t i c  c m p a t i b i l i t y  problems. The c la s s i f i ca t i an  plan does not conf l i c t  with c i r c u i t  
o r  interconnecting w i r i n g  design. It is merely a spec i f ic  i n s t a l l a t ion  procedure. The 
preparation of drawings that apply a part number t o  t he  wiring zre not a f fec ted  by wire 
c l a s s i f i ca t ion  requirements. 3emovals or additions of equipment t o  an e x i s t i n g  a i r c r a f t  
present no major problems. Econamically, the cos ts  of engineering design a re  more than 
offset because of t h e  minimum rework for  a given production design. Rework o f  the find 
installation design for two military types of a i r c r a f t  has been negl igible .  Wire classi-  
f i ca t ion  eliminates the  wide variance in  c m p a t i b i l i t y  found on a i r c r a f t  that contain 
a randam wiring installatian. 

The mrrcrld  presented hereln LJ ba3od ~ ~ 6 . 9  work conducted 
by the Alroralt  Dlvlsim of Dourla8 in the D C r f e r m M c c  or con- 
tracts for the Bureau of Naval We8pOns. 
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STANDARD W I R I N G  P R A C T I C E S  MANUAL 

WIRE SEPARATION 

I .  
I .  

2. 

3 .  

H i r e  Harness I d e n t i f i c a t i o n  For F w t i o n a l  SeDarat ion 

A. Functional/EHC/Sub-Functional Separat ion Code 
The separa t i on  code has these p roper t i es :  

- A separa t i on  code i s  assigned t o  each w i r e  harness 
- Uhen t h e  sub- funct ional  separa t i on  i s  n o t  necessary f o r  737, 747, 757, 

and 767 a i r p l a n e  models, t h e  t h i r d  d i g i t  i s  removed; o n l y  2 d i g i t s  are 
necessary 

- When t h e  sub- funct ional  separa t i on  i s  n o t  necessary f o r  777 a i r p l a n e  
model, t h e  f o u r t h  d i g i t  i s  removed; o n l y  3 d i g i t s  a re  necessary 

- An N code i d e n t i f i e s  a w i r e  t h a t  does n o t  have any separa t i on  
c o n d i t i o n s  and can have t h e  same r o u t i n g  as a w i r e  harness from any 
o t h e r  f u n c t i o n a l  separat ion group. 

8 .  Color  Codes o f  t h e  Separat ion Groups 
m: Refer t o  t h e  s p e c i f i e d  model f o r  t h e  c o l o r  codes t h a t  a re  used f o r  each 

A c o l o r  code system i s  used so t h a t :  
f u n c t i o n a l  separa t i on  code. 

- The separa t i on  group of a w i r e  harness can be i d e n t i f i e d  
- The i n s t a l l a t i o n  and i n s p e c t i o n  o f  a w i r e  harness on t h e  a i r p l a n e  i s  

For t h e  737, 747, 757, and 767 a i r p l a n e  models, a l l  w i r e  harnesses have c o l o r  
codes except these types: 

eas ie r .  

- A coax cable t h a t  i s  i n s t a l l e d  as a s i n g l e  cable and does n o t  have any 
w i r e  harness t i e s  

- Wire harnesses i n  which a l l  w i res a re  covered w i t h  s leeves (uh 
ma te r ia  1) - Wire harnesses which h a t  c o n t a i n  o n l y  s h i e l d e d  w i r e s  ( w h i t e  t 
m a t e r i a l )  

- S h e l f  harnesses (whi te  t i e  m a t e r i a l )  
- Wire harnesses t h a t  a re  i d e n t i f i e d  as n e u t r a l  ( N I .  

For t h e  777 a i r p l a n e  model, a l l  w i res  harnesses have have c o l o r  code 
these types: 

t e  t i e  

e 

except 

- A coax cable t h a t  i s  i n s t a l l e d  as a s i n g l e  cable and does n o t  have any 

- Shelf  harnesses (whi te  t i e  m a t e r i a l )  - Wire harnesses t h a t  a re  i d e n t i f i e d  as n e u t r a l  (N ) .  

w i r e  harness t i e s  - 

Wire Harness Func t iona l  SeDaratioQ 

A. Separat ion by a Distance 
Refer  t o  Table I t o  f ind t h e  minimum d is tance  f o r  t he  s p e c i f i e d  separa t i on  
code o f  each model. 
NOTE: I n  t h e  areas where a t u r b i n e  b u r s t  occurs, a l a r g e r  p h y s i c a l  separat ion 

i s  necessary between the  s p e c i f i e d  engine func t i ons .  

PAGE 4 
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STANDARD W I R I N G  P R A C T I C E S  MANUAL 

WIRE SEPARATION 

m: More p r o t e c t i o n  o r  a l a r g e r  p h y s i c a l  separation, o r  both a re  g iven i n  
the  areas where damage, t h a t  i s  caused by a mechanical fa i lu re ,  can 
occur t o  the  pr imary and t h e  redundant w i r i n g .  
mechanical f a i l u r e s  are: 

Some types o f  

- The r u p t u r e  o f  a pneumatic duct 
- A t i r e  t r e a d  t h a t  i s  thrown. 

These standby system power w i res  must be i s o l a t e d  from a l l  o ther  w i r i n g  
through separat ion by d is tance:  

- B a t t e r y  t o  hot  b a t t e r y  bus 
- Hot b a t t e r y  bus t o  b a t t e r y  bus and s t a t i c  i n v e r t e r  
- S t a t i c  i n v e r t e r  t o  standby AC bus. 

CAUTION: THE STANDBY SYSTEM POWER WIRES MUST NOT HAVE THE SAME ROUTING AS ANY 
OTHER W I R I N G .  DAMAGE, THAT IS CAUSED BY THE FAILURE OF THE OTHER 
WIRING, CAN OCCUR TO THE STANDBY SYSTEM POWER WIRES. 

TABLE I 
FUNCTIONAL SEPARATION BY MINIMUM DISTANCE 

Separat ion I 1 co,cie 

MANUAL NO: D6-54446 

- -  

Distance 

Area I Model 1 ( inch)  I 
Not Pressur ized 747 1 /2 

Pressur ized 747 . 1/4 
Not Pressur ized 747 1 /2 

Pressur ized 
Not Pressur ized 

Pressur ized 747 
Not Pressur ized 747 

Pressur ized 747 1 /4 

Not Pressur ized 757 1 /4 
767 1 /4 
737 1 /4 

Pressur ized 757 1 /4 
- 

Not Pressur ized 

Not Pressur ized 777 1 /2 
Pressur ized 777 

Pressur ized 1 777 r m  

20-1 0-1 9 PAGE 5 
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Not Pressurized 
Pressurized 

mnEI!wm 
STANDARD W I R I N G  P R A C T I C E S  MANUAL 

777 1 / 2  
777 1 / 4  

WIRE SEPARATION 

757 
767 

Not Pressurized 

Not Pressurized I 767 I 114 I 

114 
1 /4 

Pressurized 
777 114 

757 
767 

Pressurized 
1 / 4  
114 

Not Pressurized 

737 1 / 4  
747 1 /2 
757" 1 / 4  
767 1 / 4  

Not Pressurized 
Pressurized 

Not Pressurized 

747 
Pressurized 757 

767 

777 1 /2 
777 1 / 4  
777 1 / 2  

Pressurized I 777 1 1 / 4  I 
Not Pressurized 

Pressurized 
Not Pressurized 777 

Pressurized 777 1 /4 
Not Pressurized 1 777 I 112 I 

20-10-19 MANUAL NO: D6-54446 
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STANDARD WIRING PRACTICES MANUAL 

Area 

Not Pressur i zed 

WIRE SEPARATION 

Distance 

Mode I ( inch) 

737 1 / 4  
747 1 /2 
757 1 / 4  

MANUAL NO: 06-54446 

777 
737 

1 /2 
1 / 4  

I 767 I 1 / 4  I 

Pressurized 
747 1 / 4  
757 1 / 4  

Not Pressurized 
Pressurized 

777 1 / 4  
777 112 
777 1 / 4  

Not Pressurized 
Pressurized 

\ 

Not Pressurized 

Not Pressurized 
Pressurized 

Not Pressurized 777 
Pressurized 777 1 / 4  

~~ 

777 * 1/2 
777 1 /4 
737 '1 / 4  
747 1 /2 
757 1 / 4  
767 1 / 4  
777 
737 

~ 

112 
1 / 4  

Pressurized 
I 767 I 1 / 4  1 

747 1 / 4  
757 1 / 4  

20-1 0-1 9 PAGE 7 



STANDARD W I R I N G  P R A C T I C E S  MANUAL 

Separat ion 
Code 

CV 

WIRE SEPARATION 

D i stance 

Area Mode 1 ( inch)  I 

Not Pressur ized 777 1 /2 
-a 

! 

“ I  I 

6. Separat ion by an I n s u l a t i o n  M a t e r i a l  
I n s u l a t i o n  sleeves or  i n s u l a t i o n  tubes are  used t o  g i v e  t h e  s p e c i f i e d  
separa t ion  fo r  the  w i re  harness when these c o n d i t i o n s  occur: 

- 
- 
- 

The 114 i n c h  d is tance o f  separat ion i n  t h e  pressur ized  area i s  not  
poss ib le  
The 1/4 inch  d is tance o f  separat ion in t h e  area t h a t  i s  n o t  p ressur ized  
f o r  a l l  a i r p l a n e  models except t h e  747 and the 777 i s  n o t  poss ib le  
The 112 inch  d is tance o f  separat ion i n  t h e  area t h a t  i s  n o t  p ressur ized  
f o r  the  747 and the 777 a i r p l a n e  models i s  not  poss ib le .  

To g i v e  the  s p e c i f i e d  separat ion i n  the  areas t h a t  are: 
Pressurized, Varglas non-fray, Type HO o r  Type HP i n s u l a t i o n  sleeves 
are used 
Not pressurized, TFE Tef lon  s leeves o r  TFE tubes w i t h  a u a l l  th ickness 
o f  9.0 m i l s  or l a r g e r  are used. 
The separat ion by an i n s u l a t i o n  m a t e r i a l  i s  no t  necessary where a 
BACC18AD type o f  f u s i b l e  link, single-phase c i r c u i t  breaker i s  used t o  
p r o t e c t  the  c i r c u i t  i n  the  w i r i n g  t h a t  i s :  , 

- I n  the  f l i g h t  deck 
- I n  the E/E compartment - I n  betueen the  f l i g h t  deck and t h e  E/E compartment. 

C .  Separat ion by a Fus ib le  L ink C i r c u i t  Breaker 
NOTE: Separat ion by a f u s i b l e  l i nk  c i r c u i t  breaker i s  no t  s u f f i c i e n t  when a 

w i re  harness i s  i n  a l o c a t i o n  where i t  i s  open t o :  
- A t u r b i n e  b u r s t  
- The f a i l u r e  o f  a pneumatic duct  
- A t i r e  t r e a d  t h a t  i s  thrown 
- Other types o f  phys ica l  damage. - 

I f  wi res u i t h  d i f f e r e n t  f u n c t i o n a l  separa t ion  codes come d i r e c t l y  from a 
c i r c u i t  breaker source and are pro tec ted  u i t h  a f u s i b l e  l i n k  c i r c u i t  breaker: 

- The separat ion by an i n s u l a t i o n  m a t e r i a l  i s  no t  necessary - The wi res can have the same r o u t i n g .  
A wire, t h a t  has the same r o u t i n g  as another wire, must have a i n s u l a t i o n  
s leeve o r  i n s u l a t i o n  tube i f  a l l  o f  these c o n d i t i o n s  occur: 

- The wi res have d i f f e r e n t  f u n c t i o n a l  separa t ion  codes 
- The w i re  i s  no t  p ro tec ted  w i t h  a f u s i b l e  Link c i r c u i t  breaker  
- The other  w i re  i s  p ro tec ted  u i t h  a f u s i b l e  l i n k  c i r c u i t  breaker.  
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on surge suppressor development and the s t a u  

In the FAA's NPRM for Wire Separatiomransient Suppression, the focus was 
on the airplane wiring. Boeing commented on both wire separatiodshielding 
and transient suppression. The thrust of the Boeing comment on the NPRM 
with regards to transient suppression was intended to ensure that adequate 
time was allowed to develop, test and certify a new device of this type. The fuel 
quantity systems on Boeing airplanes are sensitive and perform' an essential 
aircraft function. Modification of the system must not be unnecessarily rushed. 
Due to time and resource constraints, and the necessity to comply with the 
aggressive schedule being set by the FAA, Boeing chose to pursue wire 
separation due to the seemingly low risk nature of the modification. It was 
never Boeing's intention in our NRPM response to discourage the use of 
transient suppression devices. 

After the 737 and 747 Classic NPRM's for Wire Separatiomransient 
Suppression were released, and Boeing had decided to pursue the mandated 
wire separation, Boeing approached the three affected FQlS suppliers, 
Honeywell, Smiths Industries and BF Goodrich, about their intentions with 
regards to a transient suppression device (TSD) for their FQIS's on Boeing 
aircraft. 

Honeywell declined to develop a TSD for their 747 Classic FQlS for technical 
and business reasons. Smiths Industries stated that they would be developing 
a TSD for both their 737 and 747 Classic digital FQIS's. BFGoodrich stated 
that they would be developing a TSD for their 737 Classic digital FQIS's, but 
not their analog FQIS. 

.. _ _  

I 
12 October, 1999 
B-H200-16786 -AS1 

Ronald J. Hinderberger 
Director 

The t;~>t>~ll.] C L > * ~ ~ ~ > , I ' I ' .  
P O  BOX 3707 h.1C cj7-Xh 

Airplane Sateiy Seattle. WA 98124-2207 
Commercial Airplanes Group 

. 
Mr. R. Swaim, AS-40 
National Transportation Safety B 
490 L'Enfant Plaza East, S.W. ""/<Q 7 
/Washington DC 20594 A &  

'- Dear Mr. Swaim: 

During one of the lab activities -. 

ong 

rmation 
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Page 2 
Mr. R. Swaim 
B-H200-16786-ASI 

Since then, Boeing h s been in regular co tact with both BFGoodrich and 
Smiths Industries.- Boeing has provided technical information to both suppliers 
regarding the mechanical and electrical interface data requested. Several 
technical reviews have also been held over the last several months with both 
companies. In addition, numerous telecons have been conducted to review 
any issues and status action items. Boeing has also made available to one of 
the suppliers our mockup of the 747 FQlS in our Fuels lab, which was utilized, 
for prototype TSD testing. Also, Boeing has had the opportunity to be present 
during some of the presentations made by the suppliers to the FAA in order to 
lend support to the supplier and the FAA in evaluating their TSD programs. B”EZACG 

Through these regular meetings and contacts with both suppliers, Boeing has 
assessed the designs of the TSD’s being developed and the program 
commitments and schedules to which each supplier has performed. The 
design and architecture of these TSD’s will accomplish the function of 
preventing excessive energy from getting into the fuel tank. The modifications 
necessary to install these devices into the airplane are minimal. These TSD’s 
will provide the airlines a cost effective and timely solution in complying with the 
associated AD’S once the FAA provides approval of the STC’s for their 
installation, 

Also, at the request of our customers, Boeing is presently evaluating developing 
service bulletins which would reference the supplier STC’s (once they are FAA 
approved) for the installation of their TSD’s. Boeing is presently in discussions 
with the FAA on the process and plan for accomplishing this. 

If you have any questions, please do not hesitate to call. 

Very truly yours, 

onald J. Hinderberger 

Org. B-H200, MC 67-PR 
Telex 32-9430, STA DIR AS 
Phone (425) 237-8525 
Fax (425) 237-8188 

PP Director, Airplane Safety 

cc: Mr. A. Dickinson, IIC 



Swairn Bob 

From: 
Sent: 
To: 
cc: 
Subject: 

Rodrigues, J D [J. Rodrigues@PSS. Boeing . corn] 
Wednesday, November 03, 1999 3: 19 PM 
'swaimbo@ntsb. aov' 
'warrens@n tsb.g%v'; 'dickina@n tsb. gov' 
EMlRransient Tests 

16809 doc 

Bob/Scot 
I just faxed this to you. 

<< 16809.doc>> 

J. Dennis Rodrigues 
Air Safety investigation 
Phone: (425) 237-8301 
Pager: (206) 416-6719 
Fax: (425) 237-81 88 



Ronald J. Hlndtirbeqar 

Airpbne Safety 
Commercial A q  lanes Group 

The Boeing Compan 

Seattle WA 98124-2 O7 
Director P.O. Box 3707 MC E 74K 

3 November, 1999 
B-HZ00-16809-ASI 

Mr. R. Swaim, AS40 
National Transportation Safety Board 
490 L'Enfant Plaza East, SW 
Washington DC 20594 

Subject: 

Dear Mr. Swaim: 

EMVTransient Tests, TWA 747-1 00, N93119 
Accident Off Long Island, PIY - 17 July 1996 

Boeing has completed the design for the FQiS wire separation and ,z hteld ng to 
be used on the 747 classic FQlS to comply with the FAA AD 98-20d 0. 
We are presently performing EMlAransient tests of this configuration in OL r EM1 
laboratory to provide the necessary information to the FAA to substantiatc our 
design. The testing is being done utilizing production equipment ancl wiring. A 
set of baseline tests have been run to vcnfy that we could duplicate irevicws 
results with the FQlS wiring as it exists iri the 747 classic today in both its 
unshielded and shielded configuration. 

The next phase of testing, November 3 m d  4, 1999, will involve test ng t h 2  
separated and shielded wiring to be used in the Boeing 747 classic t eMc3 
bulletins for FQIS wire separation and st- ielding. This testing is to dt!mon.;t ate 
that the new separated and shielded win? design ensures that excessive 
EMVtransient voltages are not transferred to the FQlS system. 

Please let us know if you wish to witness any of this testing. As we t lave Iwen 
3n a very tight and aggressive testing sc iedule, we are proceeding \Ath o JI. 
present test plan, If you are not able to attend either of these two dc ys, ue will 
Get up a separate demonstration for you at your convenience. 

If you have any questions, please do not hesitate to call. 

Director, Airplane Safety 

Telex 32-9430, STA DIR AS 
Phone (425) 237-8525 

x: Mr. A. Dickinson, 1IC 
Mr. S. Warren 

Drg. B-H200, MC 67-PR 

"aX (425) 237-81 88 



Swaim Bob 

From: 
Sent: 
To: 
Subject: 

BFG 747 Classic FQIS 

Annbute 

Bob Zeliff [bzeliff@aisvt. bfg.com] 
Tuesday, November 23, 1999 1:41 PM 
swaimbo@ntsb.gov 
FW: BFGoodrich Aerospace 747 Classics Retrofit Fuel Quantity Indicating System 

Bob, 

Here is the write up on the 747 sys.dm. Hope this meets your needs. The 
TSD write should be done latter to day as well. 

Bob Zeliff 
BFGoodrich Aerospace 
802-877-441 7 



BFGoodrich Aerospace 747 Classics Retrofit Fuel Quantity Indicating System Attributes 

As an adjunct to an accident investigation, the Federal Aviation Administration published an 
Airworthiness Directive 98-20-40, applicable to all 747-1 00, -200, -300, 747SP, and 747SR airplanes, 
in the 30 September 1998 Federal Register. The airworthiness directive required shielding and 
separation of all the fuel quantity indicating system (fqis) wiring outside of the fuel tanks and surge 
tanks, within compliance time of 36 months. 

BFGoodrich Aerospace - Aircraft Integrated Systems, supplies capacitive fuel quantity gauging 
systems to the Boeing Company for the 737, 747-400, 757, and 767 aircraft. BFGoodrich Aerospace- 
AIS has certified a retrofit capacitive fuel quantity indicating system (FQIS) for the Boeing 747- 100, - 
200, -3OO,747SP, and 747SR series airplanes (the 747 "Classics") effected by the Airworthiness 
Directive AD 98-20-40. The BFG Classics FQIS is certificated under Supplemental Type Certificate 
ST00020BO and installed on approximately one hundred ten (1 10) aircraft. of both United States and 
European registry. Supplemental Type Certificate ST00020BO has been recognized and accepted by 
the Dutch RLD, the French DGAC, the German LBA, and the UK CAA. The BFG 747 retrofit FQIS 
had been developed and certificated to improve the reliability of the 747 Classics FQIS by fitting an 
FQIS similar to the BAC 747-400 Computerized FQIS to the earlier 747 model airplanes. 
Improvements in the FQIS reliability, maintainability and gauging accuracy provided the basis for a 
financial analysis substantiating a payback on the investment in a new FQIS. The features of the 
BFGoodrich retrofit FQIS match the requirements of the AD. 

The BFGoodrich Aerospace retrofit capacitive FQIS for the Boeing 747 Classics aircraft satisfies the 
requirements of Airworthiness Directive 98-20-40. The BFG retrofit FQIS replaces the type 
certificated (T.C.) Fuel Quantity Indicating System, both in tank and external components and 
appliances, and installs a FQIS similar to the Boeing type certified 747-400 FQIS. 

The BFG 747 Classics FQIS installation involves removing the original T.C. FQIS appliances, probes, 
and harnesses and installing a new FQIS. The BFG Replacement FQIS is a microprocessor based 
system composed of a Fuel Quantity Processor Unit (FQPU), mounted beneath the forward cargo bay 
about fuselage station 980, connected to the capacitive tank units with shielded cables and new in-tank 
harnesses. The shielded cables are routed separately from other aircraft wiring between the FQPU and 
the fuel tank wall connections. The FQPU communicates with flight deck and refuel station indicators 
via dedicated ARINC 429 data busses. 

The significant characteristics of the BFG 747 Classics FQIS, satisfying the requirements of 
Airworthiness Directive 98-20-40, are; 

Separation of the retrofit FQPU to fuel tank wall penetration ("the dryside") harnesses from the 
remainder of the aircraft wiring, 
Use of the FQPU permits the shortening and shielding of the wires effecting penetrations into 
fuel tanks (Le., the gauging Hi-Z, Lo-Z, and Comp Lo-Z wires no longer run to the cockpit and 
refuel station but terminate at the FQPU), 
Intrinsic shielding provided by the use of shielded wiring to fabricate the dryside harnesses, 
Replacement of the T.C. in-tank harnesses with new harnesses fabricated with connectors and 
processes more suited for the application, 
Replacement of the T.C. in-tank tank units with new tank units incorporating superior design 
characteristics, and 
Elimination of the in-tank Comp Lo-Z connections to the refuel station indicators. 

1 



BFGoodrich Aerospace 747 Classics Retrofit Fuel Quantity Indicating System Attributes 

The BFGoodrich Aerospace 747 Classics retrofit Fuel Quantity Indicating System applies a modern 
robust FQIS circuit topology to the 747 Classics aircraft. The BFG 747 Classics FQIS design 
incorporates improvements in fuel gauging system design permitting improvements in FQIS reliability 
and safety. Additionally, the BFGoodrich 747 Classics FQIS provides enhanced built in test 
capabilities and diagnostics. 

On 19 July 1999, after an exhaustive review of the BFGoodrich 747 Classics Fuel Quantity Indicating 
System, certificated under Supplemental Type Certificate ST00020BO. the Federal Aviation 
Administration found the BFGoodrich 747 Classics FQIS to be an acceptable method of Compliance 
with Airworthiness Directive 98-20-40. As of November 1999, the BFG 747 Classics FQIS is the only 
approved method of complying with AD 98-20-40. 



BFGoodrich Aerospace 737 Transient Suppression Device (TSD) System Solution (1 1/23/99) 

Overview: 

BFGoodrich has developed the Transient Suppression Device (TSD) to provide a total system solution for the 737 Classic Aircraft 
to obtain compliance with AD 99-03-04. The TSD has been developed to work with the BFG’s digital indicator The purpose of the 
TSD is to limit energy into an aircraft fuel tank to a level that is below the minimum ignition energy of an explosive mixture of jet fuel 
vapor and air. 

Concept: 

The TSD is a passive device which operates in-line with the electrical wiring harness that connects the fuel quantity digital 
indicators to the aircraft fuel tanks, (refer to figure 1). The existing dry side harness interfaces with one connector of the TSD while 
shielded safe-side harness connects the fuel tank to the safe side connector of the TSD. The TSD is designed to limit any 
hazardous threats (hot shorts and lightning) present on the existing dry side wire-harness from entering the tank. This safe side 
harness is installed with appropriate wire separation to mitigate contact with any surrounding threats. 

Figure 1. 

One common part number TSD is required for each fuel tank interface, one for each main tank and one for the center tank. 
TSDs are located near the bulkhead connector of the fuel tank and are mounted to aircraft structure using adaptable brackets. 
These brackets facilitate mounting, given wide variances in aircraft hydraulic plumbing, actuators, pumps, wiring, etc. within the 

The 

wing and fuselage 

TSD Mounting Bracket 

Mechanical Design: 

The TSD system was designed to operate without degradation in harsh environments. To insure greatest amount of protection, the 
TSD is located as close as possible to the bulkhead connector of the tank. The environment in this area is very harsh whereby 
exposure to extreme temperatures, corrosive fluids, dirt, debris and many other elements can take place. This design is a safety 
critical design and must be protected from ingestion of fluids, contaminates, galvanic corrosion and structural breakdown. To 



BFGoodrich Aerospace 737 Transient Suppression Device (TSD) System Solution (1 1/23/99) 

protect from these threats, the TSD is hermetically sealed and is housed in a brass enclosure 

TSD Brass Enclosure 
Installation: 

The TSD system is designed to minimize installation time. Estimated total system install times vary from 18 to 29 labor hours 
depending on the aircraft configuration. With a typical installation crew of 3 personnel, overnight installations are feasible. 

Safety I Maintenance: 

One key goal of the TSD system design is to minimize maintenance cost to the operator. A key element of maintenance cost will 
be the Certification Maintenance Requirement (CMR) mandated by the FAA. This requirement states that the system must be 
checked at an interval time necessary to insure that the probability of the system having a latent failure that will inhibit fuel tank 
protection must be less than 1 x l o 8  hrs flight hours. BFG has designed the TSD to maximize this interval time to greater than 
5000 hours or a typical 737 C-check interval. The ability to obtain such a large interval time relies on the unique design approach 
used. The BFG TSD does not rely on a high integrity bond to provide protection which might be used on a simple fuselshunt 
protection approach. Instead, it uses isolation transformers to couple the electrical information between the indicators and the fuel 
probes. When lightning strikes the fuel quantity wiring harness, the energy is applied to all the wires in the harness in a common 
manner, or common mode. Since transformers only respond to differential signals, not common mode signals, no energy is 
transferred into the fuel tank by the TSD. This unique design characteristic results in : 

a,) Normal operation after a lightning strike 
- No TSD Failures 
- No Indicator Failures 

b.) No Flight Line Maintenance Required 
c.) No Bonding Integrity Checks Required 

This type of performance is not possible with a simple fuselshunt protection approach. Additionally, the time required to conduct a 
CMR has been simplified. Check-out of the TSD requires less than 5 minutes per TSD. This checkout requires leading edge flaps 
extended and gear down. The TSD does not have to be removed from the aircraft. BFG has developed automated CMR test 

n 

Acrobat Document 

equipment which performs a quick Go, No-Go verification of the TSD protection components 

Automated CMR Tester 
System Features: 

The TSD system solution has been designed to minimize any impacts to the existing aircraft FQIS. The present digital indicator 
BITE of the system is not affected when the TSD is installed, thus not requiring retrofit of the existing digital indicators. When the 
TSD is installed, the system maintains acceptable accuracy performance. The system is not affected by aircraft ground noise and 
works with both BFG and Cinch Harnesses. 

Certification: 

There are a multitude of FQIS variants for the 737 Classics. Provided below are two tables which include the options present on 
the 737 classics. 



BFGoodrich Aerospace 737 Transient Suppression Device (TSD) System Solution (1 1/23/99) 

- Analog FQlS 
- Analog FQlS (pre-cal) 
- Summation Unit 
- Vref Indicator 
- VTO 
- Aux Tanks 

- Analog FQlS (pre-cal) 
- Digital FQlS 
- Summation Unit 
- Aux Tanks 

To address the options listed above, BFG is certifying the TSD system by amending BFG's existing 737-100/200 Computerized 
FQlS STC [SA520NE] to extend model applicability to all 737 Classics. The amended STC will address installation of BFG Digital 
Indicators and TSDs for each tank interface. The STC plan will be conducted in 2 phases listed below 

Phase 1: Extend applicability to 737-300/400/500 NC's by (Dec 99) 
Phase 2: Extend applicability to non-VTO 737-200's (Feb 00) 

Note: For 737-1 00/200 aircraft with VTOs, Boeing service bulletin to replace VTOs with VSO float switch 
system 

must be conducted prior to modification of aircraft. 

BFGs STC [SA520NE] includes utilization of the digital summation unit. while BFG's STC [SA531NE] addresses conversion of 
analog to digital system to use Vref indicators. 

Test Status: 

BFG has conducted aircraft data surveys at TRAMCO, United Airlines, and Southwest Airlines 
functional checks were conducted on SWA 737 aircraft These checks have verified gauging performance, system calibration. 
bracket mounting and wire harness routing BFG IS in the process of completing qualification testing to satisfy the requirements of 
the FAA TSD Issue Paper (Rev B ) 

Mechanical and electrical 

Industry Support. 

BFG anticipates and can meet a production rate of 50 ship-sets a month. Higher delivery rates can be accommodated if required 
BFG has turned vendors on for long lead provisioning and is in the process of developing high production rate manufacturing test 
equipment to support the high production. 

BFG will provide on-site support to operators for the first kit installation. Additional support can be provided when requested. Kit 
deliveries will be provided to match operator maintenance schedules. BFG is planning on first production deliveries to occur in Jan 
2000. 



Swaim Bob 

From: magazzu-russ@si.com 
Sent: Friday, December 17, 1999 653 PM 
To : swaimbo@ntsb.gov 
cc: wy I e r j  o h n @si . com 
Subject: Smiths Transient Suppression Unit 

Unknown data type 

Hello Mr. Swaim, 

Attached you will find six powerpoint slides covering the Smiths Industries 
Transient Suppression Unit. As you know the TSU was developed as and Alternate 
Means Of Compliance to the Wire Separation Airworthiness Directive (AD 98-20-40 
for 8747, AD 99-03-04 for B737). I saved the file as a Powerpoint 95 
presentation. 

If you should require additional information, please feel free to ask 

Have a very Safe and Happy Holiday Season!!! 

Sincerely, 

Russ Magazzu 
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Adequate time must be provided to allow the cartful and disciplined 
&sign, test, analysis, manufacm and implementation of a new product of 
this nature. The Fuel Quantity Indicating System plays a significant role in 
the saft operation of the airplane. Premature introduction of a transient 
suppression device into the FQIS could result in a degradation to the 
safety of the airplane. 

The suppliers that pmvide FQISs for the 747 Classic and choose 
into the dtvelopment of this new component by supplemental type 
ctrtificate(STC) will be pmviding a separate response to the NpRM 
outlining the design, analysis, test, certification and manufacturing 
schedule for the component, the cost associated With manufacturing and 
implementing the part and the associated risks. 

enter 

B&g has estimated that the transient suppression &vice will cost 
approximately $25,OOO per ship set and be available in 18 to 24 months 
after rtctipt of orders. The time required for incorporating of the 
suppicssion device has not yet k n  determined, but we anticipate from 10 
to Xhours for instatlation. 

Bocing mains open to providing al l  747 Qassic FQIS suppliers the 
airplant design information necessary to install the &vie in the airplane 
and consultation on the design, test and certification qukments .  Boeiqg 
is committed to ensuring that the interest of the airlines and flying public 
a ~ t  maintained throughout this process. 

I 
It is understood th f dur organization's key people art involved in 
numerous fuel syste w re attd activities over the next few months and that 
allowance must be made in schedules to e m m  that the appropriate individuals 
are able support this activity. 

 pleas^ contact this office or Lto Rydzcwski at (425) 234-5403 if you have any 
questions M nttd additional information. 

D. @+ W. B e n  
Manager, W c a t i o n  
D t I i v e ~ ~  & Flttt Support, B-TI 13 
WS 9U-RL, (425) 237-0300 

LJR 
cc C. Hartonas (FAA) ANM- 130s 6Y -0 1 



W USITED AIRLINES 

Mpy 26,1998 

F cderal Aviation Administration 
ri.nwport Airplane Direcwate 
l a 1  Lind Avenue, SW., 
F~intan, WA 980554056 

sltbject: 747 Fuel Quantity Indication System (FQE) Wiring Voltage 
Suppression Device and/or Wire Separation and ShieIdrng 

1.0 whom ft May concern: 

fliis letter is to rubmit United Airlines' comments on the subject NPRM, 
wluch WII iuued on March 23,1998. The NPRM s t a c r  that within 12 
m i m t h a  af the dfectivc date of the proposed AD, operators must install 
c>mpancnts for the suppression of electcfal txansients and/or accomplish the 
ihjc1dhg and qmration of all FQIS wiring. United feeb dut additional time 
(35 months) is n v  to daign, develop, and mt a woltage transient device 
lr3 that an altemrtiva to wixclrcpvation is avatkble to us. 

' h e  NPRM $v- an option to citha implement wire qmration of dl FQIS 
wiring and/or instdl a voltage t r d e n t  suppresuion device (VrSD). United 
dcru not k l  that we currently have a VlSD option, UI a dovice for this 
pwpoee does not yet acirt Howmcl, we rlS0 do not believe wire separation 
tc? be an e k t i v c  duhn. nd, ia based on the rhks involved by pocsntirlly 
intxodudng other hllures while aca~l i shing  an atemrive wireseparation 

*paration details, then are 10 to 13 FQlS related wire bundles that will bc 
affected between thh codrpit, the forward E&E comparhnent and the wing of 
the 747 aircrah. AU the wire bundICs that will be . c d  axe under 
5c-h or behind hudkeach  pards. ~n aoasdng these difficult areas, 
otlla defects m y  result which could impact other systems. United is also 
o.~tUancd 8bout the cmnskkable downtime per airplant which would be 
nt-qdd bo aa=rtpbh wire separation, M o p p d  to the nlatively rhort 
installation tinre a VlSD would nquire. United ia very o p d  to wire- 
separation being the only arrril.ble terminating action for the proposed AD 
due to the I.J UIa VTSD. 

nirdifiution of this mgd- In reviewing Baing's pfelinunary wire 



tfoitcd sharer Boeing'r conviction tbat the 747 FQIS it d e  whun 
operated urd mdntriacd per appmved methods. 
i e  mandated, it is our opinion thit transient suppnuion G the only 
riabk approach. In addition, we strongly encourage Boeing to led 
the dsvelopent of a WSD d e r  than 4 o w  individua vendors to 
dwelop thdr own dcvict with Supplemental Type Ccrtidcation (STC). 
"he vendor STC option could have financial and reliability 
mmificatious which we whh to avoid. United f d s  that more timc 
o.Scruld be givm to Bo&g to &ow VTSD development 

However, if action 

If you should have my Arrrher questions, you could reach me at 
(iiS0) 634-7175 or Bill Bowen at (650) 6344783. - 

Sincerely, 

cc': Bill Bomn, United Airlines - SFOEG 
DX. Loo, UDitd Airlinu - OAKEG 
J h  T R ~ c u c ~ ~ ,  Unitd Airlinm - SFOEG 



[Federal Register: September 30, 1998 (Volume 63, Number 1 89)] 
[Rules and Regulations] 
[Page 52147-521521 
From the Federal Register Online via GPO Access [ wais.access.gpo.gov] 
[ DOCID:fr30se98-6] 

DEPARTMENT OF TRANSPORTATION 

Federal Aviation Administration 

14 CFR Part 39 

[Docket No. 97-NM-272-AD; Amendment 39- 10808; AD 98-20-401 
RIN 2 126-AA64 

Airworthiness Directives; Boeing Model 747- 100, -200, -300, SP, 
and SR Series Airplanes 

AGENCY: Federal Aviation Administration. DOT. 

SUMMARY: This amendment adopts a new airworthiness directive (AD), 
applicable to all Boeing Model 747- 100, -200, -300, SP, and SR series 
airplanes, that requires the installation of shielding and separation 
of the electrical wiring of the fuel quantity indication system (FQIS). 
This amendment is prompted by a failure analysis of the FQIS, and by 
testing results, which revealed that excessive energy levels in the 
electrical wiring and probes of the fuel system could be induced by 
electrical transients. The actions specified by this AD are intended to 
prevent electrical transients, induced by electromagnetic interference 
(EMI), or electrical short circuit conditions from causing arcing of 
the FQIS electrical wiring or probes in the fuel tank(s). Such arcing 

10/01/98 7 5 2  A M  



could result in ignition of the fuel tank(s). 

EFFECTIVE DATE: November 4, 1998. 

ADDRESSES: Information pertaining to this amendment may be examined at 
the Federal Aviation Administration (FAA), Transport Airplane 
Directorate, Rules 

[[Page 5214811 

Docket, 1601 Lind Avenue, SW., Renton, Washington; or at the Office of 
the Federal Register, 800 North Capitol Street, NW., suite 700, 
Washington, DC. 

FOR FURTHER INFORMATION CONTACT: Chris Hartonas, Aerospace Engineer, 
Systems and Equipment Branch, ANM- 130S, FAA, Transport Airplane 
Directorate, Seattle Aircraft Certification Office, 1601 Lind Avenue, 
SW., Renton, Washington 98055-4056; telephone (425) 227-2864; fax (425) 
227-1 181. 

SUPPLEMENTARY INFORMATION: A proposal to amend part 39 of the Federal 
Aviation Regulations (14 CFR part 39) to include an airworthiness 
directive (AD) that is applicable to all Boeing 747-100, -200, and -300 
series airplanes was published in the Federal Register on December 1, 
1997 (62 FR 63624). [An action to reopen the comment period for the 
proposal was issued on March 23,1998 (63 FR 14850, March 27, 1998).] 
That action proposed to require the installation of components for the 
suppression of electrical transients andor the installation of 
shielding and separation of the electrical wiring of the fuel quantity 
indication system (FQIS). 

Interested persons have been afforded an opportunity to participate 
in the making of this amendment. Due consideration has been given to 
the comments received. 

Support for the Proposal 

Two commenters support the proposed rule. 

Request To Withdraw Proposed AD: Lack of Evidence 

Three commenters, including the manufacturer, state that the 
proposed AD should be withdrawn or significantly delayed, based on the 
lack of conclusive evidence that the Trans World Airlines Flight 800 
accident on July 17, 1996 (hereinafter referred to as TWA Flight SOO), 
which involved a Model 747- 100 series airplane, was caused by failure 

10/01198 1 5 2  A M  C:\WINDOWS\TEMPIAviation(09-30) doc 
Page 13 



of the FQIS components and wiring that is routed to the tanks. In 
addition, the manufacturer comments extensively on the features of the 
existing system that are intended to prevent an ignition source from 
existing in the fuel tanks due to FQIS wiring or component failures. 
The manufacturer further comments that it believes that the current 
design of the FQIS is safe in the originally delivered configuration, 
when it is maintained in accordance with the manufacturer's approved 
maintenance documents. The manufacturer states that multiple failures 
within the FQIS would be required to create an ignition source within a 
fuel tank. 

delayed. The FAA agrees that no conclusive evidence exists that failure 
of the FQIS components or wiring that is routed to the tanks caused the 
TWA Flight 800 airplane accident. However, during such accidents, 
evidence that could lead to a conclusive identification of the cause of 
the accident is often destroyed. Even without the destruction caused by 
the accident, there often is no specific physical evidence of low- 
energy electrical arcing. In addition, in consideration of the amount 
of wiring installed on a Boeing Model 747 series airplane, and in 
consideration of the amount of damage to the wiring that occurred 
during the airplane fire, breakup, and subsequent recovery, conclusive 
identification of a specific wire that was damaged before the fire and 
breakup is extremely unlikely. 

Following the determination that a fire in the center wing fuel 
tank of the TWA Flight 800 airplane was the initial event in the 
airplane breakup, and the determination that the fire was not caused by 
an external source such as a bomb or missile, the National 
Transportation Safety Board (NTSB) has necessarily used systems 
analysis methods to determine what systems on the airplane are most 
likely to have been the source of ignition energy. That analysis 
included an examination of system failure modes and effects, an 
examination of service history, and examinations of similar airplanes. 
It was that analysis that led the FAA to propose the requirements 
specified in the notice of proposed rulemaking (NPRM). 

747 series airplanes, the manufacturer points out that multiple 
independent failures would be required to create an FQIS-related 
ignition source in the fuel tank, implying that such an event is 
therefore impossible. The FAA agrees that more than one failure would 
be required to create an ignition source inside the fuel tank. The fact 
that fuel tank explosions on Model 747 series airplanes have been rare 
would seem to support a claim that single failures have not been the 
cause of fuel tank explosions. However, during the accident 
investigation, the FQIS safety analysis and the examinations of Model 
747 series airplanes performed by the NTSB revealed several scenarios 

The FAA does not concur that the proposed AD should be withdrawn or 

In commenting on the specific design features of the FQIS on Model 
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where a combination of a latent failure or aging condition within the 
fuel tank and a subsequent single failure or electrical interference 
condition outside the tank can cause an ignition source to occur inside 
a fuel tank. 

Examples of these in-tank and out-of-tank conditions that can 
contribute to a multiple-failure ignition scenario were found in 
airplane service records and on airplanes that were inspected by the 
FAA and the NTSB. Various center wing fuel tanks were found with 
conductive debris in the tanks, damaged FQIS wire insulation at the 
fuel probes, and contamination of probes and in-tank wiring by 
conductive copper/sulfur or silver/sulfur films. Each of these 
conditions can create latent potential ignition locations inside the 
fuel tank. 

In addition, several conditions have been identified that can lead 
to sufficient energy in the FQIS wiring to create an ignition source if 
combined with one of the latent conditions described above. For 
example, electromagnetic coupling between systems routed together in 
bundles can occur. In addition, direct short circuit conditions can 
occur in wire bundles containing FQIS wiring. Airplanes were found with 
aluminum drill shavings on and inside various wire bundles in several 
locations between the flight deck and the fuel tank. Such shavings can, 
with vibration or other motion, cut through wire insulation and provide 
a conductive path between wires in a bundle. Service history contains 
records of wire bundle fires, which may have been due to such 
conditions. An examination of one wire bundle involved in such a fire 
revealed the presence of aluminum globules, presumably from molten 
shavings. 

The manufacturer also stated that, if a failure in a wire bundle 
involving the FQIS were to occur, the FQIS indications would be 
affected and the failure would be noted and repaired. No arc would be 
created inside the fuel tank due to the inherently safe design of the 
in-tank components and wiring. The FAA does not agree. If one of the 
latent in-tank conditions discussed above existed on the accident 
airplane, the first indication of a wire bundle failure or 
electromagnetic interference (EMI) event outside the tank may have been 
ignition of the fuel vapor in the tank. In the minutes immediately 
preceding the in-flight breakup of the TWA Flight 800 airplane, the 
cockpit voice recorder indicates that the crew noticed a fuel flow 
indicator that was providing erratic indications. Such indications 
could have been due to a failure occurring in a wire bundle. The NTSB 
investigation determined that the fuel flow indicator wiring was routed 
in the same wire bundle as FQIS wiring on the TWA Flight 800 airplane. 

airplanes on which shielding and separation of the 
An examination of the service history for transport category 
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FQIS wiring from other systems have been incorporated has shown that 
fewer fuel tank fire/explosion events have occurred (a tabulation of 
transport airplane fuel tank fires was included in the FAA Notice of 
Request for Comments on NTSB Safety Recommendations published in the 
Federal Register on April 3, 1997 (62 FR 16014)). The two most recent 
fuel tank explosion accidents--a Boeing Model 737-300 series airplane 
operated by Philippine Airlines in 1990, and a Boeing Model 747- 100 
series airplane operated as TWA Flight 800 in 1996--remain unsolved, 
and both airplane types follow the wiring practices addressed by this 
rule. 

Therefore, the FAA has determined that, to address the potential 
for fuel tank ignition due to a latent failure plus one subsequent 
failure, the type design of the Model 747 series airplane must be 
brought up to the same wiring standards as other transport category 
airplanes certificated during the same time period that the Model 747 
series airplane was certificated. (Similar rulemaking has been proposed 
for Model 737 series airplanes. Reference Rules Docket No. 98-NM-50-AD 
(63 FR 38524, April 22, 1998).) No change to this final rule is 
necessary. 

Request To Withdraw Proposed AD: Inaccurate Test Results 

Four commenters state that the proposed AD should be withdrawn and 
the problem studied further. The commenters claim that the results of 
laboratory EM1 testing performed by the manufacturer are not 
representative of actual conditions on an airplane. 

These commenters further state that results of additional testing 
performed by the manufacturer on an airplane did not agree with the 
findings obtained in the laboratory, and showed much lower levels of 
electromagnetic coupling between the FQIS and other systems on the 
airplane. The FAA does not concur that the proposed AD should be 
withdrawn. The laboratory testing performed by the manufacturer was 
based on an industry-accepted procedure (FAA Advisory Circular 2 1 - 16C, 
"Radio Technical Commission for Aeronautics" Document DO- 160C). The 
test set-up and procedure re-create a well-known electrical transient 
event resulting from switching of airplane electrical systems. 

industry with key support from the manufacturer, and were based, in 
part, on data provided by the manufacturer for typical switching 
transients on the manufacturer's airplanes. 

Also, the FAA has determined that the test procedures used during 
the manufacturer's airplane test were not representative of all the 
possible conditions on an airplane in operation. The test was performed 

The industry-accepted test set-up and procedure were developed by 
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on an out-of-service airplane with only some of the relevant systems 
powered and switched. No attempt was made to represent any system 
failure conditions or compromised shielding/grounding provisions on the 
systems that were powered and switched. Also, because of the way 
airplane wire bundles are manufactured and installed, significant 
variation in levels of coupling among systems has been seen in the past 
and would be expected on Model 747 series airplanes. 

Moreover, the FAA’s determination of the existence of an unsafe 
condition is not wholly dependent on the results of the tests discussed 
above. In the FQIS system safety analysis and airplane inspections 
performed by the NTSB, several tank ignition scenarios were identified 
involving a combination of a latent failure or aging condition inside 
the fuel tank and a subsequent failure or electromagnetic coupling 
outside the tank. Various FAA and NTSB activities identified actual 
examples of, or the specific potential for, each of those types of 
contributing conditions. The FAA has proposed a separate AD action to 
address contributing in-tank failure or aging conditions that have been 
identified. [Reference Rules Docket No. 98-NM- 163-AD (63 FR 39765, 
dated July 24, 1998).] This final rule is intended to address the out- 
of-tank contributing conditions that could lead to tank ignition. 

By requiring “best practices” to be used both inside the tank (to 
eliminate the possibility for the creation of latent “spark-gap” 
locations in the event of high voltage on the FQIS wires) and outside 
the tank (to avoid introduction of ignition energy onto the FQIS 
wires), the FAA believes that the FQIS design of the Model 747 series 
airplane will meet appropriate fail-safe standards. The modified design 
will then provide the level of safety (Le., tank ignition events 
should never occur) intended by the regulations in place at the time of 
original certification of the design, and the unsafe condition will be 
eliminated from this threat. No change to the final rule is necessary. 

Request To Withdraw Proposed AD: Potential for Other Safety 
Problems 

Seven commenters state that the proposed rule should be withdrawn 
and the need for the rule should be studied further. The commenters are 
concerned that the proposed changes may introduce other unforeseen 
problems onto an airplane that has an excellent safety record. The 
commenters are specifically concerned about transient suppression 
devices reducing the accuracy of the FQIS and the replacement of wiring 
causing damage to remaining wiring on older airplanes. These commenters 
also express concern that transient suppression devices could have 
latent failure conditions under which electrical transients would npt 
be suppressed, and therefore would require added repetitive inspections 
or tests. 
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The FAA does not concur that the proposed AD should be withdrawn. 
However, the FAA agrees with comments from the manufacturer and one of 
the operators that the use of transient suppression devices to perform 
a critical function of preventing tank ignition is new, and that the 
industry should be cautious in exploring that option. Therefore, the 
FAA is not including a requirement for the incorporation of such 
devices in the final rule. The FAA instead is requiring that the FQIS 
wiring be shielded and separated from other wiring, as explained 
previously. This requirement is merely a subset of those requirements 
specified in the proposed AD. The modified wiring configuration 
proposed by the manufacturer caps and stows the existing wiring and 
requires the new wiring to be installed as a separate bundle in most 
parts of the airplane. This method minimizes the disturbance of 
existing wiring, which reduces the likelihood that additional problems 
will be caused by the modification of the FQIS wiring. The FAA has 
revised the final rule to eliminate the proposed requirement for 
installation of transient suppression devices. 

Request To Delay Issuance of the AD: Make Service Information 
Available 

Two commenters, including the manufacturer of FQIS components, 
state that the proposed AD should not be issued until service 
information to accomplish the required actions is available from the 
manufacturer. These commenters state that the cost of the proposed rule 
could not be assessed accurately in the absence of service information, 
and that a significant portion of the proposed compliance time would be 
used up in the preparation of service information. 

The FAA does not concur. The FAA does not consider that delaying 
this action until after the release of the service bulletin planned by 
the manufacturer is warranted because sufficient technology currently 
exists to devise and install the required features within the 
compliance time. However, 
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paragraph (a) of the final rule has been revised to allow 36 months for 
the modification of airplanes. The extension of the compliance time 
afforded by this change is intended to allow sufficient time for the 
preparation of a manufacturer’s service bulletin and for the subsequent 
modification of the affected airplanes during scheduled maintenance. 
The FAA has determined that this extension of the compliance time will 
not have a significant adverse effect on the safety of the fleet of 
Model 747 series airplanes. 

At the time the NPRM was issued, the manufacturer had not prepared 
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service information with specific cost information; the FAA estimated 
the costs based on similar modifications accomplished previously on 
other airplane models. The cost estimate has been revised based on 
information provided by the manufacturer, as discussed below. 

Request To Delay Issuance of the AD Until a Meeting Is Held 

One commenter states that the rule should be withdrawn or delayed 
until a meeting can be held among representatives of operators, 
manufacturers, and the FAA. The FAA does not concur. The commenter 
provided no technical justification for the proposed delay. As 
indicated previously, the compliance time has been extended from 12 
months, as proposed, to 36 months in this final rule. To delay this 
action further would be inappropriate, since the FAA has determined 
that an unsafe condition exists and that affected airplanes must be 
modified to ensure continued safety. No change to the AD is necessary. 

Request To Extend Compliance Time 

Seven commenters, including the manufacturer, a vendor of transient 
suppression systems, and several operators, state that a longer 
compliance time should be allowed to allow modification of airplanes 
during heavy maintenance activities scheduled previously and to allow 
time for service information to be prepared. The manufacturer states 
that 18 to 24 months would be required to prepare service information. 

The FAA concurs partially. Although, as explained previously, the 
FAA does not agree that 18 to 24 months would be required solely to 
prepare service information, the FAA does agree that schedule 
interruptions should be minimized in performing the modifications to 
the Model 747 series airplane fleet. The FAA has attempted to determine 
a compliance time that provides for the most timely modification 
possible without causing unnecessary schedule interruptions. As stated 
previously, the FAA has revised paragraph (a) of the final rule to 
extend the compliance time to 36 months for accomplishment of the 
modification. This compliance time is expected to allow sufficient time 
for preparation of service information, and for the affected airplanes 
to be modified during scheduled "C" or "D" checks. 

Preference for a Specific Design Solution 

Three commenters, including the manufacturer, propose no specific 
change to the rule, but state a preference for a particular design 
change to address the unsafe condition. The manufacturer states that it 
believes that wire separation and shielding is currently the preferable 
solution because of concerns about transient suppression devices 
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reducing the accuracy of the fuel quantity indication and concerns 
about those devices having latent failure conditions under which 
electrical transients would not be suppressed. Another commenter, an 
operator, prefers that transient suppression alone be used because it 
would be less costly and disruptive to install. A specific technical 
and marketing proposal for transient suppression devices was submitted 
by a vendor of such devices for other types of installations. 

The FAA infers that the commenters request that a particular design 
be required rather than offering optional methods of compliance. The 
FAA concurs partially. As discussed previously, the FAA agrees that 
wire separation and shielding provide the preferred design solution. 
Based on comments from the manufacturer and on its own further 
analysis, the FAA has determined that transient suppression devices 
alone may not meet the intent of the rule. The FAA has concerns that 
transient suppression devices may have latent failure modes that render 
the transient suppression function inoperative, or may have failure 
modes that may allow introduction of high voltage signals into the fuel 
tank that otherwise would not have occurred. 

final rule has been revised to eliminate the general requirement for 
transient suppression. Operators that have specific design changes 
other than those required by the AD that may provide an acceptable 
level of safety may request approval of an alternative method of 
compliance in accordance with paragraph (b) of the AD. 

Based on the comments and the FAA's concerns, paragraph (a) of the 

Request for Inclusion of Optional Method of Compliance 

Three commenters suggest that the installation of a BFGoodrich 
Aerospace FQIS be allowed as an optional method of compliance in the 
proposed AD. The commenters state that the BFGoodrich system, already 
approved by a Supplemental Type Certificate and installed on 
approximately 75 airplanes, incorporates shielding and separation of 
the FQIS wiring from the wiring for other airplane systems. 

The FAA does not concur. Until specific design data are reviewed, 
the FAA cannot determine whether the BFGoodrich design should be 
approved as an alternative method of compliance. To delay this action 
while the FAA reviews the BFGoodrich design would be inappropriate, 
since the FAA has determined that an unsafe condition exists and that 
affected airplanes must be modified to ensure continued safety. 
Interested operators may request approval of an alternative method of 
compliance in accordance with the provisions of paragraph (b) of the 
AD. No change to the final rule is necessary. 

Request To Revise Cost Estimate of the Proposed AD 
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Three commenters propose no specific change to the rule, but 
disagree with the cost estimate in the proposed rule, and offer 
differing specific cost estimates. One commenter, an operator, states 
that at least 200 work hours per airplane would be required to perform 
the proposed modification, and even more hours would be required if the 
FQIS wire routing is changed significantly. A vendor of FQIS's states 
that, based on its own experience retrofitting such systems in Model 
747 series airplanes, 600 to 1,200 work hours per airplane would be 
required to perform the proposed modifications. The manufacturer states 
that 450 work hours and $9,000 for parts would be required to separate 
and shield the FQIS wiring, and that 16 to 24 work hours and $25,000 
for parts would be required to install transient suppression devices. 

The FAA infers that the commenters are requesting revision of the 
cost impact information of the AD. The FAA concurs. At the time the 
NPRM was issued, the manufacturer had not prepared service information 
with specific cost information. The FAA made an estimate of the costs 
based on similar modifications accomplished previously on other 
airplane models. The cost estimate in this final rule has been revised 
based on information provided by the manufacturer, and now reflects 
that modification of affected 
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Model 747 series airplanes to install shielded FQIS wiring and to 
separate the FQIS wiring from other wiring is expected to require 450 
work hours and $9,000 for parts. 

Request for Clarification of Affected Fuel Tanks 

One commenter states that the proposed AD refers only to fuel tanks 
and is not clear as to whether it  is intended to apply to all fuel 
tanks or just the center wing fuel tank. The FAA concurs that 
clarification is necessary, and has changed the final rule to clearly 
indicate that it is applicable to all fuel tanks. 

Clarification of Systems Affected 

Since the issuance of the NPRM, the FAA recognized that the 
proposed AD may be unclear with respect to which electrical circuits 
were intended to be affected by the proposed AD. The FAA considers the 
FQIS wiring to include all electrical circuits associated with the 
control or indication of the fuel quantity on the airplane. This would 
include, but is not limited to, the FQIS tank probe circuits, the 
volumetric shutoff compensator circuits, densitometer circuits, and 
float switch circuits. The term "circuits" is considered by the FAA 
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to include airplane wiring as well as wiring within components. No 
change to the final rule is necessary. 

Clarification of Airplane Models Affected 

The NPRM indicated that the airplanes affected by the proposed AD 
were Boeing Model 747-100, -200, and -300 series airplanes. The 
proposed AD was intended to apply to all Boeing Model 747 series 
airplanes that do not have shielded and separated FQIS wiring, 
including the 747SR and 747SP series airplanes. The estimate of the 
affected fleet size that was provided in the NPRM included those 
airplanes, which many, including the manufacturer, consider to be part 
of the Model 747-100 series. Those models are listed separately on the 
Model 747 Type Certificate Data Sheet. Therefore, in order to clarify 
that this AD does apply to those models, the final rule has been 
revised to list the affected airplanes as Boeing Model 747- 100, -200, - 
300, SP, and SR series. 

Conclusion 

After careful review of the available data, including the comments 
noted above, the FAA has determined that air safety and the public 
interest require the adoption of the rule with the changes previously 
described. The FAA has determined that these changes will neither 
significantly increase the economic burden on any operator nor increase 
the scope of the AD. 

Cost Impact 

There are approximately 650 Model 747-100, -200, -300, SP, and SR 
series airplanes of the affected design in the worldwide fleet. The FAA 
estimates that 202 airplanes of U.S. registry will be affected by this 
AD, that it will take approximately 450 work hours per airplane to 
accomplish the required actions, and that the average labor rate is $60 
per work hour. Required parts will cost approximately $9,000 per 
airplane. Based on these figures, the cost impact of the AD on U.S. 
operators is estimated to be $7,272,000, or $36,000 per airplane. 

no operator has yet accomplished any of the requirements of this AD 
action, and that no operator would accomplish those actions in the 
future if this AD were not adopted. 

The cost impact figure discussed above is based on assumptions that 

Regulatory Impact 

The regulations adopted herein will not have substantial direct 
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effects on the States, on the relationship between the national 
government and the States, or on the distribution of power and 
responsibilities among the various levels of government. Therefore, in 
accordance with Executive Order 12612, it is determined that this final 
rule does not have sufficient federalism implications to warrant the 
preparation of a Federalism Assessment. 

For the reasons discussed above, I certify that this action (1) is 
not a “significant regulatory action” under Executive Order 12866; 
(2) is not a “significant rule” under DOT Regulatory Policies and 
Procedures (44 FR 11034, February 26, 1979); and (3) will not have a 
significant economic impact, positive or negative, on a substantial 
number of small entities under the criteria of the Regulatory 
Flexibility Act. A final evaluation has been prepared for this action 
and it is contained in the Rules Docket. A copy of it may be obtained 
from the Rules Docket at the location provided under the caption 
ADDRESSES. 

List of Subjects in 14 CFR Part 39 

Air transportation, Aircraft, Aviation safety, Safety. 

Adoption of the Amendment 

Accordingly, pursuant to the authority delegated to me by the 
Administrator, the Federal Aviation Administration amends part 39 of 
the Federal Aviation Regulations (14 CFR part 39) as follows: 

PART 39--AIRWORTHINESS DIRECTIVES 

1. The authority citation for part 39 continues to read as follows: 

Authority: 49 U.S.C. 106(g), 401 13,44701. 

Sec. 39.13 [Amended] 

2. Section 39.13 is amended by adding the following new 
airworthiness directive: 

98-20-40 Boeing: Amendment 39- 10808. Docket 97-NM-272-AD. 

Applicability: All Model 747-100, -200, -300, -SP, and -SR 
series airplanes, certificated in any category. 

Note 1 : This AD applies to each airplane identified in the 
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preceding applicability provision, regardless of whether it has been 
modified, altered, or repaired in the area subject to the 
requirements of this AD. For airplanes that have been modified, 
altered, or repaired so that the performance of the requirements of 
this AD is affected, the owner/operator must request approval for an 
alternative method of compliance in accordance with paragraph (b) of 
this AD. The request should include an assessment of the effect of 
the modification, alteration, or repair on the unsafe condition 
addressed by this AD; and, if the unsafe condition has not been 
eliminated, the request should include specific proposed actions to 
address it. 

Compliance: Required as indicated, unless accomplished 

To prevent electrical transients induced by electromagnetic 
previously. 

interference (EMI) or electrical short circuit conditions from 
causing arcing of the fuel quantity indication system (FQIS) 
electrical wiring or probes in the fuel tank(s), which could result 
in ignition of the fuel tank(s), accomplish the following: 

replace all of the FQIS wiring outside of the fuel tanks and surge 
tank with shielded wiring, and install that wiring so as to provide 
separation of that wiring from other airplane systems wiring, in 
accordance with a method approved by the Manager, Seattle Aircraft 
Certification Office (ACO), FAA, Transport Airplane Directorate. 

(b) An alternative method of compliance or adjustment of the 
compliance time that provides an acceptable level of safety may be 
used if approved by the Manager, Seattle ACO. Operators shall submit 
their requests through an appropriate FAA Principal Maintenance 
Inspector, who may add comments and then send it to the Manager, 
Seattle ACO. 

(a) Within 36 months after the effective date of this AD, 

Note 2: Information concerning the existence of approved 
alternative methods of compliance with this AD, if any, may be 
obtained from the Seattle ACO. 

(c) Special flight permits may be issued in accordance with 
sections 2 1.197 and 2 1.199 of the Federal Aviation Regulations ( 14 
CFR 21.197 and 21.199) to operate the airplane to a location where 
the requirements of this AD can be accomplished. 
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(d) This amendment becomes effective on November 4, 1998. 
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Issued in Renton, Washington, on September 23, 1998. 
Darrell M. Pederson, 
Acting Manager, Transport Airplane Directorate, Aircraft Certification 
Service. 
[FR Doc. 98-25972 Filed 9-29-98; 8:45 am] 
BILLING CODE 49 10- 13-U 
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US.  Depanment 
of Transpartation 
Federal Aviation 
Administration 

Transport Airplaiie Directorate 
Aircraft Ce rtificatiiin Service 

1601 Lnd Avt n u e  S.1 1. 
Renmn, Wast ington S B(1554056 

In Reply 
R d i ~  ’1’0: 99-130s-0292 

Racing Commexid Airplane Group 
Attention: R.C. Shields, Mmagcr, Certification 

P.0. Box 3707 
Delivery & Fleet Support 

S M t t l C ,  WA 98124-2207 

Subjecr: Systcnis Affected by Airworthincs:; Directive 98-20-40. 

Referencc: (1) Meeting on Januuy 6, 1999, herwcen Boeing - J. H u h .  E. ( iroat, 
K. Longwell. F. Jaques, R. Erickson, M. C o m d  and FAA S, LCO - -  
J. Rcgiinbal. D. Stanley, A. IIabbcstad, C. Hartonas, F M  N , t t i o ~ I  

, Resource Specialists (NRS) I. Thomas and D. Walen. 
‘(2) 14 Code of Federal Rcylatioris 21.99, “Required Design Ch mges” 

Gcntlemen: 

‘The purpose of lhis letter is  to express our concern that Boeing has not yet devclqxd d the 
dcsign dntn to support operalors with complying with AD 98-2040 regardihg th : 747 - 
100/200/3OO/SP/SR Fuel System Wiring Separation and Shielding. 

Section 2 1.99 of the Federal Aviation Regdatioxx:; requires Roeing as the holder of thc type 
ccrtificatc. to develop design data to address the unsafe condirion identified by i .D 98 -2 040. 

On J a n w  6, lYYY, Hoeing presented prelimbury design material, describing c iange; ‘:o be 
rnadc to out-of-tmk FQIS wiring installed on the irplanes. However, the desig 1 chsu tgs 
presented by Boeing did not address h e  scparation and shielding of all circuits z nd c0n:ponents 
associated with the control or indication of the fucl quaiitity on the airplanes. In AD 5 8 -20-40 
the term “circuits” is considercd to include airplane wiring as well as wiring wit in 
components. Boeing proposed to present dcsign i :hges  to indicator circuits, v )lumetric 
shutoff circuits (“SO), float switch circuits, and temperature sense circuits at a iater date. 

In selecting die 36 months compIimcc time the F M doted approximately 12 r ionth; : r h r  the 
effective &te of AD 98-2040 for design data preparation and approval (this pcl iod 0“ ? 2 
months is in addition to the ten months provided during the notice period, whicl inch d =d an 
extension to the comment period rqucstcd by Bc eing to allow preparation of dr sign data). 



2 

Five month or  thc sllottcd I2 uonths reniiiin for service data prcparauon and ap xova.. We are 
concerned that operators will hwc  difficulty modiiying airplanes within the AD (:ompliaucc 
timc if Hoeing takes longer than five more months to prepare service data to ad& zss al , of &e 
a K d c d  fucl quantity control and indication circuix 

P1-e submit a schedule h r  the completion of all design changes and CUUrdindk a mo:t ng 
with thc Scattle Aircraft Certification Office to discuss the schedule hefore April 30, 11159. 

Your prompt response will be appreciated. 

Sincerely, 

Dvriald Riggiu 
Seattle ~ i r c r a f i  

Ccrtitkation Office, ANM-IOOS 



Mr. RobcrtSWAIM 

Nahonal Transportation Safety Bmrd 
490 L'Enfant P l w  East SW 
Washington DC 20594-2000 
U.SA 

SUBJECT: 

Dear Mr. Swaim, 

Furthcr 10 yoin fax rtqiiesring information on temperaturts of Center Wing Tank and Air 
Conditioning spaces on Airbus aircraft, the following arc: the anlrwers to your questions : 

We have no dlrect moaun-cmc~~s of the temperature of the fuel and ullage space in 
the CWT urd we have therefore used an existing thermal model of the air 
caxiitimmg pack areas to predict temperatures. After the TWA 800 accident the 
model was further developed to prod& CWT temperatures. The model has been 
validated with flight and pound test data and WBS used in the recent ARAC Fuel 
Tank lIsnnoniSrtiOn d V j t y .  Thc rcsults of this work arc shown in attachmcnt (a 
colour version will be mrifd to you). 

This thermal model i s  b r d  on the A310 CWT/pPck UCI COnfiguWion. We am 
working on results for our othar rirarft but we believe the A310 rrsulto are 
rcpretrnutivc of all ou other aired tvpcs having a similar arranganent. 

The basic prlnclplc is to use force venting and cwling sir in the p k  ma to 
minimim the ambient tcmpaaturc. 

. . , I , . .  
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A300/A3 I O/A3 19/A320/A32 1 use diffaentirl ptosurc to generats the oooliry 
airflow. 

A330 and A340 wc a turbofin to boost thc cooling air flow rate when the packs arc 
operating. 

All rkraft ue fitted with c i t k  heat shield8 or vapour scals to protect the CWT from 
heat brnsftr by radiation fiwn the hot parts of thc machine md against impingement 
o f  hot air.lrt+kngc. 7hm are BIW monitoring systems to detect hot bleed m i r  leab and 
to imlrte the defective bleed systcm. The A330 and A340 8tc fitted witb monitors to 
detect failures of the tllrbotpn airflow and to switch o f f  one of the packs. 

"he direct ventilation system is operational in flight and on the ground when ever the 
air conditioning pack i6 rclive. Cooling the lower skin of the CWT helps to reduce 
the fuel flammability expwurc time of the AIRBUS ffcel, currently our analysis on 
the A310 indicates an aver8ge of about 4 %. lhis is significantly better than the 
ARAC FIHWG recommmdrtb of 7 7'0. 

The design aim for AlRRl JS eircrafi hks heen for all in-tank wiring lo hc segregated 
from power aourca. Aa mch elecaicrl segregation exista on d l  aircraft together with 
phyeicd segregation ftwn 115 volt power wiring. We haw found an exception with 
some fuel level msc wiring in AUK) and A3 10 w h m  wiring runs locally in the same 
mu~ca M 1 15 volt wiring. This point irr under review with the JM. It is worth noting 
that ant would necd to hove faihuw of the Insulation of both level 8enm and power 
cables and for thc w i ~ r  to touch bcfm starting to Bcnaatc hcai in thc scnsor. 

It ir important to nota thnt AlRBUS aircrofi do not have high-energy fuel pump 
wirmB rvutcd inrick fwl Imkn. On all our aircr4 type6 thc lucl pump WirinM is 
routed ordside of the win8 box. The pumps ue also protected 50m over bt ing by 
t h d  fha, which limit the h c e  temperatures to 200"C, which ir below the fuel 
auto-ignition tmperrrhrrs. 
'I718 mly wiPin8 routed imide fum1 tasks is for spcoifio fwl gouging and lovd so& 
components and all such circuib arc energy limited to below the fuel ignition 
conditions IN dt fmd for the rimaft certification. Equipment such 8s valva and 
pres~~re swilches arc a two-pul design with the ekctrical part outside the tank and 
reparakd Gom fuel by a hmmer sal.  

. . .i* - . 
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Thc mnjority of the wiring in AIRBUS rircnfl ues a double layer of Polyimide or a 
mbination of Polyirnidc urd PTFE BS insulation. The Polyimide insulated wire is 
used in benign environmentel mas and the PolyimiddPTFE insulation in areas 
subject to more scvc~e environmerro. 
Wiring within wings i a  shielded by metal conduits or metal troughs. 

1 hope this inrmation is helpful. 

n 

cnw 
Bumu Enqdtcs Accideots Mf. P.L. AR3LANTAN 
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Ronald J. Hinderberger 

Airplane Salely 
Commercial Airolanes Grcoo 

The Boeinq Campany 

Seattle WA 98124 220; 
Director P O  aox 3707 MC 6: XK 

,25 May 1999 
B-H200-16698 -AS1 

- 

Mr. R. Swaim, AS-40 
,National Transportation Safety Board 
'490 L'Enfant Plaza East, SW k 

mnE'Nc !Washington DC 20594 

Wire Separation Guidelines, T W A  747-1 00, N93119 Accident off 
I 1 Subject: 
I Long Island, NY - 17 July 1996 

Dear Mr. Swaim: 

'Following is in response to your question regarding how Boeing established the i %-inch wire separation guidelines. 

,The operation of the airplane in all its phases on the ground and in the air 
depends on various airplane systems. These in turn depend on the airplane 1 interconnecting wiring. The airplane wiring design and installation must 

' incorporate appropriate measures to minimize the effect of the electrical wiring 
faults, and to isolate fault damage and prevent propagation of failures between 
redundant systems. 

To achieve these requirements, in 1969, 1970, and during the 747 airplane 
design and certification program, Boeing conducted a series of tests. These 

1 tests included laboratory evaluations to determine the minimum wire bundle 
(free air space necessary to achieve wire fault propagation protection. 

These tests were performed on various types of wire and cable used on Boeing 
airplanes. The results of these tests showed that wire bundles which are 
separated by minimum %-inch air space from the failed wire bundle will not 
sustain damage that compromises the electrical integrity of the wire bundle. 
,The wtre under test passed the 1500 volts dry dielectric withstand voltage test. 

'In the late 1980, the %-inch air space separation was further validated with a 
'series of testing on different types of wire insulation which are currently used on 
Boeing aircraft. These tests included both the overload protection and short 
'circuit protection. At the completion of these tests, the wires were subjected to 
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a 1500 volts dry dielectric withstand voltage test. In all cases the electrical 
integrity of the wire under test was maintained. 

If you have any questions, please do not hesitate to call. 
- 

Very truly yours, 

1 onald J. Hinderberger 
E i r e c t o r ,  Airplane Safety 

Org. B-H200, M/S 67-PR 
Telex 32-9430, STA DIR AS 
Phone (425) 237-8525 
F ~ x  (425) 237-81 88 

cc: Mr. A. Dickinson, IIC 



12 October, 1999 
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@ Washington DC 20594 

,In the FAA's NPRM for Wire Separationnransient Suppression, the focus was 
ion the airplane wiring. Boeing commented on both wire separation/shielding 
land transient suppression. The thrust of the Boeing comment on the NPRM 
!with regards to transient suppression was intended to ensure that adequate 
'time was allowed to develop, test and certify a new device of this type. The fuel 
quantity systems on Boeing airplanes are sensitive and perform an essential 
aircraft function. Modification of the system must not be unnecessarily rushed. 
Due to time and resource constraints, and the necessity to comply with the 
,aggressive schedule being set by the FAA, Boeing chose to pursue wire 
'separation due to the seemingly low risk nature of the modification. It was 
never Boeing's intention in our NRPM response to discourage the use of 
transient suppression devices. 

After the 737 and 747 Classic NPRM's for Wire Separationnransient 
Suppression were released, and Boeing had decided to pursue the mandated 
'wire separation, Boeing approached the three affected FQlS suppliers, 
Honeywell, Smiths Industries and BF Goodrich, about their intentions with 
jregards to a transient suppression device (TSD) for their FQIS's on Boeing 
(ai rc raft. 

: 

/Honeywell declined to develop a TSD for their 747 Classic FQlS for technical 
and business reasons. Smiths Industries stated that they would be developing 
a TSD for both their 737 and 747 Classic digital FQIS's. BFGoodrich stated 
ithat they would be developing a TSD for their 737 Classic digital FQIS's, but 
not their analog FQIS. 
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Since then, Boeing has been in regular contact with both BFGoodrich and 
Smiths Industries. Boeing has provided technical information to both suppliers 
regarding the mechanical and electrical interface data requested. Several 
technical reviews have also been held over the last several months with both 
companies. In addition, numerous telecons have been conducted to review 
any issues and status action items. Boeing has also made available to one of 
the suppliers our mockup of the 747 FQlS in our Fuels lab, which was utilized, 
for prototype TSD testing. Also, Boeing has had the opportunity to be present 
during some of the presentations made by the suppliers to the FAA in order to 
lend support to the supplier and the FAA in evaluating their TSD programs. 

@ 

Through these regular meetings and contacts with both suppliers, Boeing has 
assessed the designs of the TSD’s being developed and the program 
commitments and schedules to which each supplier has performed. The 
design and architecture of these TSD’s will accomplish the function of 
preventing excessive energy from getting into the fuel tank. The modifications 
necessary to install these devices into the airplane are minimal. These TSD’s 
will provide the airlines a cost effective and timely solution in complying with the 
associated AD’S once the FAA provides approval of the STC’s for their 
installation. 

Also, at the request of our customers, Boeing is presently evaluating developing 
service bulletins which would reference the supplier STC’s (once they are FAA 
approved) for the installation of their TSD’s. Boeing is presently in discussions 
with the FAA on the process and plan for accomplishing this. 

If you have any questions, please do not hesitate to call. 

Very truly yours, 

f onald J. Hinderberger + p  Director, Airplane Safety 
Org. B-H200, MC 67-PR 
Telex 32-9430, STA DIR AS 
Phone (425) 237-8525 
Fax (425) 237-8188 

cc: Mr. A. Dickinson, IIC 

I J 



Ronald J. Hinderberger 

Airplane Safety Seattle. WA 98124-2207 
Commercial Airplanes Group 

The Boeing Company 
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w. Bernard S. Loeb, AS-1 
lational Transportation Safety Board 
90 L’Enfant Plaza East, SW 
dashington DC 20594 

ubject: Recommendation A-98-34, TWA 747-1 00 N93119, Accident off 
Long Isla~id, NY -- 17 J d y  1S96 

leference: (a) B-H200-16798-ASI, Dated 22 Oct 1999 
(b) Meeting NTSBIBoeing Sep 23, 1999 

‘ear Dr. Loeb: 

1 the reference (a) letter, item 2, the NTSB requested that we provide a letter 
utlining Boeing’s position on each of the recommendations coming out of the 
ubject accident investigation. 

.t the reference (b) meeting Boeing presented comments to the NTSB Open 
iecommendation A-98-34. The purpose of this letter is to provide a fuller 
sponse than what was shown in summary during the meeting presentation. 

he NTSB Recommendation A-98-34 recommends action be taken to inspect, 
?place and repair FQlS in-tank wiring and probes on 747 Classic airplanes. 
he exact wording of the recommendation is as follows: 

Issue, as soon as possible, an airworthiness directive to require a detailed 
ispeetion of fuel quantity indication system wiring in Boeing 747- 100: -200. 
nd -300 series airplane fuel tanks for damage, and the replacement or the 
3pair of any wires found to be damaged. Wires on Honeywell Series 1-3 
robes and compensators should be removed for examination. (A-98-34). ” 

1 response to this recommendation, Boeing has taken the following actions 
)at we believe directly and adequately address the issues noted in the NTSB 
lecommendation: 

,. Boeing issued Service Bulletin (SB) 747-28-2205 (currently at Revision 2 
issued March 11, 1999). This SB does contain instructions to the operators 
for the inspection of in-tank FQlS wiring. Subsequently, the FAA has 
released Airworthiness Directive 99-08-02 that requires the complete 
inspection instructions of SB 747-28-2205 to be accomplished. This AD 
was issued May 11 , 1999 with a two year compliance period. 
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From the voluntary information provided to Boeing by the airlines, our 
records show that approximately 437 747 airplanes have had the Service 
Bulletin inspection accomplished. This represents approximately 39% of the 
world wide 747 fleet and 42% of the U.S. registered 747 fleet. 

B. Boeing also issued Service Bulletin 747-28A2208 on May 14, 1998 
(presently at Revision 1, dated August 26, 1999). This Service Bulletin 
provides instructions to remove and replace those fuel quantity probes and 
compensators that have the knurled surface terminal block. The SB further 
specifies tnai any wiring that *as attached to such a piobe or campensatcr 
is to be replaced. This can be accomplished either through the re- 
termination of the existing wiring or replacing the affected wire bundle. 

mmEINE 

The SB also requires that all wiring attached to any terminal block on probes 
or compensators are to be rerouted as shown in the SB. The routing shown 
in the SB ensures that there is no inadvertent contact of the wiring to the 
edges of the terminal block, eliminates any excessive routing of wiring 
through the clamp on the terminal block to prevent compression damage 
and provides improved separation between the mutually insulated Hi-Z, Lo- 
Z and Hi-Z shield wires. 

The SB also specifies that all the wiring and components in the center fuel 
tank are to be inspected. Although the SB does not require the removal of 
all clamps retaining the wiring to inspect for damage under the clamps, it is 
Boeing's belief that the SB addresses the area of concern most noted by 
the NTSB, that is, the wiring at the terminal blocks. 

Lastly, SB 747-28A2208 provides instructions to perform a low level 
insulation resistance (IR) test of the FQlS center tank wiring from the Flight 
Deck to the center fuel tank. The purpose of this test is to determine if there 
is any significant compromise in the insulation of the FQlS wiring. The test 
checks the IR between the Lo-Z, Hi-Z and Hi-Z Shield wire and each wire to 
g round . 

The FAA has issued AD 99-08-02, that, amongst other things, requires the 
accomplishment of SB 747-28A2208. The AD was issued May 11 , 1999 
with a 24 month compliance period. 

To date Boeing has received voluntary reports on 72 airplanes owned by 7 
operators that have accomplished SB 747-28A2208. The data provided by 
these operators indicates that the intent of the SB is being met, Le. that the 
knurled surface terminal blocks are being removed and replaced with 
terminal blocks that do not have the knurled surface, that the FQlS wiring is 
being inspected and replacedre-terminated as required, that the wiring at 
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the terminal block is being repositioned and that the insulation resistance 
tests are being conducted. 

C. Boeing removed, inspected and tested two full shipsets of 747 Classic FQlS 
wiring and components. The NTSB has received the reports that describe 
all analyses, tests and inspections that were performed on the removed 
wiring and components. In summary, the results showed that damage to 
wiring was insignificant and was mainly related to removal of the wiring from 
the airplane for this study. Sulfide contamination was evident on the Hi-Z 
wiring near the terminal blocks, but test results showed the dielectric 
srrength of the wiring had not been compromised to a point to be considered 
hazardous. There was some evidence of degradation of the Hi-Z ground 
shield under the terminal block, but again, the dielectric strength of the 
probe had not been compromised to a point to be considered hazardous. 

mnE'NE 

Please advise whether the NTSB believes the actions taken and described 
above do not satisfy the intent of the recommendation. 

If you have any questions, please do not hesitate to call. 

Very truly yours, 

k FG onald J. Hinderberger 
" Director, Airplane Safety 

Org. B-H200, MC 67-PR 
Telex 32-9430, STA DIR AS 
Phone (425) 237-8525 
F ~ x  (425) 237-81 88 

CC: Mr. B. Berman, AS-10 
Mr. A. Dickinson, IIC 
Mr. T. Haueter 
Mr. J. Drake 
Dr. M. Birky 
Dr. J. Kolly 
Mr. R. Swaim 
Mr. D. Campbell 



Swaim Bob 

From: 
Sent: 
To: 

Slenski George A Civ AFRUMLSA [George Slenski@ml afrl af mil] 
Thursda , May 06, 1999 2.01 PM 

AFRUMLSA, Johnson av\d H Civ AFRUMLSA, Rodriguez Beatnz C ASCIENFA; Zentner 
John C ASCIENAI; Slenski George A Civ AFRUMLSA. 'Stewart Miller', Welch John S 
ASClENAE 

8 'Swaim tI ob', 'Emmerlin , Bill'; Gonsiska Allen ASCIENFS, Hart Dale L Contractor 

Subject: Issues related to fuel probe wiring and electrical distribution p anels - - 

I thought some of you would be interested in what I presented at the SAE 
AE-8A committee meeting on Electrical Wiring and Optic Interconnect Systems 
Installation last week (29 Apnl 99): 

Analysis of fuel tank wiring and other components suggests 
silver-plated wiring should not be used in areas where fuel is present. A 
corrosion reaction has been noted that can electrically degrade connections 
and create conductive residues. The residues can lower the resistance 
between normally isolated areas. Another related issue is mixing power 
wiring with fuel quality measurement or fuel probe wiring. There is a 
scenario where wires carrying both power and fuel probe wiring can short 
together and inject sufficient energy through the fuel probe wiring to 
ignite vapors in a fuel tank. 

been attributed to printed wiring board electrical fires. A presentation 
that discusses the problem was given. 

After a brief discussion, the committee decided to immediately add a 
para raph concerning fuel probe wiring and separation of electrical 
distn%ution systems. The following paragraphs were voted on and approved 
for incorporation into the referenced specifications. The issue of silver 
plated wiring in fuel tanks will be discussed at the next meeting in Oct 99. 

Several recent aircraft mishaps involving smoke in the cockpit have 

For AS50881, Aerospace Vehicle Wiring (procurement document used to specify 
aerospace wiring, replaces MIL-W-5088): 

3.10.12.3 Fuel probe wiring shall be physically separated throughout its 
entire length including connectors, terminations and junction boxes. 

For ARP4404,Aircraft Electrical Systems (Guidance document for design of 
aerospace vehicle electrical systems): 

4.1.3.3-Add fuel probe systems to critical circuits' list and reference AS 
50881 paragraph 3.10.12.3 

6.3--Wiring should be installed and interconnected so that operation of any 
one unit, or system of units, will not adversely affect simultaneous 
operation of any other electrical unit or system essential to safe operation 

George A. Slenski 
AFRUMLSA, 2179 Twelfth St., Rm122 

Tel: (937) 656-9147 Fax: (937) 6564600 
email: george.slenski@afrl.af.mll 

WPAFB. OH 45433-7718 



Swaim Bob 

From: 
Sent: 
To: 
Subject: 

Swaim Bob 
Wednesday, July 28, 1999 8:35 AM 
'Slenski George A Civ AFRL/MLSA' 
RE: Wire separation 

From: Slenski George A Civ AFRUMLSA 
[mailto:George.Slenski@ml.afrl.af.mil] 
Sent: Tuesday, July 27, 1999 2:29 PM 
To: 'Swaim Bob' 
Subject: Wire separation 

Bob, I can show you examples of wire chafing, the documents we reference 
are MIL-W-5088 and the new SAE industry consensus documents (which Boeing 
supports). Most documents just require physical separation with an attempt 
to move the wire bundle to ensure it can't touch another critical circuit or 
structural component. I can't find my 5088 document but here are quotes 
from SAE documents: 

SAE ARD50055 (draft) only reference to distance is par.. 143.c and d. c. 
is separation from movable controls 0.5 inch 
d.  Flammable fluids and gasses, minimum 0.5 inch separation, Other par.. 
mentions shielding and clamping 

SAE version of MIL-W-5088, AS50881A par.. 3.10.12 requires separation 
par. 3.1 1.4 anti chafing separation of at least 0.375 inches, if not 
maintained then additional protection is required. 

George A. Slenski 
AFRUMLSA, 2179 Twelfth St., Rm122 

Tel: (937) 656-9147 Fax: (937) 656-4600 
email: george.slenski@afrl.af.mil 

WPAFB, OH 45433-7718 
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-- I NOT MEASUREMENT SEtlSlTlVE] -- 
MIL-HOBK-1530 
31ocToBER1996 
SUPERSEDING 
MIL-STD-l530A(I 1) 
11 DECEMBER 1975 

DEPARTMENT OF DEFENSE 
HANDBOOK 

AIRCRAW STRUCTURAL INTEGRITY PROGRAM 
GENERAL GUIDE1,INES FOR 

THIS HANDBOOK IS FOR GUIDANCE ONLY. DO NOT CITE THIS DOCUMENT AS A RE QUlR 3AENT 

AM%: N/A F.3C 1!331> . 

DISTRIBUTION STATEMENT A. Approved for w b l i  retease; distribution is unlin dted. 

Informatior. Halr l l ing  Services 
cb*4+nmhnr 7c1 1 ' i Q Q  nR.ln.15 



(Copies of TRs are available from National ledmica) Infomiation Service WS), 5285 Port C loyal f Lad, 
Springfleld VA 22161 .) 

23 Non-Gouemment publications. The following dar:uments form a pad of thls docum :nt to h 3  
extent specified herein. Unless otherwise specifled, the iss ~ e e  of the documents whkh are I: OD ac opted 
are those listed in the latest issue of the DoDISS, and supp emenl thereto. 

MCICHDBK-01 Damags Tolerance Design Handbook 

(Copies are evallable from Metals and Ceramics lnfotmatioi Center, Welle Memoriel lnstitr te, 5Qi King 
Avenue, Columbus OH 43201-2681 .I 

R? #7 Society of Allied Welgm Gigineers 

(Copies are available from W e t y  of Allled Weight Engineers. P 0 Box 60024, Termlnal Anr ex, Lc s 
Angeks CA 90060-0024.) 

2.4 Order of precedence. In the event of a conflict between the text of thk document ai id the 
references cited herein, the text of thls document t a b s  precedence. Nothing in this docume It, have ver ,  
supersedes applicable laws and regulations unless a specific exemption has been obtdned. 

3. DEnNmONS 

3.1 Oamnge tdeaance. Damage tderance is the a ribute of a structure that pennlts I to ret ai I its 
requlred residual strength for a period of unnpdred usage after the structure has sttowined h a i l  w d 
levels of fatigue, corrosion, and accidental or discrete sour;e damage such a6 (a) unstable F mpag rt on of 
fadgue cracks, (b) unstable propagation of lnitiil or senrice induced damage, and/or (c) impect danrage 
from a discrete source. 

a2 Design senrice gml, The design servlce (pal io the period of time (In flQM cycle Vhoum) 
egtablished at d-ign durtng which the structure will be reasonable free from significant strut tural 
degradation, 

Durability. The ability of the airframe to resist c .acldng (including stress carrosior and 
hydrogen induced cracking), cornion, thermal degradatien, delarnlnatiwl. wear, and the efl acts o f >reign 
object damage for a described period of time. 

EcanMnio lifa. The operational SQNice period during which there is no slgnificarr depa ti re 
from the cost burden associated wtth the Force Stmctural qaintenance Plan for a newly ma iufactljr d 
aircraft, based on an evaluation of data developed during lull scale development The eM)n >mic li e Is 
Indicated by the mautts of the durability test program, i.e., !est performance interpretation ar d maluittion in 
accordance JSGS-87221. The economic life should be aduated W h  the incorporation of 4ir FOI 3 I 
approved and committed pmdudion or retmR changes and the supporting application of thf I force 
structural inspection and malntenance documentation in axordancewiththls handbook In geneid, 
production or mtmftt changes MI be inaorporated to correct local design and manu&turin~ defb ?r cies 
disclosed by test It will be assumed that the economlc Iffas of the test artide ha6 been attair ed wil h the 
ocoumnce of fatigue cracking whlch muid be uneconomL:al to repair and, If not repaired, c ndd cwse 
functional problems affecting operational readin-. This may sometimee be charaaerizec by a ,.add 
increase in the number of damage locations or repair code as a function of cyek teat the. 

3.3 

3.4 

@I003 



b. Minlmize the probabllhy of fosrc of the aircrai t due to propagation of unde- i cracl us, 

c. Minimii  cracking (including stress mrosio 1 and hydrogen Induced cracking:, corn18 on. 

flaws, or other damage. 

delamination, wear, and the effects of foregn object damagci. 

Damage tolerance design approaches should be used to ensure structUal safety slnce undett e e d  ilaw 
or damage can exist in critical stmduml components despitt! the deslgn, fabricatbn, and incp ctlon of forts 
expended to eliminate theh ocwmnce. Durability struebra design rnpproaches should be us 3d to 
achlevg Air Force weapon and support systems with low in-wrvice maintenance costs and ml tet 
operational readiness thmughout the  design service god. 

should be applled to the principal structural elements and m ssion essential Structure. Damage tole1 airce 
deslgns are categorized into two general concepts: 

a Fail-safe concepts where unstable ccack pnqagation is locally contained thro Jgh ths use 
of rnultipJe load paths or crack am8t structuras In multiple Iciad path Structures. 

b. Slow crack growth concepts where flaws or defects are not allowed to attain 1 7 8  si213 

5.19.1 .I Damage tolerance. The damage tolerance &sign guidance is provided in JSG M 7 Z ? i  and 

requlred for unstable rapid propagation in single load path s:fucturee. 

E i e r  deslgn contxpt should assume the presence of unde 8 c t d  Raws ar damage, end ahou d hev : 3 
deschbed residual Btrength level both during and at the end of a described period d unrepair zd ser Ace 
usage, The initial damage size assumptions, damage growh limits, residual strength requlret mnts, a i d  
the minimum periods of unrepaid service usaw depend 07 the type of Smrcture and the ap( mprlattE 
inspectability level. 

5.12.19 Durabltlty. The durability design guidelines are prwided in JSGS-87221, The z lrfratr e 
should be designed such that the economic life is greater bl' the deSired rnergh than the desi In ser Aim 
goal when subjected to the design service loads/environmeirt spectrum. The design servlce oal ar Id 
typlcal design usage requirements will be described by the A r  Force in the contract specificat ons k r sch  
new aircraft. The design obmiVe ie to minimize cradcing or other structural or material degn datior I \I rhich 
could result in excessive maintenance problem or functionit problem such as fuel leakage, bss oi  
control effedveness. or lose of cabin pressure. 

5.1 2.1.3 Chmian control and preventim. Corroslc n contra1 and prevention guidelint 18 are 
provided In JSGS-87221, AF Pollcy Olrecthre 21-1, and AF nstnlcUon 21 -105. The gaala are o con *nd the 
maintenance cost burden associated with mrrosion and enwre that it does not cause a safet I of fll!jt t 
problem. These goals are attainable if corrosion control and prevention are addressed early i rl desi JI I. 

Materials and p-, tinlshes, d n g s ,  and films that t,ave been pmven in service or by x ) ~ ~ p i m t i V B  
testing in the laboratory should be the basis for choices to meet the gbals. Corrosion prevenl on oh x Id 
also be a primary condderation in the development and jmplementation of the durability and t hmag e 
tolerance control process and the fleet management process. 

5.1 29 Baffle damage cr)tcria. Where applkable, sps~ifk battle damage crltefia wlll b 3 provld d 
by the Alr Force. These criteria will includs the threat, flight conditions, and load carrying cap ability 
duration after damage is imposed, etc. The structure should be designed to these criteria ar d to oh83r 
criteria as described In JSGs-87221. 

5.1 2.3 Repaimblltty. Repairability must be designec Into the aircraft h m  the beginnir g and IT ust 
be a design influence throughout the dtsign process. Flepiii&Ifly is required to suppart pro juctiOii, 
maintaln the fleet, and maximiwe qmational readiness by rapairing baffle damage. Hlgh or r rodentto 
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to a-s the economic lmpact of brlnging the aircraft Into th 3 Air Force inventoryy. If the certif cation basis 
is considered adequate, then the wmpliince WHh the Air Foice structural performance v i r &  m m s  fur 
the candldate aircraft k evaluated. This dorl  shwld examine the differences between the str Aura 
design criteria of the cilndldate aircraft and the Air Force stnctuml d d g n  criteria. Each aspe of tk e 
miterla that affects the vibration, acoustic, flutter, load, strength, fatigue, and damage tolerancl I capa bi ity 
of the alrctaft should be examined. For example, the candid ge aircraft may have been desigr ed to 1 lmlt 
load factor of 3.5 and the Air Force operations dictate the ne sd for a fimlt load factor of 4.5. TI lis indicates 
a deficiency in strength and pos8ibly in durabiliity and damags tolerance capability. An inmmF atibilit I in 
the velocity/alHtude boundary requiremerrts may lndlcate a d9kiency in the flutter margins. H the 
structural performance requirements for the aircraft are nat compatible with the design of the c andidcttci 
aircmft, then the aimraft is subjected to a tochnkal assessmmt. H R is compatible, then the c# ndidr e 
aimaft is essessed against the service life goals, misions, ;tnd usage that are desired, If the candiilste 
aircraft is not compatible with the deslred sefvlce goals, misr ions, and usage, then it goes to t le t edn ica l  
assessment. If it is compatible, tnen the candidate aircraft a3rvlce history is examined. For th is task tlre 
maintenance program for the candidate ahraft and Its opm$onal history would be assessed Also, It 
should be determlned if it has adequate past and continuing opemtional experience to ensure that air) 
potential economic issue with the Sircraft haa been revealed and that any potential safety issu 3 will t e 
revealed before! it occurs on a USAF aircraft H there is adequate senice history, then the air( raft st o dld 
be meted to w t  the structural requirements, and the ewrlualion would be complete. H it i: ; judgtld that 
there is riot a n  adequate service history, then it should be subjected to a technical assessmen’. 

A.1.4 Additional analyses. If the aircraft can not meet ‘he qumments from A.1.2., ther I suital,h! 
addional analyses should be performed in an in-house t e & n b l  assessment to ensure that E ny fm eiltlal 
economic or safety prablem is revealed. In many cases, FP R Part 25 aircraft have been subjc icted 13 h 
damage tolerance assessment as part of the FAA requirements for a Supplementary StructunJ lnspxtion 
Dowment (SSID). In these cases, this damage tolerance a:raesment can be modified by thc contcictor 
to evaluate the impact of usage changes. The in-house asscssmnt should be based on infon nation f~ om 
the contractor. Typically, this lnfonnatlon Is more easily &lined durlng on-site vkb to the c( intract# 
facinty. This information should indude information on deslgn canffguratbn and design usage loa&, 
stresses, tests, corrosion protection systems, and service experience. 

A.l.5 
has significant deficiencies or M inadequate data base exisis then the results are r a f e d  bai rk to ttle 
program manager with an assessment of the associated rid 6 60 that a dccision can be made to ellt 8 .  
reject the candidate aircraft or define further efforts. If the in-house assessment of the candid de air :r sft 
shows that it can meet the de6ired objectives, then that lnfor mation is given to the program m m a p .  

Rlsk esser~8mbnt In the event that the in-house IISs888mnt reveals that the c a ~  idate i f t x d l  

A.1.6 
manufacturing structural development and q u a l i o n  guid mce in this document are approp late fc r his 
structure. Thii describes the level of effort. design anatyes, and testlng required regtardleDs f whc 
certifies the new or moditied structure. An in-house structural assessment of the magnltude c f the 
structural modification can be canducted to further clarify Wt required level of design effort, ai lalyse ;, and 
testing. 

New or modified etnrcture. For new or extenshrctly modified structure, the enginac King ant1 

A.1.7 
procurement of aging, off-the-shelf aircraft. In the marketplace there are many used aircraft t’ \at m y  be 
purchased far belaw the price of a new off-the-shelf aircraft. The mesons for the low price on those 
aircraft may be that they have flown beyond their design setvlc8 goal, they have camsion p~ bblemr , ‘hey 
have widespread fatigue problems, they have nurnemus rqiairs (many of which are not dam; .gs to1 31 mt), 
or any combination of these reasons. That is. they generaltf passes all of me Ingredients to be dastifled 
as aging aircraft Unfortunately, many of these problems cEn be hidden from view and the ail cmft r 12y 
appear to be airworthy. Experience has shown that significiml problems do exlst and the cos - of 
refuhishing these aircraft is c0rmldeRtbly abwe originat ex(~ecCati0ns. 

AMrame condition. Perticulady dficuk structurzl intwrity problems often accomF any tt le 

. 
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ADDITIONAL GUIDANCE FOR AGING AlRCRAFT 

8.1 
(FSMP) in Task IV pmAde6 the k s l s  for the maintenance costs that are expected to be lncu red fa i he 
aircraft during its design d c e  goal. When the FSMP needs to be changed because the all craft 1. has 
overflown ita design senrice goal, 2, is comded, 3. has mched the time of onset of wldespn ad fat g le 
damage (WFD). or 4. has been repaired, then the aircraft is said to be aging. 

B.I.1 Operathns beyond the design setvim goal of ttn aircraft, If the aircraft has flown or is 
expected to be flown beyond its deslgn servke lifetime. the service inspection program shoul 1 be u x ated 
to indude necessary additional B1IucturaI locations andlor Irispestion Intervds to assure struc : u d  Ir de grity- 
This is accomplished through a damage tolerance w w r r e n t  to search for new structuml a eas tt z may 
need to be inspected or modified. This would include a review of inspection nsults from ope ations I 
aircraft and a review of findings from pmbm duraMltiy Wing. If an aircraft can be remove( from 
operational service, then a teardown ln8pection should be perfanned to deternine if them art any f i t  gue 
cracking or corrosion problems that ware not predkted earl er through design and test. 

8.12 CarrosCon. Inspections of lndiiidual aircrafl should be accompllshed to Bscertiil 'ncandib'or~cfthe 
airframes with respect to corrosion. Emphaiis should be placed on corrosion detection thm gh 
nondestructive inspections and prevention. For those areas found to be corroded. the prefer -ed appimh 
is to eliminate the corrosion by removing it or replacing the structural elements in quesbon. Ir some r ire 
cases this may not be feasible because of near term opera'jonal requirements. In these cas E an 
assessment should be accomplished M determine the change In the inspection program that will arc )unt 
fur the rnf,fluem;e of cornion on structural integrity. 

6.12 Wfdsspread fatigue damsge. An initial predidior of the tlme of onset ot WFD shot M be ,nide 
based on the results from the duraabllltyiest, aircraft inspec~ons, and usage tfacking. Before the pretllcted 
time of the onset of WFD, a teardm inspection of a high time aircraft needs to be a m p r  shed lo 
validate the crack distributlon function. This refined disWibtItIan ahouid be used to t'ecakulati t the tim3 of 
onset of WFD. Before operatlonal aircraft reach this time, ii detailed nond6Structive inspectl KI pmjram is 
needed to validate the predicdon. When the aircraft has reached the time of omat of WFD, 1 hen a should 
be modified to remove the problem since routine inspectioris are inadequate to protect flight 3deIy 

6.1.4 
addition to satisfying the strength and aemelastic requirements. Further, they should be a& ed to h 3 

FSMP so that they can be property tracked to deterne the inspection times. Further, the c ata ba M I  for 
the aircraft needs to be established such that there is configuration control of the repairs. AI ~y inte a 3ion 
of repalrs should be taken into condderation in the damag, toknrnce assegsment of them. 

Aglng Aircraft For a new aircraft the development of the Fame Structural Maintena n m  P ai 

Repairs. Both metallic and composb repairs sho Ad be designed to be damage to1 ,rant 1 'I 
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ST- OF DR. RAYMOND A. PYLES 

BEFORE TEE PRO- S K J B C O b I M I ~  OF THE 

HOUSE ARMED SERVICES COMMITTRE 

24 February 1999 

I would like to thank the members of the Procurement Subcommittee 

for the opportunity Lo discuss the increasing age of the Air Force's 

aircraft fleet and the implications for future readiness and cost. I am 

fortunate to be joined today by my colleagues, Dr. Laura Baldwin, Dr. 

Jean Gebman, and Mr. Hyman Shulman, each of whom made important 
contributions to this study. 

RAND Project AIR FORCE'S long-term iritexest in the topic of aging 

aircraft was reki'ndled in 1994, when we participated in the Air Force 

Scientific Advisory Board Summer Stuw [l] that raised technical concerns 

about the viability of retaining certain aircraft past their original 

design lives. In 1997, the National Research Council's report [ 2 ]  on 

aging USAF aircraft reinforced those concerns. At that time, we 

initiated a modest A i r  Force-sponsored research effort focused on 

e n e l - y i n y  technical  chal I e i l y e s  Tu1 aiiciaLL LiiairiLeimilca activities. L d s c  

summer we built on that technical background to examine the potential 

effects that aging aircraft would have on the costs of programmed depot 

maintenance (PDM) and engine support. The results of that work are 

documented in the annotated briefing 131 that has been made available to 

the subcornittee. This year, we have broadened our review to cover other 

support and modernization activities where aj-rcraft age may affect costs 

and readiness. 

SUPPORT COSTS W I L L  GROW IF CYJRREXVl' TRENDS CON"= 

A s  one of several efforts to control costs in the face of both 

higher unit prices for aircraft and constrained military budgets, the Air 

Force has slowed the pace of modernizing its aircraft fleet. It has 

reduced t h e  r a t e  of new aircraft procurement and simultaneously extended 

the service-life objectives of several existing Mission Design Series .  

4 3,' 1 
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Although that policy aims to cut costs in procurement accounts, we found 

that, if previous cost-growth trends were to continue, annual PDM and 

engine-support costs would increase $5-6 billion by 2020. 

Heavymaintenance 
workload retio 
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Our results were based on reviews of historical PDM cost  growth and on 

a previous analysis of engine life-cycle costs 1 4 1 .  In particular, we 

reviewed historical and planned heavy-malncenance workloads for the KC-135, 

7 2 7 ,  737, DC-9 ,  and L)C- lO. l  In each case, heavy-maintenance workload 

increased from five- to nine-fold over a 40-year span. F i g u r e  1 depicts this 

growth r a t e  tor a range of average fleet ages. The growth rate is expressed 
as a r a t i o  of heavy-maintenance workload over time to the workload at the 

first heavy-maintenance inspection. (Future research wlll address whether 

growth rates for smaller fighter aircraft differ.) From those data, we 

created cost-growth relationships that bound the upper and lower costs, also 

depicted in F i g u r e  1. 

We are indebted to Mr. D. Pearce of the Oklahoma City Air 
Logistics Center for the KC-135 histories and to Mr. M. Donato of the 
Boeing Company for the historical and planned workload growth fact.ors 
f o r  the commercial aircraft. 

The heavy maintenance workloads for commercial aircraft in their 
4OCn year are 13oeing.s current projections for those aircraft, based on 
currently planned workload requirements. Those aircraft are on ly  now 
approaching age 40. 
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Figure 1. Heaw-Maintenma Workload for Large Aircraft Grows bver Time 

Previous Project AIR FORCE research [ 4 ]  had addressed the effects of 

age and other factors on engine-support costs. Although t h a t  work did. 

not include modular engines for fightcro, r c D u l t n  indicatod annual ags- 

driven growth rates of 4 . 5  percent and 5.3 percent for depot and base- 

level engine repair, respectively. Thus, over a 35-year period, engine- 

support costs would increase five- to s i x - f o l d ,  depending on the balance 

between depot and base-level workloads. 

The Air Force intends to replace many fighter aircraft over the next 

20 years .  However, currenf plans call for retaining the existing fleets of 

bomber, tanker, comnand and control, and cargo aircraft for much longer 

periods, sometimes for more than 70 years. To understand how continued PDM 

and engine-support cost growth might affect future budgets, we extrapolated 

our upper and lover estimates of PDM workloads to cover a 70-year period. 

We combined those projections, the engine-support workload, 1994 PDM 

expenditures [SI, and the Air Force's time-phased aircraft fleet 

composition plans  (including the reserve component) to estimate annual PDM 

and engine-support costs from 1998 to 2022. Our results indicate that, if 

recent trends continued, annual costs for those two activities would 

initially rise at a modest rate. Then, in the second decade of the next 

century, they would accelerate, mainly because of the increasing age of the 

cargo and tanker fleets. Figure 2 depicts our high and low estimates of 

those annual costs. 
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Figure 2.  Projsctsd Coat Growth of P m  and Enginr-Support Workload 

CURRENT WORKLOAD GROWTH TRKND6 MAY CHANGE 

Of course, neither the Air Force n o r  U . S .  commercial airlines have 

ever before operated aircraft for such a long time. Therefore, no one 

k n o w s  whether these trends will continue. However, faced with the 

possibility of escalating maintenance and support cos ts ,  the Air Force 

has already begun to implement management initiatives inteaded to 

moderate workload growth rates. 

New support Challenges May merge 

Cautious observers argue that the Air Force will encounter new 

flight-safety, cost, and readiness challenges as it seeks to extend the 

service lives of its existing fleets. In particular, major problems may 

result from corrosion, insulation cracking, composite delamination, and 

other material degradation processes f o r  which there are no scientific 

aging models or relevant historical experience. For examples, one need 

look no further than the C-141 weephole, the VC-137 corrosion workload, 

and the more recent C-5  horizontal stabilator tie box fitting. If this 

were to occur, workload growth rates could exceed our high PDM und engine 

cost-growth estimates. 

In any case, high costs will be i n c u r r e d  for modernization. Over 

t h e  nexC decade, the Air Force will r:c?e:l to retrofit existing aircraft to 
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meet new international standards for navigation, noise, and pollution. 

Further, the increasing peacetime exposure of tankers and cargo aircraft 

to potentially hostile actions increases the likelihood that continuing 

threat-related modifications to those aircraft will be required, to say 

nothing of the modifications needed for bombers, fighters, and attack 

aircraft. 

Production obsolescence for  uniquely military components may drive 

up costs even further. In general, the declining market for military 

aircraft and related materials has combined with the rapid technological 

advances of the past few decades to make production of many older 

military components unprofitable, thereby causing vendors to leave the 

marketplace entirely. Some older components simply cannot be 

manufactured any longer. Functionally equivalent replacement components 

must be designed, tested, and produced at considerably higher costs than 

the originais. 

Most importar,t, many of the problems associated with aging material 

have merged with little or no warning. This raises the concern chat an 

unexpected phenomenon may suddenly jeopardize an entire fleet’s flight 

safety, mission readiness, or support costs, and that an extended time 

period may be required to design, test, and field a replacement aircraft 

Uanagement Initiatives May Control or E l i m i n a t e  Some Cost Growth 

Optimistic observers hold out the promise that maintenance and 

modification initiatives (e.g., new corrosion-prevention compounds and 

proccdurco, i m p r o v e d  failuro tracking) now undomay will n u c r e s s f u l l y  

control age-related and many other support costs. Several one-time, 

semipermanent fixes currently taking place (e.g., selective rewiring, 

selective component replacement, and redesign of obsolete components) aim 

to substantially reduce the likelihood of future technical surprises 

while offsetting some effects  of age. In addition, improved infonration 

systems that compile historical data on maintenance workload should 

provide additional insights about how the phenomena of aging a r e  

affecting specific fleets of aircraf;. 

These rranagement initiatives are intended to ensure that most 

surprises are detected early and that focused, one-time maintenance 
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"rework" actions are applied. If effective, those actions should reduce 

current workload growth rates. 

AIR FORCE OPTIONS TO MANAGE READINFSS AM) COST UNCERTAINTXBS 

Both sides are right. New, unforeseen failure mechanisms will 

emerge and old failure mechanisms will accelerate, sometimes with little 

or no warning. At the same time, proactive implementation of targeted 

maintenance and modification initiatives will reduce the potential 

negative effects on flight safety, readiness and cost, at least in cases 

where the scientific and technical community has sufficient understanding 

of those effects. 

The larger issues, then, are (1) the extent to which the management 

initiatives will succeed and (2) what additional strategies the Air Force 

can employ to help control age-related failures and their effects on 

readiness and cost. 

To help the Air Force address these issues, we have identified three 

broad strategies: selective risk management, development of contingency 

plans for aging aircraft fleets, and mission-area portfolio management. 

These strategies complement one another. The first would reduce 

uncertainties; the other two would mitigate the effects of surprises. 

Selectfvs r i s k  management embodies and extends the approach implicit 
in the current management initiatives. This strategy seeks to 

identify and catalog specific age-related hazards that may affect 

future costs,  characterize the relationships between those hazards and 

the risks to readiness and cost, and then develop specific technical 

solutions to reduce exposure to the hazards or to control their 

effects on cost and readiness. Current Air Force science and 

technology research and development initiatives in the areas of 

fatigue, high-cycle fatigue, corrosion, and other material science 

areas typify that solution direction, a s  do investments to gather 

additional technical data from maintenance activities. Accurate and 

detailed records of failures are also a key component of this 

strategy . 
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Contingencyplans for aging aircraft fleets reflect the Air Force's 

recognition that uncertainty can never be eradicated. Such plans 
would o c c l c  t o  rcduco aircraft docign and production load t i m r  (e g . 
by modifying a commercial aircraft design or developing early 

conceptual designs) for older aircraft fleets that may be subject to 

unforeseen events. These plans would be implemented if a surprise 
occurred, such as sharply escalating PDM costs, an expensive 

modification, or a readiness shortfall. Contingency plans for 

different fleets might require different approaches, depending on the 

size of the fleet and the risk to the mission. 

Mission-area portfolio mnagememt would seek to implement acquisition 

and retirement plans that balance fleet ages within a particular 

mission area. Achieving th i s  balance would reduce the r i s k  of degraded 

mission capabi'lity by making the A i r  Force less dependent on a 
particular fleet of aircraft. For example, if today's C-SA fleet were 

unexpectedly grounded, the C-5B fleet, which is 15 years younger, 

could perform the outsize cargo mission, although at a diminished 

capacity. And because new materials will continue to introduce 

unknown hazards into each new aircraft design, this strategy may be an 

effective long-term hedge against such hazards. 

PRO- AIR FORCE WXLL REPINE READINESS AND M8T-CROWTH PORECASTS 

In concert with the Air Force's Aging Aircraft Integrated Process 

Team (AAIPT), RAND Project A I R  FORCE is helping to formulate. refine and 

evaluate all three strategies. The AAXPT aims to develop Air Force 

processes to manage aging fleets and, as a first step, it will assess the 

current system's readiness and cost performance. We will extend and 

refine our initial analysis of PDM and engine-support costs to help carry 

o u t  that assessment. We will then use those  analytic methods to evaluate 

altornatca rnaintenanr- ~ n l i t t i n n s  tn pnrti r - i i l a r  acp=-rc=lated hazards 

(selective risk management), to assess alternate fleet replacement plans 

(fleet contingency planning), and to determine the cost effectiveness of 

alternate mission-area procurement strategies (mission-area portfolio 

management). 

# 9 /  1 1  
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We continue to work in partnership with the  A i r  Force t o  address the 

aging-aircraft issues identified in the AFSAB and the NRC reports. It 

may appear that these issues will not reach c r i s i s  proportions for many 

years. However, the  problem is extensive, complex and susceptible to 

surprises. Long-term solutions will require considerable t h e  to develop 

and implement. We are confident that the Air Force will continue to 

exert steady and sustained effort to find ways of meeting these 

challenges. 

E. 

If 1 0 /  1 1  
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To : 
cc: 
Subject: 

Laura Baldwin [Ibaldwin@rand.org) 
Monday, July 20, 1998 2:13 PM 
Swairn Bob 
Laura Baldwin; Jean-Gebman; Raymood-Pyles; Bob-Roll 
RAND~S work on aging aircraft 

Bob, - 

I enjoyed talking with you last week I am attaching a copy of the 
project description for RAND's aging aircraft logisbcs research sponsored 
by the Air Force 

Jean Gebman and I antici ate that we wlll be traveling to Washington 

work and tell you more about our research Once we pin down our travel 
schedule, we'll be in touch to see if we can schedule a meeting 

Thanks, 
Laura Baldwin 

- Forwarded Message 

AGING AIRCRAFT RESEARCH PROPOSAL 

sometime within the next P ew weeks We'd like to hear more about your 

Background 

The persistence of limited budgets has led the Air Force to extend the 
service lives of many of its aircraft weapon systems in order to conserve 
funds for other important needs such as force modernization. At the same 
time that budgets have been falling, the Air Force has had to prepare to 
meet new operational challenges. 

classes of challenges associated with 
loss of military relevance, rowth in 
weapon system integrity. 9 he potential for 

loss of military relevance lies in rapidlychanging needs and technologies 
and in insufficient planning and funding for weapon system modifications. 
The potential for growth in maintenance costs lies in uncertainty about 
aging mechanisms, which limits the Air Force's ability to make informed 
tradeoffs among competing resource demands. Finally, the Air Force 
already may be seeing signs of a potential decline in structural integrity 
in aging fleets where aircraft have arrived at the depot re uiring so much 

Approach 

RAND's initial explorato 

costeffectively plan and manage the remaining lwes of its aging weapon 
systems. This framework has three components: planning, maintenance, and 
R8D. Research durin the current and future years will help the Air Force 

Planning: More effective planning for the remaining lives of aging 
aircraft weapon systems requires an ongoing process that (1) facilitates 
incorporation of operational (and retirement) plans and policy into the 
maintenance and RBD activities for :he weapon s stem; (2) promotes 

for modifications, maintenance problems); and (3) provides information 
about the needs of weapon systems to Air Force leadership. 

The first step toward im roving the plannin function is to identify the 

that records maintenance findings and actions taken during depot-level 
maintenance (e.g., PDMs), and other data sources, the Air Force needs to 
baseline the current effects of aging mechanisms on aircraft airframes and 

programmed depot maintenance (PDM) work that it was a eemed too costly 

integrated strategy that x t e Air Force can develop to more 

develop this framewor f , 

interaction among the planning, maintenance, an d R8D communities (e.g.. 

current state of the Air P orce's aging aircra a . Using PDMSS, a new system 

research has produced a framework for an 

-7 
1 



subsystems. The Air Force then needs to estimate how maintenance costs may 
change over time given the current maintenance structure, policies, and 
practices. This would identify those aging mechanisms most like1 to lead 

then be in a better position to construct plans to enable its aging 
aircraft to meet operational goals. 

Next, the A r  Force needs to promote interaction among the weapon'system 
planning organizations, maintenance community, RBD community, and senior 
Air Force leadership to improve planning for extended weapon system lives. 

RAND can help the k r  Force use tools like PDMSS to baseline th&-current 
conditions of its aging fleets and assess trends in maintenanse costs for 
the remaining service lives of these weapon systems. 

Maintenance: This component of the strategy is concerned with 
understanding the current maintenance structure, policies, and practices 
and seeking changes to these that would help minimue the remaining life 
cycle costs associated with aging weapon s stems. Cost containment is 

and C-130. 

As a ing aircrafl are, in effect. being asked to fulfill a second service 
life, $e Air Force needs to readdress the questions of what maintenance 
should occur, where it shouM occur, who should perform it, and how 
frequently. The Air Force can begin by assessing its current maintenance 
practices such as the scope, frequency, and providers of inspections and 
preventative actions, documentation and tracking of problems, and policies 
and practices that facilitate revisions of inspection programs in response 
to the emergence of new problems. It can then work with commercial 
airlines and original equipment manufacturers to determine maintenance 
alternatives that have been proven effective for controlling aging 
mechanisms. 

to unacceptable increases in future maintenance costs. The Air 2 orce would 

espectatty important for the larger fleets suc 1 as the F-16, KC-135, F-15, 

RAND can assist the Air Force with this component of the strategy by 
identifying how to use existing data sources to accomplish these tasks with 
a minimum expenditure of resources. 

R8D: The Air Force would benefit from improving tts RBD support for the 
remaining life needs of agin aircraft. There are at least two important 
com onents of managing R ~ D  support: (1 choosing the most effective 
PO r t P  olio of R8D pro'ects and (2) coordinating efforts and funds across 
weapon system an organizational boundaries. 

There are many open scientific questions surrounding maintenance of aging 
aircraft, and the Air Force has limited funds to apply toward researching 
these issues. AFMC has created an Aging Aircraft System Management Office 
to coordinate the Air Force's R&D on aging aircraft issues. The k r  Force 
needs to examine the activitjes of this office and seek ways to strengthen 
its anatysis of potential RBD projects and coordination processes to he1 
ensure that the Air Force maximizes the retum from its investment in R 1 0. 
RAND could assist the Air Force by helping develo an R8D portfolio that 

support during the budget preparation process. 

- End of Forwarded Message 
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WHITE HOUSE COMMSSION ON AVIATION SAFFlY AND SECURITY 
THE DOT STATUS REPORT 

EXECUTIVE SUMMARY 
One year ago, the White House Cornmission on Aviation Safety issued its final report. The Department of Transportation 
(DOT), the Departments of Defense, Justice, State, and Treasury, the National Transportation Safety Board, the National 
Aeronautics and Space Administration and numerous other Federal agencies have made significant progress 
implementmg the Commission's recommendations. Together, with our partners in the aviation community. the federal 
government has worked to change the way we do business. 

The federal government has established the Commission's proposed safety goal as our primary safety goal. We are 
committed to reduce the aviation fatal accident rate by a factor of five within 10 years (Recommendation 1.1). Both 
the DOT and the National Aeronautics and Space Administration (NASA) have adopted the goal in their new strategic 
plans, and incorporated means of measuring the progression of this goal in their performance agreements. The Federal 
Aviation Administration (FAA) has set out a strategic goal of reducing the aviation fatal accident rate 80 percent by 
2007. NASA has also set a longer-range goal of reducing the fatal accident rate by a factor of IO within 20 years. FAA 
and NASA are tailoring their research and program plans to achieve these goals. 

Aviation security has been established as a national security priority (Recommendation 3. I ) .  The President has 
publicly recognized aviation as a major element of our strategy against terrorism, and the White House publication A 
Nutiomi Security Strategyfor u New Cenfwy includes aviation security as a critical element. The DOT Strategic Plan 
specifically recognizes aviation security as a key component in advancing the nation's vital security interests. The 
National Security Council has established a subgroup, headed by the DOT and including all agencies involved in aviation 
security, to address the White House Commission security recommendations specifically. 

Over the past year, the following White House Commission recommendations have been completed. 

0 The Department has instituted into its rulemaking practices a policy to ensure that costs alone a r e  not 
dispositive io the rulemaking process (Recommendation I .5). The new policy recognizes the importance of 
both tangible and intangible benefits of rules, the need for risk analysis and examination of potential mitigation 
measures. and the need to identify and act on high-risk potential accident causes before accidents occur. 

The FAA is continuing to explore innovative means to accelerate t h e  installation of advanced avionics in 
general aviation aircraft (Recommendation 2.3) as part of its Advanced General Aviation Transport 
Experiments (AGATE). The goal is to improve general aviation safety and improve access to the airspace system. 
FAA is revising two Advisory Circulars (AC) on certification, and a new RTCA task force is reviewing avionics 
certification processes. Flight 2000, FAA's program to demonstrate and validate new National Airspace System 
WAS) capabilities, also will validate avionics, including low-cost weather data link systems for general aviation 
aircraft. 

0 In September 1997, the National Civil Aviation Review Commission (NCARC) released its Recommendations on 
ways for the users of the Natiooml Airspace System (NAS) to fund its development and operation 
(Recommendation 2.5). A new FAA reauthorization proposal will address those recommendations. 

0 The FAA identified and justifled the frequency spectrum necessary for the transition to a modernized a i r  
traffic control system (Recommendation 2.6) and released its study in J u l y  1997. The results will be 
incorporated into the next Federal Radionavigation Plan. FAA is continuing to address the sufficiency of the radio 
frequency spectrum to support the communication needs of the NAS. 

(Recommendation 3.26) by requiring more information on passenger manifests for flights to or from the United 
states. 

0 In June 1997 F M  submitted a proposed resolution, through the U.S. Representative, that  the International 
Civil Avimtion Orgmnization (ICAO) begin a program to verify and improve compliance with international 
security stmndards (Recommendation 3.8). ICAO has not yet adopted the resolution, which the United States 
continues to support. 
DOT strengthened its working relationship with the Departments of Defense, Energy, and other Federal agencies 
and local authorities to assess the possible use of chemical and biological weapons as tools of terrorism 
(Recornmendation 3.9). Interagency activities are ongoing. 

0 The Department of Transpomtion issued on February 12, 1997, a final rule lo improve passenger manifests 
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The Department of Defense (DOD) has established an  interagency task force to assess the potential use of 
surface-teair missiles a g a i n ~ t  commercial aircraft (Recommendation 3.17.) DOD convened the task force and 
held i t s  first meeting on May 12. 1997. 
FAA has  given properly cleared airline and  airport security personnel access to needed classified 
information (Recommendation 3.23). Industry officials, with-appropriate security clearances, are now routinely 
provided classified information regarding threats. 
The FBI sigoificantly increased the number of agents assigned to counter-terrorism investigations to 
improve intelligence and crisis response (Recommendation 3.27). Congress provided funding and FBI deployed 
644 Special Agents, 620 support positions. and additional funding for investigations. intelligence gathering, 
forensic analysis, and crisis management. 
The FAA has been a full partner with the Departmentbf State in providing anti-terrorism assistance through 
airport  security training to countries where there a re  airports served by airlines flying to the United States 
(Recommendation 3.28). The Department of State and FAA provide airport security training through the Anti- 
Terrorism Assistance Training Program (ATAP.) 
The  National Transportation Safety Board (NTSB) finalized a coordinated federal response plan to 
aviation disasters (Recommendation 4.1). The plan has  been implemented in four aviation disasters, including 
the Korean Air 801 disaster in August 1997 at Guam. 
The  Department of Transportation and the NTSB have implemented key provisions of the Aviation 
Disaster Family Assistance Act of 1996 (Recommendation 4.3.) The Secretary's Task Force on the Assistance to 
Families of Aviation Disasters was appointed in March 1997. I t  issued its report, containing 61 recommendations, 
to Congress and the Vice President in October 1997. The government and industry are implementing many of the 
Task Force's recommendations. 

Beyond the fully completed recommendations, DOT, FAA, and other agencies have made substantial progress toward 
implementing virtually all the remaining recommendations. Highlights include: 

The new passenger screening system, Computer Assisted Passenger Screening (CAPS), was prototyped, tested 
with Northwest Airlines in 1997, and is being phased in by U.S. airlines in 1998. FAA tested passenger bag 
matching in 1997 and, on January I .  1998, augmented the bagmatching program in conjunction with both 
manual screening and CAPS, After a thorough review, the Department of Justice concluded that the screening 
system did not violate the civil rights of any individuals. 
FAA hired 375 new safety inspectors and created a group to provide analytical support to field offices and target 
inspector oversight where it is most needed. 
Some 79 certified explosives detection systems and advanced technologies for screening of checked bags were 
purchased in 1997. Deployment will be completed in 1998. In addition, over 50 trace explosives detection devices 
were deployed in 1997, bringing the total in place from 78 to 128. About 365 more trace detection devices will be 
purchased and installed by the end of 1998. 

0 NASA has reprogrammed $500 million to invest in safety research over the next five years. They have identified 
a lead research center for safety research and established a program management staff throughout NASA Centers. 

0 The FAA and NASA are working as partners to develop a research plan to achieve the national aviation safety 
goal of an 80 percent reduction in aviation fatal accidents in 10 years. Both agencies will work with industry to 
create and install new safety technology as quickly as possible. This work will assist FAA in implementing many 
of the safety recommendations. 

I 

Notices of Proposed Rulemakings (NPRM) have been drafted or issued on Enhanced Ground froximiry Warning 
Systems in aircraft; improved standards for certification of foreign aircraft repair stations worldwide; amended 
criteria for certification of explosives detection systems to include detonators; computer assisted passenger 
screening; and expanded applicability of rules concerning criminal background checks and FBI fingerprint checks 
to all screeners and their supervisors. An Advanced NPRM was published on the certification of security 
screening companies. 
The FAA and NASA have developed a human factors plan to address the implementation of items included in 
three key reports: The National Human Factors Plan ; the 1997 Aviolion Safey Plan ; and a report on flight 
deck human factors. In addition, FAA coordinated an FAAMASAIDOD Aviation Safety Program, strengthened 
collaborative safety research efforts, identified new safety research requireme:Its, and are executing a research 
plan for a flight deck automation study. 
me FAA and the National Academy of Sciences signed an agreement to create a panel for the Assessment of 
Technologies for Aviation Security. 
Cooperative research agreements and partnerships have been established to develop new security technology. 
The DOT is continuing i ts  efforts to ensure the accuracy, availability, and reliability of the Global Positioning 
System (GPS) as part of a worldwide Global Navigation Satellite System (GNSS). This includes measures to 
provide secure uninterrupted civilian access to the GPS carrier; work with the Department of Defense on a plan 
for a second GPS frequency; and work with international organizations on how to detect and protect GNSS from 

http. ilwww.dot. govlaffairdwhcexec. htm 6/29/99 1. 
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potential interference. The DOT and the Departments of State and Commerce are encouraging worldwide use of 
GPS in international forums. FAA has agreements with 14 nations that ensure the use of  U.S. GPS standards 
around the world. 
The Administration is supporting legislation introduced in Congress to ensure equitable treatment for families of  
passengers involved in international aviation disasters. It is also is supporting legislation to amend the Death on 
the H i g h  Seas Act which would enable the family members of those killed in international aviation disasters to 
obtain fair compensation. 

This report summarizes accomplishments toward achieving the 57 fecommendations in  the White House Commission 
report and discusses some of the issues that will affect implementation i n  the future The federal government and i t s  
partners in the aviation community are fully committed to continuing implementation in the years ahead 

Table ofcontents 11 Section 1 : Improving Aviation Safety 
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partnership to eliminate controlled flight into terrain - a major cause of air accidents worldwide. ATA member 
airlines will voluntarily equip 4.300 of  their aircraft with advanced terrain awareness warning systems, such as 
EGPWS by 2003. The General Aviation Integrated Product Leadership Team has incorporated EGPWS into the 
plan considering options for low-cost general aviation avionics. This equipment i s  incorporated into the Advanced 
General Aviation Transport Experiments. which is a new generation of airplane being built specifically for 
general aviation. The FAA's  Flight 2000 operational evaluation program, which uses advanced technology for 
more efficient routes, will provide valuable data on EGPWS on general aviation aircraft in actual operations. 

I.8-The FAA should work with rhe aviafion commrtniry fo develq and profecf fire integrity of standardsafe@ 
dafabases rhaf can be shared In accident prevention program. 

The FAA is drafting a Notice of Proposed Rulemaking regarding information submitted to the FAA on a 
voluntary basis. This proposal would implement a new statutory provision. I t  is intended to encourage people t o  
provide information that will assist the FAA in canying out its safety and security duties by assuring that the 
information will be treated confidentially. 

The FAA is participating with the aviation community to improve the integrity and standardization of  aviation 
safety databases in its worldwide Global Analysis and Information Network (GAIN) program. The FAA 
continues to promote GAIN, which proposes a privately owned, and operated worldwide infrastructure to  collect, 
analyze, and disseminate aviation information. 

The FAA's Office of  Commercial Space Transportation has initiated efforts to improve and standardize safety 
data for commercial space transportation. 

0 An internal FAA task force on aviation safety data standardization was established on April 24, 1997. This task 
force completed an inventory and documentation of aviation safety data standardization efforts within the FAA, 
in other agencies. and in the aviation community on December 3 I ,  1997. 

1.9-In cooperation with airlines and manufacfurers, rhe FAA's Aging Aircraff program should be expanded to cover 
non-sfrucfural sysfemr. 

0 The FAA is developing the data to determine the need for full and complete teardowns of aging aircraft. Such 
teardowns would provide more information to the FAA to target properly the areas of concern for aging aircraft 
research and rulemaking. 

FAA, NASA and DoD are coordinating aging aircraft research activities and are planing for the inclusion of  aging 
aircraft systems. 

I 

I .  10- The FAA should develop better quantbafivc models and analytic techniques IO inform management decbion- 
making. 

0 A FAA cross-organizational team developed, and FAA accepted, a formal plan that provides an integrated 
framework for identifying and developing analytical models to  facilitate FAA decisionmaking across all lines o f  
business. For example, it would include FAA's mission need analysis process, which apply quantitative models 
and analytical techniques for use in executive management decisionmaking. The integrated model plan contains 
both short and long-term goals. Implementation of the short-term goals has begun 

0 FAA initiated a program to develop a credible cost accounting system as mandated in the Federal Aviation 
Reauthorization Act of 1996. 

0 FAA has developed general functional requirements, finalized the detailed system design, and evaluated, 
acquired, and installed Commercial Off-the-shelf (COTS) cost accounting software. and began to identify 
detailed functional requirements for all lines of business. This effort will be completed in February 1998. 

0 FAA implemented a baseline cost accounting system that provided prototype cost accounting data to selected 
organizations as an initial capability. 

The FAA's Office of Commercial Space has  developed quantitative models and analytic techniques to forecast 
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Mr. Chairman and Members of the Subcommittee: 

We appreciate the opportunity to share our views on the 
recommendations contained in the recently released report of the White 
House Commission on Aviation Safety and Security. The Commission’s 57 
recommendations broadly cover safety, security, air traffic control, and 
disaster response. As you know, 1996 was a bad year for aviation safety. 
Last year, 380 people died in air accidents involving large U.S. air carriers, 
the highest number in 11 years. The crashes of TWA Flight 800 off New 
York and ValuJet Flight 592 in Florida accounted for most of those deaths. 
Although the nation’s air transportation system remains the safest in the 
world and the Federal Aviation Administration (FAA) the model for other 
nations, these tragic events have served to raise the Congress’s, the 
administration’s, the aviation industry’s, and the flying public’s 
consciousness of the need to continuously increase the existing margin of 
safety. 

During the past several years, we have reported to the Congress on the 
status of a wide range of programs and initiatives intended to expand that 
margin of safety. Our testimony this morning, based on this prior work and 
on an analysis of the Commission’s recommendations, will focus on the 
implementation issues relating to three areas addressed by the 
Commission: aviation safety, air traffic control modernization, and 
aviation security. 

We believe that the Commission’s recommendations are a good start 
toward an evolutionary process of making real the Commission’s vision of 
ensuring greater safety and security for passengers, restructuring the 
relationships between the government and the industry, and maintaining 
America’s position of global leadership in aviation. However, key 
questions remain about how and when the recommendations will be 
implemented, how much it will cost to implement them, and who will pay 
the cost. Our message this morning focuses on the challenges that lie 
ahead in taking the next steps to convert the Commission’s 
recommendations from concepts to realities. 

The Commission made 14 recommendations in the general area of aviation 
safety. Foremost among these is establishing a national goal to reduce the 
fatal accident rate by 80 percent within 10 years. This is a very challenging 
goal, particularly in the light of the projected increases in the amount of 
air traffic in the coming decade. 

Aviation Safety 
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We applaud the Commission’s adopting such a goal for accident reduction 
and endorse many of its recommendations for improving safety. These 
recommendations include, for example, expanding FAA’s inspection 
program to cover not only aging aircraft‘s structural integrity but also such 
areas as electrical wiring, fuel lines, and pumps. A number of these 
recommendations resonate with safety and efficiency improvements that 
we and others, including FAA, have suggested over the years.’ However, we 
believe that, as FAA tries to fundamentally reinvent itself as the 
Commission contemplates through some of its recommendations, FAA and 
the aviation industry will be challenged in three areas: (1) FAA’s 
organizational culture and resource management, (2) FAA’s partnerships 
with the airline industry, and (3) the costs of and sources of funding to 
implement the recommendations. 

A number of recent studies and the FAA itself have pointed to the 
importance of culture in the agency’s operations. Last year, our review of 
FAA’s organizational culture found that it had been an underlying cause of 
the agency’s persistent acquisition problems, including substantial cost 
overruns, lengthy schedule delays, and shortfalls in the performance of its 
air traffic control modernization program.2 Furthermore, the lack of 
continuity in FAA’s top management, including the Administrator and some 
senior executive positions, has fostered an organizational culture that has 
tended to avoid accountability, focus on the short term, and resist 
fundamental improvements in the acquisitions process. 

Similarly, a 1996 report issued by the Aviation Foundation and the 
Institute of Public Policy stated that the recent actions taken to reorganize 
FAA have done nothing to change the long-term structural problems that 
plague the ~rganization.~ The study concluded that FAA does not have the 
characteristics to learn and that its culture does not recognize or serve any 
client other than itself. 

As FAA’s own 1996 report entitled Challenge 2000 points out, it will take 
several years to overcome the many cultural barriers at FAA, determine the 

‘For example, see Aviation Safety: New Airlines Illustrate Long-standing Problems in FAA’s Inspection 
Program (GAO/RCED-97-2, Oct. 17, 1996); Aviation Safety: Targeting and Training of FAA’s Safety 
Inspector Workforce (GAO~-RCED-9626, Apr. 30, 1996); and Aircraft Maintenance: FAA Needs to 
Follow Through on Plans to Ensure the Safety of Aging Aircraft (GAO/RCED-93-91, Feb. 26, 1993). 

2Aviation Acquisition: A Comprehensive Strategy Is Needed for Cultural Change at FAA 
(GAO/RCED-96159, Aug. 22, 1996). 

Why Can’t the Federal Aviation Administration Learn? Creating a Learning Culture at the FAA, the 
Aviation Foundation, Falls Church, Virginia and the Institute of Public Policy, George Mason 
University, Fairfax, Virginia (July 10, 1996). 
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skill mix of the workforce of the 2 1st century, and recruit the necessary 
talent in a resource-constrained envir~nment.~ In the light of these studies’ 
results, we would caution that the organizational and cultural changes 
envisioned by the Commission may require years of concerted effort by all 
parties concerned. 

In connection with resource management, FAA’s fiscal year 1998 budget 
request reveals some difficult choices that may have to be made among 
safety-related programs. For example, FAA proposes increasing its safety 
inspection workforce by 273 persons while decreasing some programs for 
airport surface safety, including a program designed to reduce runway 
incursions. The National Transportation Safety Board has repeatedly 
included runway incursions on its annual lists of its “most wanted” critical 
safety recommendations. FAA’s budget request includes a reduction in the 
Runway Incursion program from $6 million in fiscal year 1997 to less than 
$3 million in fiscal year 1998. Although FAA set a goal in 1993 to improve 
surface safety by reducing runway incursions by 80 percent by the year 
2000 from the 1990 high of 281, the results have been uneven; there were 
186 runway incursions in 1993 and 246 in 1995. As was shown by the 
November 1994 runway collision in St. Louis, Missouri, between a 
commercial carrier and a private plane, such incidents can have fatal 
consequences-2 people lost their lives. It is unclear what progress will be 
made in this area, given the proposed budget cuts. 

Similarly, we have reported since 1987 that the availability of complete, 
accurate, and reliable FAA data is critical to expanding the margin of 
safety.6 However, funding for FAA’s National Aviation Safety Data Analysis 
Center, a facility designed to enhance aviation safety by the rigorous 
analysis of integrated data from many aviation-related databases, is slated 
to be reduced from $3.7 million in fiscal year 1997 to $2 million in fiscal 
year 1998. 

The Commission’s report stresses that safety improvements cannot 
depend solely on FAA’s hands-on inspections but must also rely on 
partnerships with the aviation industry in such areas as self-monitoring 
and certification. Several programs for the airlines’ self-disclosure of 
safety problems have already contributed to identifymg and resolving 

‘Challenge 2ooO: Recommendations for Riture Anation Safety Regulation, prepared for FAA’s Officr 
of Policy, Planning, and International Abiallon by Booz*Allrn & Hamilton. Inr. (Air .  1996). 

‘Aviation Safety: Data Problenrs T h r r a t r n ~ A ~ S l n t l ~ ~  on>@ly k i d y s i s  Syslrni (CAOIAIMD-95-27, 
Feb. 8, 1995); Department of Transpo?!!ion EnhFTllig Policy ;uid Prograni E f f e c t ~ v r n y ~  Tlrnugh 
Improved Management (GAO/RCED-87-3. Apr 13, 1987) 
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some of these types of problems. For example, one airline’s program for 
reporting pilot events or observations-a joint effort by the airline, the 
pilot union, and FAA-has identified safety-related problems, the vast 
majority of which would not have been detected by relying solely on FAA 
surveillance. The discovery of these problems has resulted in safety 
improvements to aircraft, to the procedures followed by flight crews, and 
to air traffic patterns. A s  the Commission has recognized, however, such 
information will not be provided if its disclosure threatens jobs or results 
in punitive actions. However, FAA’s role in some broader partnerships with 
industry has also raised some questions. For example, FAA’S cooperative 
process working with Boeing on the 777 aircraft helped enable the 
manufacturer to meet the planned certification date, but FAA was also 
criticized by some FAA engineers and inspectors for providing inadequate 
testing of the aircraft’s design. 

In the case of self-disclosure programs, decisions will have to be made on 
which aviation entities are best suited to such partnership programs, how 
to monitor these programs and make effective use of the data they offer, 
how to balance the pressure for public disclosure against the need to 
protect such information, and how to standardize and share such 
information across the aviation industry. With broader cooperation 
between FAA and the aviation industry, the Congress and FAA need to be on 
guard that the movement toward partnerships does not compromise the 
agency’s principal role as the industry’s regulator. 

Finally, it is important to point out that the costs associated with achieving 
the accident reduction goal and who should pay for these costs have not 
yet been determined. In accordance with the Commission’s call for more 
government-industry partnerships, government, the industry, and the 
traveling public would likely share in these costs. For example, FAA’s 
partnership programs involve significant costs for both the agency and the 
industry. In the case of equipping the cargo holds of passenger aircraft 
with smoke detectors, the cost would fall initially on the industry, while 
the costs associated with the recommendation that children under the age 
of 2 be required to have their own seats on airplanes would fall more 
directly on the traveling public. 

Regardless of who bears the cost of the proposed improvements, the 
Commission has correctly recognized that addltional safety improvements 
may sometimes be difficult to justify under the benefit-cost criteria applied 

OExamples of ongoing or recent partnership programs include the Amencan Airlines Safety Action 
Program for pilots as well as the USAir Inc. Altitude Awareness Program and the Alaska Airlines 
Altitude Awareness Program. 
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to regulatory activities. The Commission recommended that cost not 
always be the determining factor or basis for deciding whether to put new 
aviation safety and security rules into effect. Specifically, the Commission 
notes that the potential reduction in the fatal accident rate merits a careful 
weighing of the options for improving safety in terms of the benefits that 
go beyond those traditionally considered in benefit-cost analyses. 
However, we also believe that it is important to recognize that the 
recommendation (1) represents a significant departure from traditional 
processes, (2) could result in significant cost increases for relatively 
modest increases in the safety margin, and (3) could rest on a limited 
empirical justification. In effect, this recommendation may increase the 
number of instances in which the primary factor determining whether or 
not to go forward with a safety or security improvement is what might be 
referred to as a public policy imperative rather than the result of a 
benefit-cost analysis. One instance of such a decision is the Commission’s 
recommendation to eliminate the exemption in the Federal Aviation 
Regulations that allows children under 2 to travel without the benefit of an 
FAA-approved restraint. 

The Commission also reviewed the modernization of the air traffic control 
(ATC) system. FAA is in the midst of a $34 billion dollar, mission-critical 
capital investment program to modernize aging ATC equipment. This 
program includes over 100 projects involving new radars, automated data 
processing, and navigation, surveillance, and communications equipment. 
We believe this modernization is also important for attaining the next level 
of safety by replacing aging equipment and providing controllers and pilots 
with enhanced communication and better information. 

Air Traffic Control 
Modernization 

Recognizing that new technology, such as satellite-based navigation and 
new computers in ATC facilities and in aircraft cockpits, offers tremendous 
advances in safety, efficiency, and cost-effectiveness for users of the ATC 
system and for FAA, the Commission recommended accelerating the 
deployment of this new technology. According to FAA’s current plan, many 
of these elements would not be in place until the year 2012 and beyond. 
However, the Commission has recommended that these technologies be in 
place and operational by the year 2 0 0 6 7  years ahead of FAA’s planned 
schedule. The Commission’s goal is commendable, but given FAA’s past 
problems in developing new ATC technology and the technical challenges 
that lie ahead, there is little evidence that this goal can be achieved. 
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FINDINGS 

Based on on-site evaluations of three airplane models, meetings with FAA Principal 
Maintenance Inspectors (PMIs) and Boeing, and an-analysis of aging systems using the 
FAA’s National Aviation Safety Data Analysis Center (NASDAC) aviation safety 
databases, a plan has been formulated to address 0-ur aging transport airplane systems. The 
plan supports the recommendations made by-the WHCSS and acknowledges that a more 
extensive examination of “aging” airplane systems is needed. More aging airplane models 
need to be evaluated and the wire analyzed in the laboratory to fully characterize the 
condition of the wire on our aging transport airplane fleet. Initiatives to improve 
maintenance training, inspections, and practices are incorporated into the plan. Also 
addressed are specific safety initiatives related to aging wire found in fuel tank conduits. 

- 

On-site inspections of three representative aging transport airplane models shows 
some deterioration of wiring components, namely, wire, wire bundles, connectors, grounds, 
clamps and shielding. As wire ages it becomes stiff and easily cracked if improperly 
handled or allowed to move unrestrained. Wire bundles are difficult to inspect in many 
areas. Contamination of wire bundles with metal shavings during maintenance is a common 
occurrence. In some areas, contamination of wire bundles with excessive dust and various 
fluids was noted. Isolated cracking of outer layers of multi-layer insulation can be seen in 
some wire types. Ground terminal were found with resistance measurements outside 
manufacturers specifications. Connectors are not normally disassembled during inspections, 
but where these could be observed, isolated incidences of corrosion on pins was observed. 

Current maintenance practices do not adequately address wiring components (wire, 
wire bundles, connectors, clamps, grounds, shielding). Inspection criteria is too general. 
Typically a zonal inspection task card for wiring would state, “Perform a general visual 
inspection”. Important details pertaining to unacceptable conditions are lacking. Airlines 
report shortcomings in the manufacturer’s maintenance and repair manual on wire, Chapter 
20. The current presentation and arrangement of standard practices make i t  difficult for an 
aircraft maintenance technician to locate and extract the pertinent and applicable data 
necessary to effect satisfactory repairs. Wire replacement criteria may not be adequate. 
Under current maintenance philosophy, wire in conduits is not inspected. On-site 
inspections and reporting from operators indicate many examples of improper installation 
and repair of wiring. A review of incident reports and maintenance records indicate current 
reporting system lacks visibility for wiring making it difficult to assess aging trends. There 
are no maintenance codes to identify wire failures. 

In addition, there is currently no systematic process to identify and address potential 
catastrophic failures caused by electrical faults of wiring systems, asid- from accident 
investigation associated activities. A process similar to the MSG-3 review process, which 
is used for mechanical and electrical components, is recommended to find and address 
potential catastrophic events associated with wiring system faults. 

The class of airplanes evaluated during the study use primarily mechanical or 
hydraulic flight control systems. Although newer, the class of airplanes introduced in the 



early 1980s incorporating fu l l  authority electronic flight and engine controls have now been 
in ser\aice over fifieen years. The impact of aging on these flight-critical electronic control 
systems, their wiring, and their lightning and High Intensity Radiated Fields (HIRF) 
protection is also addressed in the aging airplane system plan. Additional evaluations 
should be performed to determine the scope of aging issues associated with these airplanes 
and their systems. 

- 

In the mechanical systems area, isolated observations of corrosion on flight control 
actuators, associated linkage, and hydraulic fittings were noted. Some flight control 
actuators contain uninspectable shafts. The aging non-structural systems plan calls for 
additional testing and better inspection criteria to address these observations. 

- 
The most current information was used in the development of the tasks and 

schedules contained in this plan. However, due to the complex nature of the tasks and the 
interrelationships between tasks, the plan may need to be revised periodically to reflect a 
change in scope or schedule. 

This report contains six appendices: 
, 

(1)  Appendix I:  Summaries of On-Site Evaluations of "Aged" DC- 10. DC-9, 
B727: 

(2) Appendix 11: Summaries of Principal Maintenance Inspector Workshop. 

(3) Appendix 111: Meeting minutes, Boeing. 

(4) Appendix IV: NASDAC Study. 

( 5 )  Appendix V:  Glossary of Acronyms. 

(6) Appendix VI: Major Contributors to the FAA Aging Non-Structural Systems 
Plan. 



THE FAA'S AGING SYSTEMS PROGRAM: 
STRATEGY AND PROBLEMS 

Stewart R. Miller 
Federal Aviation Administration 

Aging Systems Program Manager 

Abstract 

The FAA and the aviation industry have just begun their joint work in carrying out a 
comprehensive evaluation of the state of non-structural systems in the aging fleet of commercial 
transport airplanes. This is only one part of a larger strategic plan to address safety issues in 
aging transport airplanes, and builds on work that has already been accomplished in addressing 
the effects of aging on structural components of these airplanes. This paper describes activities 
that have been implemented or are planned for evaluating the wiring systems installed in older 
aircraft. The outcome of this evaluation will determine if changes are needed to improve the 
safety of the fleet by improving the current wire system design, inspection, maintenance, and 
training processes. 

A Brief History of Aging Commercial Transport Airplane Issues 

Aging Structures 
The FAA's Aging Aircraft Program had its beginning with the event shown in Figure 1 : 

Figure 1. The Aloha Airlines 737 Accident, Honolulu, Hawaii, April 1988 

e -  



The photograph shows the Aloha 737 accident airplane that lost major portions of its 
fuselage structure due to failures of fuselage lap splices. The accident investigation revealed that 
hidden damage had occurred in the lap splices of the airplane due to disbonding of an adhesive 
used in the splices, and the resultant corrosion led to fatigue failure. Further investigations 
revealed that similar fatigue damage existed in the lap splices on numerous other older airplanes. 

The event took place because the industry and authorities did not recognize that standard 
maintenance procedures at that time were overlooking a significant problem. We didn’t know 
that the disbonding was a serious problem that could lead to other consequences, and we didn’t 
know we had to inspect the interior of these lap splices for disbonding and for fatigue cracking. 
The FAA’s Aging Airplane Program was formed to address these issues and others related to 
structures. The program’s objective was to make changes to improve the maintenance programs 
through Airworthiness Directives, and to develop more robust processes for identifying and 
correcting aging effects, such as fatigue and corrosion. 

Aging Systems 

reasons: 
Why this paper on the FAA’s Aging Systems Program? Figure 2 illustrates one of the 

Figure 2. Power Cable to a Model 737 Fuel Pump. 

The photograph shows the power cable to a Model 737 fuel pump. This cable runs 
through a conduit in the fuel tank. Note that the outer cover of the cable is worn through, as is 
the insulation on one phase of the power wire. This wear was generated by rubbing against the 
wall of the conduit; it was detected when the wire wore through the conduit and resulted in a fuel 
leak, but, fortunately, not a fire. As a result of the discovery, the FAA examined the wiring 
systems design of the transport fleet and issued a number of Airworthiness Directives to address 
this issue on several models of aircraft. 

that led to the initiation of the Aging Airplane Program. The FAA discovered an aging effect on 
a critical wire in a location that was inaccessible from a visual inspection standpoint. 
Fortunately, this event did not lead to an accident, but it did serve to call attention to the fact that 

There are parallels between these actions concerning the wiring systems and the event 

Page 2 of 12 
Miller, The FAA‘s Aging Systems Program 



the effects of age and exposure on the systems in transport airplanes needed to be examined in 
the same way that these effects on structures had been reviewed, to be sure that standard 
maintenance processes are adequate. 

The remainder of this discussion will focus specifically on wiring system issues. Other 
systems components are also subject to aging and will be the subject of additional future work. 

Wiring Systems: General Issues 

wire is no different from any other engineering material. Each wire type is a compromise - -  
providing some desirable characteristics, while presenting some challenges because of its weak 
points. To make use of the good features, we must work around the bad features through design 
and maintenance procedures. Further, like all engineering materials, wire degrades over time 
through exposure to the environment, aeronautical chemicals, and wear and tear due to 
maintenance activities and other physical contact. We must, as an industry, recognize and deal 
with this natural state. 

Our challenge in the aging systems area is to improve our inspection, maintenance, and 
training processes to ensure that they will detect and correct aging effects that can lead to unsafe 
conditions in the transport fleet. 

We have processes in place for design, inspection, and maintenance of electrical systems 
on commercial airplanes. These processes involve the FAA, the manufacturers, and the 
operators. They start with the design stage of the airplane and continue through the life of the 
airplane. A brief outline of the processes is given in Figure 3: 

It should come as no surprise that there are potential problems with aging wiring because 
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Figure 3. Process for Design, Inspection, and Maintenance of Electrical Systems 

While these processes generally have been effective in identifying and correcting wiring 
problems, several recent events have raised questions about the continuing adequacy of these 
processes as the average age of the transport airplane fleet increases. It is essential that these 
processes are capable of recognizing important aging effects of wiring, and taking corrective 
action in a timely manner. The issue is complicated by the number of wire types in service and 
their different properties, both good and bad. 

percent. This effort will require improvements in all aspects of design and operation of transport 
airplanes. Wiring is obviously an element that must be addressed. 

effort to improve safety. It is neither wise nor practical to tie up resources on relatively 
unimportant safety issues at the expense of more immediate and serious threats to safe operation 

In addition, the industry is involved in a major effort to reduce the accident rate by 80 

The industry's resources are finite and represent a limit on what can be achieved in the 
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of civil aircraft. The FAA and industry are involved in the Joint Safety Analysis Team’s 
activities to identify the major threats to safety and direct resources to their alleviation. 

quantified and funded in relation to its importance in reducing the accident rate. Further, the 
subject of aging systems is a sizeable issue, not all parts of which are equally important. Even 
within the area of aging systems, we must prioritize our work according to the potential threat to 
safety. 

How do we determine the potential threat? The FAA’s approach is to first collect data on 
the health of the transport airplane fleet in order to provide the baseline for risk analysis and 
alleviation. Identified threats may range from serious safety issues requiring immediate action to 
lesser issues that can be corrected through longer-term changes to design, inspection, 
maintenance, and training processes. The goal is to match the speed of response to the 
seriousness of the problem, so that work may be distributed to match available resources with 
minimum financial impact. 

The perceived aging systems threat is one of many potential safety problems that must be 

History of Wire Types 
The history of wire types in airplanes is one of continuing change as new products are 

developed and introduced into the fleet. The “general purpose” wire types used in pressurized 
areas in the commercial fleet since the early 1950’s are shown in Figure 4.  
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Figure 4. History of Wire Use in the Commercial Transport Fleet 
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This figure is intended to provide general information only. The changeover dates shown 
are only approximated and, since airplane manufacturers typically continue to use existing stock 
until it is exhausted, the actual changeovers may have taken considerable time. Thus, trying to 
determine the wire type installed based on the date of manufacture of an airplane is not 
necessarily accurate. 

fleet over the years. Each of the wire types introduced was thought at the time of its introduction 
to be a major step forward in wire technology. While most actually were steps forward, some 
were almost immediately superseded by newer and better products. 

Almost all wire types have developed one or more problems in service, which were 
unexpected at the time of introduction and which provided opportunity for the next improvement. 
These in-service problems were detected and are now controlled in both the commercial and 
military fleets through the industry’s continuing inspection process and service difficulty review 
process. 

Nevertheless, it is obvious that quite a few wire types have been used in the commercial 
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Based on this past experience, we should expect the newer wire types to start showing 
their own idiosyncrasies over time. We also can expect those problems to be different from what 
has been seen on earlier wire types. Accordingly, we need to be sure that our standard inspection 
techniques are capable of looking for and finding new and unexpected problems. 

The FAA’s Aging Systems Program 

The FAA’s Aging Non-Structural Systems Plan was developed in response to a 
recommendation of the White House Commission on Aviation Safety and Security that stated: 
“In cooperation with airlines and manufacturers, the FAA’s Aging Aircrafi program should be 
expanded to cover non-structural systems. ” The Commission expressed concern that “existing 
procedures, directives, quality assurance, and inspections may not be sufficient to prevent safety 
related problems caused by the corrosive and deteriorating effects of non-structural components 
of commercial aircraft as they age. ” 

To address the issues raised by the Commission, the FAA formed a team to inspect 
several older airplanes to determine the condition of the wiring and other systems components, 
and to determine what steps would be necessary to address any safety issues found. As a result, 
the team identified several areas of concern , most of which were associated with electrical 
systems, and developed a plan to address them.. The broad outline of the plan is illustrated in 
Figure 5: 

Figure 5. Aging Systems Plan: Overview 

Review 

Fleet Sampling 
Inspection 

I 
I 1 \ 

Practice Review 
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The plan is a data-driven approach to the problems identified. It is essential that any 
actions taken to revise maintenance, inspection, and training processes are based on real data 
concerning real problems with the commercial transport fleet. 

The team’s initial step was to gather data through fleet sampling inspections and a review 
of manufacturers’ service data. These data will then serve as the basis for identifying any 
necessary follow-on actions to be taken, ranging from the design of additional inspections, to the 
issuance of necessary Airworthiness Directives, to the implementation of improvements in 
inspection, maintenance, and training programs. If the data indicate that no change is needed, 
this should be identified as well. The data also will be used to help guide a long-term research 
program and training improvements for FAA engineers and designees. 

The heart of the plan is the “Aging Transport Systems Rulemaking Advisory 
Committee.” The plan calls for the establishment of this Advisory Committee to serve as a 
means for obtaining public and industry input in discussions on both the magnitude of the aging 
systems problem and the means for alleviating any problems identified. Organizations 
represented on the Advisory Committee are identified in Table 1. 

Table 1. Organizations Participating in Aging Transport Systems Rulemaking 
Advisory Committee 

Federal Aviation Administration 
European Joint Airworthiness Authorities 
Transport Canada 
National Aeronautics and Space Administration 
United States Air Force 
United States Navy 
Aerospace Industries Association 
General Aviation Manufacturers Association 
Air Transport Association 
International Air Transport Association 
European Association of Aerospace Industries 
International Association of Machinists 
Air Line Pilots Association 
International Federation of Airworthiness 
National Electrical Manufacturers Association 
Society of Automotive Engineers 
Boeing 
Airbus 

FAA 
JAA 
TC 
NASA 
USAF 
USN 
AIA 
GAMA 
ATA 
IATA 
AECMA 
IAM 
ALPA 
IFA 
NEMA 
SAE 

The Advisory Committee has been established to perform the same types of tasks that 
were carried out earlier by the Aging Airplane Working Group (AAWG) in their work 
to address structural issues in the wake of the Aloha accident. The Advisory 
Committee’s specific tasks include: 
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inspection of older airplanes to determine the condition of their systems: 

review of service bulletins concerning systems to determine whether they should 
be made mandatory through the Airworthiness Directive process; 

review of maintenance practices and training programs in light of inspection 
results, and recommendations for changes to applicable maintenance practices; 
and 

improvement of standard wiring practice manuals. 

The FAA has some additional tasks assigned: The major one of these is the 
establishment of a program of aging systems research, engineering, and development (RE&D) . 
Other tasks include improving the quality of wiring installation drawings and service data for 
modifications to airplanes, and improving the reporting of accidentlincident and maintenance 
activities related to wiring system components. 

The tasks assigned to the Advisory Committee and to the FAA are shown in Figure 6. 

Figure 6. Assigned Tasks 

Fleet sampling inspection 

Service data review 
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. Update wiring practice manuals 
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the FAA: 

Support to the Advisory 
Committee 

Research, engineering & 
development (RE&D) 

Improved problem reporting 
methods 
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. 

Progress on Aging Systems Plan Objectives 

This section contains a brief report on the status of the FAA’s Aging Systems Plan’s 
organizational activities and progress on several of the plan’s objectives. Specific objectives to 
be discussed include the fleet sampling inspections, intrusive inspections, service data review, 
and wire problem reporting improvement tasks. Information specifically concerning the FAA’s 
RE&D program related to aging systems is contained in a separate report. 

Page 9 of 12 
Miller, The FAA’s Aging Systems Program 



Inspection Task and Results to Date 

context of the commercial transport airplane certification, maintenance and operational 
environments. That is: 

What problems exist? 

The Advisory Committee identified the need to evaluate the condition of wiring in the 

What is the status of wiring in the aging fleet? 

How can the problems be remedied within the civil aviation environment? 
This task also can be seen as an evaluation of the maintenance programs currently in 

place. The ideal maintenance program would preclude aging issues by identifying and correcting 
wiring problems before they become safety issues. An important product of the inspection 
program, therefore, is an evaluation of how well the existing maintenance environment performs 
these functions. 

Each problem identified must be judged as to the likelihood of occurrence, the resultant 
effect on the airplane as a system, and the overall hazard resulting from the occurrence. If the 
problems found during the inspection phase, including intrusive inspections, are minor, then the 
maintenance processes may be adequate; however, an evaluation of this sort should be expected 
to turn up opportunities for further improvement of adequate systems. 

were over 20 years old and a review of manufacturers’ service information for significant 
problems. In accordance with an FAA suggestion, the Advisory Committee assigned the 
inspection and service review tasks to the Air Transport Association (ATA) Aging Systems Task 
Force (ASTF), in order to take advantage of work in this area that had already been done by 
industry. The ASTF was an independent program begun by ATA to inspect the electrical 
systems on older airplanes (i.e., of ATA member airlines) to determine whether inspection and 
maintenance changes might be needed. The Advisory Committee augmented the group with 
representatives from the Air Force, Navy, Transport Canada, International Air Transport 
Association (IATA), FAA, Joint Aviation Authorities (JAA) of Europe, Society of Automotive 
Engineers (SAE) National Electrical Manufacturers Association (NEMA), and a representative 
of the National Air Disaster Alliance/Foundation (NADA/F). 

This expanded group has continued the work of the ASTF and has essentially completed 
the non-intrusive inspections of in-service airplanes. The group found no significant systemic 
problems related to safety as a result of their inspections. (Mr. Dave Marcontell of Airborne 
Express is the chair of the team. His discussion of inspection results to date appears in another 
paper and will not be repeated here.) 

The ASTF’s review of service data currently is under way. A list of key words has been 
developed with input from interested parties including the National Transportation Safety Board. 
The airplane manufacturers have conducted key word searches of service data to identify those 
documents that will need to be reviewed by teams for each major model of large turbofan 
airplane over 20 years old. The model-specific task groups in the ASTF are now evaluating the 
service data for problem significance. It should be remembered that this service information is 
part of the overall maintenance activities under scrutiny in the inspection task described above. 
If the process is working well, the problems covered in service data should not be observed 
during the inspections, because standard maintenance processes should have corrected any 

This task envisioned a sampling inspection of U.S. commercial transport airplanes that 
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problems as a result of service data. If such corrections have not happened, the standard 
maintenance processes would need to be reviewed and adjusted if appropriate. 

Revisiting Figure 4, note that, with the exception of the Lockheed L-1011, the airplanes over 20 
years old are unlikely to have polyimide insulation, except as wiring added later during 
modification or refurbishment. Because of the almost universal use of this wire type after about 
1980, and because there is some public controversy concerning this type of wire, it clearly would 
be prudent to study possible aging issues related to polyimide, even though the airplanes with 
polyimide wire may not have reached their design life goal at this time. The ASTF has 
recommended that a special effort be made to look at polyimide wire as part of the intrusive 
inspection process described below. The Advisory Committee has concurred with that 
suggestion and work currently is under way to plan appropriate inspection work. 

The ASTF began its activities with a fleet survey inspection. While this ASTF effort was 
a good start and provided useful data for follow-on work, it was non-intrusive. This means that 
only close visual inspections were conducted, without disturbing wiring. While these inspections 
have generated a great deal of information, they cannot, by their nature, provide information on 
the condition of wiring in inaccessible areas or the condition of the interior of wire bundles. The 
ASTF recognized this problem early on. To offset it, they began identifying aircraft that were 
being taken permanently out of service, and planned to subject those airplanes to the invasive 
inspections, thus allowing collection of data that were not obtainable from in-service airplanes.. 

Initially, the ASTF had planned to do intrusive inspections of a number of airplanes, with 
the work actually being done by individual airlines. However, as a result of an ASTF 
recommendation to the Advisory Committee, the intrusive inspections are now being planned by 
another small working group and will be carried out by a contractor under the FAA’s RE&D 
effort. Having one organization conduct the inspections will allow the inspection to be 
standardized, and will enable more more time and effort to be spent on this project than 
originally was budgeted by the airlines. In addition, it will allow the FAA to sample wiring for 
additional aging studies under the RE&D program. 

The intrusive inspections will include all wire types available on the aircraft being 
scrapped. Thus, the inspection will provide data that is oriented towards the wire type, 
installation details, and environment issues, as opposed to merely model-specific issues. Special 
emphasis will be placed on newer wire types that were not seen in the non-intrusive inspections. 
Concentration will be on inspecting and testing wiring in situ, and then obtaining samples of 
these newer wire types in airplanes being extensively modified, such as the DC-IO airplanes 
currently undergoing conversion to the MD-10 two-person crew configuration and other 
airplanes being converted to freighter configurations. 

One interesting problem became evident in the initial review of service data on wiring. 

Improvements in Wire Problem Reporting 

Certification Service, another industry effort was needed to enable the FAA to begin its job. The 
codes used for problem reporting on commercial transports are derived from the ATA 
Specification 100 System Codes. This original philosophy of the code linked wire problems into 
specific systems, rather than reporting them specifically as wire problems. This has been 
corrected by issuance by ATA of SystedChapter 97, “Electrical Wiring Installations.” 

While this task was assigned to the FAA’s Office of System Safety and Aircraft 
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Interested parties should contact ATA for further information about this docutnent at their web 
site, www.air-transport.org. 

Analysis Center (NASDAC) . This facility offers data search and analysis services for the FAA 
and, with some limitations on data available, for any interested user. The organization is in the 
process of defining advanced data search and sort services with improved display options. They 
are currently in the process of surveying users to define user data needs and presentation 
preferences. To accomplish this, they need information on our data analysis needs, the 
limitations of data bases, and potential future improvements in reporting. Interested 
organizations should contact the Office of System Safety through the FAA web site at 
www.faa.gov for additional information. 

The FAA’s Office of System Safety administers the National Aviation Safety Data 

Conclusion 

The FAA’s Aging Systems Program discussed in this paper is intended to be a proactive 
program, focusing on ensuring that the right processes are in place throughout industry to make 
certain that, as wiring and other systems on aircraft age, safety is not compromised. It is a 
cooperative joint venture between the FAA, the airplane manufacturers, and the airlines. Each of 
these participants is a major “stakeholder” in the aviation safety goal to ensure that, as airplanes 
age, their structural and non-structural components are adequately inspected and maintained as 
long as an airplane remains in commercial service. While the current system has been very 
effective in making sure that the aging fleet of airplanes remains airworthy, the efforts of the 
Aging Systems Program aims to make this very safe system even safer. 
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D E P A R T M E N T  OF THE AIR FORCE 
- \ I  

H E A D Q U A R T E R S  U N I T E D  S T A T E S  A I R  F O R C E  i 
I /  

I 

I O  September 1999 

HQ USAF/SE 
9700 Ave G SE, Suite 240 
Kirtland AFB, NM 871 17- 7 
Natio 
Chief Major Investigation Division 
490 L'Enfant Plaza. SW 
Washington, D.C., 20594 

Dear Mr. Haveter 

In response to questions which arose during the National Transportation Safety Board 
Public Hearing on 8-12 December 1997 regarding TWA Flight 800, please find the attached 
letter from HQ AFMC/JA. I hope this answers the questions for you. 

Regarding questions h and i, please note that the programs to which we refer did not exist 
at the time the questions were asked in December. 1997. If you have any questions, please 
contact Col. Robert Osterholtz. HQ AFSC/SEF, at (505) 846-0644. 

Sincerely 

FRANCIS C. GIDEON. Jr 
Major General. USAF 
Chief of Safety 

Attachment: 
HQ AFMC.JA Letter dated 30 Aug 99 



DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS AIR FOWCE MATERIEL COMMANO 

WRICHT.PAlTERSON AIR FORCE BASE Oh10 

30 Aug 99 

MEMORANDUM FOR HQ USAF/SE 

FROM: HQ AFMC/JA 

SUBJECT: Air Force Questions Resulting from the TWA 800 National Transportation 
Safety Board Hearing of 8-12 December 1997 

1. In response to your 14 November 1997 memo, engineers from the Aeronautical System 
Center (ASC) and Air Force Research Laboratories (AFRL) participated in the National 
Transportation Safety Board W S B )  TWA 800 Public Hearing in Baltimore, Maryland, on 
8-12 December 1997. During the Air Force (AF) technical testimony. a series of foilow-up 
questions were asked which could not be answered during the proceedings. The questions 
centered on indications that the center wing fuel tank of TWA 800, a 747-type aircraft, had 
exploded in-flight. An ignition source has yet to be identified, but concerns over wiring, fuel 
probes, and tank maintenance practices were at the center of the questioning. Following are all 
the unanswered questions, with answers provided. 

a. Why did the AF begin to look atfuelprobes, and how did we come toJnd copper wpde 
deposits in theJrst place? 

The earliest involvement by AFRL/MLSA resulted from a Sacramento Air Logistics Center 
(SA-ALC/MMIB) letter, 28 July 1989, referencing two fuel probe compensators removed from 
the T-37 because of possible electrical arcing evidence noted by maintenance. The T-37 probe 
did exhibit arcing evidence; however, it occurred with the probe on a test stand rather than being 
installed in the aircraft. In November 1989, the KC-135 SPO requested AFRWMLSA examine 
fuel probes removed due to inaccurate fuel readings and arc-like residues. AFRWMLSA 
established that what appeared to be arcing evidence was actually a conductive residue of copper 
and sulfur sufficient to cause errors in probe measurements. 

b. %t are the electrical bonding requirements in tanks, and are there scheduled checks? 

There has never been any specific requirement in Electroinagnetic Compatibility (EMC) 
standards mandating periodic checks for any EMC issue, including bonding. In general, bonding 
requirements for fuel tanks deai with preventing sparks due to static charging, power current 
faults, and lightning. Bonds are not normally checked unless a part is removed for maintenance. 
The E-4 and VC-25 electrical bonding requirements internal to fuel tanks are the same as those 
established by Boeing for the commercial fleet. Bonding checks are performed only if 
maintenance is performed in the area or when components are replaced. There are no scheduled 
periodic bonding checks. 

. -  
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c. Why did the USAF switch from JP-4 to P-8 .7  

The USAF conversion program from Ip-4 to JP-8 was initiated in October 1993. The advantages 
are improved safety, aircraft survivability, interoperability, and environmental compliance. The 
basic safety advantage of Tp-8 over JP-4 is its lower volatility properties, thus making it more 
difficult to ignite at normal operating conditions. The Continental United States conversion to 
JP-8 also resulted in one universal military fuel being used by all North Atlantic Treaty 
Organization forces. 

d. For the record what was the voltage and current bvel of the MD2A prohe tester? 
How much energy was available? (This is in rqerence to the T-37fuelprobe that ignited fuel 
vapors when tested 0ufiit.h of the aircrafl.) 

Specification MIL-T-4687E4 9 October 1967, Tester, Capacitor-Type Fuel-Quantity Gauge Tank 
Unit, Type MD-24 paragraphs 3.4.8.2 and 3.4.8.3, states that direct current voltage shall not 
exceed 50 volts, and current shall not exceed 200 milliamps during resistance measurements. 
Since electrical power is applied continuously during the test, energy generated is a fUnction of 
the length of the application. What is significant is the amount of energy that can be generated 
rapidly and can contribute to a hot spot or single event discharge. While this condition is 
difficult to quantify, one relevant measure is the amount of energy deposited before heat transfer 
effects start playing a significant role in dissipating the heat. For example, the application of the 
maximum voltage and current for an arbitrary time of 10 milliseconds (typical time for thermal 
equilibrium to occur in some circuitry) will provide an energy of 100 millijoules (E=V*I*T, 
V=SO, 14.2, T=0.01). 

e. Find out the drferences between the AF center wing tnnk maintenance practices and 
Federal Aviation Ahinistrotion (FAA) requirements. Primarily interested in discrepancies that 
could deet safety. 

The same center wing tank maintenance practices used by the commercial fleet (and thus per 
FAA requirements) are used for the E4 and VC-25. There is no difference. 

f. How is informotion aboutfiel Vstem problems transferred to the commercial sector 
(wtnpanies CJnri FAA)? rfrolrfiruia discrepancy in thejielprobes, or i,frOujnda defect, how 
do you get this infirmation to similar users in the civilian arena? 

Industry committees, such as the Society of Automotive Engineers and Electronic Industries 
Association committees, provide forums for exchange of general information and experience. 
The GovernmentAndustry Data Exchange Program (GIDEP), operated by the Department of 
Defense @OD), exists to exchange information among agencies and industry regarding 
nonconforming products that adversely affect safety and health, among others. Among the many 
participating organizations are the United States Army (USA), United States Navy (USN), 
United States Air Force 0, Defense Logistics Agency (DLA), and the FAA. In the case of 
E 4  and VC-25, Boeing is notified immediately of any discrepancy or defect related to the fuel 
system Boeing in turn evaluates the impact on the commercial fleet and notifies the commercial 
customers and the FAA if necessary. 
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g .  What interjbce is there at the government and industry level so the military a d  
commercial experience, with respect to sajety, can be tramferred? 

The GIDEP, operated by DoD, exists to exchange information among agencies and industry 
regarding nonconforming products that adversely affect safety and health, among others. Among 
the many participating organizations are the USA, USN, USAF, DLA, and the FAA. 

h. Is there an aging wire progrm, anii is there a predicted end of lifetime for wiring? 

Wire is typically designed to fbnction for the life of the airframe. In many cases, this is assumed 
to be a 20-year life at maximum use temperature. Wiring rarely, if ever, reaches its maximum 
operating temperature and, therefore, should last much longer than 20 years. Wire is typically 
replaced because of upgrades to avionics, and in some cases due to high failures or for conditions 
that lead to safety of flight concerns in specific areas. The AF is flying many aircraft today that 
have wiring much older than 20 years. Inspection of aircraft that have been in the field for many 
years, have not identified any general aging issues (chemical changes) for wiring in those areas 
protected fiom severe wind and moisture (known as SWAMP areas), frequent flexing, or high 
maintenance. The Aging Aircraft Support Product Group has currently under contract the 
Enhanced Aircraft Wiring Integrity Test Station program. The purpose of the program is to 
identify fault isolation techniques to reduce the number of iterative cycles needed to isolate 
wiring faults such as fiayed wires, opens, shorts, and insulation breakdown. 

i .  How d a s  the AF coordinate agingprograms with the FAA and other organizations, and 
what types of programs are planned for electronics? 

The Joint FAA/DaD/NASA conference on Aging Aircraft, in its third year, provides a forum to 
bring together world leaders in aviation safety research, aircraft design and manufacturing, fleet 
operation, and aviation maintenance to disseminate information on current practices and 
advanced technologies. The FAA recently announced a multi-year plan to enhance safety of 
non-structural aging aircraft systems. This includes aging issues for electrical wiring, 
connectors, wiring harnesses, and cables; hel, hydraulic and pneumatic lines; and electro- 
mechanical systems such as pumps, sensors, and actuators. For more information. refer to the 
FAA Office of Public AfTairs Press Release titled "FAA Unveils Plan To Enhance Safety of 
Aging Aircraft Systems" October 1, 1998. It can be accessed at the FAA web site at 
http://krww .jaa gov/apa/r. 

j. Does the AF huve aperiodic inspection OT replacement plan for fuel probes andfuel tank 
wiring? 

There is no general requirement for inspection or replacement of he1 probes and fuel tank 
wiring. Some individual aircraft programs have elected to institute inspections. For example, 
the CKC-135 SPO began a rewire program in 1991 to replace its aged aircraft wiring. As a 
result of the rewire program, the aircraft wiring of all 25 KC-135 mission critical systems, 
including the electrically actuated &el pumps and the Fuel Quantity Indicating System have been 
replaced. In 1994, for reasons of reliability of the probe and not safety, the AF began replacing 
the fuel probes in the wing tanks during depot maintenance. 
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2. Request you formally transmit our responses to the National Transportation Safety Board to 
inclusion in their final report. Points of contact are W. Beatriz Rodriguez, ASCENFA, (937) 
255-5908, Mr. Brennan Roberts, OC-ALc/LKRM. (405) 736-7993, and Mr. Scott McLennan, 

, 

HQ AFklCENPM, (937) 257-5577. 

Principal Deputy 
Staff Judge Advocate 


