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On July 17, 1996, about 203 1 eastern daylight time, a Boeing 747-13 1, N93 1 19, operated 
as Trans World Airlines Flight 800 (TWA800), crashed into the Atlantic Ocean, about 8 miles 
south of East Moriches, New York, after taking off from John F. Kennedy International Airport 
(JFK), Jamaica, New York. All 230 people aboard the airplane were killed. The airplane, which 
was operated under Title 14 Code of Federal Regulations (CFR) Part 121, was bound for Charles 
De Gaulle International Airport (CDG), Paris, France. The flight data recorder (F’DR) and 
cockpit voice recorder (CVR) ended simultaneously, about 13 minutes after takeoff. Evidence 
indicates that as the airplane was climbing near 13,800 feet mean sea level (msl), an in-fight 
explosion occurred in the center wing firel tank (cwT);’ the CWT was nearly empty. 

A substantial portion of the airplane wreckage has been recovered from the ocean floor. 
Among the debris found along the first part of the wreckage path were CWT parts fiom spanwise 
beam Nos. 2 and 3, the forward spar, and debris fiom beneath and forward of the center wing 
section (see Figure 1). The cockpit of the airplane and pieces of the forward firselage were found 
in a second debris field that was more than 1 mile fiom the beginning of the wreckage path. 
Fragmented wing and aft firselage parts were recovered from a third debris field m e r  along the 
wreckage path. 

Portions of the airplane have been reconstructed, including the CWT, the passenger cabin 
above the CWT, and the air conditioning packs and associated ducting beneath the CWT. The 
reconstruction thus far shows outward deformation of the CWT walls and deformation of the 
internal components of the taik that are consistent with an explosion originating within the tank. 
Airplane parts2 fiom in and around the CWT recovered and identified to date contain no evidence 



2 
of bomb or missile damage. The investigation into what might have provided the source of 
ignition of the fbel-air mixture (including a bomb or missile) in the CWT is continuing. 

Cabin Floor Level 

parrwise Beam2 

ar spar 

Beam 1 

Spanwise Beam3 

Figure 1. Center Wine Fuel Tank 

Since 1985, the Safety Board has investigated or assisted in the investigation of two other 
fie1 tank explosions involving commercial transport-category airplanes. The most recent accident 
involved a Philippine Airlines B-737-300 at Nmoy Aquino International Airport, Manila, 
Philippines, on May 11, 1990. In that accident, the CWT ullage3 hel-air vapors exploded as the 
airplane was being pushed back &om a terminal gate, resulting in 8 fatalities and 30 injuries. The 
ambient temperature at the time of the accident was about 95T, and the airplane had been parked 
in the sun. Although damage to wiring and a defective fbel quantity sensor were identified as 
possible sources of ignition, a definitive ignition source was never confirmed. 

The Safety Board also assisted in the investigation of the crash of Avianca flight 203, a B- 
727, on November 27, 1989. The airplane had departed Bogota, Colombia, about 5 minutes 
before the crash. Examination of the wreckage revealed that a small bomb placed under a 
passenger seat, above the CWT, had exploded. The bomb explosion did not compromise the 
structural integrity of the airplane; however, the explosion punctured the CWT and ignited the 
fbel-air vapors in the ullage, resulting in destruction of the airplane. 

Earlier, the Safety Board conducted a s p e d  investigation of the May 9, 1976, explosion 
Iranian Air Force B-747-131, as it approached 

Witnesses reported seeing a lightning strike to the 
and in-flight separation of the left 
Madrid, Spain, a flight 
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left Wing, followed by fire, explosion, and separation of the wing. The wreckage revealed 
evidence of an explosion that originated near a fbel valve installation in the left outboard main fuel 
tank. The Safety Board's report4 noted that almost all of the electrical current of a lightning 
strike would have been conducted through the aluminum structure around the ullage. While the 
report did not identfi a specific point of ignition, it noted that static discharges could produce 
sufficient electrical energy to ignite the fbel-air mixture, but that energy levels required to produce 
a spark will not necessarily damage metal or leave marks at the point of ignition. 

Fuel tank explosions require an energy source sufficient for ignition and temperatures 
between the lower explosive (flammability) limit @,EL)' and upper explosive limit (UEL), which 
will result in a combustible mixture of &el and air. Current Federal Aviation Administration 
(FAA) regulations require protection against the ignition of fuel vapor by lightning, components 
hot enough to create an autoignition, and parts or systems failures that could become sources of 
ignition. Specifically: 

Fuel system lightning protection. The fuel system must be designed and 
arranged to prevent the ignition of fuel vapor within the system by (a) direct 
lightning strikes to areas having a high probability of stroke attachment; @) swept 
lightning strikes to areas where swept strokes are highly probable; and (c) corona 
and streamering at fbel vent outlets. (Part 25.954) 

Fuel Tank Temperature. (a) The highest temperature allowing a safe margin 
below the lowest expected auto ignition temperature of the fbel in the fie1 tanks 
must be determined. (b) No temperature at any place inside any fbel tank where 
fbel ignition is possible may exceed the temperature determined under paragraph 
(a) of this section. This must be shown under all probable operating, failure, and 
malfhction conditions of any component whose operation, failure, or mfinction 
could increase the temperature inside the tank. (Part 25.981) 

However, a 1990, Society of Automotive Engineers technical paper comments, "...if the 
ignition source is sufficiently strong (such as in combat threats), it can raise the fluid temperature 
locally and thus ignite a fuel that is below its flash point temperature. This is particularly true with 
a fuel mist where small droplets require little energy to heat up."6 Elevated, possibly extremely 
high local temperatures would have been associated with the lightning strike of the Iranian B-747 
in 1976. 

NTSB-AAR-78-12. The Safety Board did not determine the probable cause of this foreign accident because it 
had no statutory authority to do so. several hypotheses addreshg the sequence of events and possible causes of 
the accident were presented in the Board's report. 
Marks' Standard Handbook for Mechanical Engineers, Eighth Edition, states, The lower and upper limits of 

flammability indicate the percentage of combustible gas in air below which and above which flame will not 
propagate. When a flame is initiated in mixtures having compositions within these limits, it wil l  propagate and 
therefore the mixtures are flammable.- Marks' states further, '"'he autoignition temperature of an air-fuel mixture 
is the lowest temperature at which chemical reaction proceeds a! a rate &ciait to result eventually (long time 
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Despite the current aircraft certification regulations, airlines, at times, operate transport- 
category turbojet airplanes under environmental conditions and operational circumstances that 
allow the temperature in a fuel tank ullage to exceed the EL, thereby creating a potentially 
explosive fuel-air mixture. For example, on August 26, 1996, Boeing conducted flight tests with 
an instrumented B-747 airplane that carried about the same smd  amount of &el in the center 
wing tank as that canied aboard WA800. All three air conditioning packs were operated on the 
ground for about 2 hours to generate heat beneath the CWT. The airplane was then climbed to an 
altitude of 18,000 feet msl. The temperature of the he1 in the center tank of the test airplane was 
measured at one location, and the air temperature within the tank was measured at four locations. 
In this test, the &el-air mixture in the CWT ullage was stabilized at a temperature below the LEL 
on the ground. However, as the airplane climbed, the atmospheric pressure decreased (the LEL 
decreases with decreasing atmospheric pressure) reducing the LEL temperature and allowing an 
explosive fuel-air mixture to exist in the tank ullage. 

Fuel tank temperatures may also become elevated, allowing explosive fuel-air mixtures to 
exist in the ullage, when airplanes are on the ground between flights at many airports worldwide 
during warm weather months. When the temperature of a combustible fbel-air mixture exceeds 
the LEL, a single ignition source exposed to the ullage could cause an explosion and loss of the 
airplane. This situation is inconsistent with the basic tenet of transport aircraft design--that no 
single-point failure should prevent continued safe flight.’ 

Without oxygen in the fuel-air mixture, the fbel tank ullage could not ignite, regardless of 
temperature or ignition considerations. The milimy has prevented &el tank ignition in some 
aircraft through the creation of a nitrogen-enriched atmosphere (nitrogen-inerting) in fuel tank 
ullage, thereby creating an oxygen-deficient hel-air mixture that will not ignite. Although this 
technology could be applied to civil aircraft, there are no transport-category airplanes of which 
the Safety Board is aware that currently incorporate nitrogen-inerting systems to reduce the 
potential for fuel tank fires and explosions. 

Nitrogen-inerting has been accomplished several ways: by addmg nitrogen to fie1 tank(s) 
fiom a ground source before flight; by discharging onboard supplies of compressed or liquified 
nitrogen in flight; or by the use of on-board inert gas generation systems that separate air into 
nitrogen and oxygen. Such systems in current-generation military aircraft incorporate lightweight, 
permeable plastic membrane systems that produce high nitrogen flow rates and require only “on- 
condition” maintenance. Nitrogen-inerting using a ground source of nitrogen might prevent 
explosions such as those that occurred to the TWA800 and Avianca airplanes, but may not 
prevent an explosion after the he1 tanks have been emptied during flight through fuel 
consumption, or when ullage is exposed to warmer air as an airplane descends-situations that 
existed in the Iranian Air Force B-747 accident. Nitrogen-inerting &el tank ullage has been used 
for more than 25 years in military airplanes and could be used to protect commercial air 
transportation. However, the Safety Board recognizes that development and installation of such 

’ FAA Advisory Circular (AC) any system or 
or connection during any one flight (brake release 

of its-improbability. Such single failures 
candy reduce the capability of the airplane or the 

and Analysis, paragraph 5.al states, 
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5 
systems are expensive and may be impractical because of system weight and maintenance 
requirements in some airplanes. 

Therefore, the Safety Board has considered other modifications of the airplane that would 
reduce the potential for aircraft fuel tank explosions. A reduction in the potential for &el tank 
explosions could be attained by reducing the heat transfer to &el tanks fiom sources such as hot 
air ducts and air conditioning packs* that are now located under or near fuel tanks in some 
transport-category airplanes. This may be achieved by installing additional insulation between 
such heat sources and &el tanks that must be collocated with heat-generating equipment such as 
hot air ducting and air conditioning packs. 

Because the Safety Board believes that the FAA should require the development and 
implementation of design or operational changes that will preclude the operation of transport- 
category airplanes with explosive fuel-air mixtures in the fbel tanks, signiscant consideration 
should be given to the development of airplane design modifications, such as nitrogen-inerting 
systems and the addition of insulation between heat-generating equipment and the he1 tanks. 
Appropriate modifications should apply to newly certificated airplanes, and where feasible, to 
existing airplanes 

The Board recognizes that such design modifications take time to implement and believes 
that in the interim, operational changes are needed to reduce the likelihood of the development of 
explosive mixtures in &el tanks. Two ways to reduce the potential of an explosive &el-air 
mixture could be by refbeling the CWT to a minimum level from cooler ground &el tanks or by 
carrying additional &el. Therefore, by monitoring &el quantities and temperatures (when so- 
equipped), by controlling the use of air conditioning packs and other heat-generating devices or 
systems on the ground, and by managing &el distribution among various tanks to keep all &el 
tank temperatures in safe operating ranges and a to-be-determined minimum &el quantity in the 
CWT, flightcrews could reduce the potential for fuel tank explosions in the B-747. The Safety 
Board believes that pending implementation of design modifications, the FAA should require 
modifications in operational procedures to reduce the potential for explosive &el-air mixtures in 
the &el tanks of transport-category aircraft. In the B-747, consideration should be given to 
refbeling the CWT before night whenever possible from cooler ground fuel tanks, proper 
monitoring and management of the CWT temperature, and maintaining an appropriate minimum 
&el quantity in the CWT. 

The Safety Board has also found that the Trans World Airlines B-747 Flight Handbook 
used by crewmembers understates the extent to which the air conditioning packs can elevate the 
temperature of the B-747 CWT. The Handbook notes that pack operation may elevate the 
temperature of the CWT by an additional 10 to 20°F. However, in the August 26, 1996, B-747 
flight tests with three air conditioning packs in operation, the temperature of the center tank fuel 
increased by approximately 40'F. A 40°F temperature increase in the CWT of TWASOO would 
have raised the temperature of the ullage above the LEI., of its fuel-air mixture. The Handbook 
also states, "warm fbel.. .may cause pump cavitation and low pressure warning lights may come 

* Airplanes other than the B-747 also have heat-producing equipment in the vicinity of fuel tanks. For example, 
thc A-320 and other Airbus Industrit c o w  transport airplanes 81t similar to those from k i n g  in that the 
air conditioning packs and ducts 8 f f  beneath the CWT. 
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on steady or flashing.” The Board is concerned that the flight handbooks of other operators of 
the B-747 may have similar deficiencies. Therefore, the Safety Board believes that the FAA 
should require that the B-747 Flight Handbooks of TWA and other operators of B-747s and other 
aircraft in which fie1 tank temperature cannot be determined by flightcrews be immediately 
revised to reflect the increases in CWT temperatures found by flight tests, including operational 
procedures to reduce the potential for exceeding CWT temperature limitations 

Although the TWA B-747 Flight Handbook (and the Boeing Airplane Flight Manual) 
instruct flightcrews not to exceed ke l  temperatures of “54.X (130F), except JP-4 which is 43C 
(1 lOF),” the only fuel tank temperature indication displayed for flightcrews is that of the outboard 
main tank in the left wing. The designs of the B-747 and some other airplanes currently provide 
no means to measure the temperature of the fuel or ullage of fie1 tanks that are located near heat 
sources. The Safety Board believes that flightcrews need to monitor the temperature of fie1 tanks 
that are located near heat sources, including the CWT in B-747s. Therefore, the Safety Board 
believes that the FAA should require modfication of the CWT of B-747 airplanes and the fuel 
tanks of other airplanes that are located near heat sources to incorporate temperature probes and 
cockpit fuel tank temperature displays to permit determination of the fuel tank temperatures. 

Therefore, the National Transportation Safety Board recommends that the Federal 
Aviation Administration: 

Require the development of and implementation of design or operational changes 
that will preclude the operation of transport-category airplanes with explosive hel- 
air mixtures in the fbel tanks: 

(a) Significant consideration should be given to the development of 
airplane design modifications, such as nitrogen-inerting systems and the 
addition of insulation between heat-generating equipment and fuel tanks. 
Appropriate modifications should apply to newly certificated airplanes and, 
where feasible, to existing airplanes. (A-96-174) 

@) Pending implementation of design modifications, require modifications 
in operation4 procedures to reduce the potential for explosive &el-air 
mixtures in the &el tanks of transport-category aircraft. In the B-747, 
consideration should be given to refbeling the center wing &el tank (CWT) 
before flight whenever possible from cooler ground fbel tanks, proper 
monitoring and management of the CWT fuel temperature, and maintaining 
an appropriate minimUm &el quantity in the CWT. (Urgent) (A-96- 175) 

Require that the B-747 Flight Handbooks of TWA and other operators of B-747s 
and other aircraft in which fie1 tank temperature cannot be determined by 
fightcrews be immediately revised to reflect the increases in CWT fuel 

operational procedures to reduce the 
tation~ (A-96-1 76) 
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Require modification of the CWT of B-747 airplanes and the fbel tanks of other 
airplanes that are located near heat sources to incorporate temperature probes and 
cockpit he1 tank temperature displays to permit determination of the fitel tank 
temperatures. (A-96- 177) 

Chairman HALL, Vice Chairman FRANCIS, and Members HAMMERSCHMIDT, 
GOGLIA, and BLACK concurred in these recommendations. 
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1. Event 

During the landing approach of LH flight 8 174 to the New York airport on April 19,1997, 
various circuit breakers in the flight control system of the D-ABZC opened. 

This investigation was conducted to ascertain why this malfunction occurred, and whether there 
are any connections with similar cases in the B747-SF fleet. 

The investigation was conducted in July and August 1997 by FRA TQ 9 

2. Summary 

During the approach to New York’s JFK Airport, diverse circuit breakers ( C B )  of the flight 
control system opened. 

The cause turned out to be a burned cable harness in the front cargo hold. The cable harness 
contains 42 cables, about 20 cm of which were burned and scorched. 

The damage was repaired under the supervision of LHT personnel by employees of United 
Airlines (UA). 

The damaged parts were not secured before or during the repair work. For that reason, an 
examination of the entire cable harness for possible causes of the short circuit, and clear findings 
on why the cables caught fire was not possible. 

There have been similar cases in B747 SF aircraft which were remodeled into cargo-only aircraft 
by the Bedek Company. In those cases, shavings from drilling left in the cable harnesses were 
suspected as the likeliest causes of the malfunctions. 

Because of this latest event, an action order (NO) was issued, and the area in question and the 
cable harness on these aircraft was especially checked for foreign bodies. In all these aircraft, 
drill shavings and other dirt were found in the cable harnesses or their immediate surroundings. 
On the basis of this fact, it can be assumed that drill shavings in the cable harness of the D- 
ABZC also caused the short circuit, and therefore the malfunction, in this case. 

Since further events of this kind cannot be excluded, FRA WF 2, together with FRA WB 42=PE, 
is working out precautions to be taken. 
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- 3 -  

3. Results 

3.1 Results of the Investigation 

The following C/Bs opened during the approach of the LHC D-ABZC to JFK: 

ALT TNBD TE FLAP 
e 

INB FLAP CONTROL 
0 BEACONLT. 

ALT LE DRIVE NO. 2, NO. 3, NO. 4 

ALT OUTB TE DRIVE NO. 2 
TE FLAP ASYM AND FAIL 

These C/Bs, with the exception of BEACON LT., could not be reset. 

United Airlines mechanics found that in the front cargo hold, next to cargo door STA 775, a 
length of about 20 cm of a cable harness was burned out and scorched. The cable harness, 
consisting of the three cable harnesses W 8 18, W 824, and W 834, includes a total of 42 cables. 
The skin of the fuselage in this area was discolored dark brown by the heat. 

After consultation with JFK SW, two FZE and one materials expert were called in from the 
Lufthansa Technical Service (LHT) in Frankfurt. 

Foucault current checks and conductivity measurements in the damaged area did not show any 
changes in the structure of the material. 

The burned and scorched cables were identified, cut out, and replaced by UA employees. The 
required checking of the functioning of the parts in question was carried out by LHT personnel. 

At the same time, the following defects were detected and repaired: 
a) C/B TE flap asym. & fail popped 
b) C/B control pos flap inbd. popped 
c) C/B alt. LE flap drive # 3 popped 

- diode M2255 replaced 
- indb. flap asym. det. unit replaced 
- handled in accordance with MEL ZB. LE 
drive unit # 3 replaced in Frankfurt. 

Concerning a): 
Concerning b): 
Raunhelm on August 5, 1997. Evaluation report and damaged parts were requested. 
Concerning c): 
was replaced and scrapped. 

short circuit in the diode. The diode is no longer available. 
the flap asym. det. unit was shipped to the U.S. by Allied Signal in 

LE flap drive unit was repaired at WG 535. The scorched electromotor 

After replacement of these parts, the operational checks were normal, and all systems functioned 
normally during the subsequent operation of the aircraft. 



- 4 -  

According to Boeing WDM Wire List 91-1 1, no aromatic polyamide (Kapton) wires were used 
in the assembly (wire type codes -WTC). 

C Wire P-edSpecification Pieces 
PA. BMS 13-48 Type 10 Class 1 34 
PK BMS 13-48 Type 11 Class 1 2 
UA BMS 13-48 Type 8 Class 1 6 

The cable harness that was removed was not preserved in its entirety. Subsequently, only one 
single cable could be obtained. Therefore an examination of the entire cable harness for possible 
causes of the short circuit, and thus a clear determination of what caused the burning of the cable, 
is not possible. The one cable obtained was sent to TQ 23 for lab tests. 

At first, a cable clamp was suspected of being the cause for the fire. 

It is improbable that the cables in this area could have rubbed against each other, since the cable 
harness was mounted with plastic clamps and installed behind a panel which it did not touch. 
Therefore, it is assumed that a foreign body had gotten into the cable harness and caused the 
short circuit and burning of the cable. 

The laboratory report indicates that one single cable is insufficient for making a determination 
whether the presence of foreign bodies, such as drill shavings, was responsible for the short 
circuit that led to the fire. The presence of melted copper droplets on the cable indicates that the 
temperature at that spot must have been more than 1,083 degrees Centigrade. 

(1) Complaint 

The preservation of evidence in accordance with QS-R 13.1.1 in cases of special irregularities 
did not take place. Replaced parts were not specially tagged. 

Action 

(a) All employees must be informed accordingly. 

(b) In order to ensure a uniform approach in cases of special irregularities, TQ 9 will initiate an 
investigation of the matter. 

Research has shown that similar malfunctions occurred in the B 747 SF aircraft with a side cargo 
door which had been converted to cargo planes by the Bedek Company. The suspected causes 
were drill shavings in the cable harnesses. In the checks for foreign bodies ordered at the time, 
drill shavings were found in all cases. 

From 1990 to 1993, Bedek converted the ABYT, ABYW, ABYY, ABYZ, ABZC, and ABZA. 
The ABZC was converted in April 1993. 
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WB 42-PE issued an action order ( N O )  for a special investigation of the above-mentioned 
aircraft on the basis of this incident. It involved checking the area in question and the cable 
harness for foreign bodies. Drill shavings and other dirt were found in the cable harnesses or their 
immediate surroundings in all these aircraft 

The drill shavings were passed on to HAM TQ 23 for lab tests. 

The investigation showed that it was impossible to determine the age of the drill shavings. The 
shavings analysed consist of the aluminum alloys 7075 and 2024, which are used for the frame 
and skin of the fbselages. 

The action order also covered the former B747-200 combination aircraft ABYR, ABYM, 
ABYX, and ABZE, which were converted into the full pax version. 

In these, no shavings or other dirt were found. Based on this fact, it can be assumed that such 
incidents can be limited to the aircraft converted by the Bedek Company. 

The aircraft converted by the Bedek Company have meanwhile all been subjected to a D check 
by WD in HAM or by Iberia in MAD. ABZA is at present undergoing a D check by AMECO in 
PEK. 

According to Iberia Maintenance Quality Assurance, no shavings were removed in this area 
during the D check of the ABZC in MAD in August 1996. 

This also results from the documentation available to us. The entire area above the floor of the 
cargo hold was not opened, the insulation sheets were not removed, and thus no visual inspection 
of this area took place. It can therefore be assumed with almost total certainty that the drill 
shavings, if they were responsible for the burning of the cable, originated in the conversion by 
the Bedek Company. 

3.2. Further Procedure 

In spite of the action order carried out on the B 747-SF aircraft in question, further incidents of 
this kind cannot be completely excluded. 

In a conversation between FRA TQ 9, FRA WF 2, and FRA WB 42-PE, the following approach 
was agreed upon: 

FRA WF 2 will devise a program for determining the degree of pollution. In order to prevent 
similar malfunctions in the future, appropriate preventive measures must be introduced as soon 
as possible. 
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4. Documentation 

NO. Date Designation Prepared by 

1 

2 

3 
4 
5 

6 

7 

8 
9 

10 
11 
12 
13 
14 

15 

16 
17 

18 

0711 9/97 

0711 9/97 

0711 9/97 
0711 9/97 
0712 1 I97 

0712 1/97 

0712 1/97 

0712 8/97 
08/05/97 

0810 8/97 

0 1/24/96 

01/06/96 

08/22/97 
08/26/97 

0 812 7/97 

alert notice 40557 - Wire Bundle W834 STA 775 R/H 
side below cargo floor burned 
TLBROD Ref.: TU88149, TU88152, TU88155, 
TU88157, TU88159 
various telexes JFKSWLH 
maintenance report No. 38 1/97 
reporting of a malfunction subject to reporting under 
Art. 5 of the Rules of the Air 
deviation from QS-H pursuant to QS-R - United Airlines 

JFKLHSW 

LHT 

FRA WE3 42 
FRA TF 

FRA TQ 9 
personnel 
deviation fiom QS-H pursuant to QS-R 1.3.2 - 
- second check - 
technical report 
life time record - leading edge flap drive unit 

fax: D-ABZC incident 
WDM wire list 91-21-1 1 
Standard Wiring Practices Manual Chapter 23-00-1 3 
Technical Standards Manual Chapter 20-82-08 
technical evaluation report 9.96iT))# 
“D-ABZC - Electrical Fire in the Upper Deck Behind 
Toilet U 5” 
OS-R 13.1.1 evaluation of special irregularities 
within the maintenance framework 
lab tests of the drill shavings of the D-ABZC 

SN 6300 : PN : 126748-5-400 

FRA TQ 9 

JFKS W 
HAMWG5 

Iberia QA-Mgr. 
Boeing 
Boeing 
LHT 
FRA TQ 9 

HAM TQ 23 
lab tests of the drill shavings of the D-ABYT, D-ABYY, 

lab test of a cable of the D-ABZC 

HAM TQ 23 

HAM TQ 23 
D-ABYZ 

I 
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******* PSDS GENERATED ******* 

1 SCOPE 

a. This specification covers insulated wire and cable with tin-coated copper, 
nickel-coated and silver-coated high strength copper alloy conductors and a 
primary insulation of cross-linked Ethylenetetrafluoroethylene (ETFE). 

b. The wire and cable specified herein is intended for "General Purpose" use in both 
pressurized and unpressurized areas of aircraft. Its application will include 
exposure to temperatures from -65 C to +I50 C and to varjous corrosive fluids. 
The operating potential of circuits where this wire and cable is utilized will be 
limited to 600 Vrms. Stabilized conductor temperature during continuous 
operation will be limited to 150 C. This specification requires qualified products. 
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Recommendation Report 
Friday, September 05,1997 

ACCIDENT DATE:YI 7/91 M0DE:AVIATION 

Log Number 2303 
GOOSE BAY CAN 17-Mar-91 

N753DA. WAS EN ROUTE FROM FRANKFURT, GERMANY TO ATLANTA, GEORGIA AT FLIGHT LEVEL (FL) 330 WHEN IT 
EXPERIENCED A FIRE BELOW THE AFT CABIN FLOOR AND IN THE CABIN. THE FLIGHT WAS CONDUCTED UNDER 
THE OPERATING RULES OF PART 121 OF TITLE 14 CODE OF FEDERAL REGULATIONS (CFR) AND CARRIED 213 
PASSENGERS, 10 FLIGHT ATTENDANTS, 2 PILOTS, AND 1 FLlGHT ENGINEEE. FLIGHT 15 HAD EN ROUTE FOR ABCC- 
7.5 HOURS, WHEN ABOUT 180 MILES EAST OF GOOSE, BAY, LABRADOR, CANADA, A FLIGHT ATTENDANT NOTICED 
FLAMES RISING FROM THE BASE OF THE LEFT CABIN SIDEWALL PANEL TO THE HEIGHT OF THE SEATBACK TRAY 
AT THE NEXT TO LAST ROW PASSENGER SEATS (SEAT 41A). THE FLIGHT ATENDANT PROMPTLY DISCHARGED A 
HALON FIRE EXTINGUSIHER INTO AN OPENING IN THE BASE OF THE SIDEWALL FROM WHICH THE FLAMES 
APPEARED TO ORIGINATE. THE FIRE WAS EXTINGUISHED AND A PRECAUTIONARY LANDING WAS MADE AT GOOSE 
BAY. 

Recommendation # A-91 -070 Overall Status CAA Priority 

_____~- Issue Date 8/14/91 - 

ON MARCH 17, 1991, AT 1618 ATLANTIC STANDARD TIME, DELTA AIR LINES FLIGHT 15, LOCKHEED L-1011-385-3, 

~ _ _ _ _ _ ~ . _ _ _ _ _ _ ~ _ _ ~ _ . _  _ _  

CLOSED - ACCEPTABLE CLASS I I  

THE NTSB RECOMMENDS THAT THE FEDERAL AVIATION ADMINISTRATION: REQUIRE SPECIFIC QUALITY CONTROL 8 
INSPECTION PROCEDURES FOR WIRE BUNDLE INSTALLATIONS ON TRANSPORT CATEGORY AIRCRAFT TO VERIFY 
PROPER BEND RADII, CHAFE PROTECTION, AND ROUTING PRACTICES BY AIRCRAFT MANUFACTURERS DURING 
FABRICATION AND BY AIRLINES DURING MAINTENANCE OPERATIONS THAT EXPOSE WIRE BUNDLES. 

~~ ~~ - -__ - _ _ ~ _ _  __ -. ~ _ _  -~ 

- 1015193 - FAA CLOSED - ACCEPTABLE 

10/30/91 Addressee THE FAA REVIEWED BOEING'S AND MCDONNELL DOUGLAS' APPROVED QUALITY CONTROL 
AND TYPE DESIGN DATA FOR WIRE BUNDLE INSTALLATION AS THEY APPLY TO PROPER BEND 
RADII, CHAFE PROTECTION, AND ROUTING PRACTICES AND DETERMINED THAT THE 
APPROVED INSPECTION CRITERIA FOR THE WIRE BUNDLE INSTALLATIONS ARE ADEQUATE. 
THE FAA'S REVIEW ALSO INDICATED THAT THE INSPECTION ACCEPTANCE RECORDS ARE 
ADEQUATELY MAINTAINED AND DOCUMENTED. THE FAA IS REQUESTING THAT EACH 
CERTIFICATION DIRECTORATE EVALUATE ITS TRANSPORT CATEGORY MANUFACTUREW' 
WIRE BUNDLE INSPECTION REQUIREMENTS AND PLACE SPECIAL EMPHASIS ON THESE 
SYSTEMS DURING THE NEXT AUDIT OR EVALUATION. 

4/29/92 NTSB Letter on File 

10/5/93 Addressee THE FAA REVIEWED BOEING'S AND MCDONNELL DOUGLAS' APPROVED QUALITY CONTROL 
AND TYPE DESIGN DATA FOR WIRE BUNDLE INSTALLATION AS THEY APPLY TO PROPER BEND 
RADII, CHAFE PROTECTION, AND ROUTING PRACTICES AND DETERMINED THAT THE 
APPROVED INSPECTION CRITERIA FOR THE WIRE BUNDLE INSTALLATION WERE ADEQUATE. 
EACH CERTIFICATION DIRECTORATE HAS ALSO BEEN ASKED TO EVALUATE ITS TRANSPORT 
CATEGORY MANUFACTUERERS' WIRE BUNDLE INSPECTION REQUIREMENTS AND PLACE 
SPECIAL EMPHASIS ON THESE SYSTEMS DURING THE NEXT AUDIT OR EVALUATION. TO 
ENSURE THAT EFFECTIVE QUALITY CONTROL PROCEDURES ARE CARRIED OUT AT THE 
FACILITIES OF INDIVIDUAL OPERATORS, THE FAA ISSUED HANDBOOK BULLETIN 91-1 5, ORlGi 

THE BULLELTIN REQUESTS THAT PRINCIPAL MAINTENANCE INSPECTORS REVIEW THEIR 
OPERATORS MAINTENANCE PROGRAMS TO ENSURE THAT THEY INCLUDE INSPECTION OF 
AIRCRAFT WIRING, ESPECIALLY IN INACESSIBLE AREAS. THE BULLETIN SPECIFICALLY 

PRACTICES-AIRACRAFT INSPECTION AND REPAIR, PAGE 203 CHAPTER 1 1, SECTION 7, 
PARAGRAPH 51 5, CONCERNING WIRE BEND RADII, THIS BULLETIN HAS BEEN INCORPORATED 
INTO FAA ORDER 8300.10, AIRWORTHINESS INSPECTORS HANDBOOK. 

AN PROPAGATION OF INACESSIBLE AIRCRAFT FIRE UNDER IN-FLIGHT AIRFLOW CONDITIONS. 

REFERENCE ADVISORY CIRCULAR 43.1 3-1 A, ACCEPTABLE METHODS, TECHNIQUES, AND 

2/10/94 NTSB THE BOARD HAS REVIEWED HANDBOOK BULLETIN 91-1 5, "ORIGIN AND PROPAGATION OF 
INACCESSIBLE AIRCRAFT FIRE UNDER IN-FLIGHT AIRFLOW CONDITIONS," WHICH REQUESTS 
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Recommendation Report 
Friday, September 05, 1997 

ACCIDENT DATE:J/I7/91 M0DE:AVIATION 

FLIGHT STANDARDS PRINCIPAL MAINTENANCE NSPECTORS TO REVIEW TriElR OPERATORS' 
MAINTENANCE PROGRAMS TO ENSURE THAT THE PROGRAMS INCLUDE INSPECTION OF 
AIRCRAFT WIRING, AND TO ENSURE THAT EFFECTIVE QUALITY CONTROL PROCEDURES ARE I 
PLACE THAT WOULD DISCOVER INSULATION BREAKDOWNS 
FOREGOING MATERIAL HAS BEEN INCORPORATED INTO FAA ORDER 8300 10 
"AIRWORTHINESS INSPECTORS HANDBOOK. ' BASED ON THIS INFORMATION, 

THE BOARD NOTES THAT THE 

RECOMMEND AT 10 N A-9 1 -7 0 I S C LA S SI FI ED " C LO S i D --A C C E PT A BL E ACT IO N " 
_ _ _ _ _ ~ ~  - ~ _ _ ~  - ~ ~~ ~- ~ ~~ ~ _ _  
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Recommendation Report 
Friday, September 05, 1997 

ACCIDENT DATE:3/17/91 M0DE:AVIATION 

Log Number 2303 

Issue Date 8/14/91 GOOSE BAY CAN 17-Mar-91 

ON MARCH 17, 1991, AT 1618 ATLANTIC STANDARD TIME, DELTA AIR LINES FLIGHT 15, LOCKHEED L-1011-385-3, 
N753DA, WAS EN ROUTE FROM FRANKFURT, GERMANY TO ATLANTA, GEORGIA AT FLIGHT LEVEL (FL) 330 WHEN IT 
EXPERIENCED A FIRE BELOW THE AFT CABIN FLOOR AND IN THE CABIN. THE FLIGHT WAS CONDUCTED UNDER 
THE OPERATING RULES OF PART 121 OF TITLE 14 CODE OF FEDERAL REGULATIONS (CFR) AND CARRIED 218 
PASSENGERS, 10 FLIGHT ATTENDANTS, 2 PILOTS, AND 1 FLIGHT ENGINEEE. FLIGHT 15 i fAD EN ROUTE =OR ABOUT 
7 5 HOURS, WHEN ABOUT 180 MILES EAST OF GOOSE, BAY, LABRADOR, CANADA, A FLIGHT ATTENDANT NOTICED 
FLAMES RISING FROM THE BASE OF THE LEFT CABIN SIDEWALL PANEL TO THE HEIGHT OF THE SEATBACK TRAY 
AT THE NEXT TO LAST ROW PASSENGER SEATS (SEAT 41A). THE FLIGHT ATTENDANT PROMPTLY DISCHARGED A 
HALON FIRE EXTINGUSIHER INTO AN OPENING IN THE BASE OF THE SIDEWALL FROM WHICH THE FLAMES 
APPEARED TO ORIGINATE. THE FIRE WAS EXTINGUISHED AND A PRECAUTIONARY LANDING WAS MADE .4T GOOSE 
BAY. 

Recommendation # A-91 -071 Overall Status CAA Priority 
-~ _ _ ~ _ _ _ _ _ ~ _ ~  _ _ _ _ _ _ _ _ ~  -- 

CLOSED - ACCEPTABLE CLASS II 
THE NTSB RECOMMENDS THAT THE FEDERAL AVIATION ADMINISTRATION: NOTIFY PRINCIPAL MAINTENANCE 
INSPECTORS &. OPERATORS OF TRANSPORT CATEGORY AIRCRAFT OF THE FIRE HAZARD POSED BY 
ACCUMULATIONS OF LINT AND OTHER DEBRIS ON WIRE BUNDLES 

FAA CLOSED -ACCEPTABLE 811 3192 

10/30/91 Addressee THE FAA HAS DRAFTED AN AIRWORTHINESS INSPECTOR'S HANDBOOK BULLETIN ENTITLED 
ORIGIN AND PROPAGATION OF INACCESSIBLE AIRCRAFT FIRE UNDER INFLIGHT AIRFLOW 
CONDITIONS. THIS BULLETIN PROVIDES INFORMATION ON THE POTENTIAL SAFETY HAZARD 
APPLICABLE TO ALL TRANSPORT CATEGORY AIRCRAFT FROM THE ACCUMULATION OF LINT 
AND OTHER DEBRIS ON WIRE BUNDLES. THIS BULLETIN REQUESTS THAT PRINCIPAL 
MAINTENANCE INSPECTORS DISSEMINATE THIS INFORMATION TO ALL OPERATORS OF 
TRANSPORT CATEGORY AIRCRAFT. THE BULLETIN ALSO REQUESTS THAT PRINCIPAL 
MAINTENANCE INSPECTORS REVIEW THEIR OPERATORS' MAINTENANCE PROGRAMS TO 
ENSURE THAT THEY INCLUDE INSPECTION OF AIRCRAFT WIRING AND REMOVAL OF 
CONTAMINANTS, ESPECIALLY IN ACCESSIBLE AREAS. 

~- - ___ 
4/29/92 NTSB Letter on File 

811 3/92 Addressee THE FAA AGREES WITH THIS SAFETY RECOMMENDATION. ON DECEMBER 9, 1991, THE FAA 
ISSUED HANDBOOK BULLETIN 91-1 5, ORIGIN AND PROPAGATION OF INACESSIBLE AIRCRAFT 
FIRE UNDER IN-FLIGHT AIRFLOW CONDITIONS. THIS BULLETIN PROVIDES INFORMATION ON 
THE POTENTIAL SAFETY HAZARD APPLICABLE TO ALL TRANSPORT CATEGORY AIRCRAFT 
FROM THE ACCUMULATION OF LINT AND OTHER DEBRIS ON WIRE BUNDLES. THIS BULLETIN 
REQUESTS THAT PRINCIPAL MAINTENANCE INSPECTORS OF TRANSPORT CATEGORY 
AIRCRAFT OPERATORS ENSURE THAT PROGRAMS ARE IN PLACE TO ADDRESS THE 
INSPECTION OF AIRCRAFT WIRING AND THE REMOVAL OF CONTAMINANTS, ESPECIALLY IN 
INACCESSIBLE AREAS. THIS BULLETIN HAS BEEN COORDINATED WITH THE AIRCRAFT 
CERTIFICATION SERVICE AND WILL BE DISTRIBUTED TO ALL CERTIFICATION OFFICES FOR 
THEIR INFORMATION AND COORDINATION WITH MANUFACTURERS FOR INCLUSION IN FUTUR 
DESIGN CONSIDERATIONS. 

10120192 NTSB THE BOARD NOTES THAT THE FAA AGREES WITH THIS RECOMMENDATION & ON 12/9/91, 
ISSUED HANDBOOK BULLETIN 91 -1 5, ORIGIN & PROPAGATION OF INACCESSIBLE AIRCRAFT 
FIRE UNDER IN-FLIGHT AIRFLOW CONDITIONS. THIS BULLETIN PROVIDES INFORMATION ON 
THE POTENTIAL SAFETY HAZARD (APPLICABLE TO ALL TRANSPORT CATEGORY AIRCRAFT) 
FROM THE ACCUMULATION OF LINT & OTHER DEBRIS ON WIRE BUNDLES. ALSO, THIS 
BULLETIN HAS BEEN COORDINATED WITH THE AIRCRAFT CERTIFICATION SERVICE & WILL BE 
DISTRIBUTED TO ALL CERTIFICATION OFFICES FOR THEIR INFORMATION & COORDINATION 
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Recommendation Report 
Friday, September 05,1997 

ACCIDENT DATE:3/17/91 M0DE:AVIATION 

WITH MANUFACTURERS FOR INCLUSION IN FLJTURE DESIGN CONSIDERATIONS BASED ON 
THIS INFORMATiON, ?€COMMENDATION A 31 -71 IS CLASSiFlED AS 'CLCSED -ACCE"TABLE 
ACTION." 

- ~~ -______ ___--- ~ ~- - 

Log Number 2303 
Issue Date 8/14/91 GOOSE BAY CAN 17-Mar-91 

N753DA. WAS EN ROUTE FROM FRANKFURT, GEFMANY TO ATLANTA, GEORGIA AT FLIGHT LEVEL (FL) 330 'NPEN IT 
EXPERIENCED A FIRE BELOW THE AFT CABIN FLOOR AND IN THE CABIN. THE FLIGHT WAS CONDUCTED UNDER 
THE OPERATING RULES OF PART 121 OF TITLE 14 CODE OF FEDERAL REGULATIONS (CFR) AND CARRIED 218 
PASSENGERS, 10 FLIGHT ATTENDANTS, 2 PILOTS, AND 1 FLIGHT ENGINEEE FLIGHT 15 PAD EN ROUTE FCR ABOUT 
7 5 HOURS, WHEN ABOUT 180 MILES EAST OF GOOSE, BAY, LABRADOR, CANADA, A FLIGHT ATTENDANT NOTICED 
FLAMES RISING FROM THE BASE OF THE L E r 7  CABIN SIDEWALL PANEL TO THE HE!GHT OF ThE SEATBACK TRAY 
AT THE NEXT TO LAST ROW PASSENGER SEATS (SEAT 41A) THE FLIGHT ATTENDANT PROMPTLY DISCPARGED A 
HALON FIRE EXTINGUSIHER INTO AN OPENING IN THE BASE OF THE SIDEWALL FROM WHICH THE FWMES 
APPEARED TO ORIGINATE THE FIRE WAS EXTINGUISHED AND A PRECAUTIONARY LANDING WAS MADE AT GOOSE 
BAY 

Recommendation ## A-91 -072 Overall Status CAAA Priority 

CLOSED-ACCEPTABLEALTERNATE CLASS II 
ACTION 

____ - - - ________ - 

ON MARCH 17, 1991, AT 1618 ATLANTIC STANDARD TIME, DELTA AIR LINES FLIGrlT 15 LCCKHEE3 --lo1 ?-385-3, 

_ _ _ _ _ _ _ ~ _ _ _ _ _  - - ~~~ ~ _____ -_ 

THE NTSB RECOMMENDS THAT THE FEDERAL AVIATION ADMINISTRATION- REQUIRE THAT TRANSPORT CATEGORY 
AIRCRAFT MANUFAC TURERS AND AIRLINES AMEND MAINTENANCE MANUALS AS NECESSARY TO ENSURE 
THOROUGH INSPECTION & CLEANING OF AREAS WHERE LINT AND OTHER DEBRIS MAY ACCUMULATE AND POSE A 
POTENTIAL FIRE HAZARD 

_____ ____ 
FAA CLOSED - ACCEPTABLE ALTERNATE 811 3/92 

- --__ - 
ACTION 

~ - _ _ _ _ _  

10/30/91 Addressee THE FAA HAS DRAFTED AN AIRWORTHINESS INSPECTOR'S HANDBOOK BULLETIN ENTITLED 
ORIGIN AND PROPAGATION OF INACCESSIBLE AIRCRAFT FIRE UNDER INFLIGHT AIRFLOW 
CONDITIONS. THIS BULLETIN PROVIDES INFORMATION ON THE POTENTIAL SAFETY HAZARD 
APPLICABLE TO ALL TRANSPORT CATEGORY AIRCRAFT FROM THE ACCUMULATION OF LINT 
AND OTHER DEBRIS ON WIRE BUNDLES. THIS BULLETIN REQUESTS THAT PRINCIPAL 
MAINTENANCE INSPECTORS DISSEMINATE THIS INFORMATION TO ALL OPERATORS OF 
TRANSPORT CATEGORY AIRCRAFT. THE BULLETIN ALSO REQUESTS THAT PRINCIPAL 
MAINTENANCE INSPECTORS REVIEW THEIR OPERATORS' MAINTENANCE PROGRAMS TO 
ENSURE THAT THEY INCLUDE INSPECTION OF AIRCRAFT WIRING AND REMOVAL OF 
CONTAMINANTS, ESPECIALLY IN ACCESSIBLE AREAS. 

4129192 NTSB Letter on File 

8/13/92 Addressee THE FAA DOES NOT AGREE WITH THIS SAFETY RECOMMENDATION IN RESPONSE TO SAFET 
RECOMMENDATION A-91-71, THE FAA ISSUED HANDBOOK BULLETIN 91 -1 5 WHICH 
ADDRESSES THE INSPECTION OF AIRCRAFT WIRING AND THE REMOVAL OF CONTAMINANTS, 
ESPECIALLY IN lNACESSlBLE AREAS. I BELIEVE THAT THIS ALTERNATE ACTION ADDRESSES 
THIS SAFETY ISSUE. 

THE BOARD NOTES THAT FAA HANDBOOK BULLETIN 91  -1 5 ADDRESSES THE INSPECTION OF 
AIRCRAFT WIRING & THE REMOVAL OF CONTAMINANTS, ESPECIALLY IN INACCESSIBLE 
AREAS, & RECOMMENDS THAT INSPECTORS REVIEW OPERATOR'S MAINTENANCE PROGRAMS 
TO "ENSURE. . . EFFECTIVE QUALITY CONTROL . . . "  BASED ON THIS INFORMATION, THE 

ACTION." 

____ ___ - 
10/20/92 NTSB 

BOARD CLASSIFIES RECOMMENDATION A-91 -72 AS "CLOSED--ACCEPTABLE ALTERNATE 
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To: Dean Kkmpel /( / / jJyJ %1989 

c 

OrnciPbDne: 227-2186 =- 
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Act ion File Nazrm; Stat-  : 
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, .. 

TO : HB THOMAS E HAUETER 
ACTING CHIEF, lUJOE INVESTIGATIONS DIVIgION 
NTCB, Ugh 

I 

PMW: HO 8eB HA1 

Paqe 1 of I3 Rer: AW/AAI/AIB.US 

INGFBCTOR OF ACCfDENT3 - 

Fax: (202) 

-314 -6317 
----- 

Tel: (65 )  541-2476 
Pax: (65)  545 6519 

Date: 21 OCTOBER 1996 
_---- - 

Dear Plr 1iaueter 

8727-200 CARGO IIOGD FIRE 

Please rbrer KO your fax letter of 17 O C ~  96. 

a 
nainlmmnc@ and was being wrapped up. 
forward cargo hold area had been completed and the cargo hold dnnr 
vas closed- 

3 
maintenance crew smelt smoke. 
which was supply blectrical power and airconditioning a i r  and 

an the main decK Could feel Lhe floor board was warm. 

4 
equlDmerrL centre :to the cargo hold and spotted glows a t  the  r r o n t  
spar of tho contrje wing tank. 

c J Please liofer to Sket.r.h I .  lrnaglne you d T e  in the lower 

Un 12 Ock 96.  the subJect aircraft had underqone scheduled 
Haintenence vork i n  the 

, 
While performing the last tast..e: in t .he  tlight deck. the 

They riliuiilown immediately the APU 

f investigated the Fause of the m n l  I .  

! 

utner maintenance personuel ' 
The mairi'tenance crew wile their way from thc main 

They put out rhe fires quickly. 

I 

forward cargo h n l d  looking a f t .  
tank  is the recti;rrrgle in the sketch.  
bundle of wires (darkened) at  Incarion 1, nexL to junction box 
P131. 
tho maint.enance bersonnel who fought the f i re .  

The front apar of the csnt.re wing 
Fire had broken out dL 

The f i r e  eotild have spredded down causing the glowc seen bV 

6 
affectcd by heat; and a conductivity t c o t  was carried out In Lho6e 
areas. 

The locations shorn as A,B,C a d  D were found to he 
i 

These ar,uas were found to have been affected beyond the i 
kjoeinq Structural Repair Manual lirniLs. i 
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.. . . L  - , . A  ... .. , ,a- _ _ c  

2 

7 
indicated with a dark trfanqle on Shl paqe 9 of Boelncr Wirinq 
Diagram 27-01-01 (attached).  
Boeing and we are rlrpect.irrg R respnnse from Roainq on 21 O c t  Y6. 

The fire $as thought to have started at splice SP7400 

The suspect splice was couriercd to 

H 
prior damage by caygo. 
inchcs from thc inqulation blanket and the cables. 

' I 'hwrA W B R  : nn evi d m n e  t h a t  the wi ,re bund 1 e had suffered 
The intact cargo liner is a good 20 ud3 

8 

9 
A ,  R and f.. 
area D. 
back to us. 
plea3e do not. hestifpee t.0 contact me. 

Sketchen 2 ,  3 and 4 show thc dctails of thc affcctcd arcas 

We will provide more information a5 soon a8 Boeing g e t s  
Sketch 5 (a  mirror image nf s k e t c h  4) shows a f f e c t e d  

In th? mcantimc if thcrc is anything clsc you need 

E 

for DIRECTOR-GENERAL OF CIVIL AVIATION 
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Ref: E W/A96/02/02 Category: 1.1 

. Lft Type and Registration: Boeing 747-136, G-AWN0 

Type of Engines: 4 Pratt & Whitney JT9D-7A turbofan engines 

d r  ,f Manufacture: 1973 

9 Time (UTC): 8 February 1996 

+cat .on: O'Hare Airport, Chicago 

pe of Flight: Public Transport 

t'rsoris on Board: Crew - 18 Passengers - Not known 

:I j uries: Crew - Nil Passengers - N/A 

'a9ature of Damage: Damage confrned to Flight Attendant's control panel at 
door 4R 

i ommander's Licence: 

t 'ommander's Age: 54 years 

Airline Transport Pilot's Licence 

1. :ommander's Flying Experience: 15,000 hours (of which 8,OOO were on type) 
Last 90 days - 194 hours 
Last 28 days - 37 hours 

information Source: Aircraft Accident Report Form submitted by the pilot and 
additional investigations by AAIB 

On arrival at Chicago, the cabin crew reported that, during the landing, sparks and audible arcing had 
been coming from the cabin attendant's control panel at door 4R and that a localised fxe had been 
extinguished. The control panel was removed and the connector and electrical wiring to the panel were 
temporarily insulated for the return flight to London. The damage had been confined to this panel, on 
which the wiring and Passenger Services SystemPassenger Entertainment System (PSSPES) 
switches were burned and melted. 

Investigation ,of &;the damaged -panel,-,by&e-operator, show-gl- thg switch," which 
carries &emi~~snd&8V@@%tfpplit% BWthE PKriel ?hXd 
damag s ~ q e ~ p - g & ~ a ~ & l w i n g  the 115 Vac supply to arc 
across , however, the panel had been repaired and the switch disposed of before the AAIB 
became involved, so it was not possible to examine any of these damaged parts further. The operator 

080028 
. .  . . .  7 : .  



was aware of several similar previous occurrences, and the UK CAA's database identified eight \ x\ 

Occurrences which were possibly related. 4 

During the course of this investigation, a similar panel, from another of the operator's 747 fleet, was 
returned for overhaul with a similar defect. This had not been the subject of an air safety report and 
had not created any significant problems in the cabin. The AAIB's examination of this second 
damaged panel showed that a similar switch, with the same type of internal mechanism and performing 
the same function, had burned, causing considerable sooting of adjacent switches, the wiring loom and 
the panel itself. The stainless steel switch casing had been burned through and the internal plastic parts 
were destroyed. Resistance checks showed that several of the switch pin terminals had low resistance 
paths to earth. Further investigation of the door 4R area on several aircraft suggested that this panel 
was reasonably well protected from moisture ingress and that this was unlikely to have contributed to 
the cause of the switch failure. 

The Boeing Commercial Airplane Group advised AAIB that several similar switch failures had been 
investigated by the manufacturer and moisture was not considered to be a factor. The problem had 
been identified as a mechanical failure of the switch internal mechanism creating a short circuit between 
115 Vac and ground. *Boeing advised that there was sufficient energy in such a short circuit to cause a 
limited fire and burn through the switch. Boeing also advised that, as a result of their investigations, 
an Alert Service Bulletin (ASB) 747-33-2252 was being prepared which would provide modification 
instructions to operators. This Service Bulletin will recommend that a new type of switch be installed, 
with an improved mechanism to prevent a short circuit from power to ground in the event of a 
mechanical failure. Following an evaluation of the frst switches, in July, it was anticipated that the 
ASB and parts will be available to operators in October. 
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f i r e  pattern studies, structural failure descriptions, trajectory analysis, fuel 
flammability calculations, gust loading analysis, and an analytical treatment .of 
several hypotheses. 

Witnesses observed lightning strike the aircraft 
The report includes 

000038 



a. 
.- 

NATIONAL TRANSPORTATION SAFE'IY B O W  
WASHINGTON,. D. C. 20594 . 

SPECIAL INVESTIGATION REPORT : 

ed: October 6 ,  1978 

F WING FAILURE OF BOEING 747-131 

MAY 9, 1976 
NEAR MADRID,. SPAIN ' -.. F 

I 
INTRODUCTION I 

On May 9, 1976, an I m p e r i a l  Iranian A i r  Force (IIAF) B-747-131, 
t ULF48, crashed near Madrid, Spain. 
tics f l i g h t  en route t o  McGuire Air Force Base, U.S.A., from Teheran, 
w i t h  an intermediate stop!at Madrid, Spain. 

g daylight a t  approximately 1430 G.m.t. while the aircraft was 
aching Madrid. It was  reported tha t  the left wing had separated 
the a i r c r a f t  during f l i gh t .  Since t h i s  w a s  a mil i ta ry  a i r c r a f t ,  
e r ' t h e  Convention on International Civi l  Aviation nor any of its 
es applied t o  t h e  investigation. Nevertheless, in a manner s h i l a r  
a t  described i n  the ICAO Convention, the Spanish Government delegated 

Since the a i r c r a f t  involved was a Boeing 747, a type used extensively 

Ident, the United States  National Transportatton Safety Board requested 

The a i r c r a f t  was a military 

The plane crashed 

-nvestigation t o  the Iranian Government. 

omerc ia l  operations worldwide, and, i n  view of the nature of the 

was granted permission t o  assist in the  investigation. 

* 

: 

6:' 

As t h e  f i e l d  phase of the investigation progressed, inves t iga tors  
rclr l ized that the detenainatton of t he  cause of the Wing failure would 
recuire extensive s tudies  and examinations. 
w i t h  the Governmeats involved t o  transport  the l e f t  wfng and engfaes t o  
t h e  United S ta tes  where c loser  proximity of per t inent  industry and 
necessary f a c i l i t i e s  would-expedite the investigation. 
inr3 manageable pieces and transported t o  the United S ta t e s  by the 
Iranian Air Force and commercial a i rc raf t .  
the  port-of-entry and trucked t o  A t l a n t i c  C i t y ,  New Jersey. 
was reassembled i n  a mockup at  the  Federal Aviation Administration's 
National Aviation F a c i l i t i e s  Experimental Center, A t l a n t i c  City, New 
Jersey . 

An agreement was reached 

The Wing was c u t  

The p a r t s  were €&gated at  
The Wing 

The National Transportation Safety Board requested that the American 
aviation industry assist in the  examination of the left wing. 
per.lod of over a year the aviation industry provided 48 a p e c i a l i s t s  with 
varlous engineering experttse, 
data, and special  studies. : 
f l i g h t  test aircraft and par t ic ipa t ion  b the  wing and w h g  p a r t s  
examinations. 

ltrr a * 

material and l o g i s t i c  support, h e n s i v e -  
The IUF continued t o  aupplymtpport  via 
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The Federal Aviation Administration, the  National Aeronautics and 

Various 
Space Administration, the U.S. Air Force, and the  U.S. Army provided 
experts, special studies,  materials, and l o g i s t i c  assistance. 
special is ts ,  s'tudies. of CVR tapes, and operational in fomat ion  w e r e  
provided by American Airlines, United Airlines, Pan American World 
Airways, Trans World Airlines, and the A i r  Line P i lo t s  Association.. 
Fenwall Corporation, P r a t t  & Whitney Corporation, and the Minneapolis 
Honeywell Corporation ass i s ted  i n  special  examinations and research. 
Consultants were provided by the General Elec t r ic  Company and the  
Batelle Xnstitute. 
were provided by the Boeing Company, the Douglas Aircraf t  Corporation, 
Lockheed Georgia, and Lockheed California. 
personnel produced over 100 investigative reports. 

The 

Special is ts  i n  aerodynanics, structures,  and m e t a l s  

These Government and industry 

L 

1 
Several hypotheses of possible causes of the  wing f a i l u r e  are 

presented i n  t h i s  report. 
tank destroyed the l e f t  wing and tha t  lightning-strike currents ignited 
the  tank explosion. 
was encountered which caused-the wing t o  fa i l  as a r e s u l t  of s t r u c t u r a l  
overloads. 

OnT.$ypothesis is t h a t  an explosion' in a f u e l  

Another credible hypothesis is tha t  severe turbulence 

BACKGROUND INFORMATZON 

History of the Fl ight  . * *  -- 
I .  On May 9 ,  1976, Imperial Iranian Air Force Fl ight  228, a Boeing - 

747-131, serial No. 5-283, was being operated as a mi l i ta ry  l o g i s t i c  
f l i g h t  from Teheran, Iran, t o  McGuire Air Force Base, New Jersey, with 
en route stop a t  Madrid, Spain. 

The aircraft departed Merhabad Airport as Fl ight  ULF48 a t  0820 2' 
€or Barajas Airport, Madrid, Spain, with 10 crewmembers and 7 passengers 
aboard. 
a l t i t u d e  was f l i g h t  level. (I%) 330. 
the accident, W 4 8  gave an estimated t i m e  of arrival of 1440. 
1419, Madrid control issued a clearance t o  CPL VOR vis Castejon and 
advised the f l i g h t  that radar contact had been acquired. 

cleared ULF48 down t o  2% 100. ULF48 acknowledged and reported that he 
w a s  leaving FL 270. 
the  lef t  because of thunderstorm act ivi ty ,  and at 1432 Madrid cleared 
ULF48 t o  5,000 f t  and di tected hfm t o  contact Madrid approach control. 

A t  1433 the  flightcrew of ULF48 contacted Hadrid approach cont ro l  
and advised them that there wae too much weather activity ahead 
requested to be vectored around it. Madrid advised w48 of radar 

The estimated time of a r r iva l  was 1450.  The planned f l i g h t  
A t  1415, about 26 -Utes  before  

A t  

A t  1422 ULF48 was given the Hadrid weather. A t  1425 Madrid control  

A t  1430 he advised Madrid that he was d iver t ing  t o  

- . .. 

A/ All times herein are Greenwich mean time, imless.otherwise indicated.  - 
000032 
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contact and asked confirmation of t h i s  request f o r  vectors. 
confirmkd the i r  request and advised they were l e f t  of course and were 
going t o  CPL. Madrid advised ULF48 t o  proceed on a heading.of 260O. 
The crew acknowledged the heading and informed Madrid t h a t  they'were 
descending t o  5,000 ft. 
although Ifadrid made several  attempts for fur ther  contact. 
crashed on f a n l a n d  a t  an elevation of 3,000 f t  m.8.l. 

The fl ightxrew 

' This was the las t  radio contact with ULF48 
The a i r c r a f t  . 

I 
i Aircraft  Information . I 

. 

,- 

i 

me a i r c r a f t  was purchased from Trans World Air l ines  and delivered 
t o  the Imperial Iranian A i r  Force on March I, 1976. 
Airworthiness Directives (AD) were complied with and a l a rge  cargo door 
was ins ta l led  on the  l e f t  s i d e  of t h e  fuselage by the Boeing Company a t  
Wichita, Kansas. 

Before del ivery a l l  

.. 
$1 . The a i r c r a f t  was las t  inspected by the Imperial I ranian Air Force 

on May 4, 1976; the a i r c r a f t  had accumulated 14 hours s ince  that inspection. 
Maintenance records f o r  the a f r c ra f t  were not available f o r  s p e c i a l i s t s  
t o  review i n  the United States. 

When ULF48 departed Teheran, i t s  gross weight was 610,299 lbs ,  which 
included 254,600 'lbs of fuel ,  a m i x t u r e  of JP-4 and j e t - A  types. The 
center of gravity w a s  within allowable limits. .- 

Witness Observations and Weather 
4 

At t h e  time of the  accident the  weather was cloudy with rain and 
lightning; v i s i b i l i t y  was  good. 
and in fact, the day i s  remembered by loca l  witnesses as "the day of the 
s t om.  " 

Severe thunderstorms were 5x1 t he  area, 

All witnesses were located south of Valdemoro and along the probable 
a i r c r a f t  f l ightpath.  
strike the a i r c ra f t .  
t o  the  No. 1 engine; others  s t a t e d  that they only saw t h e  aircraft 
f lying i n  and out of clouds. Those witnesses who reported see* the 
in-fl ight explosion and fire followed by 4-flight separation of par t s ,  
agreed tha t  the time of occurrence was  1630 local, that t h e  a i r c r a f t ' s  
a l t i t u d e  was sbout 6,000 f t  above the  ground, and t h a t  the  aircraft's 
oragnetic heading was about 220'. 

A t  least two witnesses reported seeing l i gh tn i ag  
Some stated that they saw an in-f l ight  f ire confined 

There were no p i l o t  weather reports, radar weather obsemations, or 
satell i te weather observations available p e r t b e n t  to  the time and place 
of the  accident. Surface and upper air charts for 1200, prepared by the 
M e t e o r o l o g i c a l h a l y s b  Center at  Madrid, shoved a closed *pressure 
system that w a s  centered w e t  Spain. 
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A theory was developed t h a t  considered the engine fan  rub, t h e  
engine mount damages, and the damage pat tern of the  w3ng outboard of t h e  
No. 1 engine position. It was proposed that, if the  upper skin plank 
above and inboard of the  No. 1 engine posit ion had come loose f o r  some 
reason, the aeroe las t ic  properties of the wing and i n  p a r t i c u l a r  t h e  
outboard sect ion of wing, would be dras t ica l ly  changed. I n  addi t ion,  
the lo s s  of box s t ruc tu re  in tegr i ty  could l.ead t o  some l o s s  of engine 
support which i n  tu rn  resulted i n  fan rubbing and engine osc i l l a t ions .  
According t o  t h i s  theory, the damages t o  the wingtip can be  a t t r i b u t e d  
t o  such osci l la t ions.  The overal l  conclusion would then be t h a t  t h e  
wing had not f a i l ed  because of gusts or turbulence, bu t  failed because 
of the original  event i n  the wing box structure,  which was caused by t h e  
loosening of the plank. 

CONCLUSIONS 
4 - 

After analyzing a l l  of thii'available evidence, it is concluded that 
the most probable sequence of_ events which culminated with mul t ip le  
s t ruc tura l  f a i lu re s  and sepwation of the wing began with an i g n i t i o n  of 
the fue l  vapors i n  the  No. 1 fue l  tank. 
the area of the tank provided posi t ive indications of an explosion. 

The damage t o  the  s t r u c t u r e  in 
- -  

.F 

The poss ib i l i ty  that- the explosion was a secondary r e s u l t  of s t r u c t u r a l '  
f a i l u r e  caused by excessive aerodynamic forces developed during high 
velocity gusts  and turbulence cannot be completely dismissed; however, 
the evidence and the  probabi l f t ies  of an 'a i rc raf t ' s  encountering these . 
unique environmental conditions make t h i s  hypothe%is less supportable. 

Igni t ion of Fuel Vapor'in No. 1 Fuel Tank 

By accepting the  hypothesis that the explosion in the  No. 1 tank 
was the f i r s t  destruct ive event, the various wing f a i l u r e s  can be  
explained as follows: 
s t r ingers  t o  the  r i b s  and the Skin t o  the spars; the i n t e g r i t y  of t h e  
a f t  wing box w a s  l o s t  as a resul t ,  which great ly  reduced the  to r s iona l  
strength of the  wing; and support of the No. 1 engine in the p i t c h  plane 
also was l o s t .  The f a c t  t ha t  explosive forces could be developed in t h e  
tank ver i f ied  that ' the  wing skin forming the top of t h e  tank was whole 
before the  explosion. 

The explosion f a i l ed  the fas teners  t h a t  held the  

The probable sequence of wing des t ruc t ion  follows: 

(1) Overpressure was generated in the  No. 1 f u e l  tank as a 
r e s u l t  of ignited fuelvapore.  The loca t ion  of this  
overpressure was the  a f t  outboard corner of t h e  tank 
adjacent t o  the  closure rib o r  the nacelle rib. 

(2) Because of tGe overpressure, the upper skin panel, in- 
cluding s t i f feners ,  pulled loose from ribs  inboard of the  
nacelle k i b  and aft  of the midspar. The s t r i n g e r  t o  r i b  
fasteners separated 'by combined tension and shear,  which 
resu l ted  from the  overpressure and eubsequent inboard 
displacement of r i b s  A t  WS 1140 and WS 1168. 
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. 
(3) The-inboard displacement of the r i b s  ruptured the  r ib  - . 

attachments t o  the lower surface and spars, and the r i b s  
became detached. . .  

(4) The upper skin panel billowed upward because of t he  
explosion u n t i l  bending fractures  occurred a t  the mid and 
rear spars  and the  fasteners were sheared. 
began a t  WS 1140 and progressed inboard and outboard from 
t h a t  position. 

The f a i l u r e  

( 5 )  
. 

The upper skin shear t ie  attachments a t  the  nace l l e  
support r i b  and the f l ap  t rack support r i b  f ractured i n  
bending because of the continued upward movement'of the 
upper surface. The upper surface s t i f f ene r  ties t o  the 
nacel le  r i b  separated because of the  outboard movement of 
t he  nacel le  r ib$  the outboard movement was caused by t h e  
overpressure oA.'the inboard side. 

When the  upp& wing skin panel which was attached t o  the 
mid and rear spars  separated, the aeroe las t ic  proper t ies  
of t he  wing, and especially the  outboard sect ion of wlng 
were al tered drast ical ly .  

The stiffness of the  No. 1 engine mount was grea t ly  
reduced in the  pi tch axis  by the loosening of the skin 
and the  resu l tan t  l o s s  of wing box integri ty .  

The l o s s  of s t ruc tura l  i n t eg r i ty  of the wing box permitted 
increased tors ional  deflection of the wing. 

The outer wing began t o  osc i l la te ,  and later& loads w e r e  
generated by the  vibrating engine. 

( 6 )  

(7) 
. 

- 
(8) 

( 9 )  

(10) The osc i l l a t ions  devkloped i n e r t i a l  loads on the high- 
frequency antenna and outer t i p  and caused them t o  separate.  

. (11) The changing aerodynamic load on the  outer wing and t h e  
lateral forces generated by t he  o s c u l a t i n g  engine 

' caused compression f a i lu re s  in the upper skin above the 
def lect ing rear spar. 
gressed over the whole span of upper r i n g  skin. . This compressionfracture pro- 

(12) The front box maintained the  structural i n t e g r i t y  of t h e  
forward wing until  osc i l la t ions  of the outer wing (tor- 
sional bending) and engiae-induced lateral loads caused 
I t s  destruction. . .  

. .. 

000035 
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. .. - - 1  itning ,As An Igni t ion  Source 

E w L  tank, the l ightning s t r i k e  became a plausible source of ign i t ion .  
3 ~ : -  ing its descent i n t o  Madrid and shor t ly  a f t e r  descending through 
113 I 300 ft, the  a i r c r a f t  wa8 apparently s t ruck by lightning. 
3bservations and events support t h i s  hypothesis: 

Based on,the hypothesis that an'explosion'occurred i n  the  No. 1 . 

The following 

B 

i 
*, , 

(1) The cockpit statement of too  much "activxty" in f r o n t  and 
the  request f o r  a vector around 130 seconds before t h e  . 
end of the  CVR recording; 

(2) t he  cockpit discussion about an ac t ive  "CB" i n  f r o n t  86 
seconds before the end of the CVR; 

(3) 

(4) 

t he  cockpit remark about being "in the soup;" 

the  audible sound-and e l e c t r i c a l  t rans ien ts  on the CVR 
recording 52 qeconds before the end of t he  recording; 

3 

( 5 )  eyewitness reports:  One who said l ightning s t ruck  t h e  
. a i r c r a f t  "midway between the (No. 1) engine and t h e  
wingtip," and another who reported seeing' the a i r c r a f t  
ge t  struck.@th l ightning that "wouldn't go away" and the 
a i r c r a f t  *'flying off i n  flames;" 

( 6 )  surface weather reports  of cumulus clouds or thunderstorm 
a c t i v i t y  in the  area; and 

the  physical evidence of l ightning a t t ach  poin ts  on t h e  
wreckage. 

.. 
(7) 

This evidence indicated the  following plausible  sequence of events:. 
The lightning first entered a forward pa r t  of the  a i r c r a f t ,  perhaps on 
t o p  of the  cockpit, and exited from a static discharger on the left 
wingtip. 
i n i t i a l  attachment point unti l  t he  vertical fin reached the loca t ion  
where the forward p a r t  had or iginal ly  been. 
t o  the v e r t i c a l  f i n  and continued t o  exit from t h e  lef t  wingtip. 0 -  

As the  aircraft continued forward, the  f l a s h  hung on t o  the 

The f l a s h  then reat tached 
, 

The l ightning current's conductive path t o  t h e  static discharger  at 
the  t i p  was  through a bond s t r a p  along the t r a i l i n g  edge. 
of current at the  r ive ted  j o h t  between this. bond s t r a p  and a wing rib 
caused melting and release of molten m e t a l  and gasses; theee were  sufficiently 
conductive t o  cause the  flash t o  reat tach t o  this rivet and t o  leave t h e  
discharger . 

Concentration- 

-- 

Before the  apparent l ightning strike, there were'no trnusual noises ,  
or sounds of turbulence on $he CVR recording. IhWIiately after an 

l 

OQ0036 
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explosion was heard, there  were sounds of objects bouncing around, some - -' 
I_ .. 

crashing sounds, and a discussion about l o s s  of control. 

The f a c t  that the  explosion occurred r igh t  after the theorized 
l ightning s t r i k e  and $n the wing which conducted the ' cu r ren t  suggests 
that a s t r i k e  is plausible  and was the cause. 
have had t o  i g n i t e  t he  2-4 f u e l  which was in t he  flammable range. 
Several possible places f o r  the  f u e l  t o  ign i t e  w e r e  examined. 

The s t r i k e  current  would 

Theevent outlet--Fuel d id  not  i gn i t e  a t  the  f u e l  vent outlet . .  The 
Furthermore, l ightning d i d  not s t r i k e  the  ou t l e t  nor anywhere near it. 

t h e  a i r c r a f t  was descending, and air  would have been flowing i n t o  the 
ou t l e t  and not out of it. 
protective sys tem was operable but was not  act ivated by a flame i n  t h e  
vent. 

Evidence indicated t h a t  the surge tank's 

Holes m e 1  t ed through tank!$kins--Nei ther  l igh tn ing  attachment 
points nor holes w e r e  found on any of the  fue l  tank skins. 
concluded tha t  f u e l  d i d  n o t - Q n i t e  as a d i r e c t  r e s u l t  of l i gh tn ing  
attaching t o  the skin. 

Thus, it w a s  

E lec t r ica l  sparks a t  s t ruc tu ra l  j o i n t s  i n  f u e l  tank w a l l s  and skins- 
The poss ib i l i ty  of ign i t ion  by this cause was  remote s ince the  s t ruc tu re  

-\ - 1 

was so massive. '. 

Access doors and f i l l e r  caps-The access doors and f i l ler  caps  are 
not located i n  proljable l ightning-strike zones 09 the  aircraft; no 
s t r i k e  evidence was found on them; and they were coated with conductive 
material  t o  guard against the very remote poss ib i l i t y  that they could be 
struck. 

Sparking a t  fuel quantity measurement devices as a r e s u l t  of induced 
voltages--Fuel d id  not  ignite a t  the o v e r f i l l  compensator probe located 
in the  wingtip. 
probe than would conceivably be induced in its wiring; microscopic 
examination found no evidence of sparking; and the  other  fuel-quantity 
probes were similar t o  the  compensator probe, 80 the  p o s s i b i l i t y  of a 
spark In them was equally as remote. 

Tes ts  showed that it took more vol tage t o  spark the  

Couplings i n  plumbing--An electrickl spark at  one of the f u e l  line. 
couplings w a s  a poss ib i l i t y  because these couplings present po in ts  of 
intermit tent  electrical contact where sparks may occur. 
t e s t s  of two couplings removed from t h e  IUF &74?3hn1red both t he  
a b i l i t y  and i n a b i l i t y  t o  carry currents of probable magnitudes associated 
with a l ightning s t r ike .  
w e a r  of t h e  insu la t ing  coating within t h e  coupling. 
e l e c t r i c a l l y  connected t o  tank structure which provides a circuit. f o r  
flowiag currents. 
sparking may occur. 

Electrical 

The var ia t ion  was apparently caused by t he  - 
The fuel lines w e r e  

I f  t h i s  circuit  is interrupted or intermittent, 

u 
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Twenty-nine fue l  l i n e  couplings were inspected, bu t  no marks t o  

i n l i c a t e  e l e c t r i c a l  sparking were .found. 

prc>sent i n  the  fue l  tanks, and the e l e c t r i c  motors which operate the.se 
va 'ves  were mounted on the  outside surfaces of the  f ron t  or rear spar. 
Thf! motors were connected t o  the valves by mechanical couplings o r  d r ive  
shaf t s  which penetrate t he  spars. 
fucbl tank a t  WS 1168 was never recovered. The dr ive  s h a f t  w a s  found and 
wa:; determined t o  be e l ec t r i ca l ly  insulated from the  valve housing. 
thti shaf t  were f o r  some reason e l ec t r i ca l ly  insulated a t  the  spar  penetration, 
th(b mechanical-coupling/drive-shaft arrangement may have provided a path 
for. an e l e c t r i c  current t o  enter  the  tank and cause a spark. 

of  high currents. 
area about the r e a r  spar  was a l ightning attachment zone. 

E 
Notor-operated fue l  valves--Several motor-operated valves  were 

The motor for t h e  valve in t h e  No. 1 

If 

3 
4 The level - of res idual  magnetic f i e l d  strength i n  t h i s  area of the wing was-indicat ive 

Lightning ce r t i f i ca t ion  tests indicated t h a t  t h i s  

5 A domestic ca r r i e r  experienced e l e c t r i c a l  f a i l u r e s  in several 
motors  of the f u e l  valves a f t e r ' t h e  a i r c r a f t  was s t ruck by l ightning. 
Lightning currents penetrate0 the motor c i r c u i t s  and short-circuited 
e l e c t r i c a l  f i l t e r s  which disabled the motors. 

The evidence (1) that the explosion i n  the No. 1 tank occurred in 
the  immediate area of a motor-driven fue l  valve, (2) that the  motor was 
never recovered, (3) that;.a high l e v e l  of res idual  magnetic f i d d  still 
exis ted i n t h e  ferrous material a t  t h i s  area, (4) that certfflcatlon 
t e s t s  showed t h i s  area t o  be a l ike ly  lightning-attachment point,  (5) . 
t ha t  the l ightning strike is known t o  have disabled the  motors on o t h e r -  
a i r c r a f t ,  and (6) t h a t  no other possible ign i t ion  source could be determined 
provides a foundation f o r  an hypothesis t ha t  the  tank explosion could 
have been igni ted by a spark a t  t h i s  motor-driven valve. 

i 

i 

S i m i l a r  systems on .other aircraft--Assuming that a l igh tn ing  s t r i k e  
can generate a source of igni t ion t o  fue l  vapors, a i r c r a f t  f u e l  explosions 
could occur more frequently. 
t o  create  the explosion, and t h i s  combination would occur rarely.  
t h i s  case, the events were: 

However, events m u s t  combine simultaneously 
In 

(1) An intermit tent ly  conductive path which closed and opened ' 

an electrical loop, (2) a lightning-induced current  of 
su f f i c i en t  in tens i ty  flowed in this path and formed a 
spark, and (3) a flammable vapor surrounded t h i s  spark. 

Possibly t h i s  combination of events has occurred a number 
of times before, I n  the  following accidents: 

* Milan, I t a l y  (Constellation) * Elktbn, Maryland (B-707) 
* * Madrid, Spain (USAF KC-135) * KSC, Florida' @skp F-4) * Pacallpa, Peru (6188) 

000038 



- 26 - 
F 

. .  

\ 
. Evidence of a l ightning s t r i k e  t o  a wing followed by an explosion 

i n  the same wing e x i s t s  i n  each of these cases, y e t  no s p e c i f i c  lightning- 
re la ted cause, such gs ign i t ion  a t  a vent ou t le t ,  w a s  found. 

Structural  Overload due t o  Gust Penetration o r  Turbulence 

The most l i ke ly  a l t e k t i v e  t o  destruction of the  wing by l ightning 
and explosion is its destruction by turbulence. 
c r ed ib i l i t y  i f  much of the  evidence is interpreted accordingly. 

This a l t e r n a t i v e  gains 

The CVR tape shows that violent weather conditions ex is ted  along 

The captain's remark that the weather ahead "will 
the fl ightpath.  The a i r c r a f t  w a s  vectored around one thunderstorm but 
another l a y  ahead. 
t e a r  us  apart" i f  entered, and another Crewmember'6 remark that 'be're 
i n  the soup" after the captain's statemeqt could ind ica te  t h a t  t he  
a i r c r a f t  had entered the thuqgerstom. .. 

The f r ac tu re  of the  upper' skin plank a t  WS 1300, which w a s  concluded 
t o  be the  i n i t i a t i n g  skin-plank f a i l u r e  point, w a s  caused by compression 
when the wing bent from an upward gust. The crack propagation from t h i s  
i n i t i a l  f rac ture  w a s  compatible i n  type and d i r ec t ion  t o  that which 
would be created by severe compression. 

The NASA s tudies  proved that, when horizontal  gust components are 
considered, loads could be developed a t  below-stall angles .of  attack 
which would cause the  wing t o  f a i l  s t ructural ly .  However, evidence - 
against  the  gust-turbulence hypothesis must a l so  b e  considered. 

Although conversations on the CVR tape al lude t o  poss ib le  turbulence, 
' t h e  voices are calm and unshaken, and exhaustive examinations of the 
tape did not  reveal evidence of turbulence before the l igh tn ing  s t r i k e  
and explosion. 

The absence of turbulence might also be in te rpre ted  from the soot 
tracings within the  f u e l  tank along the f r o n t  spar .  
surface of the f u e l  was  re la t ive ly  calm when the  vapors w e r e  ignited. 
This would not have been the case If the  f u e l  were s loshing because of 
turbulence . 

These show t h a t  the 

The wing pa r t s  first found on the ground w e r e  nea t ly  and orderly 
arranged in a pattern. 
of the a i r c r a f t ' s  course, and l i g h t  objects  of low-denslty were  t o  the  
l e f t  of t he  course. 
turbulence was involved. 
i n  an interned and random order on the  ground. 

Heavy, dense objects  were deposited t o  t he  r igh t  - 
This pat tern would not  likely'have occurred if 

Gusting winds would have deposited the material 

Wing loads cannot.be carr ied through the  f l ex ib ly  rmounted No. 1 

It is questiondble whether pressure of 
tank access doors. 
resu l t ing  from an explosion. 

lrpese doors, however, did fall frbm' pressure -loads' ' 
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su j f ic ien t  magnitude t o  f a i l  these doors could have developed i n  t h e  ._ 
tark space i f  t he  wing tank were open and not enclosed by sk in  planking. 

su i f i c i en t  magnitude t o  cause wing f a i lu re  would a l so  have caused t h e  
engine  mounts t o  f a i l .  These mounts are fused t o  f a i l  a t  lesser loads  
t h a n  the wing, as a safety measure. In .addft ion,  the 
exp2rts a l so  believe tha t  severe gust loads would cause the f r o n t  spar  
t o  Fail f i r s t ,  and t h a t  subsequently la rge  sections of the wing would 
fall off the  a i r c ra f t .  
t h e  high-frequency antenna and t i p  s t ructure  as separate pieces from the  
win :rip. 

Finally, s t ruc tu ra l  experts have offered the opinion that 'gus ts  of 

The fuses held, 

Such gust loads would not be l i k e l y  t o  tear o f f  

\ 
Nonetheless, the  NASA analysis did show tha t  the  most s i g n i f i c a n t  

conc:lusion of t h i s  study is tha t  turbulence alone can impose loads which 
exct:ed the ult imate design loads of the ai rplane s t ructure .  No "new" or 
gentlric problem surfaced during! t h i s  analysis; however, the accident  
doe; serve as a reminder tha t  trirbulence associated with thunderstorms 
can impose loads suf f ic ien t  t o  cause f a i l u r e  of the primary s t r u c t u r a l  
elen ents 6 f  modern transport  a i rc raf t .  

- 1  

FINDINGS AND PLAUSIBLE HYPOTHESES -. 

The a i r c r a f t  w a s  fueled with a mixture of JP-4 and Jet A fuels .  

Lightning s t ruck  the  a i r c r a f t  an ins tan t  before an explosion. 

The f i r s t  wreckage on the ground contained 's considerable number 
of pa r t s  of the l e f t  wing outboard of No. 1 engine. 

Damage t o  the  wing i n  the area of the No. 1 f u e l  tank was t he  
r e s u l t  of a low-order explosion. 

The ul lage of t h e  No. 1 fue l  tank contained a flammable mixture 
of fuel. 

Pressures provided by the ignited f u e l  were suf f ic ien t  t o  
cause the  damages. 

Three f i r e s  occurred--in No. 2 tank, in No. 1 tank, and in the 
wingtip surge tank. 

The crushing o r  collapsing of the  fue l  tube in No. 1 tank required 
an appl icat ion of pressure only available from an explosion. 

The pressure required t o  detach the 's t r ingcrs  and skh from t h e  
ving were in t he  range of pressures developed by the explosion. 
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The first deposlt  of wreckage formed a pat tern of l i g h t  ob jec ts  
downwind and heavy objects upwind. 
with gusting o r  turbulent wind conditions, b u t ' i s  compatible with 
an-explosion i n  calm o r  steady wind conditions. 

The high-frequency antenna and wingtip edge were snapped of f  t he  
wing by i n e r t i a l  loads developed by an osc i l l a t ing  outer  wing. 

The l,oosening of the stringerlplank uni t  from the wing destroyed 
the  af t  wing box of the wing. 

Extreme engine osc i l la t ions  developed as a r e s u l t  of wing box 
damage. 

This pa t te rn  is not  compatlble 

The lo s s  of the  rear box st ructure  allowed the wing t o  twist 
tors ional ly  and t o  deftkct up and down about the rear spar. 

The f i r s t  objects  along the fl ightpath w e r e  un i t s  from 
ins ide  the  No. 1 fuel: tank. 

--. .. 

1 
L' 

The three areas of f i r e  within the l e f t  wing contained e l e c t r i c a l  
devices. 

The highest  level 'of  residual magnetic f i e l d  was' along the  rear 
spar a f t  of the  No. 1 tank. 
posit ion w a s  never found. 

Damages t o  the  fue l  tank access doors could only r e s u l t  from 
inside pressure. 
doors. 

. 

d 
A motor normally mounted in t h i s  

- 
No st ructure  loads were applied t o  these 

The 28-Hz osc i l la t ions  superimposed on the powerline w e r e  
i n  the  area of the th i rd  harmonic of the wing osc i l la t ions  
(9  Hz) which were at t r ibuted t o  engine fan  rub in the ea r ly  
service h is tory  of the B-747. 

The i n e r t i a l  damage t o  the extreme Ang t ip  (high-frequency antenna 
and coupler) could result only if the inboard section of t he  
wingtip w a s  still attached t o  the ianer wing. 

Thro t t le  lever vibration in synchronization with the  wing 
osc i l l a t ions  was obsemed during previous incidents. . 

The damages t o  the wingtip cannot be caused by gust loads or  
aerodynamic loads. They were due t o  wing osci l la t ions.  

The wing osciUatiolls were the result of rear box failure. , . . . .  
-- 

d 
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u 3 d  $1 The deformation t o  r i b  WS 1168 was caused by pressure loads before  
i t  separated from t h e  wing along with the j e t t i s o n  f u e l  lhe .  

The f l i g h t  control  d i f f i c u l t y  mentioned on the  CVR was probably 
related t o  the  outer  wing damages. 

t 5) 

t i  6) The crossover vent duct f o r  the forward outboard end of the No. 1 
tank was severely burned; the a f t  end 

E:] THE NATIONAL TRANSPORTATION SAFETY BOARD 
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was never recovered. 

JAMES B. KING 
Chairman 

ELWOOD T. DRIVER 
Vice Chairman 

FRANCES H. McADAMS 
Member 

PHILIP A. HOGUE 
Member 



1. The !;'fSlj cnncludes thnt the overfill cortpensator i n  the !.eft 
w i n e t i ?  surge t a n k  was not  an i p f t i o n  source since n ic rosccpic  
exawinnticn forin+.l no evidence of sparking (s;Far!<ovc!r ?arks). 
T h i 3  concl r ic fon  is qual i f i ed ,  however ,  hg t!ie n o t a t i o n s  ~ r i  

pg. 12 i t in t  "eneray l e v e l s  required t r ~  produce  a spark ui1.1 n o t  
necessar i ly  danage rnctfil or leave: mr!cs" and mi  132. 15 t!!et ''3 

4 - m i  l.lf joule spark would have provided m f  f f c i c n t  e n e r g y  to i g n i  t t3 
t l i c  Fuel, .:lti.s Level of syark energy   ill ? o t  c ~ c s s s a r l i y  l n r l v p  
Pt\>lsi.cilZ evidence.  " 



.3, The  subject NTSR r e p o r t  concliic!ea t t ia t  t!ie prcil)a!~le Sp;r. i t t_on 
'33t!rCc i n  t h e  &.io, 1 xafn tank c o u l d  have  been 3 s p a r k  a t  t ! i e  r a i n  
t a n k  t r a n s f e r  va lve  and refers  to e lec t r i ca l  f a i l t i r e s  osperienccd by 
R d o r e a t i c  carrier i n  s e v e r a l  aotors of ttie fuel valveg s f t e r  t h e  
a i r c r a f t  wa8 struck- Sy 1 i g i i t n i . n ~ .  The intent cf t h e  'JTSF is a p p a r e n t  
i.n p o t n t l n g  otit thet the w i n  tank t r a n s f e r  v a l v e  vas a f f e c t s ?  by 
l i gh t .n ine ,  s tr ikes  t o  a t  l e a s t  two E747 a i r c r a f t  

T t  ! s  considered t h a t  tlie subject NTSR r e p o r t ,  $11 cnnfr?nc t ior l  w i t : ]  
our  s i ipp leraentary  d i s c ! i s s i o n ,  uarrants y m r  rpview :)f t'?e n l 3 7  f u e l  
system, includin.: the compensator and m a i n  tank t rangfer  v n l v e .  f r w  
3 liljlrtning protccticn viewpoint. 'de would a p p r a c i a t e  b e i n ?  mivisnd 
of the correct l  ve ac t ion  you propose to recomcrrc!. 

J .  A. FERRARESE 

2 F.nclosur!?s 
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Prepared bp! T s  G. Koteff 
k t . 8  1/25/79 

Subject: Trsnrpert Aftcraft tightaing/l'ucl Tank tXp los im Experience 
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lrhowiag cunplilnca with  th. fwl ryrteat li@ttniw protection requim- 
menta of ?AR 25.954 wbicb ware adopted in AatadPltnt 25-14 on 8/11/67, 
These requhmanta 8pacifird that the fuel 8y8tmn mnst be desimd ta  
prevent ignition by direct and m e p t  lightning strike8 and corona 
and stmametfag a t  fuel rent outlets. 

#a# PAR 25.976 wat proposed in  HPBn 74-16 on 3/27/74 t o  requtra a fuel 
tank explosioa pteoantian systrs fov transport aircraft. 
was withdrawn on 8/15/78 because e~tf8t ing  8yrtow rould produce sfgnif- 

provide p r o t e e t i w  of damaged tanks ia the past-crash s i tuat ion.  
Indastry claimed that IPW 74-16 was urmacessary relative t o  thr 
lightniw strike hazard aintr tarapliancr w i t b  PAR 23.956 bad resulted 
i~ aatisfactev service aJEperfaaee. 

IIPW 74-16 

i G 8 U t  C 0 8 t v  Wight, IOgfSt iCt ,  aMi Saxicing p a l t i t 8 9  aMJ muld not 

Efforts are &may in iSBS-140 t o  revire Advisory Circular 20-43 t o  
inearperate the li&tning tea t  wtrfoms and techaiqws dascribed i n  
Iha report By S M  CoaaLttta AE-4L, dated Hay 5, 1976, sad t o  issue 
a new Advisory Circular which provider guibi i iws 011 tht safe uaa of 
rlaetrieally powtad eompsrrpantn i n  fuel tasks. Tbase efforts arc 
B a L q  cxpud&ted aa8 rill attppkarat tb b e r i p  gukdalfnrs contained $a 
NASA Refemca Publication 1008, "lightning Protactha a€ Aircraft," 
which was prepared by )Jlrrra, ?, A. fhher and J, A. Plumat of the 
General Electric Compaay in Oetobrr i977, 

C C : :  AFS-100/140/TcH/ApS-142/105 
APS-140:TGHoreff:Qrm:l/24/79 
REWrfttea per AFS-l00:daaat1/25/79 
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DEC f 1979 

AUS - 1 4 0 

Seeing 747 improved fuel syatcm l i g h t n i n g  protection, AD 79-2% 11 

The subject airworthiness direc&ivtr requires nodif icatj cn of 'i3-7[J7 
fuel systems in accordance w i t h  Boeing Service Rulletins 747..22-2058, 
2%9, ZU84, and 7b7-57-2035 t o  improve the 1ip;htning protection d e s i p n .  
AB indicated i n  several of these service b u l l e t i n s ,  the E-747 fuel 
system modifications are based on new data from recent industry studies 
rrnd we wish t o  explore whether these new data can be obtained tc up- 
grade t?ie l i ghtn ing  protection B tate-of-the-art for a p p l i c a t i o n  t o  
other n i r p l m a s .  

Tlie service b u l l e t i n s  advise t h a t  Boeitig cmducteci simulated l l g h t n i n p  
tests on a forty-foot production sec t ion  of tl B-747 outboard wfcg  t o  
atudy the l i ghtn ing  strike environment effects on the wing beyond those 
used for i n l t f r l  certiffcation and to develor test criteria and 
techniques which would permit  Improved state-of-the-art evaluation of 
airplane fuel system when subjected to a lightning environment. Ue 
no&tfiat the  tests resulted i n  t h e  following modffications w h i c h  are 
required by tlie subject  AD: 

1. 
tubing and etructure based on $lmilated l ightning Strike6 at the 
jettison tube exit. E 

2. 
to reestablish the desired iafety margin using the new data. 

Inproved metal-to-metal contact between fuel vent and J e t t i s o n  

: 
Wiring shrouds and a relay circuit  for the f u d  quantity system 

3. Replacement of p l a s t i c  f u e l  ce l l  accesn doors w i t h  aluminum doors 
t o  e l in inate  a p o s s i b i l i t y  of electrical dischnrge from surge tank 
drain l i n e s  based on extrapolation of t e s t  data ueiog bproved 
t e c h i  ques . 
&le believe that the  results from t h e  Boeing t e a t  program should  b e  
uacd to develop geaeralfzed crititia to enhance f u e l  system l i g h t n i n g  
protection. These criteria would be inc luded  in Advisorp Circular 20-53 
currently being updated and in another advisory circular currently 
being developed t o  provide guidel ines  on the snfe use of electrical ly  
powered components in f u e l  tanks. Pour assiatance in obtaining the 
cooperation of Boeing to provide us v i t h  information on their new test 
criteria nad techniques for t h i s  purpose would be apprecfated.  

I 

I I ,  I 

O r i g i n a l  signed by :  
T .  G .  Horeff CC: AVS-l/AWS-1/100/140/TGIi 

AWS- 140 : TGHoref f : dmm : f 214 /79 
FILE : 

- 



DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 

WASHINGTON, D.C. 20591 
DATE: 

IN REPLY 
REFER TO: i?FS-lnO 

SUBJECT: NTSR Special  Inves t iga t ion  Reprt I \h .  fUSB-AAR-78-12, Fling F a i l u r e  
of Roeing 747-131, near Madrid, Spain,  May 9, 1976 

FROM: Acting Director, F l i g h t  Standards Service,  AFS-1 

TO: A?&V-1 

The s u b j e c t  PWSR report ind ica t e s  t h a t  a low-order explosion 
r e s u l t i n g  from lightning-induced i g n i t i o n  of the f u e l  v z p r s  i n  the 
Yo. 1 f u e l  tank was the mst probable cause of wing f a i l u r e  and Loss 
of cont ro l .  Since the NTSR d id  m t  have statutory authority to m k e  
any recomnendations for co r rec t ive  ac t ion ,  the following a m e n t s  on 
the  report are provided f o r  your  considerat ion i n  developing vhatever 
measures may be appropriate to prevent a recurrence of t h i s  accident .  
These a m e n t s  focus on the  following f ind ings  i n  the r e p r t  
pe r t a in ing  to probable  i g n i t i o n  sources  and are numhered accordingly: 

1. 
t h e  wingtip (pg. 2 4 ) .  

Fuel d id  rmt i g n i t e  a t  the  o v e r f i l l  compnsa tor  probe located in 

2. 
ripper wing s k i n  e s t ab l i shed  t h a t  flames d id  m t  t r a v e l  txtween the 
su rge  tank and the  No. 1 and the No.  2 main tanks (pg. 14 1. 

The evidence gathered from examination of the  vent ducts  and 

3. The evidence . . . provides a foundation f o r  a hypothesis t h a t  
t h e  tank explosion could have been igni ted  k y  a spark a t  t h i s  mtor- 
d r iven  valve (pg. 2 5 ) .  

Conunents: 
i 

1. 
wingt ip  surge  tank was not an i g n i t i o n  s u r c e  s ince  microscopic 
examination found rn evidence of sparking (sparkover mrks). 
is correct, then the i g n i t i o n  source f o r  the  i so l a t ed  f i r e  on the 
outboard s i d e  of t h e  cen te r  r ib  i n  the  surge tank remains 
un iden t i f i ed .  
no ta t ions  on pg. 12 t h a t  "energy l e v e l s  required to produce a spark 
w i l l  not  necessa r i ly  damage metal or leave marks" and on p ~ .  15 t h a t  
"a 4 - m i l l i j o u l e  spark m u l d  have provided s u f f i c i e n t  energy tn i gn i t e  
t h e  fue l .  
phys ica l  evidence." I n  view of the  f a c t  that flammable f u e l  vapors 
can be igni ted  by a very low electrical energy which is less than 
t h a t  required to produce any physical  evidence and in considerat ion 
of  t he  i n t e r n a l  condi t ion  of t h e  compensator which is the only 
component i n  the  area, E suggest  that a c a r e f u l  review of the 
compensator should be given as a p s s i b l e  i g n i t i o n  source f o r  the 
i s o l a t e d  f i r e  i n  the  surge tank. 

The NTSB concludes t h a t  the  o v e r f i l l  compensator in  the l e f t  

I f  this 

?he W E B  conclusion is q u a l i f i e d ,  however, by the 

?%is l e v e l  of spark enerqy will m t  necessa r i ly  leave 
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"he enclosed @otographs show the loca l ized  burned 
portions of the plastic sleeves of the compensator 
where the  black unshielded leadwire jo ins  the H I  Z 
t h e  same area where flashover to the H I  Z terminal 

and melted 
wiring harness 
leadwire. This is 
was observed a t  

6.9 k i l o v o l t s  during vol tage  breakdown tests on new compensators as 
s h a m  in  the enclosed Figure A-6 from the  test report. Evidence of 
a rc inq  was d i f f i c u l t  to detect following these tests. 
noted i n  the photographs t h a t  t he  b o t t o m  edge of the  leadwire p l a s t i c  
support is also burned and t h a t  a s i d e  of the  plastic s leeve  around 
t h e  HI Z and black leadwires is not burned. This type of loca l ized  
damage tends to ind ica t e  t h a t  a br ie f  flm stream could have k e n  
i n i t i a t e d  a t  the  lug end of the H I  Z leadwire which was di rec ted  
u p a r d  through the  compensator as the  u n i t  is mounted in  the surge 
tank. 

It  may ?-x 

The burn damage of the compensator wirinq harness was described &a 
Mr. E. VonWolffersdorff of B e i n g  during a v i s i t  by Office of 
Aviation Safe ty  personnel. 
studying the  enclosed motographs . A t  t h a t  t i m e ,  he expressed an i n t e r e s t  i n  

2.  We concur with the  NTSB conclusion t h a t  flames d id  rot t r a v e l  
between the  surge tank and the N o .  1 and N o .  2 main tanks, bwever ,  
t h e  report does not r e f e r  to the soot and t e v r a t u r e  patterns i n  the 
N o .  1 main tank vent i n  the  surge tank which ind ica t e  i g n i t i o n  of 
f u e l  vapor a t  the  trough of the  No. 1 main tank vent above the 
compensator and flame propagation in-board within the vent. This 
flame f r o n t  apparently t r a i l e d  i n t o  the airstream after leaving the 
surge  tank when the  top sk in  over the vent in  the dry bay between the 
surge  tank and the  No.  1 main tank separated p r i o r  to wing t i p  
separa t ion .  The matter of i n t e r e s t  here is t h e  l ike l ihood that the 
poss ib l e  i g n i t i o n  source i n  the compensator i n i t i a t e d  a flame f r o n t  
which m u l d  have propagated through the  vent from the surge tank in to  
t h e  No .  1 main tank and m u l d  have been the primary cause of an 
explosion i f  there had not a l ready  been an explosion created by 
another i g n i t i o n  source i n  the No. 1 main tank. 

3. The subject IJTSB repr t  concludes t h a t  the  probable ign i t ion  
source i n  the  No. 1 main tank could have been a spark a t  the m i n  
tank t r a n s f e r  valve and r e f e r s  to electrical f a i l u r e s  experienced by 
a domestic carrier in  severa l  mtors of the  f u e l  valves a f t e r  the 
a i r c r a f t  was s t ruck  by l igh tn ing .  
l i gh tn ing  s t r i k e  inc ident  of Flay 22,  1978, to a W A  R747 a f t e r  vlhich 
t h e  crew w a s  unable to reset the No.  1 main tank t r a n s f e r  valve 

This experience may include +he 
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c i r c u i t  breaker which had ppped after the  l i gh tn ing  s t r i k e .  
Maintenance then replaced the No.  1 main tank t r a n s f e r  valve actuator 
due to an overheated switch. 
po in t ing  out that the main tank t r a n s f e r  valve was af fec ted  by 
l i gh tn ing  s t r i k e s  to a t  least bm B747 a i r c r a f t .  

The i n t e n t  of the NTSB is apparent i n  

AbW-254 let ter of June 1 4 ,  1978, advises t h a t  W i n g  has issued 
Service Bu l l e t in  Summary 747-28-2068, dated May 5 , 1978 , which 
recommends r e m r k  of the  f u e l  vent and j e t t i s o n  tube f i t t i n g s  and 
s t r u c t u r e  to h p r o v e  metal-temetal contac t  and also t h a t  the main 
tank t r a n s f e r  valve housing pa r t ing  sur faces  be re~,mrl<ed in  
accordance with ITT Service Wl1letj.n 125423-28-02. 

I t  is considered t h a t  t he  subject WTSB reprt, i n  conjunction wit31 
ou r  supplementary d iscuss ion  and Boeing Service Eu l l e t in ,  warrants 
your review of the  B747 f u e l  system including the  m p n s a t o r  and 
main tank t r a n s f e r  valve,  from a l igh tn ing  pro tec t ion  viewpoint. 
would appreciate being advised of the co r rec t ive  ac t ion  p u  pro,pse 
t o  recommend. 

b7e 

J. A. FERRARESE 

2 Enclosures 
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NTS B/A A R -95/04 PB95-910404 - 

NATIONAL TRANSPORTATION 
SAFETY BOARD 
WASHINGTON, D.C. 20594 

AIRCRAFT ACCIDENT REPORT 

CRASH DURING EMERGENCY LANDING 
PHOENIX AIR, LEARJET 35A, N521 PA 

FRESNO, CALIFORNIA 
DECEMBER 14,1994 

Adopted: August 1,1995 
Notation 6588 

Abstract: This report explains the accident involving the Phoenix Air Learjet 35A that 
crashed while attempting an emergency landing at Fresno Air Terminal, Fresno, 
California, on December 14, 1994. Safety issues in the report focused on maintenance, 
inspection and quality assurance. Safety recommendations concerning these issues 
were made to the Federal Aviation Administration, Phoenix Air, and the Department of 
Defense. 
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EXECUTIVE SUMMARY 

On December 14, 1994, about 1146:23 pacific standard time, a 
Phoenix Air Group, Inc. (Phoenix Air) Leq-et 35A, registration N521PA, crashed in 
Fresno, California. Operating under the call sign Dart 21, the flightcrew had 
declared an emergency inbound to Fresno Air Terminal due to engine fire 
indications. They flew the airplane toward a right base for their requested runway, 
but the airplane continued past the airport. The flightcrew was heard on Fresno 
tower frequency attempting to diagnose the emergency conditions and control the 
airplane until it crashed, with landing gear down, on an avenue in Fresno. Both 
pilots were fatally injured. Twenty-one persons on the ground were injured, and 12 
apartment units in 2 buildings were destroyed or substantially damaged by impact 
and fire. 

The National Transportation Safety Board determines that the probable 
causes of this accident were: 1) improperly installed electrical wiring for special 
mission operations that led to an in-flight fire that caused airplane systems and 
structural damage and subsequent airplane control difficulties; 2) improper 
maintenance and inspection procedures followed by the operator; and, 3) inadequate 
oversight and approval of the maintenance and inspection practice by the operator in 
the installation of the special mission systems. 

Safety issues in this report focused on maintenance, inspection and 
quality assurance. Safety recommendations concerning these issues were made to 
the Federal Aviation Administration, Phoenix Air, and the Department of Defense. 
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3. CONCLUSIONS 

Findings 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

Weather was not a factor in the accident. 

Air traffic services were proper and did not contribute to the 
causes of the accident. 

The pilots were properly trained and qualified for the flight. 

The flightcrew experienced an in-flight fire leading to a request 
for an emergency landing. 

The special mission wiring was not installed properly, leading to 
a lack of overload current protection. 

The FAA Form 337s provided instructions for the correct 
installation, and the mission power modifications made by 
another operator on 3 of the 18 special mission Learjets were 
correct. 

Neither the mechanic(s) who installed the wiring nor the 
mechanic(s) holding the inspection authorization, who approved 
the installation, noted the nonconformity with the FAA Form 337 
in the installation on N52lPA and 14 other Learjets modified by 
the operator. 

The in-flight fire most likely originated with a short of the 
special mission power supply wires in an area unprotected by 
current limiters. 

The fire resulted in false engine fire warning indications to the 
pilots that led them to a shutdown of the left engine. 

The intense fire, which burned through the aft engine support 
beam in flight, can be explained by a compromised fuel line 
resulting from a battery explosion. 
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--. 11. The in-flight fire caused substantial damage to the airplane 
structure and systems in the aft fuselage and may have precluded 
a successful emergency landing. 

,/! 

12. At the time of impact, the left engine was not producing power; 
and the right engine was producing at least flight-idle power. 

13. The City of Fresno police, fire fighting, and rescue responses, 
which were assisted by units from Fresno Air Terminal, were 
timely and effective. 
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Probable Cause 

The National Transportation Safety Board determines that the probable 
causes of this accident were: 1) improperly installed electrical wiring for special 
mission operations that led to an in-flight fire that caused airplane systems and 
structural damage and subsequent airplane control difficulties; 2) improper 
maintenance and inspection procedures followed by the operator; and, 3) inadequate 
oversight and approval of the maintenance and inspection practice by the operator in 
the installation of the special mission systems. 

.- 

..I 
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Page 1 of 1 

To : Mr. AI Dickinson 
National Transportation Safety Board 
490 L'Enfant Plaza S.W. 
Washington, DC 20594 
Tel. (202) 314-6310 

From : John E. Mariani, 
Northrop-Grumman 
2000 W. NASA Blvd. 
Melbourne, FL 32902 
Tel. (407) 951-6120 

Date: August 4, 1997 

Subject: Failure Report for Fuel Pump (Parker-Hannifin 387-4) in 
the GTCP331-350[J] Auxiliary Power Unit Installation of 
the Joint Stars E-8C (modified Boeing 707-338C) 
Ai rc r af t 

Dear Mr. Dickinson: 

I am a Technical Specialist for Northrop Grumman and also a Designated 
Engineering Representative for the FAA (DER No. SO-521, for the disciplines of 
Powerplant and Structures). 
It is my understanding that you are the Chief Investigator for TWA Flight 800 and 
that the scavenge fuel pump of the center tank is receiving special attention in 
the investigation (ref. AW&ST, June 16, 1997). Although I am not familiar with 
the type or installation details of this scavenge pump, I felt I should submit to 
you, for your information, the subject Failure Report for a fuel pump installed in 
our E-8C Joint Stars, which is a modified Boeing 707. 
The subject Failure Report concluded that, if the fuel pump was allowed to run 
in dead-headed conditions, the increased temperature of the fuel inside the 
pump motor housing caused the failure of one of the pump terminal posts 
(constructed of DELRIN, a Dupont acetal resin) at a fuel temperature below the 
setting (363°F) of the thermal shutoff fuse inside the pump motor housing. The 
failure of any of the two terminal posts would then allow hot fuel to leak out of 
the pump motor housing and therefore the pump could no longer be considered 
explosion-proof. If the pump continued to operate while leaking fuel, there 
could be a possibility of ignition of the fuel or fuel vapors. 

If, in your judgment, you see no similarity or parallel between the 8-747 center 
tank scavenge pump and our fuel pump failure, please disregard the enclosed 
Failure Report. 

If, however, you have any additional questions, please do not hesitate to call me 
at (407) 951 -61 20. 

John E. Mariani ._ 

Enclosure 
000060 
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WITNESSES SAW THE AIRCRAFT I N  LEVEL FLIGHT AND OBSERVED A BRIGHT ORANGE 
FiASH NEAR THE W I N G  ROOT. THE F I R S T  FLASH WAS 
FOLLOWED ABOUT 1 SECOND LATER BY A MUCH LARGER DARK ORANGE FIRESALL AND 
BLACK SMOKE. THE RIGHT K 4 I N  W I N G  THEN SEPARATED 
FROM THE AIRCRAFT. THE WRECKAGE WAS DISTRIBUTED OVER 1 MILE I N  
MOUNTAINOUS TERRAIN. UNBURNED CENTER W I N G  BOX SKIN,  FCAEl 
INSULATION P I E C E S ,  A N D  AUX TANK FRAGMENTS (ALL FROM THE AREA WHERE THE 
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W V E  A HISTORY O F  FUEL LEAKS I N  THE DRY BAY. THE SOURCE O F  THE LEAKS, 
FLATTENED OR PINCHED O-RINGS, ARE ON-CONDITION 
REPLACEMENT ITEMS.  THE AIRC.RAFT WAS I N  LONG TERM STOARAGE I N  THE 3ESERT 
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REPUBLIC OF THE PHILIPPINES 
DEPARTMW OF ~ N S P O R T A T I O N  AND COMMUNICATIONS 

PASAY CTTY. M15TKO hMNM WOO 
AIR TRANSPORTATION OIFTCE 

December 26, 1990 

Honorable James L. KoXstad 
Chairman 
National Transportation Safety Board 
Washington D. C., 20594 

S i r :  

At 1500H, 11 May 1990, a Boeing 737-300 aircraft with Registration 
No. EI-BZG exploded and burned at the Domestic Terminal of the Ninoy 
Aqufno International Airport (formerly Manila fnternatfonal Airport) . 
The accident occurred when passenger embarkation was already accom- 
plished and the aircraft was being pushed back from the terminal in 
preparation for take-off. 
physical  injuries out of che 114 passengers on board. 

There were eight fatalities and 30 suffered 

In the investigation of t h i s  accident, we were fortunate to have 
received aasistance from sevcrdagencies ,  inc luding  the NarFonal 
Transportation Safety Board. May I, therefore, .take this opportunity 
to extend to you my deepest appreciation for t he  assistance your Office 

' has given to t he  Philippine Government. 

For your informations we are fomsrding to you a copy of t h r  
Preliminary R e p o n  of the Phil ippine Aircraft Accident Investigation 
Board, together with the actions that t h i s  Office has required of 
Phi l ippine  Airlines. 

Pending the f i n a l  report of t h i s  accident, i t  i s  our hope that 
United Staces authorities may consider issuing pertinent precautionary 
measures on the suspected components. 

Thank you and best  regards. 

Very truly yours, 

OSCAR M. ALWANDRO 
Officer-In-Charge 

_ _  . . . -  000063 
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R e p u b l i c  of the Philippines 
fiepar-tment of Transportation and Communications 

AIR TRANSPORTflTIUN OFFICE 
Fasay City, Metro Manila 

PRELIMINARY FINDINGS IN T I E  INVESTIGATXDN O F  
PAL B737-300 EXPLOSIONIFIRE AT MANILA/11 MAY 1990 

. 
Abstract  

While b a i n g  pushed back f r om t h e  gate at  the Manila Domestic 
Tkr-rninal, a Philippine A i r - l i n e s  Booing 737-300, €1-BZG, e x p l o d e d  
arid burned. Of t h e  114 passengers and s i x  crew members, e i g h t  
w$r-e fatally injured and a0 sustained i n j u r i e s .  A t  the time of 
the e x p l o s i o n ,  the engines were n o t  yet running and t h e  air-craft 
eiectt-ical pawsr- and d i t -  conditioning w e r e  supplied by t h e  
o p e r - a t i n g  A u x i l i a - y  Power- U n i t  (AFU) 

- 

TRS investigation w a s  focusad on t h e  center  fuel tank, which was 
d d t e r m i n e d  to b e  t h e  source of t h e  explosion, and t h e  possibility 
of! an e;cpfosivs or- incendiar-y device, a n  axter -na l  source of 
i Q , n i t i o n  or- P m e c h a n i c a l  andiot- electrical failure as a sour-ce of 
i g n i t i o n .  

T h e  source of ignition h a s  n o t  been determined at  t h i s  t i m e .  
H q ~ ~ o r - ,  as a precautionary measure to ensut-e t h a t  t h e  rest  af 
t h e  Poainq 737-300 i n  the  P h i l i p p i n e s  were free  from defec ts  
found in this a i rc raf t  (EI-BZG) t-ecamrnendations to inspect t h e  
suispectcd c o m p ~ n e n t s  wet-s issued and had been complied w i t h .  

- 

Explasive Qr Incendiary Devices 

Considering t he  c o n d i t i o n s  pr -esent  during  the a c c i d e n t ,  initial 
cohcent t -a t ion af t h e  investigation was on t h e  possibility of 
e:cplosive or i n c e n d i a r y  device a s  a sour-ce of the i g n i t i o n .  bomb 
and f i t -e  propagat ion e x p e r t s  f r o m  vat-ious governmental 
departments of t h e  Philippines, t h e  United S t a t e s  and the United 
Kimgdorn as well as fram Basing Cor-paration assisted t h e  
Aircraft Accidant Investigation Board a P  the Philippine A i r -  
T r a n s p o r t a t i o n  Office in the detection and assessment o f  an  
e:cplos ive  o r  incendiary device as the source af ignition- 

No tt-s.ce of  an explosive or i n c e n d i a P y  device was found. 411 
available X-rays a f  fatalities and i n j u r e d  p a s s e n g e r s  were 
e;camin& f Q r  foreign fragment penetration with  negative results. 
Seqt cushims w e r e .  also x-rayed and examined w i t h  t h e  s a m e  
results. 
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Further, t h e  findings o f  t h e  Nationas Transportation Safety Board 
af t h e  United Sta tes  in their spectr-ugraphic analysis o f  t h e  
e x p l a s i o n  recorded i n  t h e  Cockpit Voice Recorder showed  a 
f'Yef/air explosion rather than a n  explosive device. 

Pdeing Cornpay, however, decided not to close t h i s  possibility. 
It is bElieved t h a t  further- metallurQical tes ts  a?*@ being 
cmdurted.  

External Source of Ignition 

The possibility o f  f i r e  propayation f m m  an external Source to 
tHe center  t a n k  thr-augt-t the vent  system was also investigated. 
Pdt- witnesses, exter*naI sour-te of ignition at t h e  time of t h e  
accident was n o t  observed. 

I 

? 

EZectrmstat it 

T h a i s  possibility w d 5  deliberated on by the investigation group 
an'd w i t h  t h e  atrnospher-ic conditions at. the t i m e  af  thu accident, 
t h e  humidity was h i g h  and possibility a+ static discharge w a s  
vet-y remote, ii n o t  impossible. T h i s  was eliminated. 

Flnat Switch 

The e::arnlnatzon o f  the  float sw:fch at t h e  Eatirpment Quality 
Asour-ance (EQRj L a b o r a t o r y  of t h e  Basing Company at Seattle 
r-qvealed ztn unusual physical appearamce.  I t  ra5  apparent  that  
some metal p o r t i o n  was missing in t h e  internal c a v i t y  of t h e  
swatch  body. T h i s  was initially suspected as results af an 
inlter-nal arcinQ, &ut f u r t h e r  inquiry with the manufacturer- 
r-&ealed t h a t  until tht-ee year-s ago, r e w o r k  was performed 
whenever a switch failed quality control. The process required 
t h 9  d r - z l l i n g  aut of the defective rsed switch and t h e  
relnstallation of a new one. P e r  Rbeine, evidence of machining 
and b z t r  of aluminum were found Ln the switch body and the  
potting compaund r-espect ive ly .  

IT an electrical Ejhor't circuit occured inside the cavity of t h e  
. ~whl i t ch .  i t  would be impossible to ignite t h e  fuel lair  mixture in 

t h e  tank due to t h e  pt-ssence of a s h i e 2 d i n g  conduit. Neither 
would i t  b e  possible f o r  t h e  switch ta r'crarh d high temperature 

i . ta cause auto ignition of t h e  explosive atmosphere because t h e  
high conductivity Q T  t h e  metal body which is mounted to a Iat-qe 
metal p l a t e  would act  as a heat s i n k .  

I 

Anatnor pasaiblity was presented, and slfhuugh remote, it was 
nr=iP impassible. I t  w a 5  not& that t h e  construction a f  th@ body of 
t h e  float switch was actually made of  t w o  separated pieces and 
jQined together w i t h  epoxy adhesive. These are a hollow aluminum 

000066 
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s t e m  t h a t  h o u s e s  t h e  r e i d  switch and an aluminum body  w h i c h  
serves as rnovmting t o  t h e  a i r c r a f t  S t t u C t U r e .  With t h i s  
cnnstruction, t h e  metal stem could in fact  b e  insulated f r o m  t h e  
5 w i t c h  body. If, by c h a n c e  a nan-design p o w e r -  is allowed to 
r b n t a c t  t h e  s t e m  o f  the switch with i t  insulated f r - a m  t h e  body, 
an a r c i n g  is possible b e t w e m  the stem and t h e  magnet ic  float 
housinq. T h i s  possibility wuuld put t h e  a r c i n g  outside o f  *he 
sk i t c l - r  and within t h e  explosive atmosphere. R cold salder i n  the 
r-ged switch of t h s  b i t s  of  aluminum i n  t h e  p o t t i n g  ccrmpaund cauld 
pbssibly b t ‘ i d g e  t h e  non-de.sign D o w e r -  to t h e  stsm. 

F e r  NTSB rspar ’ t  the  anslrgy requir*ed to pt-oduce an ignition is 
ahly i:).25 m i l l i j o u f e s  and w i t h i n  t h i s  amount, tr-acEs af arcing . 
betwEen t h e  stem and t h e  float h o u s i n g  m i g h t  not be visible. 

I 
I 

i -  1 

I 
! 

Inasmuch as t h e  float switch is only powered  dut-ing t h e  t i m e  t h e  
r*e-fuel ing panel is in t h g  open position and at t h e  time o f  t h e  

. s c c i d e n t  t h z  panel was closed, it wa5 imperative tu examine the 
t l u a t  s t ~ i t c h  wiring for- any non-design power- 56urce ta suppor-t 
t h e  a b o v s  possibilities. 

I 
I 
I 

! 
I 

1 

Float Switch Wires 

The whole l e n g t h  o f  the float w i r e s  and the w i t - e  b u n d l e s  were 
e>ramined at the investigation site and t h e  EQA Laboraturies o f  
Paeing. T h 2  examinatian revealed a damaged insulation resulting 
ta e x ~ o s e d  w i r - e s  in t h e  float switch w i t - s s  o f  apprmximate ly  9.525 
rnn (3 /8  inch. > In the  v i c i n i t y  o f  the datnaged insulation of  t h e  
float s w i t c h ,  t w a  other .  wires had damaged insulatiQn. These w e r e  
the  15 volt‘  p r o x i m i t y  sensor  w i r e  of the numbet- 6 slat and t h e  
i n p u t  w i r e  to t h e  r - ight  w i n g  anti-ice valve supplying 113 VAC. I t  
i s  believed t h s t  t h e s e  w i r - e s  were damaged d u r i n g  t h e  
m a r i u f a c t u v i n g  o f  the air-rr8aft  asj other- w i r w  bundles c.(er*e a l s o  
f ~ b d  to bo ds.inaged, or t h e  damage could h a v s  accur-r-ed dur-ing the  
installation o f  t h e  l ~ p o  lights. 

1\11. evidence w a s  found t~ indicate whether arc ing bewteen t h e  
w i t r + s  had acilut-red but t h e  possibility of a dir-ect  cuntact  
e:i,i5%5. It was initially believed t h a t  the presence o f  a 115 VAC 
would damage t h e  tr-ansient suppression diBde across t h e  center  
fu.el vaJ.v&, but  f u r t h e r  analysis at the c i r c u i t  also showed t h a t  

* if t h e r e  w2.s a direct shur t  i n  the float switch, t h f r e  a1: i s ted  a 
Possibility t h a t  t h e  diode might not d e t e c t  t h e  alternating 
C u t * m n t .  Fur-ther-mor-e, t h s  t i i n s  t-equired to havs an igniting s p a r k  

. i n  t h e  flaat switch could be so short to a f f e c t  t h e  diode o r  
ci t-cui t br-.laker-s. 

T . .  
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&el Quantity Indication System 
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Since t h i s  unit is inside the center fuel tank, i t  was on= of thf. 
suspected scut-ces o f  ignition. A I 1  the tank units and associated 
cmponents yere r-emaved and latet- examined at t h e  EQA laboratory 
of Eroeinq. The dielectic tests and functional t e s t  w e r e  all 
satisfactory. FurthErmore, the  power- s u p p l y  c u r r e n t  to t h e s e  t a n k  
units ware found to be incapable of pr-uducinq t h e  necessary s p a r k  
t p  cause an ignitiQn. The unit was eliminated as an ignition 
sou r-c e I 

Fvel Boaster Pumps 

The t w o  center  wing tank booster pumps were examined  at Seattle 
B & i q $  FZant and at t h e  manufacturer's plant in t h e  U n i t e d  
Kingdom, GEC Aerospace Limi ked. 

DPeZectr-ic t e s t s  af  t h e  unit w e r - e  found to be below the limits 
due to the pt-esence of wa.ter- i n  the  motar sactian o f  t h e  pumps. 
The t u a t i l r  ingr-ess  is believed to b e  c o n t a m i n a t i o n  of f i re  
iighting rnatE.r-ial5 used during t h e  accident;. A i t e r  thcrrough 
c lean ing  and d r y i n g ,  t h e  die lec t r ic  tests w e r e  found to b e  within 
I irmita. 

11; was 3lsa noted that  t h e  left pump shawed evidsnce of  w E a r  in 
this carbon b s a t - i n 9  that; caused t h e  inducer- t a  t-ub agsinst the 

Although it i 5  u n d e r s t o o d  t h a t  t h e  pumD% should be turned o f f  
L.rhE?nevar- the  l o w  pressure lights ar-c illuminated, it w a s  n o t e d  
t h a t  t h i s  w a s  n o t  enphasizei. T h i s  does not even appear- even on 

pLlmg hJU6 i "9. 

t h n  B737- .XI0  f L ight mancral. 

The i l l g h t  deck crew rcparted t h a t  they turned an t h E  center. 
buostsr- pumps d u r i n 9  t h e  cockpit prepar-at ian checks and v e r . i i i 5 d  
t h a t  the low pressu:-e warnin9 light were e x t i n g u i s h e d .  Al though 
riel fuel c43.s loaded in t h e  c e n t s t -  tank, fuel it-om t h e  surge tank 
i n '  t h e  w i n Q s  wocrId d r a i n  to the center -  tank. It 15 therefore 
pt'esumed fuel must have dra ined  to the center tank f o r  the 
puqips tci cr-eats positive pmssuro and extinguish t h e  luw p r w s s ~ t r e  
w a r n i n g  lights. Shortly or during t h e  pushback,  the master - war-niaq light illuminated indicating t h a t  both center baastet- 

'purr:p,s sensed law fuel prassur-s in their outguts. The crew 
cancelled the master warning light but d i d  not t u rn  o i i  the 

.bodster- pumps, 

Poit'h c e n t e r  f u e l  boastet- pumps were tas ted  i n  e ; c p l c s i v e  
a t m o s p h a r e  zt t h e  manufacturer's facility in t h e  United Kinqdam. 
F, series of tests ranging from 15 tu 45 minute-, wer*= done w i t h o u t  
successiul !y igniting t h e  explosive atmospher-e. 

4 
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A 3 t h o u a h  t h c  tests w s r - e  d o n e  to appt-axirnate the  conditions t h z t  
e x i s t e d  dur'ing t h s  accident, the probability r a t e  of ignition is 
npt known. It i s  also a known fact  t h a t  ignition is possible w i t h  
t h e  t-ubbinrj al: these two metals (i.e. stainless stcel and 
aluminum alloy! a c s o r - d i n g  to the reseat-ches of Powell and Beiinge 

(1985) end 7 s . k a o k a  et a1 (1966) . We believe that t h e  rubbing 
tes% conducted b y  Flessey in t h e  cer t i f ica t im of  t h e  pumps ut- 
these t e s j t ~  t h a t  wet-e c o n d u c t e d  on the center boostet- pumps are 
ngt enough to conclude and nec~ate t h e  results of t h e  researches 
thwt were done by F'owo11 and Tekaoka. 

3 - 
L 

Ld? Gelieve t h a t  further t s s t s  should be conducted on t h e  
cdmn5tibility of  m e t a l s  ussd in t h e  fuel  pumps to ensur-e %hat 
f t i ic t ionz. l  spark or- k h e r - a n a t e  r-eactiQn is impossible. 

-I?)e sour-tE of  ignitian in this accident is not  known at t h i s  
.time. The chances of pinpointing the exact  sourre o f  ignition 
might be t-srna$e. It is t h e r e f o r e  necesaar-y to probe deeper-  i n t o  
the s u s p e c t s d  canponents beiQr-P cantluding t h i s  investigation. 

I n :  ths i n v e s t i g a t i o n  t h a t  was undertaken  t h e r e  is skill 5 3 m s  
doubt on thz  e l i m i n a t i o n  of t h e  float switch and t h e  bpasjtet- 
pumps as ignitian sour-tss. We believe t h a t  t h e  necessity o f  
ert'sur-inq t h a t  t h o  same conditions do ncrt exis t  in t h e  re5t o f  the  
Ebbing E737 air-cr-aft utilized by di t -  c a r - r - i e t * s  in t h e  Fhilippines 
is imper -a t ive  if w e  w e r - e  to prarlude P similar incident. In t h e  
4ta;Fjence of  an A i r w a t - t h i n e 5 5  E i r - e c t i v e  iasui ld  b y  t h e  FF\C\, t h e  
4i't-.cr-*ft Accident Investiastian Eoar-d 01: t h e  A i t -  T r a n s p o t - t s t i o n  
O f f i r e  f o u n d  it pr-udsnt t o  r e c o m m e n d  t h n  following actinn an t he  
Sukpei??ed ccrmpanents  5s pr-ecautionat-y l n ~ a s ~ r - ( 2 s  pending t h e  
cornpietion o f  t h e  i n v e a t i ~ a t i o n :  

2. I$ v ~ s I - I . ~ ~  and physiral c h e c k  at t h e  logo light wirinq 
f r o m  t h e  center- t m k  t h e  wing t i p s  as w e l l  dS t h e  

associatad w i t - e  bundles. - Complied 2* J u n e  1990, 
5 

3 .  A visual cneck o f  t h e  float switch wiring for- chaffed 
a n d  damaged insulation f r o m  t h e  float switches to t h e  

r e f u e l  1 i n g  panel. - Comp 1 i e d  IO August 1990, 
6 
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N D I X :  

hlat icnol  T r s n s p o r t a t i o n  Safety Board R e p a r t  dated (11 
August 1940 

F'owell, F. ,  I g n i t i c l n  of fue l -a ir  +:.:tures by hot 
surfaces a n d  sparks p r o d u c e d  between stainless steel 
and a1 umi n ~ r m  sl1 o y .  

TaI:aol:a, S. , et al, Safety  In Mines Reseerch 
Establishment, M i n i s t r y  o+ Power, May 1968 

a i r  Transpcrtat ian U++ice (FiTQ) Directive d a t e d  25 Play 
1 999 

A i r  T r a n s p o r t a t i o n  Office ( A T 0 1  Directive dated 28 Juns 
1 995, 

A i r  Transportataan 04f ice ( A T O )  Directive d a t e d  r : ~ 3  

Air T r a n s p o r t a t i o n  0 i f i c e  (ATU) Directive d a t e d  1 4  
j: ep t ~ m b  Et- I 995) 

A i r  T r a n o p m - t a t i o n  0-Ffice (AT131 Direc t ive  d a t e d  14 
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National Transportation Safety Board e 

Washington, D.C. 20594 
Safety Recommendation 

Date: August 1, 1990 
’ In reply refer to; A-90-100 thru -103 
1, . .  

. .  
y.1 . 

.,I. Honorable James B. Busey . .  
Admi n i s trat or 
Federal Aviatlon Administration ’. 

Nashington, D . C .  20591 

On May 11, 1990, a Boeing 737-300, Ireland registration EI-BZG, leased 
to and operated by Philippine Air t i n e s ,  exploded and burned at Manila, 
Republ ic  of the Philippines, shortly af te r  pushback from the ramp. A t  the 
tlme o f  the accrdent, the airplane was operating on power from the  auxfllary 
power unit. Of the 119 persons on board, 8 persons were fatally in jured and 
30 received serious injuries. 

-. Although the Phjlippine Government‘ i s  currently investfgating the  
accident, the National Transportatlon Safety Board has been I n v o l v e d  I n  the 

7 c - -  investigation through I t s  U.S. accredited representative i n  accordance with 
t h o  provisions of Annex 13 to the  International Civil Aviation Organization 
( ICAO)  treaty. 

The airplane was destroyed by fire. 

’; 

1 
The invest iga t ion  has found no evidence o f  a bomb., an incendiary. 

device, or sabotage. Prel lmfnary evidence indicates that jgnftion o f  the 
fuel-afr mixture In the center fuel tank was the cause o f  the  explosion and 
subsequent fire. The Snvestfgation has yet to reveal the  exact ignition 
source. Examination o f  the cockpit voice recorder (CVR) data  disclosed that 
a one-cycle transient spf ke occurred approximately - 2  second before  the  
explosion. The source and nature of the spike - -  whether it was electrical i y .  
induced on the CVR signal wire or electromagnetically picked up by t h e  area. 
microphone or pilot boom microphones - -  has not  been determined- The 
investigation has found p o t e n t i a l  defects Invo lv ing  the center tank f l o a t  . 

switch and the wiring for the f loat  switch, both o f  which could have been the 
source’ of t h e  ignitton. Additionally, interference rub marks were found on 
the fuel booster pump impeller and pump body. 

A t  the time o f  the accident, all the fuel boost pumps were I n  the ”ON” 
position, The cen uel tank had n o t  been filled since March 9, 1990. 
Durfng the pushbac e airplane the center fuel tank low pressure 1 ight 
illuminated, fndic hat the center fuel tank had been emptied o f  a l l  
usable fuel. tabora examination o f  fuel samples from the airplane and 
fuel storage tanks ates that the fuel vapor i n  the. center tank would 
have had a f la sh  p f between 1120 and 1170 F, A t  f lash point, a heat 

000072 
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source o f  between 400° to 500° F or an e l e c t r i c a l  . arc. of 2 5 .  m i l l  i-joule 
would have been s u f f i c i e n t  t o  I n f t i a t e  an explosiori. o f  the fuet Lair mixture.  
Ambient temperature at the time o f  the accident vas 9 5 O  F. 

Laboratory examination o f .  the  "f loat ' .  switch . (Revere Aerospace part 
number F8300-146) for the center fuel tank  refuelfng valve has found 'portions 
o f  the  switch housing and i t s  reed switch tube miss ing  and metal.fragments i n  
the remains o f  the swftch epoxy potting material, The examination o f ' t h e  
components and discussions with the manufacturer indicate that it i s  possible 
that the  swCtch did n o t  pass inspection when originally assembled. Prior 

8 prqcedures tt Revere were to drill out the epoxy potting material and reed 
switch f rom the housing then install a new reed switch. This procedure would' 
explain the damage t o  the switch housing and the metal fragments that were - 
found i n  the epoxy potting material. Revere modiffed i t s  .procedures 
approximately-3 years ago to prohibCt t h i s  practice. All o f  the f l o a t  -. 

switches that Boeing has ' i n  stack, approximately 850, were manufactured ' 

prCor to this change fn  procedure. These f l o a t  switches were subject  to 
dielectric tests a t  the BoeSng Company's facilities. All o f  the switches 
passed these tests. However, investlgators and laboratory technicians are 
uncertain as €0 the efficacy of current acceptance tests and lot sampling 
procedures. Therefore, the devetapment of additional test ing techniques may 
be necessary. The same model f l o a t  switch i s  used on a l l  three fuel tanks in 
the Boefng 737 series airplanes, i n  the auxiliary fuel tanks o f  100 Boeing 
727s, and possibly on other manufacturer's airplanes. , 

Normally, the fuel t a n k  f l o a t  switches are only -electrically powered' 
when the refueling panel access door $s open. The door would have been 
closed during .the pushback of the alrplane when the explosjon- occurred. 
However, examination o f  the 28-volt .direct-current power wires for the f l o a t  
switch, which lead from the center tank to the refueling panel on the r ight  
wing, djsclosed an area approximately 3/8 Cnch long i n  which the wjre 
i n s u l a t i o n  had been compromised and the conductor was exposed. The exposed 
wires were crushed, but no evidence o f  electrical arcing was found. The 
exposed section o f  wire was inside the inboard vapor .seal at the right englne 
pylon. Examlnatlon o f  the wire buqdle i n  the vapor seal revealed several 
other wires that had damaged insulation and exposed conducting. material, 
including a wire powered by 115-volt alternating current. Further 
examination o f  the wire bundtes' f o r  both the l e f t  and right wings found 
numerous areas i n  which wire insulation had been damaged, 

It i s  possible t h a t  the  cornbinatlon o f  a faulty f l o a t  switch and 
damaged wires providing a continuous power supply t o  .the f l o a t  switch may 
have caused an electrical arc or overheating o f  the swttch leading t o  the 

' The Invest iga t ion  determined that  a f t e r  delivery of the alrplane, 
Phftlpplne Air Lines had Installed logo lights on the wlngtfp t r a i l i n g  edges. 
Thfs lnstallation would have required mechanlcs t o  insert additionql wires 
through the vapor seals, the fuselage pressure seal, and i n s i d e  numerous 
clamps. Thus, the Installation o f  the  wires  for the logo lights could have 
been the source o f  the damage to wires i n  the wire bundles. However, the 
damage may have resulted from the  installatjon o f  the wlre bundle at the  

' -  . .  

. .  

' 1  

i g n i t i o n  o f  the center fuel tank vapor. . .  

- .  

. L, . 
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factory because o the r  damaged wires were found t h a t  were not re la ted  t o  t h e '  
installation o f  t h e  wires  for the logo l fghts .  For example, intercom wires  
in t h e  l e f t  fuse lage  wire bundle were found with damag:Jd insulation and 
exposed conductor. Additionally, many airplanes a re  r r t e n  modified a f te r  
delivery, requiring t h e  installation of additional wires in the wire bundles 
o f  the wings. Boeing has Informed the Safety Board t h a t  there were minor 
changes t o  the wing wire bundles i n  the 737-300, -400, -500 ser ies  a i rplanes 
as compared t o  the 737-100 and -200 ser ies .  However, the wire bund le  r o u t i n g  
and the wire bundle vapor seals are considerably different. 

The Safety Board -believes t h - t  the finding o f  damaged f l o a t  switch 
wlring and a potentially defective f l o a t  switch, as well as the potential for 
a fuel tank explosion requires the  immediate Inspection o r  tes t ing of f l o a t  
switch wiring o f  the three fuel tanks on Boeing ,737-300, -400, and -500 
series airplanes. The Safety Board bel ieves that  immediate Inspection of the 
f l o a t  switch wiring s h o u l d  be accomplished t o  ver i fy  t h a t  e lectr ical  power i s  
n o t  being supplied t o  float swltches by damaged wiring. Inspection o r  
t e s t i n g  of the f l o a t  switches should be accomplished a f t e r  Revere, Boeing, 
and the Federal A v i  a t t o n  Administration (FAA) are conf ident  t h a t  satisfactory 
t e s t ing  techniques have been developed. 

.- - 

'a 
'5. .2 

The Safety Board notes t h a t  the FA4 has sent a l e t te r  t o  P h i l i p p i n e  Air 
Lines requesting t h a t  the other two airplanes modified by. the alr71ne be 
inspected f o r  -damaged wirlng. The Safety Board does n o t  believe t h a t  t h i s  
action is adequate because i t  does not address the problem o f  faul ty  f l o a t .  
switches, Additionally, the  FAA action does not  decrease the potentfal of 
another  accident because many airplanes have the same f l o a t  switch installed 
and the possibil i ty o f  damaged wiring exists whether or not the a5rplarie was 
madified after or fg ina l  manufacture, 

The Safety Board believes t h a t  i t  would be prudent,  a t  the next 
maintenance inspection, for a l l  14 CFR Part 121 airplanes tha t  have had 
additional wires added t o  their  wing wire bundles since delivery t o  be 
inspected fo r  damage io t h e  wires under the clamps and inside pressure seals 
and vapor  seals. 

Lastly, laboratory examfnation o f  the l e f t  booster pump for the center 
fuel tank on the accident airplane found evidence o f  an interference rub 
between the pump Impeller and pump body, and a s l i g h t  wearing of the 
bearings. The manufacturer has s ta ted t h a t  such material wear . i s  common when 
pumps have been run i n  a dry condition. The manufacturer also stated t h a t  
some operators will let the booster pumps run with a t ank  empty f o r  extended 
periods and that  no problems have been noted. However the  service l i f e  af 
the pump bearings is less t h a n  expected. Investigators have been unable t o  
f ind adequate tes t  data on the dry running o f  the boaster pumps i n  j e t  fuel 
vapor at f lash  point temperatures t o  ellminate the rubbing o f  the pump 
impeller as a possible ignitfon source. The Safety Board believes t h a t  
appropriate t e s t s  should be accomplished to. determine i f  the pumps are 
airworthy for a l l  operating conditfons, Such tests would include 

. .  *. . * . continuously running the pumps in fuel  vapor a t  flash point w i t h  the impeller 

-f - 000074 
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i Therefore, the Nafional Transportation Safety Board recommends t h a t  the 
Fede r a1 h i  a t  i on Admi n i s t r a t  I on : 

Issue an airworthi,ness directive t o  require immediate 
inspectjon or testing of f l o a t  swltch wiring from the float 
switches t o  the refueling panel for chaffed or damaged 

. fnsulation material on Boeing 737-300, -400, and -500 series 
airplanes. The directive should. s t a t e  t h a t  ,special emphasts . 
be placed on inspecting the wire bundle where it passes 
th rough t h e  wing pylon vapor  seals and under the wi're..bundle. 
clamps. (Class I, .Urgent Action) (A-90-106) 

Develop t e s t l n g  techn,tques . t o  ensure t h a t  f loat  switches 
manufactured by Revere Aerospace are f r e e  from defect  t h a t  - 
could cause an explosion o r  f i re .  Af ter  testing technlques 
are developed, issue an ai.rworthlness directive t o  require 
testing o f  Revere Aerospace f l o a t  switches and replacement i f  
they are defective. (Class.11,. Priority Action) (A-96-101) 

Issue an afrworthiness directive applicable to a l l  14 CFR 
Part 121 airplanes t o  require, a t  the next scheduled major . 

maintenance inspection, an Inspection o f  the wires i n  wire 
bundles fn the wings where additional wiring has been added 
since the airplane was manufactured. The inspection should be 
directed t o  the determination o f  insulation damage where the 
wfre bundle i s  under clamps and inside vapar seals and 
pressure seals. 

Conduct 8 detailed engineering design review and testing of 
the fuel pumps used In the Boelng 737-300 series airplanes 
(P/N 10-62049-3) t o  verify that  overheating and interference 
between the  rotatin. components o f  the pump and i t s  case will 
not cause a f ire  {azard. Testing should be conducted I n  
j e t - f u e l  vapor 'at f lash  poin t .  (Class 11, Priorlty Action) 

(Class !I, Priority Action)  (A-90-102) 

(A-90- 103) 

KOLSTAD, Chairman, . COUGHLIN, VIce Chairman, and LAUBER, Member, 
concurred i n  these recommenda ber, f l l e d  the  statement 
bel ow. - 

y: James L. Kolstad 

BURNETT, Member, concurring I n  part and dissenting i n  part: 

e;  

I waul d have preferred tha t  the first and second recommendations 
contained .In t h i s  let ter have been worded as origlnally adopted by the 8oard 
as follows: 

B 000075 - 
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/ . L  .. . ' . Issue an- airworthiness d i r e c t i v e  to require Immedtate 
. .  inspection or t e s t i n g  of  f loat  switch w i r i n g  from the f l o a t  

- switches t o  the refueling panel for chaffed or damaged 
insulation material on a l l  airplanes equipped w i t h  f l o a t  

. .  ._: switches manufactured by Revere Aerospace, P/N '8306-146. The 
d i rect ive  should s t a t e  . t h a t  specjal emphasis be placed on 
inspecting the wires where i t  passes through the wing ,pylon 
vapor seals and under the wire bundle clamps. . (Class I ,  
Urgent Action). 

:. . . ' 

- .  
. .  

. .  

. .  

Issue an airworthiness directive t o  require testing of  Revere 
Aerospace f l o a t  switches, P/N f8300-146, .and replacement if 
they are defective. (Class I ,  Urgent Action)  

... 

c 
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.,- e - - 
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A s e a r c h  of Naval Safety C e n t e r  records revealed a similar 
Dishap t h a t  occurred over 25 years ago. The i n fo rma t ion  
contained here was obtained from t h a t  record. Some of  the 
infornation in the report was gained by g i v i n g  promises that t h e  
infornation would only be used fo r  Naval a v i a t i o n  s a f e t y  and 
never released. Those Fromises will be kept a n d  t h a t  information 
where another source could hot  b e  discovered w a s  omitted from 
this sunmary. 

? i a r r a t i v e .  A Navy C-130 had an explosion and fire s h o r t l y  
a f t e r  takeoff. The  crew crash landed the burning a i r z r a f t  and  
escaped uninjured. w h i l e  climbing th rough 7500 feer. cn exFlosion 
was f e l t  and a fire discovered in the outboard p o r t i o n  G Z  t h e  
l e f t  wing .  The number one eng ine  was secured and its fire 
extinguishing agent d i scha rged  on the c h a n c e  t h e  engine xas 
contribuzing to the fire. attempts to reduce or contra: the fire 
ware unsuccessful. A s  the fire continued, and t h e  pilot's 
ability EO m a i n t a i n  c o n t r o l  o f  the a i r c r a f t  deteriorated, a 
decision was rnsde to l and  t h e  a i r c r a € t  i n  open t e r r a i n .  

Field Investigation. The e n g i n e s  were inspected and 
eliminated as zause f a c t o r s  i n  t h e  accident. Weather W B S  also 
r u l e d  out as a factor. The outer 1 0  f e e t  of t h e  p o r t  winu, 
exclusive of t h e  l e a d i n g  edge, was consumed by fire. The l e a d i n g  
edge had collapsed inward to form a flat v e r t i c a l  surface due t o  
fire weakening t h e  internal strength members. there was evidence 
t h a t  an explosion had occurred in the v i c i n i t y  of t h e  fuei 
quantity t r a n s m i t r e r  probe locared between o u t e r  w i r g  station 
491.6 and =he wingtip. The anti-icing shut-off v a l v e  that 
directs e n g i n e  hot bleed a i r  t o  t h e  outer w i n g  leading edge s k i n  
vas found in the off position. The wing-tip lights were off. 

The aircraft had flown f o r  over t h r e e  months  w i t h  a 
maintenance discrepancy on t h e  number one fuel tank quantity 
indicator. The efforts to correct the discrepancy centered 
around r e p a i r  of solder connections in t h e  amphenol cannon plug 
a t  the back of the f u e l  quantity indicator. Another a t t e m p t  was 
nade t o  r e p a i r  t h e  solder connections in t h e  cannon  ? l u g  f o u r  
flights before t h e  mishap f l i g h t .  Maintenance personnei were 
unable to satisfactorily complete t h e  r e p a i r  i n  the time 
a v a i l a b l e  before that days f l i g h t .  They hurriedly reassembled 
tP .e  cannon plug and v e r b a l l y  warned the o n m m i n g  f 1 i g b . t  e n g i n e a r  
to leave t h e  number one f u e l  tank quantity indicacor system 
circuit breaker out to prevent Ehe i n d i c a t o r  motor f rom r u n n i n g  
and ruining t h e  i n t e r n a l  clutch. The aircraft then flew ,"cur 
flights prior to the accident. The verbal warning was passed 
between flight engineers, except on t h e  fourth flight. While 
conducting preflight procedures the fourth f l i g h t  engineer 
noticed t h e  circuit breake r  to be out and reset it. The circuit 
breaker  popped w i c h i n  seconds and was then left o u t  f o r  the 
fliqht back to home f i e l d .  The c i r c u i t  breaker w a s  reset by an 
unknown person DeEween t h e  time t h e  aircraft landed and the 
preflight t h e  nexz day by the mishap c r e w .  The mishap flight 
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engineer s t a t e d  t h a t  all c i r c u i t  breakers were i n  at cakeoff, 
h o w e v e t ,  t h e  number one indicator system c i r c u i t  breaker  w a s  
found posped a f t e r  t h e  aircraft made the crash l a n d i n g .  . 
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1x1.  FUEL QUANTIfl INDICATING SYSTEM 

a. DESCRIPTION 08 FUEL Q U l t V T I T Y  XNDLCATING SYSTEM 

I) With tho e l h i n a t i o n  of the  above soaaible  i g n i t i z n  
~ O U Z C B B ~  the fuel quan t i ty  indicating eyatam came under 
closa exaainatfon for two roaaona: one, the 41 fuel quantitjr 
circuit brcakar m a  found open on the met-craah i n v e s t i g a t i o n  
of tho  c o c k p i t  (enclorure La) and two1 the fue l  q u a n t i t y  
ayetam wiring f m  tho only i n t e r n a l  41 f u e l  tank wir ing.  

. I  . 8,. I A aapocitanco typu fuol  quantity indicating eystam is ueed I 
LA Ula ()C-l3Ol 
located in tho #I tank (anclorrure XB). Probes c o n n i e t  of 
two cancontrlc tubos which form an inner and o u t e r  elac+trcde 

Of ineutatfng matarid,  Two motal l ic  pattnrne, lnau la tad  
frm oach o t h a r ,  at0 Applfod to tho surfaco of the i n n e r  
oloctrodo. Wiros load from tho proba t o  an  a l o c t r f c a l  connector 
P/ti 165-6 L-1014 connoctod to tho  f u o l  quant i ty  indicator. 
Ona pattorn ir connactod to tho amplitiar i n p u t  i n  'the indicator 
V i a  wlro l f l 0 8  to p i n  I! on tho Lndicator'a o loctr ica l  connoctcr.  

18 aonnoctad to ground v i a  CQaX vir0 18309 to the Center 
ground p a t  of tho hdLcotOr'8 o lac tr i ca l  connacto t .  The 
outar rh lo ld  of thir v i r o  18 connactod to a sh ia ld  connector 
cap uhfah l e  i n  turn connoctod to tho o h i a l d  ground ConnoGtion 
on  the Indlcator'r o f a c t s i c 4 1  aonnoctor. I 

The outof olootrodo l r  an aluminum tub0 a x t o r n a l l y  coatad 
with an Lnsulatlny matorial. Tho fuo l  q u a n t i t y  i n d i c a t o r  
l a  1ouacod Ln tho onginoar'r overhoad panol and conta ina  
an ampllfior, bridga aircul t ,  ond a two-phaao induct ion  
-tor end powor rupply .  SLnglu-pharo 400 l iz  115 v o l t  AC 
uurfont powera tho  lndicator l t r o l f ,  hut t h l r  Voltago i 8  
not i ~ a r r o d  out to  tho tu01 tank prcboa. A l l  load. antof 
tho lnd ica tor  through an olaatrical  connoctar (oncloaura 
L15) .  Tho 113 v o l t  AC ontori tho lndicator  through tho 

pln'  on tho oleatrical ccnnoctor (nao v l r i n g  diagram 
(oiwloruro K41 end onclorura II.10) 1 ,  

Prollnlnary t o r t 8  ol t h l a  ryatom worm oonduatud a t  tho craah 
O L t a .  In brdor to promorva an muoh ovidonco 4 1  posribla, 

Tan proboa and onc probe componaator ar% I 
I 

to form a Cap4CitOZr Tho innor elactrode ia & tube mado * I  

(000 anclosura IL9) And ancloauta ( ~ 1 5 )  , )  Tho othar p a t t e r n  . 1 

I 

8 .  

I .  
I *  
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1) The entira fuel q u a n t i t y  wir ing  system was evaluated 
w i t h  emphaaia On armas in which hlqh or abnorsal v o l t u g a  
could have entered the fuel tank to provide an igniticn 
OoUTce. I t  w a s  i n i t i a l l y  decided that the indicti tor cannon 1 

plug ahould no t  be removed from the indicator  u n t i l  t h e  
indicator could be forwarded for engineering a n a l y s i s .  
A l s o ,  Lt was decided t h a t  enough wiring far the 11 SYstMl , 
should be ramovtd from the aircraft so # A t  a11 tank Wire8 
could be sx&ni.nsd which parallel  the 115 VAC pWer lead, 
This required '.hat appgoximately 5 to 6 f e e t  of wire i n  
L\e w i r e  bundle a f t  of the connector be remove&. 
and attached wiring 
Lot initial analyaia 
rcraaining fuel quant 
Checked for any electrical s h o r t  w i t h  a type PSM-2A megometar. 
The Sresulta Mere negat ive .  

The i n c b a t o r  
, 

2)  'dith tha aaeistance of the 
representatives and the Board 

a ectod to perfom CL c o n t i n u i t y  check of the wire8 harness 
while attached t o  the indicator,  w i t h  t h e  following r c s u l t a  
(enclosure 44) : 

The 115 volt AC power supply  w i r e  1 E l O O A l a V  waa ahofted 
ta wire 1E109 shield e i ther  t h rough  the elecrrical  connector 
or through the indicator  itself. 
wfre, LE109, was itself  A Q t  at ground potent ia l  which indicated 
an Avai lable path of 115 VAC into t h e  fue l  t a n k  th raugh  
t h i s  1E109 s h i e l d  w i r e .  The indicator  waa then removed from 
the electrical connector and cable  harnong and tho c o n t i n u i t y  
teat wae again performed with the same re8Ult.s (enclosure 
03). 
waa shorted to the s h i e l d  wire, 1El09, w i t h i n  the connector 
and t h a t  1El09 was n o t  ground os it should hnve been. 

Additionally, the shield 

T h i n  indicated that the 115  volt hC gower w k e ,  1 E 1 0 0 A 1 8 V t  

3 )  The connector, wire harness and i n d i c a t o r  were 

~~ 

*ard a t - t h i n  t i m e ,  but will be forwarded upon rece ip t .  
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?he results of L\e i n v a a t i g a t i a n  ware uansrnitted v i a  phone 
converaation to t h e  Boazd and photographs (encloscrea L10,11,12&13) 
nexa fomardcd. Enginemring investigation revealed severe 
arcing ins ide  t h e  electrical conneator (cnclosurea L11,12&13) 
and confirned t h a t  the 115 v o l t  AC power l ead  w i r e ,  1ElCIOX18V 
( p i n  B), WAS well rhcrted to the s h i e l d  connector as well 
48 to wiza E107 (Bin D), which  connects to *&a fuel pzsbe 
campenaator 

1) The reeulta of them tests i n d k a t c  that an 
internal nhort in the electrical cannec-r betwean t h e  115 
volt AC power lead and tho. coax e h i o l d  passed 115 vol t s  
AC L-ough t h i s  wire to the  t l  f u e l  tank .  

alro performed ortginaaring investigation cn - t a recoverod por t ion  of tho .#LO fbe l  quantity Qrobe and 
a g i sco  of co&x wira t!!ot load Cram the probe back i n t o  
tho wing. These itoms wora rocavorod f r o m  the wing pdrt ibn 
which oaparatod from -&a aircraft 350 faat forword of Lle ' 

touchdown point and woso tharoforo fortunatoly undamaqad 
by ground t t r o .  T h e m  itam8 are both Locotod i n  the exploded 
aroa. Invortlgation ot tho f u o l  quant l ty  ptcba indfcatrrd 
avidonco of arcing m n o c t o r ,  Thja dbts Wan 7 , u  
lncancludvo, iinco not  dofarnilno 6 
t h i s  srainp had OEC ax wira warn a h a  oxaminod 
and 1ndLcatlonr wet8 that tho wiro had arcod in two plbcar 
but  t h i o  information wan Otna inconoluHiva 4 1  far 4. proving 
t h a t  thLs was tho locatian ol tho lgnltion .pork. 

a. DE3CnIPTfOH O t  D O C U M E P T E D  EMINT1Wi"E ACTION PElIPOMC.0 
ON Tile E L L C T R Z W  COHNYCTOR 

i 

i 

. .  

I 

... . a -  

/- '- 
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and irksome.  The stated ZeaBon for this d i f f i c u l t y  waa the 
inaceassibility of tho indicator connection i t s e l f ,  which 
le located h the engineer's overhead panel  i n  the cock?i t ,  
and the short length of wire bundle leads behind t h e  panel 
which necess i tate8  an extra man..being assigned to the job 
j u s t  to p u l l  and hold t h i s  wira bunCle tfvouejh the i n d i c a t o r  
0Pening.h t h e  panel .  The € a ' s  further revealed that  soldering 
in this position in extremely difficult. 
wag generally experienced in soldering t h e  coax s h i e l d  w i r e  
ilE109 connection to the  indicator,'^ electrical connector 
i t se l f  (see anclosure Lld), This connection, once solclernd, 
ofren'  broke again when the rubber grcrnmet (enclo~urc 514) 
wa8 forced down the wire bundle Lnto position. T h i s  s o m e t h e a  
required the wire leads to be cut and zeaoldered, further 
shoztening the  leads and making the jab still m o r e  d i f f i c u l t .  

Most of the difficulty 

2) A fuel quantity i n o p e r a t i v e  disczcpancy is n Q t  
considered a "downing" discrepancy as long a 9  only  one i nd ica to r  
Fs inoperative for each w i n g .  Such non-downing discrepancies 
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2)  Engfnoorlng 1ttvootLga t i o n  l n d f c a t o d  t h c  115 
i VAC wlro 1ElOOAl8V and tho nhiald wiro to bo ahorted. X- 

ray PhotoOrnphs (ancloauro tro) indieatad that  the  rubber 
grorsmot twistod whon tho plug wan rotightcnad and tho sh ie ld  
connoctor did not propurly s o a t  i t a a l f  on tho Ind ica to r  

I 

I 

the c:rcd.t: breakar r w i n e d  
t f i n a l l v  vrodwed the i g n i t i o n  

I u c  vas at this time under the f u t i - i & l :  [as it was wiien 

i 

t h e  day beforal . 
of ac tor s 

1) First of all, w i t h  the circuit breaker in, a.nd 
#e cannon plug shorted 115 VAC power was available t o  t h e  
# L  f u e l  tank. A 8  Long as the tu0 suspected areas of i g n i t i c n ,  
t ! e  410 fuel quantity probe, and the coax ground wire, re 
under the f u e l  no spark cnuld be gonoratad. However, dined 

-iZty - .  minutes of engine opera t i cn  and i * 
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the approximately 7. nom up attitude of the aircraft in 
it8 climbaut combined to place the suspected cmponan4& 
in an ideal air-ruel mixture, The aizcraft had departed 
vith f u l l  miin W s .  It is estimated that 3 to 5% of  the -~ 
volumetric capacity of the tan 
the inatant oi the explosion.  
was an arcing which resulted i n  m-eXplosian in the t l  naln 
f u e l  tank in the fonuard center axe& beneath tha outScard 
accena plate in t h e  vic in i ty  of thap#lD fuel q u a n t i e l  probe. 

the explosion tore open t h e  upper forward 
8urface of the wing vith'the explosive force concentzated 
upward and forward. 
and aft areas Of the 41 main f u e l  tank. 

The r e m a i n h j  fuel. cushioned t!!e bottom 

The surface of the fuel instant ly  ignited in to  a contiauous 
flre. 
a series Of left t u r n s  until its crash landing. 
f i r a  b w d n g  o n  the surface of the  fuel combined w i t h  ';he 
emergency descent forced the f i r e  in a blcw torch manner 
f n m  t h e  tank and aft. 
it i b  estimated that the center and after portions of L I e  
accebs plate were burned off and- l i t e r a l l y  vaporized. 
weakened by the explosion, ixreascd airapted and b u r n t  
out area, the fxane of the rccens plate and a position of 
the upper wing structure in,'the immediate area of the explosion 
separated during landin? and came to reat 3f0 feet from the 
i n i t i a l  impact poin t .  

The aircraft init iatod an emergency descent wit!! 
The r e s u l t a n t  

D u r i n g  the remainder o f  t h e  flight 

Thus 

The ehort period of f l i g h t  and emergency descent (270 U S )  
confined the fire to the azea immediately a f t  of the explosion. 
A f t e r  tho aircraft Came to rest in the corn f i e ld  the Mng 
burned for 36 minutes ,  thus caus ing  the m a j o r i t y  of the 

+. .  f ire  dau18gei.b~ .the remaining Fuel in the tank continued 
to burn. The f l r e  continued burning a f t  and inboard tenclosure 
L161 before Lt was extinguished by a l o c a l  vo luntae t  f i z e  
department. 
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I. 
u h g  5 minute8 af fer takeoff .  
thm +1 main fuel tank in the forward cent- a rea  beneath 
thr outboard access plate in the immediate vicinity of the 
#IO fuel quantity probe. The exploaion toss open 4250 upper 
fcrward r ~ f a c e  of the wing froa Ows 369 to OWS 576 (enclcsura 
L l 8 ) .  The rurface of the fuel instantly ignited into a 
contFnuous firs forcing the flight crew to completa an smergenc,, 
landing i n  an open f i o l d  5 minutae aftel: the explosion. 
The aircrait'r Left wing continued to burn on the ground 
for an additional 36 minutes. Plftean f ee t  of outer  
left wing was coneumed by the  f i r e .  

The aircraft suffered an inflight explosion in the left 
The explosion occured i n  

T k e  sxp~osion woe caunad by the i n t r o d u c t i o n  of 115 v o l t  
ring10 pha6s 400 Hs F a r  i n t o  tha f u o l  q w n t i t y  i n d i c a t i n g  
ryatom f o r  tho  I1 main f u e l  t a n k ,  An arc occurad in t!!o 
f u o l  tank  airapaco from e i t h o r  Ono of two aoufcoa:  

a. 

b. 

Pr&?tha 110 f u a l  quantLty proba to an unknown Ground. 

Prom the COILX cabLo in tho immadlatc vicinity Of 
tho 110 tu01 qunntfty prQbo to bn unknown ground. 



b. lnough wfrfng for tho #l syatam should be renravd 
. tram thm aircraft ma that a l l  tank Yiraa could be v i r u a q  

EYamied which parallel the ryrtam povar leada. 

Thr following w h o a  were of primary eoacernt - 

Tha following wiror -re of s e c o n d q  concern: 

I- 

r -  
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CASB Engineering has reservations concerning the 
aforementioned scenario occurring for Jet A (Jet Al) fuel, 
unless an influential factor such as significant heating of 
fuel and/or fuel vapor took place as part of the event (ie. 
as per paragraph 2.33, MBB Alert Service Bulletin 
ASB-MBB-BK 117-60-107 applies). Review of the flammability 
properties of Jet A fuel indicated that the explosion and 
fire hazard associated with this fuel are relatively small, 
if the pressure and temperature of the fuel are equal to 
the values reported at the time of the occurrence. If the 
fuel involved is Jet B, preliminary calculations indicate 
that it is within flammability limits for these referenced 
conditions. It should be noted that if Jet A fuel is mixed 
with Jet B fuel, only a small quantity of Jet B fuel is 
required to transform Jet A fuel flammability 
characteristics into Jet B fuel characteristics (refer to 
Appendix " P " ) .  
use in this helicopter. 

Both Jet A and Jet B fuels are approved for 

CASB Engineering considers heating of fuel and/or fuel 
vapor in order to create a flammable, explosive vapor 
mixture (initially addressed in paragraph 2 . 3 3 ,  refer to 
MBB Alert Service Bulletin ASB-MBB-BK 117-60-107) to be of 
particular importance and applicability to this 
investigation. Similarly, bonding throughout the airframe 
(specifically with respect to the fuel tank and fuel vent 
systems), is considered to be of  equal importance. The 
report of only two MBB BK 117 explosion/fire occurrences 
for a large fleet of helicopters in service worldwide, 
might be explained by the fact that the hazardous situation 
referred to in paragraph 2 . 3 3  may only exist for a short 
period of time following helicopter shutdown. An explosion 
may only take place during this time frame if a suitable 
ignition source is provided in the right manner, at the 
right moment. Further investigative work is required to 
collect reliable reference data and corroborate assumptions 
the hypothesis is based on. 

CONCLUSIONS 

The momentary fuel transfer pump caution light indication 
reported during the landing flare prior to the occurrence, 
was assessed as most likely being a false indication 
generated by a pitch attitude change with a low fuel state 
in the forward main fuel tank. 

Assessment of limited biological and structural evidence 
indicates that the "bang" reported at the time of the 
occurrence is consistent with a fuel/air vapour 
deflagration explosion occurring in the forward main fuel 
tank. 
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Analysis of the hypothesis that the explosion was caused by 
electrostatic charging of the fuel and associated arcing 
within the forward main fuel tank indicates that this 
scenario is unlikely. This deduction is based on the 
timing of the occurrence, the probable fuel charge 
dissipation rates (relaxation times) involved, and the 
probable minimum ignition quenching distances for the 
forward main fuel tank. 

Based on the limited information available, analysis 
indicates that the most probable explosion/fire scenario 
for this 

i )  

ii) 

iii) 

iv) 

v) 

vi ) 

vii) 

occurrence is ai follows: - 

generation of heated (flammable) fuel air vapor 
in the fuel vent system, the top of the supply 
tank and in the forward main fuel tank, due to 
the draining of heated fuel from the engine fuel 
return lines following shutdown of the 
helicopter; 

ignition of flammable fuel air vapor at an 
exterior fuel line vent, due to electrostatic 
arcing between the fuselage and the vent as a 
result of charge accumulation from precipitation 
static; 

flash back of the flame front into the fuel vent 
line, into the supply fuel tank, and across into 
the forward main fuel tank through the tank 
overflow tubes; 

deflagration explosion of the flammable fuel air 
vapor concentrated in the near empty forward main 
fuel tank; 

overpressure rupture of the forward main fuel 
tank through the bottom of the fuselage as well 
a s  through the fuselage floor, venting combustion 
gases around the edge of the air ambulance floor, 
blowing the passenger/medical and emergency exit 
doors off the fuselage, ejecting the blue medical 
resuscitator box; I 
spillage of liquid fuel underneath the helicopter 
due to rupture of the fuel tank(s); 

ignition of liquid fuel as a consequence of the 
fuel air vapor deflagration explosion, engulfing 
the helicopter in flames; and 

viii)-destruction of significant portions of helicopter 
structure~as a result of a large, fuel fed ost- 
‘blast fire. 006098 
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1 I I W R o r n C ~ O N  

During pressure refuel l ing of B r i t i s h  Eagle International Airlines Ltd. 
I 

(B-E.1.A.) Britannia 
an explosion occurred *thin the starboard wing causing tank rupture and l i m i t &  

smctwd. damage in the region of No. 4. bag and to the engine nacelle skinning 
beneath it, 

at London AFrport at 00.15 hours on W August 1966, 

H e a v y  rain was reported to be falling at the t i m e  of t h e  incident. 

aircraft had been on the ground nine hours s inoe  i t s  return f ' r o m  I t d y  and 
although 30UE engines had been tested i n  th i s  interval the one nearest  to the 
explosion had not, 
which involved aotivating the fuel gauging system, though the tank pumps w e r e  

not switched on, 

The 

!Che c r e w  w e r e  on board at the  time doing pre-flight checks, 

There were. few obvious i g n i t i o n  sources in the region of the tank which 
exploded and hence an electrostatic discharge within the tank itself W a s  

suspected as the cauae of the  accident, 

incident Fn a c i v i l  aircraft, (a number of C a n a d i a n  military aimraft have 
suffered tank explosions during refuelling which were attributed to t h i s  cause) 

an exhaustive examination of al l  possible ignition sources had to be m a d e .  

2 -ATION OF EVIDENCE 

Since th i s  w o u l d  be the first known 

2.1 Bo*inq 

T W O  pressure ref'uellers w e r e  bonded to t h e  a i rc raf t  via leads attached 
to -;he undercarriage darnper strut (starboard rafueller) and ~ l l  underoarriage 
door panel (port refuelier), 'The refueUers w e r e  earthed to the hard standing 
via a copper plate; the hoses were not bonded throughout their length and the 
mfu=l l ing  conneotor bondfng w i r e  may o r  may not have been used. 

Subsequent enquiries revealed that the existing single 'Appleton' bond- 

% connection on the starboard side of the nose wheel bay was not used due to 
i t s  iaaccessibility and matching difficulties w i t h  the refueller bondiw e r e  
t e r d n a e o n s .  It was reported that  fue l l ing  crews are apt to use undercarriage 
oomponents, flaps etc , including alumiri-ium painted rubber hydraulic pipes, which 

m - a t  all be regarded as unsuitable bonding points.  

and tmbonded on the partiaular vehicles operated by the fuel supplier concerned; 
W f ' i c d t y  had &BO been expressed by the service engineers in making bonding 

comections across the Avery H a r d o l l  pressure r e fue l l i ng  units, 

H o s e s  were non-conducting 
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However the bag tank_specFfication (F.P.T. Hycatrol HOG. 3%) issued 

at the date o f  manufacture states:- 'small isolated internal m e t a l  items 
such as lift-the-dot fasteners ,  need not  be bonded. The drawing shal l  

.speoify which m e t a l  f i t t i n g s  are not required to be bonded'. 

Presumably th i s  relexation of bonding requirements waa permitted in 
the oase of the fasteners because of the i r  very 3-11 capacitance value 

( e s t i r ~ a t e a " 0 - 3 0  pFa) wMch would require vo l tages  of 6-4 Kv to produce 

sparks having the minimum energies needed to ignite fuel vapour/air mixtures.  

In view of thz relative distances from the s t u d  at the t i m e  cf the exp los ion  
of the UqUid surfsue  (tank half Pull) and the earthed stringers, .it is m o s t  

unUkely that such potentials would have been attained, 
sidcred @nst the background of evidence pointing to 9 ~ z  internal. tank 
explosion, these metallic studs m disoounted as the probsble source of 

i g n l  tron, 

When further con- 

(b) Ti th in  No. L baa 

If w e  again assume the eldstence of Pree charge, concentrated either 
dn the  l iquid s e a c e  or suspended Fn the vapour space above, a Mriety of 

possible discharge paths between these ' cent res '  and the earthed components 
in the tank must be considered. 
most significant are the sharp project5.om associated with the i n l e t  vdve,  

inolding  locking wire, the metdlic f l o a t  support, and possibly the Outer 

0 - i ~  of the f u e l  c o n h n t s  gauges. &lowing for Che half-filled state of 
the tank, the most u k e l y  discharge paths are oonsidered to have been either 
between mist-born concentrations and the inlet nozzle, or between the f loat  

support and the l iqu id  surfscc, No v53ual evidence 3f such s discharge w a s  
detected. 

to be expeoted in the absence of any recording instrumentation, 

Of' these e e h e d  components, perhaps the 

H o w e v e r  the occurrence of an explosion is perhaps the only evidence 

It is concluded t h a t  8n inteI?lal fuel tank explosion occurred within 

Ne- 4 bag and that the mist or foam generate& by r a f E l l i n g  must have been 

i&ted by an electrostatic disohnrge i n  the tank ullage. 
positive evidence to support this choice of ignit ian source and, in fact, 

condieons 3 - d  unsuitable for dangerous c h r g e  accumul~t ion at the time 
of this incident. 

There is no 

However sll other ignition 3owces are discounted. 
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5 RECOM”DA!PIONS TO . A RECURRENCE OF THIS INCIDENT 

(i) 
entering the aircraft tanks. 
relaxation techniques should give a substantial reduction in the r l sk  of 
explosion due to electrostatic charging of the fuel .  

(ii) 
tank woulc i  give a marked improvement in safety and m a k e  the fuclling arrange 

ments comparabie t o  those of the majority of present day aircraft. 

(a) 
provided should be specified and used, and bonding s t a n d a d s  generally should 
be maintained, 

(iv) Sharp project5ons within fuel t a n k s  i.e. locking wire and s p l i t  pins 
should be avoided if possible; 

t h e  b o d i n g  of all. components in or edjacent to t h e  f u e l  system, including 

tank support buttons. (Implementation of th is  recommendation is desirable, 

but does not  w a r r a n t  retrospective modif icat ions if these prove difficult, ) 

( v )  Bag embrittlement (aue to overheating by the j e t  pipe) should be pre- 
vented by improved insulation techniques, 

A c k n o w l e d g e m i  

Measures should be taken to prevent the bui ld  up o f  charge w i t h i n  fue l  

The employment of anti-static additive Or c h s g e  

Alternatively the extension of the filling pipe to the bottom of the 

Standard refuelling b o d i n g  points more convenient than those now 

and especial a t t e n t i o n  should be devoted to 

The assistance and co-operation of the aircraft manufwturer, the opera 
the fuel and accessoly suppliers is acknowleQp2, together with that prorided 

Shell Internat ional  Petroleum Co, L t d ,  

NO. 
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