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C. SUMMARY 

On July 17, 1996, at 2031 EDT, a Boeing 747-131, N93119, crashed into the Atlantic 
Ocean, about 8 miles south of East Moriches, New York, after taking off from John F. Kennedy 
International Airport (JFK). All 230 people aboard were killed. The airplane was being operated 
as a 14 Code of Federal Regulations (CFR) Part 121 flight to Charles De Gaulle International 
Airport (CDG) at Paris, France, as Trans World Airlines (TWA) flight 800. 

The wreckage of TWA flight 800 was recovered from the ocean after weeks of 
submersion. The condition of the electrical wiring was documented in the Systems Group 
Chairman Factual Report Addendum for Aircraft Wire Inspections and Historical Reports, dated 
July 28, 1999. 
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To examine the material properties of wire that was of similar type’ and age,* but which 
had not been exposed to ocean water, the Safety Board obtained wire samples from two Boeing 
747 airplanes that had been manufactured in 1970 and 1973, and a DC-10 manufactured in 1973. 
The samples from the 747s were marked with the codes for BMS13-42A and -42B, and the 
samples from the DC-10 were marked with the military specification for similar materials and 
construction, MIL-W-8 104411 6 .  The samples were obtained randomly from pressurized fuselage 
locations that were protected from traffic, light, or other potential stresses. 

The Safety Board contracted the Wiring Qualification Group of Raytheon Systems 
Company (Raytheon) to perform testing of these wire samples in accordance with the 
specifications for newly manufactured wire. The Raytheon report notes that the inspected wire 
samples exhibited contamination, including dirt, lint, paint and lubricant residues, smoke residue, 
and metal filings. Sporadic areas were found with cracked or damaged insulation, including 
areas with deep hot-stamp markings that directly led to localized crack formation. In almost all 
cases, the outer insulation cracked under performance testing and the electrical integrity was 
dependant on the condition of the inner layer. Attempts were made to understand the aging 
phenomenon involved with this type of insulated wire. 

While some of the wire samples were found to have mechanically damaged insulation, 
the sections used for electrical testing were selected from those with intact insulation. (Separate 
tests of damaged insulation samples revealed that “roughly 20%” of the electrical property test 
points failed, according to Raytheon.) Raytheon’s five “Overall Conclusions” about the material 
properties of the undamaged wire were: 

0 

0 

0 

0 

The wire submitted has definitely aged as indicated by the jacket failures in 
accelerated aging and lifecycle. 
The inner insulation continued to provide electrical integrity, as it was designed to do, 
although the outer jacket is losing its ability to mechanically protect the wire. 
The wire submitted for testing would be expected to perform adequately in the short 
term, provided there is no added stress beyond what it has experienced. 
The weak point in this wire type appears to be the lack of ability to maintain physical 
and electrical integrity during extended elevated thermal exposure with mechanical 
stress. As the wire ages, there is an increased risk of dielectric problems, mechanical 
damage and loss of electrical integrity. 
No wire was submitted that was exposed to high levels of environmental exposure. 
Wire from these areas, wheel wells, leading edges, etc., would be expected to perform 
worse than the wire submitted. 

’ Wiring found in the wreckage of TWA flight 800 was marked with the manufacturing code for Boeing Material 
Specification BMSl3-42A. 

The TWA 800 accident airplane, N93 1 19, had been delivired in 197 1. 
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ABSTRACT 

Wiring from three different retired commercial passenger aircraft was examined and tested to 
evaluate the integrity of the insulated wire. The wire tested was insulated with crosslinked 
extruded alkane-imide polymer with a modified -imide polymer topcoat. also commonly 
referred to as Poly-X insulated wire. The wire was taken from generally benign areas of the 
aircraft, where the effects of environmental exposure would be minimized. The inspected 
wire samples exhibited contamination with a variety of materials, including dirt, lint, paint 
and lubricant residues, smoke residue, and metal filings. The degree of contamination of the 
wire samples varied by aircraft and by location on the aircraft. Sporadic areas were found 
with cracked or damaged insulation, including areas with deep hot stamp markings that 
directly led to localized crack formation. Visually, much of the wire appeared to be in good 
condition, although some areas were worse than other areas. 

The wire from the three aircraft performed similarly during testing. Test results showed the 
wire continued to be able to pass many of the performance requirements that new wire must 
pass, including mechanical, thermal, and aging tests; however, the wire failed other tests, 
including lifecycle which evaluates the ability to withstand long-term thermal aging under 
mechanical stress. Wire from benign areas of the aircraft performed better than wire from 
areas with slightly elevated environmental exposure. In almost all cases, the outer layer of 
insulation cracked under performance testing, and electrical integrity was dependent upon the 
condition of the inner layer. Attempts were then made to understand the aging phenomenon 
involved with this type of insulated wire. The aging failure of Poly-X insulated wire is 
affected by exposure to various environmental factors, including heat, moisture, radiation, 
electrical, and mechanical stresses. Wire located in areas of the aircraft with higher levels of 
environmental stress would be expected to degrade more than those tested in this program. 
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1. BACKGROUND 

To evaluate the condition of wiring in current commercial passenger aircraft, the National 
Transportation Safety Board (NTSB) has established a program to investigate the electrical 
interconnection system and to characterize the condition of wiring in aircraft after long periods of service. 
The investigation has been prompted by a need to better understand the condition of wiring in aging 
commercial aircraft. The NTSB contracted Raytheon Systems Company (RSC), Indianapolis to evaluate 
aircraft wire removed from several recently retired aircraft. Three wire types, BMS 13-42 Rev A and B 
and MIL-W-8 1044/16 were selected for the investigation as they are the same type and age as the wiring 
used on TWA Flight 800, a Boeing 747 model, that is undergoing an accident investigation by the NTSB. 
The wire samples were subjected to performance tests that new wire was required to pass at the time of 
purchase. Based on the experience of this laboratory, performance test results are discussed, but it was 
beyond the scope of this project to perform failure analysis or in-depth study of wire failures. 

2. DETAILS 

2.1 SOURCE AIRCRAFT 

Wire was removed from three different aircraft for testing. The wire samples were taken within two 
months of the retirement of each aircraft. Two of the aircraft were Boeing model 747 airplanes, and the 
third was a Douglas Corporation model DC-IO. All three aircraft were reported to have been retired for 
economic reasons, and the operators of each asked not to be identified. None are known to have been 
involved in any major accidents. The aircraft were arbitrarily identified and will be referred to here as the 
White 747, DC-IO, and European 747. 

2.2 WIRE SAMPLE SOURCE LOCATIONS 

The wire samples were prepared and shipped under the supervision of Safety Board Investigator 
Debbie Childress. The wire samples were removed from the aircraft, bagged and labeled to signify the 
originating location. The wire, along with cables, connectors, cable ties, overbraid, and other hardware 
was removed from wire bundles that had been routed through the different aircraft. The general areas ot' 
the aircraft are shown in Figures 1 - 3. No wire was received protected by overbraid, although some of 
the wire may have originated in protected bundles. Most of the wire originated from very benign areas of 
the aircraft, although some of the wire was located in areas of the aircraft that may have been exposed to 
slightly elevated environmental conditions. No wire was submitted that would have been expected to see 
high levels of environmental exposure. Table 1 describes the locations in the aircraft from which the 
samples originated. The environmental conditions of each location are noted for the propensity of the 
wiring in that area to see elevated environmental conditions. 

2.3 WIRE SAMPLE BACKGROUND 

The component wire removed from the aircraft represented several different types of wire, but the 
only wire tested was wire manufactured to BMS 13-42A, BMS 13-42B, or to MIL-W-8 104411 6, all Poly- 
X type wire insulation. Depending on the system installations and any rework that may have occurred on 
a specific aircraft, other wire types were present, such as MIL-W-81044/9 (crosslinked Polyalkene 
insulated wire) and BMS 13-48 (crosslinked ethylene tetrafluoroethylene, XLETFE, insulated wire.) The 
latter two wire types are significantly different than the Poly-X insulated wire type tested for this report. 



Figure 1: White 747 Sample Origination as Described by NTSB 
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Figure 2: DC-10 Sample Origination as Described by NTSB 

D C - l o  - 10 SERIES 

2 



Figure 3: European 747 Sample Origination as Described by NTSB 
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Table 1: Origin of Wire Samples Selected 

Potential 
Sample 

s1, s2, s3, 
s4 
s5 
S6 

s 7  
SI,  s 3  

s2 
s4 
s5 
S6 
s 7  
S8 

S1 (All) 

Origin of Wire 

Flight Engineer's panel in cockpit 

Station 380, right hand Side of flight crew exit door 
Station 1438, directly below floor panel of Seats 37 A, B, 
and C 
Just forward of center fuel tank on the right hand side 
Cockpit overhead center panel 

Station 770. a 12 foot section taken from above R2 door 
Station 919 to Station 1239 (not tested) 
Not marked (not tested) 

~~~ 

Not marked 
Underneath flooring, pilot's side yoke area 
Station 919 to Station 1570, overhead right hand side 
from R2 door towards rear of aircraft 
Forward cargo hold 

Environmental 
Exposure 

Possible UV 
(Ultraviolet) 
exDosure 

Benign 

Hot, dry, no 
UV exDosure 
Benign 

Not Known 

Benign 
Elevated 
temperature 
Benign 
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2.4 COMPONENT WIRE DESCRIPTIONS 

The component wire specifications are included in Appendices I and 11. The wire samples are tin 
coated copper conductors with a dual layer of crosslinked extruded alkane-imide polymer insulation and a 
coating of modified -imide polymer. Wire manufactured to the military (MIL-W-8 10444 6 )  and Boeing 
(BMS 13-42A and 13-42B) wire specifications is essentially identical. Only one manufacturer was 
qualified to this wire type for either of the noted specifications during the wire usage period. The 
qualified wire manufacturer indicated that the same wire would have been qualified to both 
specifications. The military specification for the subject wire type was canceled in 1977 due to the 
manufacturer ceasing production of the wire type. The insulation thickness requirement differed between 
the specifications. Insulation wall thickness requirements of the wire constructions are as follows: 

Specification Wire Size Total Insulation Thickness 
BMS 13-42/8,42A/8, 30- 10 gauge .009 inch minimum 

and 42B/8 8-0000 gauge .015 inch minimum 

M81044/16 24-00 gauge ,008 inch minimum 

2.5 TEST PROGRAM PARAMETERS 

Since the wires had been installed for a number of years on the subject aircraft, the wire samples 
were first examined for general condition and the presence of anything abnormal. A testing regimen \\'as 
designed that would best indicate the condition of the insulated wire. Certain tests contained in the wire 
specifications were not performed if the aging of the wire would have no bearing on the outcome of the 
test, or if the test was not expected to reveal additional information. When possible, samples that may 
have been exposed to differing environmental conditions were analyzed separately. Testing on the 
component wire was performed per Boeing specification BMS 13-42A. In most cases the military and 
Boeing test procedures were very similar, although the Boeing specification contained the additional 
requirements of deformation, notch sensitivity, scrape abrasion, tape abrasion, and wicking. 
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3. TEST PROCEDURES AND RESULTS 

3.1 Visual Examination 

Appendix 111 contains photographs of each of the wire samples submitted to RSC for testing. 
Bundles contained wires ranging from 10 to 24 gauges, although the majority of the wire was 18,20, and 
22 gauge. When possible, the same wire size was used throughout any given test. 

Each submitted wire sample was examined and photographed. The wire samples were examined for 
various elements, including general condition, mechanical damage, electrical damage, thermal damage, 
contamination, and foreign debris. Degradation of the wire to some degree would not necessarily be 
considered unusual for aircraft wire, especially wire which had been in service for many years. 
Observations of each sample were noted and are listed in Table 2. Photographs were taken when 
appropriate, and are included in Appendix IV. Few of the submitted wire samples exceeded 8 feet in  
length for the White 747 or 26 feet in length for the European 747 or DC- 10. Many of the specimens did 
not appear to be damaged over these limited lengths. 

A brief summary of the observations noted from the physical examination of the wire samples 
included: 

the presence of debris, such as lint and small metal chips, paint residue, and possibly foam or 
adhesive residue 
contamination by what appeared to be oil or grease and a dark brown film 
mechanical damage, such as insulation cracking, indentations caused by tight clamps or nylon 
tie wraps, abrasion of the insulation, and various nicks and cuts 
deep hot stamp marking resulted in cracking of the insulation 
extremely brittle insulation resulted in cracking of the outer layers with gentle handling in the 
laboratory 
roughly one-fifth of the insulation cracks resulted in dielectric failures 

Several of these observations are considered to be potentially detrimental to the performance of the 
wire. During the testing phase, the performance of the wire was evaluated. Dielectric tests were 
performed on many wire samples, including a number of the areas in which problems were observed. 
Many of these areas passed dielectric tests, although some did fail. 

appeared to be in worse physical shape than other areas. This may be due to greater exposure to 
environmental conditions, such as vibration or abrasion. or may be due to increased handling. such as 
during maintenance. The areas with heavier hot stamp marking contained direct examples of insulation 
cracking at the mark (Photo D1, D2). Tight tie wraps appeared to permanently deform insulation directly 
below the tie wrap, at times cutting into the insulation. Each of these examples of mechanical damage 
creates stress points that may degrade the electrical performance and possibly accelerate the aging of the 
wire. 

The wire bundles were heavily coated in areas with a brownish film and released an odor of 
cigarette smoke. This may have been due to the smoke residue of passengers' cigarettes during the 1970s 
and early 1980s. The film could be wiped off with a dry cloth or scratched off with a fingernail. The 
film did not appear to have caused any visible damage to the wire insulation. Physical damage to the 
insulation is undetermined, but the brown film, if it is smoke residues, is not expected to be chemically 
reactive with the organic insulation. 

White residue on the European 747 wire was analyzed by Fourier Transform Infrared (FTIR) 
Spectroscopy. The spectrum obtained, Figure 4, indicated the white residue was polyurethane based. 

Mechanical damage was found throughout many of the samples. Wire in certain aircraft areas 
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The clear yellow residue on the White 747 Sample 1 (referred to as SI)  wire insulation was not identified. 
although the spectrum, Figure 5 ,  indicates that the residue is an organic that exhibits nitrile peaks and 
may be similar to a polyurethane material. The residue was fairly thin and extremely brittle. A brown 
residue was present on the White 747 Sample 2 wire insulation. This residue was hard and brittle. and 
appeared to be similar to a foam or adhesive residue. 

Figure 4: White Residue FTIR Spectrum (European 747, Sample 1) 
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Figure 5: Yellow Residue FTIR spectrum (White 747, Sample I )  

% 100 

r 
r 80 
a 
n 
S 60 
n 

t 40 
t 
a 

I 

n 20 
C 

e 0 

4000 3500 3000 2500 2000 1500 1000 

Wavenum bers (cm-I ) 

6 



Table 2: Visual Examination Results 

Sample 

White 747 

White 747 

White 747 

White 747 
White 747 

White 747 

White 747 

DC- 10 
DC- I O  

DC- I O  

DC- I O  

DC- I O  

DC- 10 
DC- 10 

DC- 1 0 

European 747 

Area 

SI 
- 

s2 

s3 

s 4  
s 5  

S6 

s 7  

s1 
s2 

s3 

s 4  

s 5  

S6 
s7 

S8 

s1 

Observations 

Wire relatively dirty. Clear yellowish residue on wire insulation. A few 
abrasions on the wire. Deep hot stamp markings (Photo DI,  D2). Several 
radial cracks (Photo D3) and damaged wire insulation (Photo D4) with 
dielectric failures. 
Wire relatively dirty. Brown film on wire with an odor of cigarette smoke, 
along with brown residue in certain areas (Photo D5). Some nicks in wire 
insulation (one dielectric failure). Deep hot stamp markings. Deformation 
Dossiblv due to tight clamps or tie wram (Photo D6). 
Gouge in insulation (passed dielectric test) and scrape abrasion (Photo D7) 
Tie wraps very tight. Possible dielectric failures. Dark yellowish sticky 
material on areas of insulation. Deep hot stamp markings. 
No Poly-X type wire in sample 
Larger gauge wire ( I  2 gauge) exhibited scrapes. abrasions (Photo D8). and 
gouges (Photo D9) in insulation. Small gauge wire did not exhibit damare. 
Gouges in insulation (Photo 010). Small metal filings present on surface of 
insulation (Photo D11). 
A few small cracks in insulation. Chafing (Photo D12) and gouges (Photo 
D13, D14). 
Clean short samples with connectors. 
Wire dirty with brown film and strong odor. M8 1044/9 type wire, no Poly-X 
type wire. 
Dirty or heavy brown film on the ends of the wire. Some Poly-X wire that 
was not labeled as either BMS or Mil-spec wire. 
Heavy brown film covering wire with a strong odor. M8 1044/9 type wire, no 
Poly-X tvDe wire. 
Some cuts into insulation. One wire insulation (20 gauge) cracked when 
straightened (Photo D15), passed dielectric. Some Poly-X type wire that was 
not labeled to a specification. 
One wire (22 gauge) cracked and failed dielectric test. 
Wire dirty, dusty, and slightly oily. Isolated cases of chaffing and gouging of 
the insulation on twisted pairs. 
Brown film covered much of wire, along with a strong odor of cigarette 
smoke. Some areas were covered with more dirt or a heavier brown film 
than other areas. Fifty-foot harness held together by about 40 very tight 
nylon tie wraps. Dielectric failure in wire sample with mangled area (Photo 
016). Connector strain relief very tight on wire. A section of wire was 
protected by overbraid. This wire was bright white and much less brittle. 
Wire was dirty. Approximately one-third of the wire was covered with an oil 
or grease residue, some of which was sticky or tacky while other areas were 
dried. Several areas were covered with a white residue (Photo D 17). Some 
fine metal filings on wire, especially between the twisted pairs. Wire 
insulation with abrasions on twisted triples. 
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3.2 Mechanical and Electrical Tests 

White 747 s2 I W42Bl811 - # gauge 

3.2.1 Concentricity 

82% I Passed 

The concentricity test measures manufacturing accuracy and is quite important for an extruded 
insulation type wire. The proper dielectric properties of a wire are dependent on the ability of the 
insulation system to protect the conductor. Manufacturing problems may be encountered that reduce 
the thickness of the insulation at any one point, and will directly affect the voltage level that can 
breakdown the remaining insulation. In older wire. this test also becomes a check on the integrity of 
the insulation and any presence of cold flow or wire wear that may also decrease the effectiveness of 
the insulating properties. 

Test specimens are carefully cross-sectioned from the wire sample with a sharp razor blade. The 
specimen is then held at a right angle to an optical measuring device, and the thickness of the 
insulation layers in relation to the conductor and overall sample geometry are evaluated. 
Concentricity of insulation is measured as a ratio of the thickest to the thinnest wall thickness in a 
specimen. New wire manufactured to these specifications required 70% minimum concentricity. 

On several of the submitted wire test specimens, there appeared to be some layer separation 
between the outer layer and the inner layers, and between the inner layers (Photo D18, 019). 
Repeated thermal or mechanical cycling may promote separation of layers. Results are provided in 
Table 3 .  

White 747 

DC- I O  

DC- 10 

Table 3: Concentricity Results 

Y U  

W42B1811 - # gauge Separation of layers Failed 
S6 W42Bl811 - # gauge 76% Passed 

W42Bl811 - # gauge 47% Failed 
s1 M81044116 - 22 gauge 93.5% Passed 

M8 104411 6 - 22 gauge 85% Passed 
S6 M81044/16 - 22 gauge 88% Passed 

M81044/16 - 22 gauge 5 7% Failed 

Samples I Area - 1 Specimens I Concentricity (YO) I Results 

# Gauge size not recorded 

3.2.2 Dielectric Test 

The dielectric test employed was an electrical test commonly used to determine the integrity of wire 
insulation. It is often called a Dielectric Withstand Voltage (DWV) test, or Wet Dielectric test. An 
electrical potential across the insulation will short if any area of the insulation is too weak to contain the 
electrical potential. This test measures the leakage current sensed by the ammeter. 

The wire is submerged in a 5% salt water solution, and a potential is applied across the insulation by 
connecting the positive lead to the conductor and the negative lead to a copper rod in the salt solution. A 
potential of 2500 volts at 60 hertz alternating current was applied for 5 minutes to test the wire specimens 
for insulation electrical integrity. Insulation failures are determined by a leakage current exceeding 1 0 
milliamps. The leakage current was not specified i n  either the military or Boeing specifications. 

are listed with the applicable test. 
This test was used in conjunction with other tests as a proof test for insulation integrity. The results 



3.2.3 Insulation Resistance 

White 747 
DC- 10 
European 747 

The insulation resistance is a measure of the electrical resistance that an insulation imparts between 
a conductor and ground. Greater electrical resistance provides better insulating properties. The presence 
of shorts, weak areas, or poor material quality of the insulation can lead to low values. 

Wire specimens, as long as possible, were taken from the sample bundles and tested for the 
insulation resistance by immersion in a water bath with 0.5% anionic surfactant per the Boeing test 
method. After a four hour soak, 500 volts potential is applied across the wire and surfactant solution. 
Twenty-six feet is required per the test specification, but this length was only available from one of the 
samples. The test results can be variable, and long specimen lengths are necessary to extrapolate values 
out to 1000 feet. Test values from shorter specimens may not be as accurate as from longer specimens. 
Samples from the elevated environmental exposure areas did not have enough length to perform this test. 
Values are usually given in ohms per thousand feet of wire. The requirement for the insulation on new 
wire per the Boeing specification is 

Length (MR/1000 ft.) 
s7 W42B/8/1 - 20 gauge 8 feet 30,100 Pass 
S8 M81044/16 - 16 gauge 26 feet 23,750 Pass 
s1 W42A/8/1 - 20 gauge 26 feet 37,500 Pass 

10000 megohms (M*)/lOOO ft  (30 - 22 gauge) 
5000 M%OOO ft. (20 - 10 gauge) 
500 MR/lOOO ft. (8 - 0000 gauge). 

The requirement for the military specification wire is 

5000 MR/lOOO ft. (24 - 10 gauge) 
2000 M*/~OOO ft. (8 - 00 gauge). 

The results in Table 4 indicate that the wire specimens far surpass the original requirements of the 
Boeing and military specifications. 

Table 4: Insulation Resistance Results 

Samples I Area 1 Specimen I Specimen I Resistance I Results I - 

3.2.4 Insulation Tensile and Elongation 

As a material ages, the elasticity or strength may change dramatically. The molecular bonds of a 
material may weaken due to various mechanisms, such as hydrolysis, thermal breakdown, ultraviolet 
degradation, etc. This material degradation can often lead to a decrease in the ability to withstand 
physical stress. Tensile strength and elongation are two properties that are often used to characterize a 
material. For example, aging may cause a material to harden and the tensile strength to increase and 
elongation to decrease. Materials that harden will tend to crack and fall apart when moved or disturbed. 
The materials used for the wire insulation must continue to keep their properties over the service life of 
the wire in order to meet the performance required of it. Disintegration of wire insulation is unacceptable 
in an aerospace environment. 
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Three inch slugs of insulation were removed from the wire. The specimens were tested to determine 
the tensile and elongation using a compressionltension machine with a 2 inchlminute jaw separation. 
Insulation composed of several layers, such as the subject wire, was tested to multiple endpoints: tensile 
of the first layer, final break strength, and the ultimate elongation. Requirements on the original wire for 
the Boeing and military specifications were 50% minimum elongation to break and 7500 pounds per 
square inch (psi) minimum to break (10 gauge and smaller) or 5000 psi minimum to break (8  gauge and 
larger wire) for the total insulation. 

The results in Table 5 show that one wire insulation sample had degraded to the point where i t  has 
begun to fail the tensile strength requirement, and another wire sample had degraded to fail the elongation 
requirement. Many wire samples were close to the requirements, while a few maintained good 
characteristics. The range of values in this test was fairly significant within each sample. Statistical 
deviation was up to '50% of the value for elongation, but only up to *4% of tensile strength of the outer 
layer. Depending on the sample, statistical deviation was sometimes much less. The failed elongation 
specimen passed the tensile requirement. Values are given for the total insulation, for the combined inner 
and outer layers, for the peak tensile strength at break, and for the final overall elongation. The tensile 
strength of the outer layer of insulation was always higher, while the elongation of the inner layer was 
higher. On all specimens, the outer insulation layer broke first, with less elongation than the inner layer. 
Dual wall insulated wire may have an advantage since the outer layer protects the inner material so that 
does not degrade as quickly in service. This is represented by the fact that the inner layer continues to 
maintain a suppleness that allows for the elongation to continue to meet the original requirements of the 
wire specifications. During the physical evaluation of the wire, several instances of cracked wire which 
maintained electrical integrity were found due to the continued physical capacity of the inner layer. 

Area Specimens* - 

s 2  W42Bl811- 18 
total insulation 

s 2  W42Bl811-20 
total insulation 

s5 W42B/8/1- 1 8 
total insulation 

s 7  W42B/8/1-20 
total insulation 

S1 M81044116-18 
total insulation 

S7 M81044/16-16 
total insulation 

S8 M81044t16-20 
total insulation 

s1 W42A/8/1-20 
total insulation 

Table 5: Insulation Tensile Strength and Elongation Results 

Elongation Tensile Strength 
(%) avg. (psi), avg. peak 

50% 7500 psi 
Requirement Req uirenien t 

21 1 %  7452 

3 7% I1653 

21 8% 8487 

203% 10502 

197% 7962 

262% 10740 

88% 1 I693 

49% 11200 

( 1  4% outer) 

(1 5% outer) 

(1 28% outer) 

(29% outer) 

(1 7% outer) 

(22% outer) 

Samples 

White 747 

White 747 

White 747 

White 747 

DC- 10 

DC- 10 

DC- I O  

European 747 

* Note - Five snecimenc were tested for each camnle Recallre it wa9 imnossihle 

Results 
Elongation Tensile 

Passed Borderline 

~~ ~ 

Failed Passed 

Passed Passed 

Passed Passed 

Passed Passed 

Passed Passed 

Passed Passed 

Borderline Passed 

o separate the inner 
insulation from the outer insulation, the total insulation was pulled together; however, the outer 
insulation would break before the inner insulation. 
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3.2.5 Notch Sensitivity 

Samples Area Specimen 

White 747 SI W42Bl811 - 22 gauge 
White 747 S6 W42BtSll - 20 gauge 
White 747 s7 W42Bl811 - 22 gauge 
DC- 10 s1 M8 104411 6 - 22 gauge 
DC- 1 0 s 7  W42Bl811 - 22 gauge 
European 747 s1 W42Al8I1 - 20 gauge 

- 

This test measures the ability of a wire insulation to resist the propagation of a nick or cut through 
the insulation layers to the conductor. One of the major drawbacks of some of the more rigid insulation 
systems is the tendency for the materials to crack, and for the cracking to continue all the way through to 
the conductor to create potential dielectric failure sites. There are several ways in which wire 
manufacturers have addressed this problem. One is to use materials that do not exhibit the tendency to 
propagate cracks. Another is to use more than one layer of material so that if one layer develops a crack 
or is nicked, another layer will retain its integrity. 

A blade that protrudes a certain dimension out of the fixture is used. The insulation of the wire 
specimen is then scored to that depth using the fixture blade, then physically stressed by wrapping 360" 
around a 1 .O inch mandrel with the notch on the outside of the bend to induce propagation of the notch. A 
2500 volt dielectric test in a 5% salt water solution is performed to verify the integrity of the insulation. 
The Boeing specification requires a .004 inch notch depth. This test is not a requirement in the military 
specification. 

during the dielectric voltage test. The inner insulation material refrained from propagating the notch 
through to the conductor. The test also was performed on thermally aged specimens to determine if the 
embrittled insulation would propagate cracking. The accelerated aging specimens also passed the 
dielectric voltage test following the notch of the insulation, Table 7. Again, the inner insulation protected 
the conductor. 

As shown in Table 6, all samples tested passed the requirements by maintaining electrical integrity 

Results, Dielectric 

Passed 
Passed 
Passed 
Passed 
Passed 
Passed 

Table 6: Notch Sensitivity Results 

White 747 
White 747 
DC- 10 
DC- 10 

s5 W42Bl811- 16 gauge Passed 
s7 W42Bl811- 18 gauge Passed 
s3 M8 1044/16- 16 gauge Passed 
s7 M8 104411 6- 16 gauge Passed 

Table 7: Notch Sensitivity Results Following Aging 

1 Samples I Area I Specimens 1 Results, Dielectric I - 
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3.3 Thermal Tests 

Samples Area Specimen 

White 747 s5 W42B/8/1- 22 gauge 
White 747 s 7  W42B/8/1- 22 gauge 
DC- 10 s3 M8 1044/16- 16 gauge 
DC- 10 s7 M8 1044/16 - 22 gauge 

- 

3.3.1 Blocking 

Adhesion Results 

None Pass 
None Pass 
None Pass 
None Pass 

Wire is expected to have insulation that does not adhere to itself after heating. Potential problems 
may result if wire insulation melts together (blocks) and forms a large mass. Vibration, flexing, and other 
thermal or mechanical stress causing movement of the wire may rip or otherwise damage the insulation 
from one of the wires, creating sites that may lead to dielectric failures. I n  addition. this test can evaluate 
the potential for materials to revert, which may result i n  electrical failure. 

Wire specimens were wrapped tightly around a 1 inch diameter mandrel (1.5 inch for 16 gauge 
wire), with the turns up against each other. A three pound weight (five pound weight for 16 gauge wire) 
was hung from the conductors to keep the turns taught around the mandrel, and the specimens were 
heated to 200°C for 6 hours. The wire specimens were cooled and inspected for any sign of adhesion 
between the turns of insulation. The requirement for new wires is no adhesion following heat exposure. 

All samples passed this requirement with no adhesion of the insulation, Table 8. 

Table 8: Blocking Results 

3.3.2 Low Temperature (Cold Bend) 

In an aerospace environment, the temperatures experienced by the aircraft quickly reach -65°C at 
altitude. Wire must be able to retain some physical performance abilities due to the physical stress that 
occurs in flight at low temperatures. Within the passenger cabin and cockpit, temperatures are regulated. 
but outside of these areas, where much of the wire in a commercial aircraft is located, the temperatures 
reach extremes. Many polymeric materials undergo thermomechanical transition at subambient 
temperatures, and become hard and brittle. Aerospace wire is expected to retain physical and electrical 
integrity through mechanical and electrical stress at the temperature extremes 

With 5 pound weights attached, wire specimens were cooled to -65°C and tested by being wrapped 
around a 1.5 inch mandrel at the cold temperature, and then visually checked for insulation cracking. In 
addition to this, the military specification MIL-W-81044 continues with a wet dielectric test in a 5% salt 
water solution to prove the insulation integrity. 

withstand voltage test, and the specimens did not exhibit cracking in the outer insulation at the low 
temperatures. This test does not address long duration service stress such as vibration at cold 
temperatures. 

As shown in Table 9, 16 gauge samples were tested and all specimens passed the final wet dielectric 



Table 9: Low Temperature Cold Bend Results 

Samples Area Specimen 

White 747 s3 W42B/8/1 - 16 gauge 
White 747 S6 W42B/8/1 - 16 gauge 
DC- 10 s3 M81044116 - 16 gauge 
DC- 10 s 7  M81044I16 - 16 gauge 

Number of Results, Visual Results, 
Specimens Dielectric 

2 No Cracks Passed 
1 No Cracks Passed 
1 No Cracks Passed 
1 No Cracks Passed 

3.3.3 Shrinkage 

Samples - Area Specimens 

White 747 s1 W42B/8/1- 22 gauge 
White 747 S6 W42B/8/1- 22 gauge 
DC- I O  s1 M8 1044/16- 24 gauge 

This test indicates whether the wire insulation is physically and dimensionally stable when exposed 
to short term elevated temperature. Polymeric materials may often expand or contract if not completely 
cured, or if the material contains inherent stresses from manufacturing. 

Twelve inch long specimens are cut so that the ends of each side are flush. The specimens are then 
heated to 200°C for 6 hours to allow the wire specimens to relax and the insulation to move, losing any 
physical stresses and reaching its lowest energy state. The specimens are allowed to cool, and the 
difference between the end of the conductor and insulation are measured on each specimen. Any change 
in the position of the conductor relative to the insulation is noted to the nearest 0.001 inch for each end of 
the specimen. The wire specifications allow a maximum of 0.06 inch (0.125 inch for the military 
specification) shrinkage for a 12 inch specimens of new wires. 

I O .  Since these wires have been in service for so many years, and have been exposed to many thermal 
fluctuation cycles, they would not be expected to change appreciably. 

All wire specimens exhibited no deviation between the conductor and insulation on both ends. Table 

Deviation (inch) Results 

0.0 Passed 
0.0 Passed 
0.0 Passed 

Table 10: Shrinkage Results 

DC- I O  s7 I M81044116- 22 eauee I 0.0 Passed 

3.3.4 Thermal Shock 

Thermal shock is similar to the shrinkage test, but with several changes in the test procedure. The 
test measures an insulation's ability to resist shrinkage and expansion following several thermal cycles to 
temperature extremes. Inherent mechanical stresses may cause deviation of the insulation i n  relation to 
the conductor. 

Five foot specimens were coiled in one foot loops. The ends were stripped of insulation, and the 
exposed conductor measured accurately. The specimens were cycled from hot ( 150°C). to cold (-55"C),  
to room temperature (25'C) four times, with measurements being taken on the dimensional change of 
length between the conductor and insulation after each cycle. Both wire specifications allow a maximum 
of .060 inch shrinkage on each end for new wire. 

requirement, although the deviation resulting from shrinkage of the insulation was more apparent in this 
The maximum deviation on each end is provided in Table 1 1 .  All specimens passed the 
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test than in the shrinkage test. Wire exposed to numerous thermal cycles would be expected to be quite 
stable and not exhibit large deviations. 

Samples 

White 747 
White 747 
DC- 10 
European 747 

Table 11: Thermal Shock Results 

- Area Specimens Deviation on each 
end (inch) 

s5 W42B/8/1 - 22 gauge 0.052, 0.038 Passed 
s7 W42B/8/1 - # gauge 0.01 7, 0.049 Passed 
S8 M81044/16- 22 gauge 0.014. 0.047 Passed 
SI W42AI811 - 20 gauge 0.008, 0.01 7 Passed 

Samples - Area 

White 747 s2 

# Gauge size not recorded 

Specimen Number of Results, Visual Results, 
Specimens Dielectric 

W42BI811- 20 gauge 3 Spiral Cracks ( 1 )  Failed 
No Cracks (2) Not Performed 

3.3.5 Wrapback 

White 747 
DC- 10 
DC- I O  

The wrap test evaluates the ability of wire to withstand thermal stress while under mechanical stress. 
The test is short term, but the high mechanical stress during the thermal exposure can reveal weaknesses 
in the insulation and susceptibility of the insulation to cracking. The wrapback variant of the wrap test 
uses the wire itself as the mandrel, so that the bend is extremely small and tight. 

The specimens were hung in an oven at 200°C for 6 hours. After oven exposure, the specimens were 
inspected for cracking of the insulation. Requirements of the specifications require no cracking following 
oven exposure. 

insulation has weakened due to aging, and may be somewhat brittle. 

Twelve inch specimens were wrapped tightly around themselves for a minimum of four close turns. 

One specimen failed during the thermal exposure as shown in Table 12. This may indicate that the 

\ ,  

s7 W42B/8/1- 20 gauge 3 No Cracks Not Performed 
SI M81044116- 18 gauge 2 No Cracks Not Performed 
s7 M8 1044f 16- 22 gauge 2 No Cracks Not Performed 

Table 12: Wrapback Results 
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3.4 Thermal Aging Tests 

_ _ _ _ _ ~  

Samples 

White 747 

White 747 

DC- 1 0 

DC- 1 0 

3.4.1 Accelerated Aging 

Area Specimens Results, Visual Results, 

s5 W42B/8/1 - 16 gauge Insulation cracked Passed 

s 7  W42B/8/1 - 18 gauge Insulation cracked Passed 

s3 M8 1044/16 - 16 gauge Insulation cracked Passed 

s 7  M81044/16 - 16 gauge Insulation cracked Passed 

- 
Dielectric 

during bend 

during bend 

during thermal exposure 

during bend 

The accelerated aging test is used to evaluate a wire’s ability to withstand a higher temperature 
under mechanical stress for a short period of time. Wire insulation is expected to survive short-term 
tests to temperatures above the temperature rating of the insulation. This assumes that the test 
temperatures are below the melt temperatures of the insulating materials for thermoplastic insulations. 
This test, sometimes called crosslink proof, is also used to determine if the insulation of a wire has 
been converted to a thermoset material by polymer crosslinking. For crosslink proof, a temperature 
above the melt point of the non-crosslinked material is selected. In  this case, the insulation is a 
crosslinked material. 

stress on the insulation, then placed in an air circulating oven at 250°C for 7 hours. Following the heat 
exposure, the specimens are bent and proof tested with a dielectric withstand voltage in a 5% salt 
water solution. New wire i s  expected to pass the dielectric test following high temperature exposure. 
Insulation and conductor degradation is allowed provided the electrical integrity is maintained. 

As shown in Table 13, all specimens cracked during the thermal exposure or bend test, but 
passed the dielectric withstand test, indicating that the inner insulation layer remained intact even 
though the outer layer cracked. Notch Sensitivity was performed on these specimens following aging. 
All specimens passed as noted in Table 7. 

Specimens are hung over a 1 .O inch mandrel with 4.0 pound weights attached to impart physical 

Table 13: Accelerated Aging Results 

3.4.2 Life Cycle 

The life cycle test is similar and complementary to the accelerated aging test. Samples are exposed 
to elevated temperatures under mechanical stress, with temperatures lower than for accelerated aging, but 
for a longer exposure time. This test is used to determine the ability of a wire to withstand temperatures 
above the temperature rating of the insulation for an extended period of time. 

each end (determined by the wire size) and suspended i n  an air-circulating oven at 200°C for 168 hours. 
After thermal exposure, the specimens are bent and proofed by a dielectric withstand test i n  a 5% salt 
water solution. New wire would be expected to pass this test with no failures. legible marking, intact 
insulation, and without pitting of the conductor. 

Twenty-four inch specimens were hung over an appropriate mandrel with corresponding weights on 

As shown in Table 14, all but three samples failed the bend test, although the elevated environmental 
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exposure samples fared much worse than did the samples with low environmental exposure. Exposure to 
environmental conditions may degrade the wire insulation at a much faster rate than wire insulation that 
sees benign conditions. Various aircraft conditions, including shock, constant vibration, abrasion, 
ultraviolet radiation, thermal cycling, moisture, and fluid exposure, all affect the life of a wire. This test 
combines the high heat, to accelerate the thermal exposure based on the Arrhenius principle, as well as 
static stress on the insulation while hanging with weights and dynamic stress during the bend test. 
Results of this test indicate the type of thermal life that the wire may continue to exhibit. 

White 747 
White 747 
DC- 10 
DC- I O  

Table 14: Lifecycle Results 

Each end Specimens Dielectric ' 
S2 W42B/8/1 - 20 gauge % inch 4 Ib. 6 6 failed bend 6 failed 
S7 W42B/8/1 - 22 gauge YI inch 2.5 Ib. 3 1 failed bend 1 failed 
S3 M81044/16 - 16 gauge 1 inch 4 Ib. 3 3 failed bend 3 failed 
S8 M81044/16 - 22 gauge % inch 2.5 Ib. 3 2 failed bend 2 failed 

Samples I Area I Specimen I Mandrel Weights I Number of I Results I Results, I - 

3.4.3 Additional Life Testing 

The wire insulation underwent a test program that is designed to evaluate new wires. New wires are 
expected to provide a certain service life once installed on aircraft, but over time the wire ages and may 
exhibit decreased performance properties and a lowered threshold for future service life. To provide an 
indication of the remaining service life that may be exhibited, the wire was evaluated to determine 
whether the performance properties could be maintained for any significant length of time. Several 
parameters were examined: accelerated aging and lifecycle, shown above, along with forced hydrolysis. 
and mechanical and electrical integrity following extended thermal aging. Most of these test methods 
have been described in earlier sections. 

3.4.3.1 Electrical Integrity During Forced Hydrolysis 

The polyimide insulation is affected by continued exposure to various environmental factors. Each 
of these factors place a different mode of stress on the insulation. Combinations of these factors will 
affect the wire to a greater degree. Samples were subjected to forced hydrolysis testing since i t  is known 
that polyimide material is hydrolyzed by moisture. The current state of the wire samples with regards to 
hydrolysis is unknown, and previous exposure to moisture may have initiated some damage already. 

Forced hydrolysis was performed according to the SAE AS 4373 method 601 test procedure with 
the exception that several different temperature exposures were utilized. Five insulated wire specimens 
per sample were wrapped tightly around an appropriate sized mandrel and subjected to a heated salt water 
bath without submerging the ends of the specimens. Exposure to heat speeds up the process of 
hydrolysis. Periodically the specimens were removed and a dielectric withstand voltage of 1.5 kilovolts 
was applied for 1 minute to determine the electrical integrity of the specimens. Once specimens failed the 
dielectric test, they were removed from further exposure. 

Results of the forced hydrolysis testing are shown in Table 15. Increased temperature exposure 
decreases the time required to reach dielectric failure. Specimens degraded much more rapidly than with 
temperature exposure alone and no moisture. The insulation under stress on the mandrels cracked during 
the exposure, first damaging the outer layer, then eventually the inner layer until dielectric failure was 
reached (Photo D20). 
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Table 15: Average Time to Dielectric Failure with Forced Hydrolysis 

Samples 

White 747 
White 747 
DC- 10 
European 747 

Area Specimens Time to Dielectric Failure, Hrs. (avg.) 
6OoC 7OoC 9OoC 

S3 W42B/8/1 - 20 gauge 990 850 469 
S7 W42B/8/1 - 20 gauge 1070 930 469 

- 

- - - 

S8 M81044l16 - 20 gauge 690 610 447 
SI W42N811 - 20 gauge 890 930 537 

3.4.3.2 Mechanical Properties and Electrical Integrity During Heat Aging 

Samples 

White 747 
White 747 
DC- 10 
European 747 

Insulating materials degrade over time with exposure to thermal stress. The tensile strength and 
ultimate elongation of the insulation were used to monitor the mechanical degradation during heat 
exposure, while the bend and dielectric tests were used to determine the electrical integrity of the wire. 
Periodic testing during thermal exposure allowed for the monitoring of the physical and electrical 
properties of the insulation as the material aged. 

thermal index testing. Wire specimens were hung in an air-circulating oven with just enough weight to 
keep the wire specimens straight. Periodically, a portion of insulation from each specimen was removed 
to perform tensile strength and elongation tests, and the remaining specimen was subjected to the bend 
and dielectric test to determine whether the insulation was maintaining electrical integrity. Specimens 
were placed back into the oven for continued thermal aging. This cycle repeated until the specimen failed 
electrical integrity. At minimum, 5 specimens per sample were used for each temperature of exposure. 

The heat aging caused the specimens to become extremely brittle. The bend test would often crack 
the outer insulation with little thermal aging (Photo D2 I ,  D22). The following tables present the electrical 
(Table 16) and mechanical (Tables 17-22) test results with respect to the thermal aging of the specimens. 
The time to failure of wire specimens decreased with higher temperatures, and samples from all three 
aircraft behaved similarly. The tensile strength was not affected much over time, although the 
deteriorating condition of the specimens created problems with stripping portions of wire in order to 
perform the test. The ultimate elongation of the insulation provided a better view of the deterioration 
over time. This ultimate elongation of the insulation was dependent on the inner insulation, which also 
controlled the electrical integrity. The results clearly show the decline in the properties of the wire 
insulation with respect to time and to temperature. 

Thermal aging of the wire specimens was performed similar to the ASTM D3032 test method for 

- Area Specimens Time to Dielectric Failure, Hrs. (avg.) 
1 8OoC 200oc 220oc 

S2 W42B/8/1 - 20 gauge 358 100 36 
S7 W42Bl811 - 20 gauge 178 98 36 
SS M81044l16 - 20 gauge 338 83 36 
S 1 W42A/8/ 1 - 20 gauge 298 98 I 36 I 

- 

Table 16: Average Time to Dielectric Failure with Thermal Aging 
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Table 17: Insulation Tensile Strength after Thermal Aging at 180°C 

Table 18: Insulation Tensile Strength after Thermal Aging at 200°C 

* Note: Most specimens failed before last time exposure. 

Table 19: Insulation Tensile Strength after Thermal Aging at 220°C 

Table 20: Insulation Ultimate Elongation after Thermal Aging at 180°C 

* Note: Specimens at 48 hours recorded elongation of outer layer only, not the total elongation. 



Table 21: Insulation Ultimate Elongation after Thermal Aging at 200°C 

Samples 

White 747 
White 747 
DC- 10 
European 747 

- Area Specimens Ultimate Elongation, O/O (avg.) 
0 hrs 48 hrs 148 hrs 172 hrs* - 

S2 W42B1811 - 20 gauge 36.8 33.2 11.2 13.9 

SS MS 104411 6 - 20 gauge 88.2 16.4 8.4 
S1 W42A/8/1 - 20 gauge 49.3 17.6 8.9 

S7 W42B/8/1 - 20 gauge 203 17.9 9.7 

Table 22: Insulation Ultimate Elongation after Thermal Aging at 220°C 

Samples 

White 747 
White 747 
DC- 10 
European 747 

- Area Specimens Ultimate Elongation, % (avg.) 
0 hrs 24 hrs 48 hrs - 

S2 W42B/8/1 - 20 gauge 36.8 16.2 1 1 . 1  
S7 W42B/8/1 - 20 gauge 203 13.6 9.4 
S8 M81044116 - 20 gauge 88.2 14 18.2 
SI W42A/8/1 - 20 gauge 49.3 14 14.8 

The tested samples, which had previously been aged in service, passed most of the tests. except for 
the lifecycle test. Samples passed accelerated aging and in addition, passed the notch sensitivity test 
following thermal aging. The polyimide insulation broke down upon exposure to forced hydrolysis. and 
failed dielectric testing more rapidly than without exposure to moisture. Following thermal aging, the 
wire insulations exhibited lower tensile strength and elongation, and increased mechanical and electrical 
failures. Over time, the outer insulation of the specimens cracked first, then the inner insulation layers 
cracked and led to electrical failure. In addition, the conductors discolored during thermal aging, 
showing oxidation of the tin coated copper conductor. These parameters indicate that the wire insulations 
have degraded during the thermal aging testing program. 

The ability of this aged wire to perform to most of the original requirements, and the continued 
integrity of the insulation during a portion of the thermal cycling indicate that the wire should continue to 
perform as intended for a period of time before general failure begins to occur. The fact that the wire still 
has the capacity to degrade indicates the final life has not been reached. 

3.5 DISCUSSION SUMMARY 

Wire samples pulled from the three subject aircraft appeared to be in similar condition. Although the 
wire samples were in generally decent condition for having 25 years service life, there were problems 
evident during the inspection and performance testing. Within a given aircraft, the condition and 
performance of the samples varied. Various sites were noted which could lead to electrical failure given 
the opportunity for the conductor to ground at that location. Most of the sites were able to pass a 
dielectric test, indicating that the electrical integrity of the wire remained. Much of the damage appeared 
isolated within a given sample, but certain samples exhibited more damage than other samples. Wire 
damage may have occurred by human or environmental means. such as through manufacturing and 
assembly, maintenance, vibration, chafing, or many other possibilities. 
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The wire samples passed the majority of the performance tests: insulation resistance, notch 
sensitivity, blocking, cold bend shrinkage, thermal shock, and accelerated aging, to the requirements that 
new wire must pass. Specimens following accelerated aging also passed the notch sensitivity test. 

The wire did not pass several other tests. A number of specimens failed concentricity, indicating that 
the insulation was degrading with layer separation. Several specimens on different aircraft failed this 
requirement. As evidence the wire became more brittle with age, the elongation of the outer insulation 
was extremely low. Although the layers together often met the requirement, the outer layer failed with 
very little elongation. This would be a problem if the wires were handled or vibrated such that the 
insulation is stressed. The inner layer may protect the wire from potential electrical failure, but damage 
to the outer layer would create sites for further degradation since the outer insulation protects the softer 
inner insulation. Wrapback tests the susceptibility of the wire to failure with thermal and mechanical 
stress on the insulation. One specimen from one sample failed, while other samples passed. This failure 
indicates that some of the samples may be in worse condition than other samples, or that the samples are 
reaching a point where the wire has less resistance to stresses. None of the samples tested passed the 
lifecycle test, indicating that the long-term life of all samples may be limited. Additional thermal life 
testing put some of the results into perspective and showed that the samples had some limited life 
remaining before beginning to fail physically and electrically. 

The inspection and performance test results show that some of the wire samples were in worse 
condition than other samples. The better performing samples appear to have originated from more benign 
areas of the aircraft. Other factors may have been involved with the outcome of the performance tests, 
including localized damage or weaknesses in the insulation that were not caught by inspection or damage 
to the insulating materials caused by fluid exposure. Although these factors may have impacted the 
results of specific specimens, the impact on the overall performance of the wire samples in this test 
program should be minimal. 

all three aircraft would be expected to retain mechanical and electrical integrity in the short-term. The 
long-term performance of the wire will be very poor as the wire continues to degrade from exposure to 
additional mechanical, thermal, electrical, moisture, radiation, chemical, and human induced stress. 

With the exception of specific mechanical damage already incurred by the wire samples, the wire of 
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4. CONCLUSIONS 

4.1 General Condition 
Much of the wire from the aircraft was in fairly good condition 
Sporadic areas of damage were found in the wire samples 
Much of the wire damage appeared in common areas 
A variety of problems were found during the wire inspection 

brown film (possibly due to cigarette smoke residue) 

foreign debris, such as lint and metal filings 

gouges. cuts, scrapes, and abrasion 
cracked wire insulation due to brittle wire 

- Contamination 

9 paint and lubricant residue . 
- Mechanical damage . . 

deep hot stamp markings 
Electrical failure points 

. 
- 

dielectric failures in mechanically damaged areas 
a failure rate of roughly 20% in areas with damaged insulation 

4.2 Performance Tests 
Many of the performance requirements were passed successfully by the aged wires. 
The wire in the three aircraft appeared and performed similarly. 
Wire from areas which may have had slightly elevated environmental conditions performed 
worse than wire from more benign areas in several tests. 

Mechanical Tests 
- Some of the wire specimens were very brittle, and the tensile strength and elongation would 

not meet the original requirements. 
This insulation construction should continue to resist propagation of minor nicks and cuts 
without imminent dielectric failures, as seen from the notch sensitivity results. 
Areas with deep hot stamp markings or other surface damage showed a greater propensity to 
crack than undamaged wire. 

- 

- 

Thermal Tests 
- The thermal properties of the wire insulation have most likely stabilized during the 25 plus 

years of service; therefore, assuming the wire was manufactured properly. the ability to 
withstand blocking and resist shrinkage and thermal shock should not decrease. 
The wire insulation exhibits sufficient cold temperature performance to allow for the physical 
and electrical stress that may be experienced during flight. 
Failures were noted in specific tests that exposed wire to high thermal stress. 

- 

- 

Thermal Aging Tests 
- All specimens passed accelerated aging test. 

No specimens tested passed the lifecycle test. 
The physical and electrical properties of the wire samples from the three aircraft continued to 
degrade following additional thermal aging. 

- 

- 
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- The presence of moisture with mechanical stress increased the rate of failure. 
Degradation of the wire increased with respect to time and temperature. 
Ultimate elongation was a better physical property than tensile strength to track insulation 
degradation. Tensile strength was a function of the outer insulation, which tended to fail 
before overall wire failure, while ultimate elongation was a function of the inner layer, which 
continued to maintain electrical integrity. 

- 

- 

4.3 Overall Conclusions 
The wire submitted has definitely aged as indicated by the jacket failures in accelerated aging 
and lifecycle. 
The inner insulation continued to provide electrical integrity, as it was designed to do, although 
the outer jacket is losing its ability to mechanically protect the wire. 
The wire submitted for testing would be expected to perform adequately in the short term, 
provided there is no added stress beyond what it had experienced. 
The weak point in this wire type appears to be the lack of ability to maintain physical and 
electrical integrity during extended elevated thermal exposure with mechanical stress. As the 
wire ages, there is an increased risk of dielectric problems, mechanical damage and loss of 
electrical integrity. 
No wire was submitted that was exposed to high levels of environmental exposure. Wire from 
these areas, wheel wells, leading edges, etc., would be expected to perform worse than the wire 
submitted. 
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APPENDIX I 

Boeing BMS 13-42/8 
BMS 13-42A 
BMS 13-42B 

Wire Specifications 



Ronald J. Hinderberger 
Director P O  Box 3707 MC 67-XK 
Alrplane Safely 
Commercial Airplanes GroLlp 

The BOP I ,  J Ccr7ypanv 

Seattle WA 98124 2207 

05 October 1999 
B-H200-16785-ASl 

Mr. Rex Beach or Mr. Joseph Kurek, MIS 60 
Raytheon Systems 
61 25 E. 21 st Street 
Indianapolis, IN 4621 9-2058: 

Subject: BMS 13-428 -TWA 747-1 00, N93119 Accident 
Off Long Island, NY - 17 July 1996 

(Dear ,Mr. Bob Sirs: Swaim, from the NTSB, requested that a copy of Boeing Material 
ISpecification (BMS) 13-428 be sent to you to support current testing. He had 
/also asked that the proprietary nature of this document be waived so that it can 
 be referenced in your test report. 

'Please find enclosed a copy of this specification. This information is not 
'proprietary to The Boeing Company, however, we request that only information 
that is necessary to explain a condition or the original requirement with your test 
result be used in your report. 

If you have any questions, please do not hesitate to call. 

/Very truly yours, 

c 

/Ronald J. Hinderberger 
Director, Airplane Saf 
Org. B-H200, MC 67-PR 
ITelex 32-9430, STA DIR AS 
!Phone (425) 237-8525 
/Fax (425) 237-8188 

,End: BMS 13-42B, dated 08 October 1970 (55 pages), and Qualified Products 
List (1 page) 

jcc: Mr. Bob Swaim, NTSB, AS-40 



I .  

1.  

2. 

2 . 1  

2.1.1 

2 . 1 . 2  

SCOPE . -.-d 1 

a .  This s p e c i f l c a t i o n  c o v e r s  c r o s s l i n k e d  a lkane - i rn lde  po lymer  l n s u l a t e d  coppe r  
and c o p p e r  a l l o y  w i r r  and  c a b l e .  This s p e c i f i c a t i o n  requires q u a l i f i c a t i o n  
of p m d u c  t o .  

b. MTINO 

The wire of t h i s  s p e c i f i c a t i o n  is r a t ed  for t h e  f o l l o w l n g  c o n d i t l o n s .  

( 1 )  When o p e r a t i n g  potent ia ls  do not  e x c e e d  600 v o l t s  ( a s ) .  

(2) Yhem any c o m b i n a t i o n s  of a m b i e n t  t empera tu rn  a n d  c o n d u c t o r  c u r r r n t ,  f o r  
. e i t h e r  i n t e r m i t t e n t  or c o n t l n u o u s  s e r v i c e ,  d o e s  n o t  produce a s t a b i l i z e d  

c o n d u c t o r  tcmperaturr  in e x c e s s  of 302 P (150 C). 

REFEREN- 

Excep t  where a s p e c i f l c  l s s u e  1s l n d l c a t e d ,  t h e  n o t e d  issue o f  t h e  followlng =fer-  
ences s h a l l  be c o n s l d e r r d  a part o f  t h l s  s p e c l f l c a t i o n  t o  t h e  e x t e n t  s p e c i f i e d  hemin.  

SPEC IPICATIONS 

PELERAL 

a .  m-S-735, Type 111 

b.  VU-T-4508 

C .  CCC-T-lglb 

d .  C-P-206C 

MILITARY 

a .  ~ I L - c - 7 0 7 8 8  

b .  MIL-T-938  

c .  MIL-H-56068 

d .  MIL-J-5624P 

e .  MIL-L-7808E 

S t a n d a r d  Test F l u i d s ;  Hydrocarbon March 196& 

Tissue, F a c i a l  24 S c p t .  1963 

T e x t i l e  T e s t  Hethods 15 nay 1951 

Fel t ,  S h e e t ,  Wool P r e s s e d  30 J u l y  1968 

Cab le  E l e c t r i c  Aerospace V e h i c l e  Oeneral S p e c l f  : a t l o n  
for 17 March, 1964 

T e s t e r ;  A b r a s i o n ,  E l e c t r i c a l  Cable  19 Dec. 1949 

H y d m u l l c  P l u l d ,  Petroleum Base, Alrcrnft ,  Hisslle,  and 
Ordnance 2 6  June 1963  

J e t  Puel ,  Grades JP3 ,  JPU and  J P 5  14 May 1964 

L u b r l c a t l n g  O i l ,  A i r c r a f t n r b l n e  E n g i n e ,  S y n t h e t i c  Base 
13 March 1963 

L u b r l c a t l n  011, A i r c r a f t  T u r b i n e  E n g i n e ,  S y n t h e t i c  Base 
1 March 19%5 

CODE IDENT. NO. 81205 REVISED 
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2.2  STANDARDS 

2 .2 .1  FEDERAL 

a .  FED-STD-228 

2.2.2 MILITARY 

a .  MIL-STD-lO4A 

b. MIL-STD-lO5D 

C .  MIL-STD-lOgA 

Cable  and Vim, I n s u l a t e d ;  Methods O r  T e s t i n g ,  1b A p r l l  
1967 

L i m i t s  f o r  E l e c t r l c a l  I n s u l a t l o n  C o l o r ,  12  J u l y  1963 

Sampling Procedures  and Tables  f o r  I n s p e c t i o n  by h t t r l b u t e z  
29 A p r i l  1963 

Q u a l i t y  Assurance Terms and D e r i n l t i o t 8 s ,  30 Oct .  1961 

2.3 OTHER PUBLICATIONS 

2.3.1 CCMMERCIAL 

a .  Munsell Book o f  C o l o r  Hunse l l  C o l o r  Co.,  Baltimore, H i r y 1 i l l 1 . 1  

2.3 .2  BOEING 

a .  ms 3-118 Hydraul ic  F l u i d ,  F l r e  R e s i s t a n t  

I 
a .  B 33-63 S t a n d a r d  S p e c l f l c a t l o n  f o r  Tinned S o f t  or Annealed Copper I 

2.4 AKERICAN SOCIETY OF TESTING AND MATERIALS (AS’IML 

i Wire for E l e c t r i c a l  Purposes  

Copper W l r r  
b. B 298-64 S t a n d a r d  S p e c i f i c a t i o n  f o r  S i l v e r - C o a t e d  S o f t  or Annealed 

d .  E lob-51  

Recanmended P r a c t i c e  f o r  Cleanlng  P l a s t i c  Specimens f o r  
I n s u l a t i o n  R e s l s t a n c e .  Sur face  R e s l s t a n c e ,  and Vr.lumc 
Res 1 a t  1 v i  t y  T e s t  ing . 
Recomnended P r a c t i c e  f o r  H a l n t a l n l n g  Constant  R e l a t i v e  
Humldlty by means of Aqueous S o l u t i o n s  

(Copies  o r  A S l U  p u b l l c a t l o n s  may be obta ined  from t h e  Amerlcan S o c l e t y  Tor ’pest lng  
and M a t e r i a l s ,  1916 Race S t r e e t .  P h i l a d e l p h i a .  Pennsylvania  19103) .  

2.5 M ISCE LLAHEOUS 

a .  Alka l ine  Detergent  S o l v e n t  (pH 10-10.5) 

b.  Aerosafe  2300, Type I S t a u f f e r  Chemical Co., New York, N .  Y .  
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3 .  CON FIGURATION 

3 . 1  ’ TYms 
a .  5 p e I  

b .  Type XI 

c .  Type I11 

f .  rype V I  

h .  Type V I 1 1  

1.  l y p e  I X  

Wire or Cable - Lightweight  I n s u l a t l o n ,  Tinned Copper Conductor .  

One i n s u l a t e d  conduc to r  or two or more i n s u l a t e d  conduc to r s  l a i d  
i n  a s u i t a b l e  r p i n r l  t o  make a m u l t i c o n d u c t o r  c a b l e .  

Not App l i cab le .  

S h i e l d e d  a n d  Jacke ted  Cable - Ligh twe igh t  I n s u l a t i o n ,  Tinned Copper 
Conductor .  

Type I wire or c a b l e  o v e r  whlch the  fo l lowing  is a p p l i e d :  

P l r s t  - An o v e r a l l  s h i e l d  of t l n n e d  copper  b r a i d .  
Second - A J a c k e t  of  a lkane-imide polymer. 

J a c k e t e d  Cable - Llghtwelght  I n s u l a t i o n ,  Tinned Copper Conductor .  

Type I cable  (Clams 2 or g r e a t e r )  o v e r  which an a l l c a n e - h i d e  polymer 
J a c k e t  i s  a p p l l e d .  

W i r e  or Cable - Lightwelght  I n s u l a t l o n ,  S i l v e r  Coated Copper Al loy  
Conductor .  

One i n s u l a t e d  conduc to r  or two or more l n s u l a t e d  conduc to r s  l a l d  
i n  a s u i t a b l e  s p i r a l  t o  make a m u l t l c o n d u c t o r  c a b l e .  

S h i e l d e d  and Jacke ted  Cable - Llghtwelght  I n s u l a t i o n ,  S i l v e r  Coated 
Copper Alloy Conductor .  

Type V wire o r  c a b l e  ove r  whlch the  fo l lowing  is a p p l i e d :  

P l r s t  - An o v e r a l l  a h l e l d  o f  t l n n e d  copper  b r a i d .  
Second - A J a c k e t  of a lkane - imide  polymer. 

J a c k e t e d  Cable - Lightweight  I n s u l a t i o n ,  S i l v e r  Coated Copper Alloy 
Conductor .  

Type V Cable ( C l a s s  2 or g r e a t e r )  o v e r  which an a lkane - imide  polymer 
j a c k e t  1 s  a p p l l e d .  

W i r e  or Cable - Normal Welght I n s u l a t l o n .  Tinned Copper Conductor.  

One i n s u l a t e d  conduc to r  or two or more l n s u l a t e d  conduc to r s  l a l d  i n  
a suitable s p i r a l  t o  make a mul t i conduc to r  c a b l e .  

W i r e  or Cable - Normal Weight I n s u l a t i o n ,  S l l v e r  Coated Copper Alloy 
Conductor .  

One i n s u l a t e d  conduc to r  or two or more l n s u l a t e d  conduc to r s  l a l d  i n  
a s u i t a b l e  s p i r a l  t o  make a mul t i conduc to r  c a b l e .  

3 - 2  CUSSES 

The c l a s s  d e a l p a t i o n  s h a l l  k by a r a b i c  numerals which w l l l  i n d i c a t e  a s i n g l e  i n s u l a t e d  
w i r e  or a number of i n s u l a t e d  wlres i n  a mul t i conduc to r  c a b l e .  

Examples: Class 1 - A s i n g l e  i n s u l a t e d  conduc to r .  

Class 2 ’ -  Tido s p i r a l l y  l a l d  wlres. 

Class 24- Twenty-four s p i r a l l y  l a l d  w l r e s .  

3 . 3  SIZES 
Wire s i z e s  covered I n  t h i s  a p e c l f i c a t l o n  a re  l i s t e d  In  Table 11. 

REVISED 

.-.as, O.#C I U U  
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3.4  

3.4.1 

3 . 4 . 2  

3 . 4 . 3  

3.5 

4 .  

WIW. NUMBER 

1 
2 
3 
4 
5 

9 
10 
11 
1 2  
13 
1 4  

i 

2 
17 
18 
19 
20  
21 
22  
23 
24 

4 L O R  CODE 

TYPES I ,  111, V, V I ,  V I 1 1  AND I X ,  CLASS 1. 

U n l e s s  o t h e r w i s e  s p e c i f i e d  on t h e  pu rchase  o d e r  t h e  f i n i s h e d  w l r r  c o l o r  s h a l l  be 
whi t e  . 
TYPES I THROVOH IX, CUSS 2 THROUOH 24 

The f i n i s h e d  c o l o r  for w i r e s  i n  a m u l t i c o n d u c t o r  c a b l e  shall be as  shown i n  Tab le  I .  
On the e l e v e n t h  th rough  the t w e n t y - f o u r t h  wire a s t r i p e  o f  t h e  c o l o r  shorn  ~n Table  I 
s h a l l  be a p p l i e d  t o  t h e  o u t e r  s u r f a c e  of t h e  c o a t l n g .  The s t r i p e  s h a l l  be n o t  l e s s  
t h a n  .030 i n c h  wide and shall make one comple t e  t u r n  a r o u n d  t h e  wire i n  every two 
i n c h e s  or a x i a l  l e n g t h  for w i r e  sizes 30 t h r o u g h  12 and i n  e v e n  two i n c h e s  o f  a x i a l  
l e n g t h  for w i r e  sizes 30 t h m u g h  1 2  and i n  e v e r y  four i n c h e s  of a x i a l  l e n g t h  f o r  wire 
sizes 10 th rough  4/0.  

The c o l o r s  s h a l l  be w i t h i n  t h e  l i g h t  and dark l i m i t s  s p e c i f i e d  ln l4IL-STD-lO4A 
C l a s s  1 or C l a s s  2 ,  e x c e p t  as n o t e d .  The c o l o r ,  c o l o r  s t r i p i n g ,  and  i d e p t i f i c a t i o n  
s h a l l  w i t h s t a n d  a minimum of 125 c y c l e s  (250 s t r o k e s )  when t e s t e d  per parag raph  8.9. 

U I R E  A N D  CABLE DESIGNATION 

The d e s i m a t l o n  for a wire or c a b l e  of  t h i s  s p e C i f l C a t i O n  shall be as  f o l l o w s :  

Y= 
S i r e  

7 
Class 

F 
v p e  

Para. 3.1 Para. 3 . 2  3.3 

=-P 
M a t e r i a l  
S p e c l f l c a t i o n  No. De signa t l o n  De slgna ti on P a r a .  

INSUUTION COLOR 

Red 
Blue 
Yellow 
Green 
Black 
P u r p l e  
Orange 
BFom 
Pink 
W h l  t e  
Whlte 
W h i t &  
White 
White 
W h l  t e  
White 
White 
Whl te 
W h i  t e  
Red 
Red 
Red 
Red 
Red 

FORMS 

Not a p p l i c a b l e .  
TABLB I 

COLOR CODE FOR WIRES IN XULTICONWCTOR CABLE 

STRIPE COLOR 

P ink  shall be between n u n s e l l  R e n o t a t l o n  2.5R 6.9/7.4 
and  1ORP b.3/7.O w i t h  t h e  l i g h t e r  v a l u e  p m f e r r e d .  

REVISED BMS 13-42 
M G E b C % S L  



5 .  

5.1 
5.1.1 

5.1.1.1 

5 . 1 . 1 . 2  

5 . 1 . 2  

5.1.3 

5.1.3.1 

5 . 1 . 3 . l . a  

5 . 2  

5 . 2 . 1  

5 . 2 . 1 . 1  

5 . 2 . 1 . 1  .a 

REQUIREMENTS 

a .  "he w i r r  and c a b l e  h r r n i s h e d  under t h i s  s p e C i f l C a t l O n  s h a l l  be a p r o d u c t  Which 
h a s  been t e s t e d  and has p a s s e d  the q u a l i f i c a t i o n  t es t s  s p e c l f i e d  h e r e i n ,  p r i o r  
t o  a c c e p t a n c e  of p r o d u c t i o n  o r d e r s .  

h e r e i n ,  t h i s  s p e c i f i c a t i o n  s h a l l  govern. 
b .  Where c o n f l i c t  e x i s t s  between t h i s  s p e c i f i c a t i o n  and  a n y  s p e c i f i c a t i o n  r e f e r r n c e d  

MATERIALS 

CONDOCTOR MTgRULS 

A l l  s t r s n d s  u s e d  i n  t h e  m u f a c t u r e  of t h e  c o n d u c t o r s  shall be s o f t  a n n e a l e d  coppe r  
confonn lng  t o  A S M  S t a n d a M a  833-63 or shall be h i g h - s t r e n g t h  c o p p e r  a l l o y .  
shall be free from lumps,  k i n k s ,  s p l i t s ,  s c r a p e d  or c o r r o d e d  o u r f a c e s  and s k i n  
i m p u r i t i e s .  I n  a d d i t i o n ,  t h e  s t r a n d s  shall c o n f o m  t o  t h e  f o l l o u i n g  r r q u i r e m e n t s  
as a p p l i c a b l e .  

S t n v r d s  

Tin-Coated Copper  S t r a n d s  

The t i n  c o a t l n g  shall be a s  s p e c i f l e d  ln A S M  S t a n d a r d  B33-63. 

High S t r e n g t h  Copper A l l o r  

The s t r a n d s  shall conform t o  t h e  r e q u i r e m e n t s  of 5 . 2 . 1 . l . c  for e l o n g a t i o n  and t e n s i l e  
s t r e n g t h  and shall be s i l v e r  c o a t e d  i n  a c c o r d a n c e  w i t h  A S M  S t a n d a r d  B 298-64 w i t h  
n o t  l e s s  t h a n  4 0  m i c r o i n c h e s  of s i l v e r .  

S H I E L D  CUTERULS 

S h i e l d  s t r a n d s  ( a s  a p l i a b l e )  shall be i n  a c c o r d a n c e  w i t h  t h e  r e q u i r e m e n t s  for 
c o n d u c t o r  m a t e r i a l s  75.1.1). 

INSLTUTINO CUTERIAL 

I n s u  la  t i o n  

A l l  polymers  used  in any  t y p e  of i n s u l a t i o n  shall be c e r t i f l e d  v l r g l n  m a t e r i a l  
( 5 . l . 3 . 1 . a )  c o n t a i n i n g  no a d d i t i v e s  e x c e p t  t h o s e  r e q u i r e d  as  p i g m e n t a t i o n  for c o l o r s ,  
l u b r i c a n t s  u sed  i n  e x t r u s i o n ,  s t a b i l i z e r s ,  and f i l l e r s .  When t e s t e d  i n  acco rdance  
w i t h  para. 8.14  t h e  i n s u l a t i o n  m a t e r i a l  shall have a t e n s i l e  s t r e n g t h  and  e l o n g a t i o n  
as  i n d i c a t e d  i n  5 . 2 . l . 2 . a .  

V i r g i n  M a t e r i a l  

For p u r p o s e s  of  t h i s  s p e c i f i c a t i o n ,  v i r g i n  m a t e r i a l  s h a l l  be 100 p e r c e n t  new m a t e r i a l  
which has been t h r o u g h  o n l y  t h e  p r o c e s s e s  e s s e n t i a l  t o  i t s  manufactuFe and  i t s  a p p l i -  
c a t i o n  t o  t h e  w i r e  and c a b l e  which h a s  p r e v i o u s l y  been t h r o u g h  t h e s e  e s s e n t i a l  p r o c e s s e s  
one t ime o n l y .  Any m a t e r i a l  whlch has p F e v i o u s l y  been p r o c e s s e d  in a n y  o t h e r  mMner  
is c o n s i d e r e d  n o n - v i r g i n  m a t e r i a l .  This r e q u i r e m e n t  shal l  a p p l y  t o  t h e  manufac tu re  of  
a l l  i n g r e d i e n t s  and components u s e d .  

CONSTRUCTION 

C o n s t r u c t i o n  of t h e  wire and c a b l e  shall be as  s p e c i f i e d  h e m i n .  

FINISHED WIRE CONSTRUCTION 

Conduc to r  

S t r a n d i n g  

5 . 2 . 1 . 1 . a ( 1 )  The s t r a n d i n g  of c o n d u c t o r s  for w i r e  sizes 30 th rough  10 AVO shall be as  s p e c i f i e d  
in T a b l e  11 a n d  shall be c o n c e n t r i c  i n  c o n s t r u c t i o n  w i t h  a u n i d i r e c t i o n a l  l a y  or 
a t r u e  c o n c e n t r i c  l a y .  
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5 2 . 1 . 1  . a (  1 )  

5 . 2 . 1 . 1  . a ( 2 )  

(Cont lnued)  

U n l d l r e c t l o n a l  l a y  s h a l l  be l n t e r p r e t e d  t O  be a c e n t e r  s t r a n d  surrounded b y  
one or more l a y e r s  o f  h e l l c a l l y  wound s t r a n d s .  A l l  l a y e r s  s h a l l  have l e f t -  
hand l a y  u l t h  the  l e n g t h  o f  l a y  t o  be i n c r e a s e d  wl th  each  s u c c e s s l v e  l a y e r .  
The l e n g t h  of  l ay  o f  the  o u t e r  l a y e r  shall be n o t  l e s s  than  8 times n o r  more 
than 16 tlmes t h e  m a x i m u m  conductor  d l a m e t e r .  

True concenl . r lc  l a y  s h a l l  be i n t e r p r e t e d  t o  be a c e n t e r  s t r a n d  surrounded 
by two o r  mnre l a y e r s  or h e l i c a l l y  wound s t r a n d s  with d l r e c t l o n  of  l a y  
be lng  r e v r r a e d  l n  each  s u c c e s s i v e  l a y e r  and w l t h  the  l e n g t h  o f  l a y  t o  be 

' l n c r e a s e d  wl th  each  s u c c e s s l v e  l a y e r .  For t h e  o u t e r  l a y e r  o f  s t r a n d s  the 
d l r e c t l o n  o f  l a y  shall be l e f t - h a n d  and t h e  l e n g t h  o r  l a y  s h a l l  be n o t  less 
than  8 t i m e s  nor more than  16 tlmes t h e  maximum c o n d u c t o r  d l a m e t e r .  

Ylre s i z e d  8 through oo00 s h a l l  be rope- lay  a s  s p e c i f l e d  In  Table  I1 and In  ( a )  
and ( b )  below. 

( a )  Rope-lay s t m n d e d  conductors  s h a l l  be l a l d  up c o n c e n t r l c a l l y  wi th  a c e n t r a l  
COR sur rounded by one or m o w  l a y e r s  o f  h e l l r s l l y  wound memhers. I t  1s 
o p t i o n a l  f o r  the  d l r e c t l o n  of  l a y  o f  s u c c e s s l v e  l a y e r s  t o  be a l t e r n a t e l y  
r e v e r s e d  ( t r u e  c o n c e n t r l c  l a y ) .  or t o  be In  t h e  same d l r e c t l o n  ( u n l d l r e c -  
t i o n a l  l a y ) .  The l e n g t h  o r  l a y  o f  the  o u t e r  l a y e r  of  r o p e - l a y  s t r a n d e d  
members fonning  t h e  conductor  s h a l l  be n o t  l e s s  than 10 n o r  more than  14 
t lmes  t h e  o u t s l d e  d l a m e t e r  of  the completed conductor .  The d l r e c t l o n  of  
l a y  o f  t h e  o u t s i d e  l a y e r  s h a l l  be e l t h e r  l e f t  or r i g h t  hand. 

( b )  Members o f  rope- lay  s t r a n d e d  conductors :  The l e n g t h  o f  l a y  o f  the  w i r e s  
composlng t h e  s t r a n d e d  members s h a l l  be n o t  g r e a t e r  t h a n  16 tlmes the  o u t s i d e  
d l a m e t e r  o f  the  member. S t m n d l n g  or the  l n d l v l d u a l  members may be e i t h e r  
c o n c e n t r l c  or bunch. 
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5 . 2 . l . l . b  

5 . 2 . i . i . c  

5.2 . l .  1 . c .  (1 

5 . P . l . l . d  

5.2.1.2 

5.P.1.2.8 

5 . 2 . 1 . 2 . b  

5.P.2 

5.2.2.1 

S p l i c e s  

S p l i c e s  i n  l n d l v l d u a l  s t r a n d s  or member s h a l l  be b u t t - b r a z e d .  There shall be 
n o t  more t han  one s t r a n d - s p l l c e  l n  any 10 f o o t  l e n g t h  o f  a s t r a n d e d  c o n c e n t r l c -  
l a y  conductor  or In any 1 0 - f o o t  l e n g t h  o f  any member i n  a rope-lay conduc to r ;  
e x c e p t  t h a t  n o t  more t h a n  one s p l l c e  of  an  e n t i r e  member shall be p e m l t t e d  I n  
any 10 f e e t  o f  a rope - l ay  conductor .  S p l i c e s  i n  members o f  a rope - l ay  c o n s t r u c -  
t i o n  s h a l l  be so f l n l s h e d  t h a t  the conduc to r  d i a m e t e r  1s n o t  incFcased a t  t he  
p o i n t  of  b r a z l n g .  I n  n o  case  s h a l l  t h e  whole conduc to r  be s p l i c e d  a t  one p o i n t .  

Conductor E longa t ion  and ' k n s l l e  S t r e n g t h  

E longa t ion  

h e  l n d l v l d u a l  s t r a n d s  o f  t he  conductor  or the  whole conduc to r  removed f r o m  
f l n l s h e d  w l r e  s h a l l  have t h e  fo l lowing  minimum e l o n g a t i o n  when measured-in 
accordance wi th  8.5. 

S o f t  annea led  copper  10 pe rcen t  
H igh-e t r rng th  coppe r  a l l o y  6 p e r c e n t  

T e n s i l e  S t r r n g t h  (High-Strength Copper Alloy Only) 

When h i g h - s t r e n g t h  coppe r  a l l o y  i s  s p e c i f l e d ,  t he  l n d l v l d u a l  s t r a n d s  o f  t he  
conductor  or the  whole conduc to r  removed from f l n l s h e d  w i r e  shall have a mlnlmum 
t e n s i l e  s t r e n g t h  of  58,000 p s i  when measured i n  acco rdance  wi th  8.5. 

Conductor Diameter 

The d iame te r  o f  the conduc to r  s h a l l  be as s p e c l f l e d  i n  Table XI. 

I n s u l a t l o n  

The i n s u l a t i o n  shall be COnstNCted so t h a t  l t  can be r e a d i l y  removed by o e c h a n l c a l  
w i r e - s t r l p p l n g  d e v l c e s .  

Primary I n s u l a t l o n  

The primary l n s u l a t l o n  o f  one or more l a y e r s  shall be c r o s s l i n k e d  e x t r u d e d  
;knne-imide polymer. When one or more l a y e r s  aFe employed a c o a t l n g  o f  modlf led 

Lmlde polymer be used between the  l a y e r s .  The i n s u l a t l o n  shall have a t e n s l l e  
s t r e n g t h  of  7 & h  (Mln) and an e l o n g a t l o n  o f  50% (Minimum) when t e s t e d  per 
Para .  8 . 1 4 .  

Coa t lng  

A c o a t l n g  o f  modlf led imldc polymer s h a l l  be a p p l i e d  t o  t h e  i n s u l a t i o n .  Thls 
c o a t l n g  shall be con t inuous  and f r e e  from c r a c k s ,  s p l l t s ,  b l i s t e r s ,  and o t h e r  
d e f e c t s  when examined wl thou t  a i d  of m a g n i f i c a t i o n .  

PINISKED CABLE CONSTRUCTION 

The Cons t ruc t ion  of  f l n l s h e d  cab le  shall be a s  s p e c i f i e d  i n  the i n d i v i d u a l  cons t ruc -  
t i o n s .  ' h e  r e q u l r e d  number o f  i n s u l a t e d  w l r e s  d e t e m i n e d  by the  class d e a l g n a t i o n  
s h a l l  be s p i r a l l y  l a i d  t o  provide as c o n c e n t r l c  a c a b l e  a s  p o n s i b l e .  'he  lay of 
t h e  i n d i v i d u a l  w l r e s  a h a l l  be not less  than c l g h t  nor  mom2 than f o u r t e e n  times the 
major diameter o f  t h e  c a b l e .  P l l l e r a  shall no t  be a l lowed .  

S h i e l d  Cons t ruc t ion  and Coverage 

The s h i e l d  shali be a c l o s e l y  uoven b r a i d  and s h a l l  comply u i t h  t h e  fo l lowing :  

a .  'he l n d l v l d u a l  s h i e l d  s t r a n d  s l z e  a h a l l  be a s  fo l lows :  

(1) Size 38 A V O  s t r a n d s  shall be used over  w i r e  or c a b l e  having a M j o r  

( 2 )  Size 36 AWO s t r a n d s  shall be used ove r  c a b l e  havlng major d l a w t e r  g r e a t e r  

d i a m e t e r  o f  .25O i n c h  or less.  

than .250 i n c h .  
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5.2.2.1 

.005 

5.2.2.2 

.bo73 

.0073 

.ooso 

.oom 

. 00so 

.0085 
,0090 

.oi 30 

. o i  30 

.0100 

5.3 

5 . 3 . 1  

(Cont lnued)  

b .  The s h i e l d  s h a l l  p m v l d e  a mlnlmum coverage o f  65 p e r c e n t  w l t h  coverage 

c .  The s h i e l d  shall be a. push-back t y p e .  

be ing  d e t e m l n e d  by P a r a .  4.5.3 of  MIL-C-7078B. 

(1) When t h e  major d i a m e t e r  o f  the c a b l e ,  p r i o r  t o  t h e  a p p l l c a t l o n  of  s h i e l d ,  
1 s  less  than 0.30 I n c h ,  the M g l e  of t h e  carriers of  t h e  s h i e l d  w l t h  t h e  
axla  o f  t h e  c a b l e  s h a l l  be n o t  less t h a n  20 or more than  35 d e g r e e s .  

When t h e  major d l a m e t e r  o f  the c a b l e ,  p r i o r  t o  t h e  a p p l i c a t i o n  o f  s h i e l d  
1 s  0.30 i n c h  or g r e a t e r  and the l l m l t a t l o n a  of s t a n d a r d  b r a l d l n g  e q u i p -  
ment ,  w l t h  a p r a c t i c a l  number of ends  per c a r r l e r ,  make compliance w l t h  
paragraph  5.2.2.1.c . (1)  l m p r a c t l c a l ;  t h e  s h i e l d  s h a l l  be s u l t a b l e  a p p l l e d  
t o  a s s u r e  a push-back c h n r a c t e r l s t l c .  

( 2 )  

Cable J a c k e t  Cons t m c  t l o n  

n e s s  as  s p e c l f l e d  h e r e i n .  When t e s t e d  In a c c o m h n c e  wl th  8 .14  t h e  j a c k e t  material 
shall have a t e n s l l e  s t r e n g t h  o f  3500 PSI Mln. a n d  an e l o n g a t l o n  o f  1- Hln.  
The c o l o r  o f  t h e  J a c k e t  s h a l l  be white w l t h l n  t h e  l i g h t  and dark llmlts o f  
XIL-STD-104A. Class 1 or Class 2.  

FINISHED W I F E  AND CABLE TYPE I THROUGH TYPE IX 

The f l n l s h e d  wire and c a b l e  shall conform t o  t h e  a d d l t l o n a l  requl rements  as  f o l l o w s :  

PLNISHED W I R E  A N D  CABLE TYPE I THROUGH V I 1  

Cable J a c k e t s  S h a l l  b e e x t m d e d  c o n c e n t r i c a l l y  W l t h  the IndtCrlal and In  t h e  thick- 

TABU 111 
LICHlWEICHT WIRE WALL THICKNESS (INCH1 

5 . 3 ; l . l  

5 . 3 . 1 . 1  .a  

5 .3 .1 .1 .b 

1 ;  
14 
12  

Type I ,  Cla 8 1 through C l a s s  5 Copper Conductor 

Type I ,  Class I wire 

The r e q u i r e m e n t s  of  Type I ,  Class 1 wires a r e  l l s t e d  i n  Table 111. Table  IV, 
and Table  X X I  and as shown In  F l g .  1 .  

The p h y s i c a l  d e t a i l s  o f  the  conductor  s h a l l  be a s  s p e c i f i e d  l n  Table  I1 for 
t i n  coa ted  copper  wlre. 

Type I ,  Class 2 or Oreater Cable  

t h e  requi rements  o f  t h l s  s p e c l f l c a t l o n  f o r  Type I ,  Class 1 wire, and c o l o r  coded 
per para 3 . 4 .  A d d i t i o n a l  requlrements  f o r  t h e  m u l t l - c o n d u c t o r  c a b l e  am l i s t e d  
I n  Table  I V .  

The f l n l a h e d  w l r c s  t h a t  compose the mul t l -conductor  c a b l e  a h a l l  comply wlth a l l  

BMS 13-42 
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& *  



_. 

5.3.2 P1NISHF.D UIKE A N D  CABLE TYPE VI11 A N D  IX 

TABLE X 

N O M L  WEIGHT WIRE W A L L  THICKWESS 

30 
28 
26 
24 
22 
20 
18 
16 
14 
1 2  
10 
8 
6 
4 
2 

1/0 
2/0 
3/0 
4 / 0  

.oog 

.015 

.015 

.0113 

.0113 

.0120 

.0120 

.0125 

.0125 

.0165 

.0125 

.0125 

. 01 70 

.0195 

.0230 

.0265 

.03W 
,0330 
. o m  
.0b35 
.0b55 
.0455 

5 .3 .2 .1  Type VIII ,  Class 1 through C l a s s  5 Copper Conductor 

5 .3 .2 .1 .8  Type VIII ,  C l a s s  1, w i r e  

The requi rements  of 'Type VIII ,  C l a s s  1, wire a r e  l i s t e d  in Table X ,  Table XI, 
and Table  XXI, and a s  shown i n  Pig. 7. 

The phyelca l  d e t a i l s  of t h e  conductor  shall be a s  s p e c l f l e d  In  Table I1 for 
t i n  coa ted  copper  wire. 

5 . 3 . 2 . 1 . b  Type VIII ,  C l a s s  2 o r  O r e a t e r  Cable 

The f l n l s h e d  W l r C s  t h a t  compose the  mul t i - conduc to r  c a b l e  shall CWply With a l l  

coded per para. 3.4. Add i t iOMl  requi rements  for t h e  mul t i - conduc to r  cable  Ere 
t h e  requirements of t h i s  s p e c i f i c a t i o n  for Type VIII ,  C l a n s  1 wire, and c o l o r  

l i s t e d  i n  Table XI. 

CONDUCTOR-TD4-COATED 
COPPER COATI)IO-IIDIPLED IMIDE POLrKER 

THICIOIBSS - t INcxl: 
Siren 24 t h n i u g h  i0-.0015 (MM) 
Sires  8 t h rough  4/0 - .0025 (Ma) 
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TABLE XI 

0.102 
0.116 
0 . 1 3 3  
0.158 
0.175 I 
0.213 
0.250 I 

c u s s  

3 

4 

5 

W42/8/1-24 
W42/8/1-22 
U42/8/1-20 
Y42/8/l-10 

Y42/8/1-14 
W42/8/?L-12 
w42/8/1-10 
u42/8/1-0 
w42/8/1-6 
8d42/8/1 -4 
W 4 2 D b - 2  
u42/8/1 -a 
u42/0/1-00 
u42/8/l-000 
u42/0/1 -oooo 

U42/8/1- 16 

U42/8/2-24 
u42/0/2 -22 
m42/0/2 -20 
u4 2/0/2 -1 0 
U k2/0/2 - 16 
U42/8/2-14 
U 4 2/8/2 - 1 2 

Y42/8/3-24 

U42/6/3-20 
*42 /0 /3 -22  

u42/0/3-18 
w 4 2/0/3 - 1 6 
u42/8/3-14 
u4 2/8/3 - 12 

~42/8/4-24 
U42/8/4-22 
w42/0/4 -20 
U42/0/4-10 
U4 2/8/4 -1 6 
W42/8/4 - 1 4  
U 42/8/4 - 12 

24 
22 
20 
10 
16 
1 4  
12 
10 
0 
6 
4 
2 
0 
00 
OOO 
0000 

24 
22 
20 
18 
16 
14 
12 

24 
22 
20 
18 
16 
1 4  
12 

24 
22 
20 
10 
16 
14 
12 

24 
22 
20 ' 

10 
16 
14 

' 12 

( I N C H )  

0.062 

0.0- 
0.116 
0.142 
0.203 
0.251 
0.311 
0.386 
0.402 
0.542 
0.606 
0.671 

0.108 

0.146 
0.163 

0.047 
0.054 

o":% 

0.095 

0.124 

0.197 
0.232 

0.130 
0.146 
0.169 
0.200 
0.223 
0 -271 
0 .323  

MAXMUM 
YEIOHT 

( L B s / l o o O  FT)  

2.2 
3.2 
4.7 
7.0 
9.0 

13.7 
20.4 
31.0 

91 .O 
146.0 
2 1.0 

58.5 

3 il 5.0 

3:: 
780 .O 

4.4 
6.5 
9.5 

14.1 
18.4 
28.4 
42.5 

6.7 
9.7 

14.2 
21.2 
27.7 
12.6 
61.8 

8.9 
12.7 
19.5 
28.3 3g.0 
5 .9 
85.5 

0.141 

0.218 
0.242 
0.295 
0 * 353 107.0 



1. 

2. 

2.1 

2.1.1 

2.1.2 

. 4  

SCOPE 
u 

a .  T h i s  s p e c i f i c a t i o n  cove r s  c r o s s l i n k e d  alkane-Lmlde polymer i n s u l a t e d  coppe r  
and coppe r  a l l o y  v i m  and c a b l e .  This s p e c i f i c a t i o n  r e q u i r e s  q u a l i f i c a t i o n  
o f  p r o d u c t s ,  

b .  RATWG 

The w i r e  o f  t h i s  s p e c i f i c a t i o n  is r a t e d  f o r  t he  f o l l o w i n g  c o n d i t i o n s .  

( 1 )  When o p e r a t i n g  p o t e n t i a l s  do n o t  exceed 600 v o l t s  (WS). 

( 2 )  Where any c a n b i n a t i o n s  o f  ambient  ternperaturr  and  conductor  c u r r r n t ,  f o r  
e i t h e r  i n t e r m i t t e n t  or con t inuous  s e r v i c e  does  n o t  produce i s t a b i l i z e d  
conduc to r  temperaturr  i n  excess o f  302 P 1150 C ) .  

REFERENCES 

Except  where a s p e c l f l c  i s s u e  is i n d i c a t e d ,  t h e  noted i s s u e  of the follorlng r e f e r -  
ences  a h a l l  be cons ide red  a p a r t  o f  t h l s  speClf lC8t iOn t o  t h e  e x t e n t  s p e c l l i e d  h e m l n  

SPECIPICATIONS 

FEDERAL 
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b .  UU-T-kSOB 
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d .  C-P-206c 

MILITARY 

a .  MIL-C-70788 

b .  MIL-T-938 

C .  MIL-H-5606B 

d. HIL-A -6oylC 

e .  M I L - L - 7 8 0 8 E  

f. MIL-L-236% 

g .  UIL-D-26937A 

S t a n d a d  Test F l u i d s ;  Hydmcarbon. March 1964 

T l s s u e ,  P a c l a L  24 S e p t .  1963 

T c x t i l e  -s t  Methods, 15 May 1951 

P e l t  S h e e t ,  C l o t h ,  F e l t ,  Wool, Pressed ,  30 J u l y  1568 

Cable E l e c t r i c  Aerospace Veh lc l e  General S p e c i f i c a t i o n  
for ,  17 March, 1964 
’Ttster; Abrasion,  E l e c t r i c a l  Cable, 19 Lkc. 1 9 9  

Hydrau l i c  F l u i d ,  Petroleum Base, A i r c r a f t ,  Mtsslle, and 
Ordnance, 26 June 1963 
Alcohol ,  E t h y l ,  S p e c i a l l y  Denatured,  9 Peb. 1968 

L u b r i c a t i n g  Oil, A i r c r a f t T u r b l n e  Engine,  S y n t h e t i c  Base, 
13 March 1963 

L u b r l c a t l n  O i l .  A i r c r a f t  Turbine Engine, S y n t h e t l c  Bsse, 
1 March 19%5 
Detergent ,  S y n t h e t i c ,  Anionic  ( A l k y l  Benzene S u l f o n n t e ) ,  
15 A p r i l  1963 
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2.2 STANDARDS 

2 .2 .1  FEDER4L 

a .  FED-STD-228 Cable and W i r e ,  I n s u l a t e d ;  Method8 o f  T k s t i n g ,  14 A p r i l  
1967 

2.2.2 nnxmr-x 
a .  MIL-STD-lo4A 

b. MIL-STD-l%D 

c .  MIL-STD-lW 

Limitn for E l e c t r i c a l  I n s u l a t i o n  Color, 1 2  J u l y  1963 

Sampling Procedures  and Tab les  for  I n s p e c t i o n  by A t t r i b u t e s ,  
29 A p r i l  1963 

Q u a l i t y  Assurarrct Terns and D e f i n i t i o n s ,  30 Oct .  1961 

2 . 3  OTHER PUBLICATIONS 

2.3.1 COC(MgRC1AL 

a .  Wunsell  Book o f  Co lo r  Munee11 Co lo r  Co., Ba l t imore ,  claryland 

2.3.2 BOEINO 

a .  BMS 3 - 1 l C  Hydrau l i c  F l u i d ,  P i r e  R e s i s t a n t  

AMERICAN SOCIETY FOR TESTINO AND MTKRUIS (AS!IML 2 . 1  

( c o p i e s  o f  AS?n p u b l i c a t i o n s  amy k ob ta ined  f r o m  the American S o c i e t y  for = s t i n g  
and R n t e r i a l s ,  1916 Race S t r e e t ,  P h i l a d e l p h i a ,  Pennsylvania 19103). 

2 . 5  n ISCELUNEOU~ 

a .  A l k a l l n e  Detergent S o l v e n t  (pK 10.0-10.5) REF: 
C l e a n i n g  h P o l i s h i n g  Haterial6 - O r d c r i n & e x c r l p t l o n / u s e )  

O r o n i t e  “ j e t  111, Chevron Chemical Co., San FrMClOco, C a l i f o r n i a .  

h l n t e n n n c e  Manual, Chapter  12 ,  

b. 

a .  B 33-63 

b .  B 298-64 

c .  D 1371-68 

d .  E 104-51 

S tanda rd  S p e c i f i c a t i o n  f o r  Tinned S o f t  or Annealed Copper 
W i r e  for E l e c t r i c a l  Purposes 

S tanda rd  S p e c i f l c a t l o n  f o r  S i lve r -Coa ted  S o f t  or Annealed 
Copper Y l r e  

Recumended P r a c t i c e  f o r  C lean lng  P l a s t i c  Specimens f o r  
I n s u l a t i o n  R e s l s t a n c e ,  Su r face  Res l s t ance ,  and Volume 
R e s i s t i v i t y  Teot ing 

Recoamended P r a c t i c e  f o r  Main ta ln lng  Cons tan t  R e l a t i v e  
Humidity by Means o f  Aqueous S o l u t i o n s  
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3. CON FIGURATION 

b. Type I1 

E .  l y p e  I11 

e .  T y p e v  

1. 

8 .  

h .  

1 .  

J .  

k .  

m .  

n .  

Wire or Cable - 6 K I L  (NOM) Lnau la t ion ,  Tinned Copper Conductor .  

Om i n s u l a t e d  conductor  o r  two o r  more i n s u l a t e d  conduc to r s  l a i d  
i n  a s u i t n b l e  s p i n 1  t o  pakc a mul t i conduc to r  c a b l e .  

Not A p p l i c a b l e .  

S h i e l d e d  and Jacketed Cable - 6 KIL (NOM) I n s u l a t i o n ,  T i m e d  Copper 
Conductor .  

Type I wlm or c a b l e  o v e r  which t h e  fo l lowlng  is a p p l i e d :  

F i r s t  - A n  O v e r a l l  s h i e l d  Or t l M C d  copper  b r a i d .  
Second - A Jacke t  Of Al)cane-Fmlde polymCr. 

J a c k e t e d  Cable - 6 MIL (NOM) I n s u l a t i o n .  Tlnned Copper Conductor .  

Type I cab le  ( C l a s s  2 or g r e a t e r )  o v e r  which A n  a lkane-imide polymer 
J a c k e t  Is a p p l i e d .  

Wire or Cable - 6 MIL (NOM) I n s u l a t i o n ,  S i l v e r  Coated Copper Alloy 
Conductor .  

One i n s u l a t e d  conduc to r  or two or more l n s u l a t e d  conduc to r s  l a i d  
i n  A s u i t a b l e  s p i r a l  t o  make A m u l t i c o n d u c t o r  c a b l e .  

S h i e l d e d  and Jacke ted  Cable - 6 KIL (NOM) I n s u l a t i o n ,  Silver Coated 
Copper Alloy Conductor.  

Type V wlm or c a b l e  o v e r  which t h e  fo l lowing  is a p p l i e d :  

First - An o v e r a l l  s h i e l d  of  t i n n e d  copper  b r a i d .  
Second - A J acke t  of a lkane-imide polymer. 

J acke ted  Cable - 6 MIL ( N O H )  I n s u l a t i o n ,  S i l v e r  Coated Copper A l l o y  
Conductor .  

Type V Cable ( C l a s s  2 o r  g F e a t e r )  Over  whlch an AlkJLne-lmlde polymer 
j a c k e t  is a p p l i e d .  

Wire or Cable - 10 M I L  (NOM) I n s u l a t i o n ,  Tinned Copper Conductor .  

One i n s u l a t e d  conductor  or two or mom? i n s u l a t e d  conduc to r s  l a i d  ln 
a s u i t a b l e  s p i m l  t o  make a mul t i conduc to r  c a b l e .  

Wire cr  Cable - 10 MIL (NOH) I n n u l a t i o n ,  S i l v e r  Coated Copper Alloy 
Conduccor . .  

One i n s u l a t e d  conduc to r  or two or mom i n s u l a t e d  conduc to r s  l a i d  i n  
a 8UltAble S p i r a l  t o  oake A mul t i conduc to r  c a b l e .  

W i n  or Cable - 8 M I L  (NOM) I n s u l a t i o n ,  Tlnned Copper Conductor.  

Wire or Cable - 8 MIL (NOH) I n s u l a t i o n ,  S i l v e r  Coated Copper Al loy  
Conductor .  

S h i e l d e d  and Jacke ted  Cable - 8 MIL ( N O H )  I n s u l a t l o n ,  Tinned Copper 
Conductor .  

Type X U l r e  or Cable ove r  which t h e  fo l lowlng  is a p p l i e d :  

F i r s t  - An o v e r a l l  s h i e l d  of Tinned Copper Braid 
Second - A j a c k e t  of  Alkane-imide Polper  

S h i e l d e d  And J a c k e t e d  Cable - 8 MIL ( N O H )  I n n u l a t i o n ,  S l l v e r  Coated 
Copper Al loy  Conductor 
Type X I  ulre or c a b l e  o v e r  which t h e  fo l lowing  is a p p l l e d :  

F i r s t  - An o v e r a l l  s h i e l d  of Tinned Copper Bra id .  
Second - A J a c k e t  of Alkane-imide Polymer 

R 



J ' .  I 

1 
2 
3 
4 
5 

9 
1 0  
11 
1 2  
13 
14 
15 
16 

19 
20 
21 
22 
23 
24 

i 

3 

3.2 

3 - 3  

3.4 

3 .4 .1  

3.4.2 

3 .4 .3  

3 .5  

4. 

Red 
Blue 
Yellow 
Omen 
Black 
Purple  
Orange 
Brown 
Pink 
W h l  t e  
White 
Whl te 
White 
White 
W h i  t e  
W h i  t e  
White 
Whi t e  
White 
Red 
Red 
Red 
Red 
Red 

C U S S E S  

The c l a s s  d e a l g n a t i o n  shall be by a r a b i c  numerals whlch W i l l  l n d l c a t e  a s i n g l e  i n s u l a t e d  
wlre or A number of i n s u l a t e d  w i r e s  I n  a mul t l conduc to r  c a b l e .  
Examples: C l a s s  1 - A s i n g l e  i n s u l a t e d  conductor .  

Class 2 - Two s p i r a l l y  l a i d  wires. 
C l a s s  24 - m e n t y - f o u r  s p l r a l l y  l a i d  wires. 

S I Z E S  

Wire s l r e s  covered i n  t h i s  s p e c l f l c a t l o n  a r e  l l s t e d  i n  Table  11. 

COLOR CODE 

ALL TYPES, CUSS 1 

Unles s  o t h e r w i s e  s p e c i f l e d  on t h e  purchaee order t h e  f i n i s h e d  w l r e  c o l o r  shall be whl tc .  

ALL TYPES, C U S S  2 TKROUOH 24 

The f l n l s h e d  c o l o r  f o r  wires i n  a mul t i conduc to r  c a b l e  shall be as shown i n  Table  I .  
On t h e  e l e v e n t h  through t h e  twenty- four th  wlre a s t r i p e  of t h e  c o l o r  shown i n  Table  I 
shall be a p p l i e d  t o  t h e  o u t e r  s u r f a c e  of  t h e  c o a t i n g .  The s t r i p e  shall be n o t  less 
than  .030 i n c h  wide and a h a l l  make one c a u p l e t e  t u r n  around t h e  vim i n  every two 
i n c h e s  of  a x i a l  l e n g t h  f o r  w i r e  s l z e s  30 through 12 and i n  every  f o u r  l n c h e s  of a x i a l  
l e n g t h  for w i r e  sizes 10 through 4/0. 

COLORS 

The c o l o r s  shall be w i t h i n  t h e  l i g h t  and dark l lmlts  s p e c i f i e d  i n  MIL-STD-104A 
C l a s s  1 or Class 2, except  as noted .  The c o l o r ,  c o l o r  s t r i p i n g ,  and i d e n t l f l c a t i o n  
s h a l l  w i t h s t a n d  a mlnlmum of 125 c y c l e s  (250 s t r o k e s )  uhen t e s t e d  per paragraph 8 .9 .  

WIRE AND CABLE DESIONATION 

The d e a l g n a t l o n  for a w l r e  or cable  of  t h l s  s p e c l f l c a t l o n  shall be a s  f o l l o w s :  

TYPE CUSS S I Z E  

Type Class S l z e  
l- 1 1 

Para. 3.1 Para. 3.2 3.3 

v 
Ma t e r l a l  
S p e c l f l c a t l o n  No. Designat ion Des igna t ion  P a m .  

FORMS 

TABLE I 

COLOR CODE FOR VI IUS I N  M U L T I C O N W C ~ R  CABLE 

Not a p p l l c a b l e .  

I W I R E  NU13ReR I INSUUTION COLOR STRIPE COIDR 

P i n k  shall be betueen Munsell  Reno ta t ion  2.5R 6.9/7.4 
and 1ORP 4.3n.O with t h e  lighter value  pmferred. 



5.1 

5.1.1 

5.1.1.1 

5.1.1.2 

5.1.2 

5.1.3 
5.1.3.1 

5.1.3.1.1 

5 .2  

5.2.1 

5.2.1.1 

5.2.1.  i . i  

REQUIREMENTS 

a .  The rlre and cab le  furnished under t h l s  s p e c l f l c a t l o n  s h a l l  be a product  which 
hss k e n  t e s t e d  and has passed the p u a l l f l c a t l o n  tes ts  s p e c l f l e d  h e r e i n ,  p r i o r  
t o  accep tance  or produc t ion  orders. 

b. Where conf l l c t  e x l s t r  between t h i s  s p e c l r i c a t l o n  and M y  s p e c i f i c a t i o n  r e f e r e n c e d  
h e m i n ,  t h l s  s p e c l r l a t l o n  shall govern.  

HATERIALS 

CONI)[ICK)R MATERIALS 

A l l  s t r a n d s  used i n  t h e  msnufacture  of t h e  conduc to r s  shall be s o r t  u v l e a l e d  c g p w r  
conforming t o  A S M  Standards 833-63 o r  shall be h i g h - s t r e n g t h  copper a l l o y .  
shall k f r e e  rrom lumps, k i n k s ,  s p l i t s ,  s c raped  or corroded s u r f a c e s  and a k i n  
i m p u r i t i e s .  I n  Add i t ion ,  t h e  s t r a n d s  shall conform t o  the  rol lowing r equ i r emen t s  
a s  a p p l i c a b l e .  

n n - C o a t e d  Copper S t r a n d s  

The t i n  c o a t i n g  shall be as s p e c l r l e d  ln I S M  S t a n d a d  B33-63. 

High-Strength Copper Alloy 

The s t r a n d s  shall c o n r o m  t o  t h e  r e q u i r c w n t s  Of 5 . 2 . 1 . 3  for e l o n e t i o n  M d  t e n s i l e  
s t m n g t h  and shall be s i l v e r  coa ted  i n  accordance wl th  A S M  Standa rd  B 298-64 wl th  
n o t  l e s s  than 40 micrv inches  of s i l v e r .  

SHIELD CUTERIALS 

S h l e l d  s t r a n d s  ( a s  A p l l c a b l e )  shall be i n  accordance wlth the requlrcments  for 
conductor  materials 75.1.1). 

LHSUIATING MATERIAL 

I n s u l a t l o n  

A l l  polymers used in any type  o f  I n s u l a t i o n  shall be c e r t l f l e d  v l r g l n  m a t e r i a l  
(5 .1 .3 -1 .11  c o n t a l n l n g  no a d d i t i v e s  excep t  those n q u l r e d  a s  p i p e n t a t l o n  Tor c o l o r s ,  
l u b r i c a n t s  used i n  e x t r u s i o n ,  s t a b i l l r e r s ,  And f i l l e r a .  

S t r a n d s  

Vi rg in  M a t e r i a l  

For purposes  of t h l s  8peClflCAtiOn. v l r g l n  m a t e r l a l  s h a l l  be 100 pe rcen t  new m a t e r l a l  
which has been through o n l y  the  pl”0Cesses e s s e n t i a l  t o  i t s  W U f a C t U R  And I t8  a p p l i -  
c a t i o n  t o  the  wire and c a b l e  and which h ~ s  p r e v i o u s l y  been through t h e s e  e s s e n t i a l  
p rocesses  one t ime on ly .  Any material uhlch has prev loua ly  been Dmcessed i n  any o t h e r  
manner 1 s  cons ldc red  non-v i rg in  material. 
of a l l  l n g r e d l e n t s  And components used. 

CONSTRUCTION 

Cons t ruc t ion  o f  t h e  w i r e  and cab le  shall be a8 s p e c l f l e d  h e r e i n .  

FINISHED WIRE CONSTRUCTION 

This n q u l r e m e n t  s h a l l  app ly  t o  t h e  manufacture  

Conductor S t r a n d i n g  

The s t r a n d i n g  or conduc to r s  for w l n  sizes 30 through 10 AYO shall be as s p e c i r i e d  
in Table 11 and s h a l l  be c o n c e n t r i c  i n  c o n s t r u c t l o n  w l t h  a u n l d i r e c t l o n a l  lay o r  a 
t r u e  c o n c e n t r i c  lay. 

.- 
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5.2.1.1. 1 ( Cont l n u e d )  

a .  U n l d l r e c t l o n a l  lay s h a l l  be l n t e r p r e t e d  t o  be a c e n t e r  s t r a n d  surrounded by 
one or more l a y e r s  of h e l l c a l l y  wound s t r a n d s .  A l l  l a y e r s  shall have l e f t -  
hand l a y  w l t h  the  l e n g t h  o f  l a y  t o  be i n c r e a s e d  w i t h  e a c h  s u c c e s s l v e  l a y e r .  
The l e n g t h  o f  lay  o f  the  o u t e r  l a y e r  S h a l l  be n o t  less than  8 times D r  more 
t h a n  16 t l m e s  t h e  maxlmum conduc to r  d l a m e t e r .  

b .  True c o n c e n t r l c  lay  shall be i n t e r p r e t e d  t o  be a c e n t e r  s t r a n d  surrounded 
by two o r  more l a y e r s  of h e l i c a l l y  wound 8trfinds w l t h  d i r e c t i o n  o f  l a y  
be lng  r eve r sed  In each s u c c e s s i v e  l a y e r  and  w l t h  t h e  l e n g t h  o f  lay  be lng  
l n c m a s e d  wl th  each s u c c e s s l v e  l a y e r .  P O r  t h e  o u t e r  l a y e r  o f  s t r a n d s  the  
d l r e c t l o n  o f  l a y  shall be l e f t - h a n d  and t h e  l e n g t h  o f  l a y  s h a l l  be not  l e s s  
than  8 t l m e s  or mom than 16 times t h e  maxlmum conduc to r  d ime- t e r .  

5 .2 .1 .1  2 U l r p  s i z e s  8 through 0000 s h a l l  be rope- lay  a s  s p e c l f i e d  i n  Table  I 1  and i n  s 
and b b e l o r .  

a .  Rope-lay s t r a n d e d  conductors  s h a l l  be l a i d  up c o n c e n t r l c a l l y  w l t h  a c e n t r a l  
C O R  su rmunded  by one or more l a y e r s  o f  h e l i c a l l y  wound members. I t  1s 
o p t i o n a l  f o r  the  d i r e c t i o n  o f  l a y  o f  s u c c e s s i v e  l a y e r s  t o  be a l t e r n a t e l y  
r e v e r s e d  ( t r u e  c o n c e n t r l c  l a y ) ,  or t o  be i n  t h e  M m e  d i r e c t i o n  ( u n l d l r e c -  
t i o n a l  l a y ) .  m e  l e n g t h  o f  l a y  o f  t h e  o u t e r  l a y e r  of m p e - l a y  s t r a n d e d  
m e m b e r s  f o m l n g  t h e  conductor  s h a l l  be n o t  less thnn 10 n o r  more than 1 4  
t l m e s  t h e  o u t s i d e  d l ame te r  o f  t h e  completed conduc to r .  me d l r e c t l o n  of 
l a y  o f  t h e  o u t s l d e  l a y e r  shall be e i t h e r  l e f t  or r i g h t  hand. 

b.  Members o f  rope- lay  s t r a n d e d  c o n d u c t o r s :  The l e n g t h  o f  l a y  o f  t h e  w i r e s  
composlng t h e  s t r a n d e d  members s h a l l  be n o t  g r e a t e r  than  16 tlmes the  o u t s i d e  
d l a m e t e r  o f  t h e  member. S t r a n d i n g  or t h e  l n d l v l d u a l  members may be e l t h e r  
c o n c e n t r l c  o r  bunch. 

5 . 2 . 1 . 2  Conductor  S p l l c e s  

S p l l c e a  I n  l n d l v l d u a l  s t r a n d s  o r  members s h a l l  be  b u t t  b r a z e d .  The re  shall be 
n o t  more than  one s t r a n d - s p l l c e  i n  any 10 f o o t  l e n g t h  o f  a s t r a n d e d  c o n c e n t r l c -  
l a y  conduc to r  o r  i n  any 10- foot  l e n g t h  o f  any member in a rope- lay  conductor ;  
e x c e p t  t h a t  n o t  more than one s p l l c e  o f  (VI e n t i r e  member s h a l l  be  p e m l t t e d  i n  
any 10 f e e t  o f  a rope- lay  conductor .  S p l i c e s  I n  members of  a rope- lay  c o n s t r u c -  
t i o n  s h a l l  be so f l n l s h e d  that t h e  conduc to r  d l a m e t e r  Is n o t  i n c r e a s e d  a t  t h e  
p o l n t  o f  b r a z l n g .  I n  no c a s e  s h a l l  t h e  whole conduc to r  be s p l i c e d  a t  one p o l n t .  

REVISED 4-13-70 
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5 . 2 . 1 . 3  

5 .2 .1 .3 .1  

5 . 2 . 1 . 3 . 2  

5.2.1.4 

5 . 2 . 1 . 5  

5 . 2 .  i .5. i  

5 . 2 . 1 . 5 . 2  

5 . 2 . 1 . 5 . 3  

5 . 2 . 2  

5.2.2.  I 

Conductor E longa t ion  and T e n s i l e  S t r e n g t h  

Elonga t i o n  

The i n d i v i d u a l  s t r a n d s  of the  conductor  or t h e  whole conduc to r  removed from 
f i n i s h e d  wire s h a l l  have the  fo l lowing  mlnlmum e l o n g a t i o n  when measured in  
accordance with 8.5. 

S o f t  a n n e a l e d  copper 10 p e r c e n t  
H lgh- s t r eng th  copper a l l o y  6 p e r c e n t  

T e n s i l e  S t r e n g t h  (High-Strength Copper Alloy Only) 

When M g h - s t r e n g t h  coppe r  a l l o y  is s p e c i f l e d ,  t h e  i n d i v i d u a l  s t r a n d s  o f  t h e  
conduc to r  or t he  whole conductor  removed from f i n i s h e d  w i r e  s h a l l  have a 
minimum t e n s l l e  s t r e n g t h  o f  58,000 p s i  when measured i n  accordance w l t h  8.5. 

Conductor Diameter 

The d i a m e t e r  o f  t h e  conductor  shall be as  s p e c i f i e d  i n  Tab le  11. 

I n s u l a t i o n  

The l n s u l a t i o n  s h a l l  be c o n s t r u c t e d  so t h a t  i t  can be r e a d i l y  removed by mechanical 
w i r e - s t r i p p i n g  d e v i c e s .  

P r l m a r y  I n s u l a t i o n  

The primary i n s u l a t i o n  of one or more l a y e r s  shall be c r o s s l i n k e d  ex t ruded  
a lkane - imide  polymer.  When more t han  one l a y e r  is  employed a c o a t i n g  o f  modif ied 
imide polymer may be used between t h e  layers. The a lkane - imide  polymer s h a l l  be 
a n  o f f - w h i t e  c o l o r  r e a d i l y  d l s t l n g u l s h a b l e  from t h e  baslc brown c o l o r  of t h e  
imide c o a t l n g .  

Coat lng 

A c o a t i n g  of modi f i ed  imlde polymer s h a l l  be a p p l i e d  o v e r  t h e  i n s u l a t i o n .  Thls 
c o a t i n g  shall be con t lnuous  and free from c r a c k s ,  s p l i t s ,  b l i s t e r s ,  and o t h e r  
d e f e c t s  when examined without  a l d  o f  m a g n i f i c a t i o n .  

I n s u l a t i o n  E longa t ion  and T e n s l l e  S t r e n g t h  

The primary i n s u l a t i o n  and the  c o a t i n g  s h a l l  have an  e l o n g a t i o n  of 50 percen t  
mlnlmum when t e s t e d  p e r  8.14 and s h a l l  have a t e n s i l e  s t r e n g t h  o f  7500 PSI 
mlnlmw f o r  wire sizes 30 th rou  h 10 and 5000 PSI (mlnlmum) f o r  w i r e  s i z e s  1 1  through 4/0 when t e s t e d  p e r  8.l&. 

FINISHED CABLE CONSTRUCTION 

The c o n s t r u c t i o n  of f l n i s h e d  cable  sha l l  be a s  s p e c i f i e d  i n  t h e  i n d i v i d u a l  Type 
and Class c o n s t m c t i o n  d e t a l l s .  I n  mul t i - conduc to r  cables the  i n s u l a t e d  wires 
a @  determined by t h e  c l a s s  d e s i w a t l o n  s h a l l  be s p i r a l l y  l a i d  t o  provide a s  
c o n c e n t r i c  a cable a s  possible. The l a y  of t h e  i n d i v i d u a l  w i r e s  s h a l l  be not 
less  than  e i g h t  o r  more than s i x t e e n  t imes  t h e  major d i a m e t e r  of t h e  c a b l e .  
The d l r e c t i o n . o f  l a y  shall be l e f t - h a n d .  F i l l e r s  w i l l  n o t  b e , a l l o w e d .  

S h i e l d  C o n s t m c t i o n  and Coverage 

?he s h i e l d  ahall be a c l o s e l y  woven b r a i d  and shall comply with t h e  fol lowing:  

a .  The i n d i v i d u a l  s h i e l d  s t r a n d  size shall be as  fo l lows :  

(1)  S l z e  38 s t r a n d s  shall be used  o v e r  wire o r  c a b l e  having a major d iame te r  

(2) Size 36 s t r a n d s  shall be used o v e r  w i r e  or c a b l e  having a major d iame te r  

( 3 )  S i z e  34 s t r a n d s  s h a l l  be used Over wire or cable having a major d iame te r  

of 0.300 i n c h  or less. 

g r e a t e r  t h a n  0.300 inch and less than 0.400 i n c h .  

of 0.400 i n c h  or over .  

Bly\S 13-42A k-13-70 
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5.2.2.1 (Continued)  

b .  The s h i e l d  shall provide a mlnlmum coverage of  85 percen t  wlth coverage 
be ing  d e t e m i n e d  in accordance with 4.5.3 o f  MIL-C-7076B. 

c. The s h i e l d  shall be a push-back type .  

( 1 )  When t h e  Pajor dimmeter o f  t h e  c a b l e ,  p r i o r  to  t h e  a p p l i c a t i o n  of 
s h i e l d ,  is less than 0.300 inch,  t h e  a n g l e  of t h e  carriers o f  t h e  
s h i e l d  wi th  t h e  u i s  of t h e  c a b l e  shall be n o t  less than 20 or more 
than 35 d e g r e e s .  

When t h e  Pajor d i a m e t e r  o f  t h e  c a b l e ,  p r i o r  t o  t h e  a p p l i c a t i o n  of  
s h i e l d  is 0.300 i n c h  or greater and t h e  limitations o f  standard 
b r a i d i n g  equ ipnen t ,  u i t h  a p m c t l c a l  number o f  ends p e r  carrler,  
M k e  compliance wi th  paragraph 5.2.2.1.c.(1) b p r a c t l c a l ;  t h e  s h i e l d  
shall be a u l t a b l y  a p p l i e d  t o  a s s u r e  a push-back c h a m c t e r l s t l c .  

( 2 )  

5.2.2.2 Cable J a c k e t  C o n s t m c t i o n  

Cable j a c k e t s  shall be c r o s s l i n k e d  e x t m d e d  allcane-imide polymer and shall be  
c o n c e n t r i c a l l y  a p p l i e d .  Hinimum j a c k e t  wall t h i c h e s s  shall be 0.006 i n c h  when 
t h e  c a b l e  beneath t h e  j a c k e t  has  an O.D. Of 0.215 inch  or l e s s  and shall be 
0.007 inch when t h e  c a b l e  benea th  t h e  j a c k e t  ha8 8.n O.D. o f  more than 0.215 i n c h .  
When t e s t e d  ln accordance  wi th  8.14 t h e  j a c k e t  materlal shall have a t e n s i l e  
s t r e n g t h  of  3500 PSI (mln.)  and an e longa t ion  o f  100 percen t  (min.) .  Un les s  
o t h e n r i s e  s p e c i f l e d  on t h e  purchase o r d e r  t h e  c o l o r  o f  t h e  Jacke t  shall be 
wh i t e  w i th in  t h e  light and dark l l m l t s  of  MIL-STD-lC&A, C las s  1 or 2 .  

5.3 FINISHED WIRE AMTI CABLE - TYPE I THROUOH TYPE X I 1 1  

The f i n i s h e d  ulre and c a b l e  shall conform t o  t h e  fo l lowing  a d d l t l o n a l  r e q u l r e -  
ments:  

5.3.1 TYPE I ,  CUSS I W I R E  

The r equ i r emen t s  or Type I ,  Class 1 w i r e  shall be as  l n d l c a t e d  i n  Table  I11 and 
Table  XXII and as shown i n  Fig.  1. 

The phys lca l  and e l e c t r i c a l  d e t a i l s  of  t h e  conductor  shall be a s  s p e c i f i e d  In 
Table 11 f o r  t l n - c o a t e d  copper  wlre.  The wall t h i c k n e s s  of t h e  i n s u l a t i o n  shall 
be 0.005 inch ( m i n . ) .  

5.3.2 TYPE I, CUSS 2 OR O W T E R  CABLE 

The f i n i s h e d  rims that compose t h e  mult i -conductor  cable shall comply w l t h  a l l  
t h e  r equ i r emen t s  of t h i s  s p e c i f i c a t i o n  f o r  Type I, Class 1 w i r e  and s h a l l  be 
c o l o r  coded i n  acco rdance  wl th  3.4. Add i t iona l  requirements  f o r  t h e  m u l t l -  
conductor  c a b l e  are l l s t e d  in Tab le  111. 

4 - 13-70 
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CUSS 

COWDUC'XOR 

corn. SIZE I u x m  OUTSIDB X 4 x m  YBIOHT 
PART NO. ( A V O )  DUI&TER (MCH) (LBS/looO FT.) 

/-- 

1 

2 

-TM-COATED 
COPPER 

w42/1/1-24 24 0.039 2 .o 
2 -8 
4.3 
6.4 

W42/1/1-22 22 
W42/1/1-20 20 
W42/1/1-18 18 0.064 
W42/1/1-16 16 0.072 8.4 
W42/1/1-14 14  0.m 13.0 
W42/1/1-12 12 0.108 19.7 

W42/1/2-24 24 0 A79 4 .O 
W42/1/2-22 22 0.091 
W42/1/2-20 20 0.108 
W42/1/2-18 18 0.128 
W42/1/2-16 16 0.144 
Y42/1/2-14 1 4  0.179 2 -9 
W42/1/2-12 12 0.216 41.1 

::3 

2:; y:i 

COATIM-MODIFLED mm. 
POLn[ER 
THI--.0015INCH ( M U . )  

W4 2/1/3 -24 
W42/1/3-22 
W42/1/3-20 
W42/1/3-18 
W42/1/3 -16 

W42/1/3-12 
W42/1/3-14 

P R M R Y  mSUIATION-CROSSLDIKED KXTRUDED 
ALXAN'E-MIDE POLYMER 

24 
22 
20 
18 
16 
14 
12 

4 

W42/1/4-24 
W42/l/4 -22 
W42/1/4-20 
U42/1/4-18 
W42/1/4-16 
W42/1/4-14 
W42/1/4-12 

3 

E:% 
0.116 
0.138 

0.193 
0.233 

0.155 

1 6.1 
, 8.5 

13.0 
20.1 
26.1 
40.4 
61.7 

5 

10.1 
14.4 
22 .4  
33.5 
43 67:1 

103.3 
L 1 I 1 

NOTE: Applicable Change U t t e r  lot Shorn 

0-13-70 REVISED 



~~ 

I 
5.3.3 TYPE 111 SHIELDED A N D  JACKETED CABLE CLASS 1 THRWOH CLASS 4 

5.3.3.1 Basic Ylrr 

The basic ulre ln TJpe 111 construction shall confom to ~ 1 1  the requirements 
O f  VpC 1. C l A 8 8  1 W i n  Or Type 1, C I A 8 6  2 or  greeter cable a8 App1lcAble. 

5.3.3.2 Plnlrhed Cable 

The r e q u l m e n t s  O r  the rlnlshed cable shall be A B  indicated in Table IV, 
Table =I1 urd as ahom In  P i g u n  2. 

The component u l n a  shall be color coded l n  accordance w i t h  3 .4 .  

COMPONEHT WIRES: 
BnS 13-42/1/1-.* 7 

JACKET: CROSSLMKED q"RUDm /- ALKANE-IMIDE POLYMER 

- SHIELD: TM-COATED COPPER 
(TYPICAL FOR A L L  CUSSES) 

FIOURE 2 
TABLE N 

TYPE 111 CABLE - OUTSIDE DIAMETER AND UEICHT 

24 
22 
20 
18 
16 
1 4  
12  

24 
22 
20 
18 
16 
14 
12 

0.075 
0.081 
0.089 
0.099 
0.108 
0.125 
0.143 

0.113 
0.125 
0.141 
0.162 
0.178 
0.213 
0.251 

5.3 
6.4 
8.5 

1 1 . 4  
13.9 
19.8 
28.0 

9 .o 
11.3 
15.4 
21.0 
26.0 
3 7 . b  
54.1 

3 

I 

24 
22 
20 
18 
16 
14 

I 12 

0.119 

0.149 
0.132 

:::I;  
0.229 

I 0 -270 

11.7 
15 .o 
20.8 
28.9 
36.0 
52.9 I 76.8 

4 

::z2 
0.16& 
0.193 
0 -214 
0.258 
0.305 

23 
26.5 
36.9 
46.2 
68.4 
99.8 

L I I I 1 

NOTE: A p p l i c a b l e  Change irtter Not Shown 
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5.3.4 TYPE N ,  JACKETED CABLE CUSS 2 THROUOH CUSS 5 

5.3.4.1 B a S l C  Y l r e  

c u s s  

The b a s l c  wires i n  Type I V  c o n s t m c t l o n  s h a l l  conform t o  a l l  t h e  requirements  
o f  m p e  I ,  C l a s s  2 or g r e a t e r  c a b l e .  

7 

CONDUCTOR r U X M U M  CUXlMJM 
SIZE O U T S I D E  D U M E T E R  UEIOHT 

PART NUMBER. ( A N )  (MCH) (LBs/loOo IT) 

5.3.4.2 P ln l shed  Cable 

' 5  

?he r r q u l n m e n t s  o f  t h e  f i n i s h e d  c a b l e  s h a l l  be a s  i n d i c a t e d  l n  Table  V ,  
Table XXII and a s  shown i n  Pig. 3. 

The component w l r e s  s h a l l  be c o l o r  coded l n  accordance u l t h  3.4. 

2 

COMPONENT WIRES: 
BMS 13-42/1/1-*' 

u42/4/2-24 24 0.094 5.2 
U42/4/2-22 22 0.107 7.1 
U42/4/2-20 20 0.123 10.5 
U 4 2/4/2 - 1 8 18 0.143 15.2 
Y 4 2/4 / 2  - 1 6 16 0.160 19.5 
U42/4/2-14 1 4  0.194 
Y42/4/2- 12 12 0.233 2z:1 

JACKET-CROSSLINKED E X T R U E D  
A I X A H E - P ( I D E  POLYMER 

3 

w 4 2 j 4 j j  -22 
W42/4/3-20 
W 4 2/4 /3 - 1 8 
w42/4/3-16 
w42/4/3-14 
u42/4/3-12 

I U42/4/3-28 I 24 
22 

. 18 
16 
1 4  
12 

20 

0.100 
0.114 
0.131 
0.153 

0.209 
0.250 

o.in 

7.3 
10.1 

22.1 
28.4 
43.2 

15.1 

65.6 

4 

Y42/4/4-24 
v42/4/4-22 
u4 2/4/4 -20 

u42/4/4-16 
u42/4/4-14 
w42/4/4-12 

W42/4/4-18 

24 
22 
20 
18 
16 
18 
12 

0.114 
0.129 
0.149 
0.175 

0 -287 
::E 

9.5 
13.2 
19.8 
29.1 

U42/4/5 -24 
wrr 2/4/5 -22 

n 42/4/5 -16 

U 4 2/4/5 -20 
Y 42/4/5 - 18 

UO2/4/5-14 
U 4 2/4/5 - 12 

24 
22 
20 
18 
16 
14  
12  

0.132 
0.150 
0.175 

11.7 

24.5 
16.2 

71.6 
108.0 

3::; 

+ NOTE: Applicable Change L e t t e r  Not shown 

R 
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5.3.5 TYPE V ,  C U S S  1 WIRE 

C U S S  

1 

2 

3 

The r equ i r emen t s  of Type V ,  Class 1 ,  w l r e  shall be a s  i n d i c a t e d  Fn Table V I ,  
Table XXII and A s  sho rn  i n  P i g u n  4 .  

The phys ica l  and e lec t r i ca l  d e t a i l s  of t h e  conduc to r  a h a l l  be A s  s p e c i f i e d  i n  

of t h e  i n s u l a t i o n  shall be 0.005 inch (m1n.Y. 
Table I1 f o r  s i l v e r  Coated h igh  s t r e n g t h  CO per Alloy W i n .  The W a l l  t h i c k n e s s  

TYPE V WIRE A N D  CABLE - OUTSIDE DIAMETER AND WEIOHT 

CONDUCTOR r U X I K t M  M X I W I M  
S I Z E  OUTSIDE D I A E T E R  YEIOHT 

PART NUMBER' ( A w O )  ( I N C H )  (LBs/1ooo PPI 
W42/5/1-30 30 0.026 0.59 
w4 2/5/1 -28 28 0.029 0.87 
w42/5/1-26 26 0.034 1.3 

2 .o 
'2.8 
4.3 Wr(2/5/1-20 ' 20 

w42/5/2 -30 30 0.053 1.2 
~42/5/2-28 28 0.059 1.8 
V42/5/2-26 26 0.069 2.5 
~42/5/2-24 24 0.079 4 .O 
W42/5/2-22 22 0.091 
W42/5/2-20 20 0.108 

w42/5/3-30 30 
W42/ /3-28 28 
Y4 22/3 -26 26 
W42/5/3-24 24 
W42/5/3-22 22 0.098 
W42/5/3-20 20 0.116 13.0 

Y42/5/1-22 24 22 :;g W42/5/1-24 

3:; 

2:; 
0 ..OS7 1.8 
0.063 2.6 

8.5 
::i; 

5.3.6 TYPE V .  C U S S  2 OR O R S 3 T E R  CABLE 

4 

The f l n l s h e d  w i r e s  that compose the mul t i - conduc to r  c a b l e  aha11 comply w i t h  a l l  
t h e  r equ i r cmen t s  of t h i s  s p e c l r l c a t l o n  for mpe V ,  C l a s s  1 w i r e  And s h a l l  b e  

conduc to r  cab le  arc  l i s t e d  i n  T a b l e  V I .  
Color  coded i n  ACCOrdanCe with 3.4. Addl t lOMl  reqU1rements for t h e  multi- 

w42/5/4 -30 
W42/5/4-28 
W42/5/4 - 26 
u42/5/4-24 
w42/5/4 -22 
w42/5/4 -20 

COHDVCMR -SILVER-COATED 
HIGH -STRENO TH 
COPPERALLOY 7 

~ 

30 
28 
26 
24 
22 
20 

0.071 
0.079 

::3 
0.124 
0.146 

2.4 
3.5 
5.1 
8.1 

11.5 
17.9 

NOTE: Appl l cab le  C h a n g e  L e t t e r  Not Shown 

4-13-70 UEVIXD 
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5.3.7 

5.3.7.1 

5 . 3 . 7 . 2  

CUSS 

TYPE VI, SHIEL.DFD A N D  JACKETED CABLE, CUSS 1 'IHROUGH CUSS 4 

Baslc  U l r e  

The basic wlre i n  Vpe  V I  construction shal l  confonn t o  a l l  the requirements 
of Type V ,  Class 1 wlrr or Type V ,  Class 2 or g r r a t e r  cable as appl lcable .  

Finished Cable 

The requirements of the finished cable shnl l  be a a  lndlcated l n  Table VII, 
Table X X I I  and aB shown i n  Pig. 5. 
The component w l r e s  shal l  be color coded In accordance x l t h  3.4. 

-- 

COHDVCMR MAXIwuI(  
SIZE O U T S I D g  D U K E T E R  

P A R T N U M B e R  ( A V O )  (INCH) 

COnPOHEHT WIRES 
BUS 1 3/4 2/5/1-* *T 

1 

JACKET-C1IOYSLJNKED EXTRUDED 
AIXANE-MIDE POLYWER 

v42/6/1-30 30 
u42/6/1-26 
U42/6/1-28 

u42/6/1-24 24 
U42/6/1-22 
W42/6/1-20 

::3; 
:::E 
0.070 

0.089 

2 

u42/6/2-30 
U42/6/2-28 

U42/6/2-24 

U42/6/2 -20 

U42/6/2/26 

u42/6/2-22 

30 
28 

24 
22 
20 

26 

0.0% 
0 . W  
0.102 
0.113 
0.125 
0. l k l  

w42/6/3-30 
u42/6/3 -28 
u42/6/3-26 
W42/6/3-24 
~42/6/3-22 
~42/6/3-20 

W42/6 h-30 
Y42/64 -28 
U42/&4 -26 
~42/6/1-24 
U42/6/4-22 
uh2/6/4-20 

30 
28 
26 
24 
22 
20 

30 
28 
26 
24 
22 
20 

0.090 
0.096 
0.108 
0.119 
0.132 
0.149 

0.098 
0.107 
0.119 

0.1 

NOTE: Applicable Change Letter Not Shown 

2.6 

5.3 
6.4 
8.5 

2:: 

4-1 5 .  
6.9 
9 .o 

11.3 
15.4 

8.4 
10.7 
14.5 
18.8 
26.5 

R 
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5.3.8 TYPE VII, JACKETED CABLE, CUSS 2 THROUGH CUSS 4 

5.3.8.1 Basic Y i r e  

The basic w i r e i  ln Type V I 1  construction s h a l l  confonn t o  a11 the  mqulrements  
Of ripe V,  Class 2 ,  or grea ter  cable. 

5.3.8.2 Finished Cable 

I h e  requirements of  the f l n l a h e d  cable shall be ne. indicated in Table VIII. 
Table XXII and eo shorn i n  Flg. 6. 

The component w i n s  sha l l  be color coded i n  accordance with 3.4. 

- -.e 
COHDVCrOR 
SIZE 

( A W O )  

30 
28 
26 
24 
22 
20 

2 

DWETER A N D  miom 
M X M V M  MAXIKWH 

OUTSIDE DIAMETER WEIOHT 
( I H C H )  (Las/looo PT) 

0.060 2 .o 

0 .ow 3 .  
0.094 5 *2  
0.107 7.1 
0.123 10.5 

'2 0.074 
Y42/7/2-30 
U42/7/2-26 
Y42/7/2-26 
Wh2/7/2-24 
Y42/7/2-22 
U42/7/2-20 

(TYPICAL POR ALL CLASSES 
PIOUP-F 6 

3 

0.072 

0.100 
0.114 
0.131 

::% '2 3. 
4.9 
7.3 

10.1 
15.1 

4 

Y42/7/4-30 
Y42/7/4 -28 
Y42/7/4 -26 
Y42/7/4 -24 
W42/7/4-22 
U42/7/4-20 

0 .om 
0.100 
0.114 

I 0.088 

~ 

0.129 1 0.149 

$2 
6.4 
9.5 

13.2 
19.8 

I I I 1 I 1 

NOTE: Applicable Chance Lettcr Not Shown 

.- 
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5.3.9 TYPE V I I I ,  C U S S  1, WIRE 

The r e q u l n m e n t s  o f  Type YIII, Class 1, w l n  s h a l l  be a s  l n d l c a t e d  In Table Ix, 
Table  XXII and as shown In Pig. 7. 

o f  t h e  conduc to r  s h a l l  be a s  e p e c l f l e d  ln . The wall  t h l c k n e s s  of t h e  i n s u l a t i o n  s h a l l  
24 through 10 and 0.015 lnch ( m l n . )  f o r  wlre 

s l m r o u g h  4/0. 

5.3 .10  TYPE V I I I ,  C U S S  2 OR ORIWTER CABLE 

h e  f i n l s h e d  w l r e s  t h a t  compose t h e  mul t i - conduc to r  c a b l e  shall comply u l t h  a l l  
t h e  requi rements  of  t h i s  r p e c i f l c a t l o n  f o r  Type VIII, C l a s s  1 wire  and s h a l l  be 
c o l o r  coded In  acco rdance  with 3.4. Addi t iona l  r equ i r emen t s  f o r  t h e  m u l t l -  
conduc to r  c a b l e  a r e  l l s t e d  i n  Table IX. 

PRI)(ARY LNSUUTION-CROSS LD(KEI: EXTRUTED 
AIXA~-MIDE POLYMER n 

COHWCTOR-TIN -COATED 
COPPER 

FIOURE 7 

COATING-MIDIPIED MID2 POLYMER 
THICKHESS 
Sites 24 through 10- 
S l r e s  8 through 4/0 

4-13-70 REVISED 
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0 
PART m R  c u s s  

1 

2 

WP2/8/l -24 
Y42/8/1-22 
W42/8/1-20 
W42/8/1-18 

V 0 2/8/1-14 
Y42/8/l-12 
U42/8fi -10 
w42/0/l-0 
~42/8/1-6 
Y42/8/1-4 
W42/8/1-2 

, Y 4 2 /8 /14  
W42/8/1-00 
W42/8/1-000 

ub2/8b-16 

U42/8/1 -oooO 

24 
22 
20 
18 
16 
14 
12 
10 
8 
6 
4 
2 
0 
00 
OOO oooo 

0.047 
0.059 
0.062 

0.099 
0.116 
0.142 
0.203 
0.251 
0.311 

::z 

: :a@ 
0.542 
0.606 
0.671 

2.2 
3 -2  
4.7 
7.0 
9.0  

13.7 
20.4 
31.0 
58.5 
91 .o 

146.0 
2 1.0 
3 2 5.0 

23:: 
780.0 

R 
R 

U42/8/2-24 
U42/8/2-22 
U42/8/2-20 

U42/8/2 - 1 6 
U42/0/2-14 
U 4 2/8/2 - 1 2 

u42/0/2-10 

24 
22 
20 
18 
16 
1 4  
12 

0.W5 
0.108 
0.124 
0.146 
0.163 
0.197 
0.232 

4.4 
6.5 

11:; 
10.4 
28.4 
42.5 

24 
22 
20 
10 
16 
14 
12 

0.102 1 0.116 
6.7 
9 - 7  

14.2 
21.2 
27.7 
42.6 
61 .e 

0 * 133 
0.158 
0.175 
0.213 
0.250 

3 

24 
22 
20 
18 
16 
1 4  
12 

::;a: 
0.169 
0.200 
0.223 
0.271 
0.323 

8 . 9  
12.7 
19.5 
28.3 
3g90 
5 .9 
85 .5 

ulc2/0/4 -24 
u4 2/0/4 -22 
m42/8/4-20 
W42/8/4 -1 8 
W42/8/4 -16 
W42/0/4-14 
W42/8/4-12 

W42/0/ -24 
U42/87 - 22 
Y42/07-20 
Y 42/82  - 1 8 

W42/835 14 
U42/8/ -16 

W42/8 5 12 

24 
22 
20 
18 
16 
1 4  
12 

0.141 
0.160 
0.184 
0.210 
0.242 
0 * 295 
0.353 

11.2 
16.0 
24.5 
36.2 
46.3 
71.3 

107.0 

NOTE: A p p l i c a b l e  Change Letter Mot Shown 

.- 
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5.3.11 

The requirements for npc IX Class 1 w i r e  S h a l l  be as lndicated i n  Table x ,  
Table XXII and as  shown I n  Flgure 8. 

d e lec t r ica l  de ta i l s  Of the conductor s h a l l  be a s  indicated in 
I h e  wall thickness 

- 
5.3.12 TYPE IX, CUSS 2 OR O R E A T E R  CABLE 

. The finished w i r e s  that compose the multi-conductor cable shall comply w i t h  a l l  
the requirements of this specification for  Type I X ,  Class 1 wipe and shal l  be 
color coded In accordance w i t h  3.4. 
conductor cable ape l i s t e d  i n  Table X .  

Additional requirements for the_ m u l t i -  

P m R Y  MSlTUTION-CmSSLIHKED EXTRUDeD 
AU(ICNB-MIDe POLY)[BR n 

CONDUCTOR-SILVER-COATEDJ 
HIGH STKEKTH 
X P P E R  ALLISY 

COATINO-HODIPED HIDE P -. 
P I O U R E  8 THIcIQ(BSS - .W15 I N C H  ( K I N . )  

E R  

TABLE x 
TYPE IX WIRE AND CABLE - OUTSIDE DIAMETER A N D  YEIOHT 

I wxmm 
O v T s I I l g  DIAKETER 

( I N C H )  
0.034 
0 A37 
0.042 
0.W7 
0.054 
0.062 

CuXIwun 
UEIGHT 

( L B s / l O O o  Fr) 
0.86 
1.1 
1.6 
2.2 
3.2 
4.7 

w42/9/1-26 
Y42/9/1-24 24 

22 
20 

30 
28 
26 
24 
22 
20 

0.069 
0.075 
0.085 
0 .ws 
0.108 
0.124 

1.6 
2.1 
3.2 
4.4 
6.5 
9.5 

2 

3 

~ 

30 
28 
26 
24 
22 
20 

0.074 
0.081 
0.091 
0.102 
0 -116 
0.133 

2.4 
3.1 
4.8 

Y 4 2/9/4 -30 
W42/9/4 -28 
U42/9/4 -26 
Y42/9/4 -24 
V42/9/4-22 
Y42/9/4-20 

30 
28 
26 
24 
22 
20 

0.093 
0.101 
0.116 
0.130 
0.146 
0.169 

3.2 
4.1 
6.4 
8.9 

12.7 
19.5 

NOTE: 
Applicable 
Change 
Let ter  Not 
Shown 

4 

0.101 
0.111 
0.126 
0.141 11.2 
0.160 16.0 22 

20 
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T Y P E  X ,  C L A S S  1, W I R E  

The requirements o f  Type X ,  Class 1, w l r e  shall be a s  indicated i n  T a b l e  X I ,  
Table XXII and a s  shorn in Pig. 9 .  

The physical and e l e c t r i c a l  d e t a l l s  o f  the conductor shall be a s  s p e c i f i e d  in  
Table 11 for t i n  coated copper wire. The -11 t h l c h e s s  of the insulat ion shall 
be 0.007 inch (mln. ) .  

TYPE X ,  CUSS 2 OR O R P A T E R  CABLE 

The f inished w l r e s  that  compose the multi-conductor cable shall comply with all 
the r e q u i r e m e n t s  o f  t h i s  spec i f icat ion for Type X ,  Class 1 w i r e  and shall be 
color  coded ln accordance with 3 . 4 .  

PRIMARY I N S U L A T I O N - C R O S S L I N K E D  EXTRUDED - 
A I X A N E - I M I D E  POLYPlER 

CONDUCTOR-TIN-COATED 
COPPER 

COATING-MODIFIED I M I D E  POLYMER 
L M I C K I I , C S S  - .0015 INCH ( M I N . )  

FIGURE 9 

TABLE X I  

T Y P E  X WIRE- O U T S I D E  DIAMETER A N D  WEIGHT 

4 

PART N O .  

U 4 2 / 1 0 / 1 - 2 4  
U 4 2 / 1 0 / 1 - 2 2  
u42/10/1-20 

w42/10/1-16 
u42/10/1-14 
u42/10/1-12 

W 4 2 / 1 0 / 1 - 1 8  

KAXIWIM O U T S I D E  KAXIMW4 WEIGHT 
D U m R  ( I N C H )  (LBS/lOoO PT.) 

I 

' 0.050 
0.058 
0.069 
0.076 
0 .og4 
0.112 

2.1 
3 . 0  
4.5 
6.7 
8.7 
13.3 
20.0 

~ ~ ~~~~~ ~ 

NOTE: A p p l i c a b l e  Change Letter Not Shown 

R 
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5 .3 .15  TYPE X I ,  CLASS 1 Vfm 

CONWCTOR 
SIZE 

PART NUMBER. (AVO ) 

W42/11/1-30 30 
W42/11/1.-28 28 
~42/11/1-26 26 
W42/11/1-24 24 
W42/11/1-22 22 
V42/11/1-20 20 

The requ l r emen t s  for Type X I  C l a s s  1 wire shall be a s  l n d l c a t e d  l n  Table  X I I ,  
Table  XXII and as shown i n  Figure 10. 

MXX” M X I W l l M  
OWTSIDE DIAKETER UEIOHT 

(INCH) ( L B s / l ~  PT) 

0.030 0.73 
0.033 0.98 
0.037 1.5  
0.043 2 .1  
0.050 3.0 
0.05s 4 . 5  

The p h y s i c a l  and e l ec t r i ca l  d e t a i l s  o f  t h e  conductor  shall be a s  l n d l c a t e d  i n  
Table  I1 tor s l l v e r - c o a t e d  h lgh  s t r e n g t h  co p e r  a l l o y  wlrc .  The wal l  t h l c k n e s s  
of  the  l n s u l a t l o n  shall be 0.007 l nch  (mln.7.  

5 .3 .16  TYPE X I ,  C U S S  2 OR ORPATER CABLE 

T h e  f l n l s h e d  w i n s  that compose t h e  mul t i - conduc to r  c a b l e  s h a l l  comply w l t h  a l l  
t he  r equ i r emen t s  o f  t h i s  s p e c l f l c a t l o n  for Type X I ,  C l a s s  1 wire and shall be 
c o l o r  coded i n  accordance wl th  3.4.  

PRIMARY INSULATION -CROSSLINKED EXTRUDED 
AI.KANE-IMIDE POLYMER 

COATINO-MODIFIED I M I D E  POLYMER CONDUCTOR -SILVER-COATED 
H I G H  STRENOTH THICKNESS - .OOl5 WCH (MIN.) COPPER ALLOY 

C U S S  

1 

FIGURE 10 

TABLE X I 1  

+ NOTE: Appl l cab lc  Change Lcttcr n o t  Shown 

R 



5.3.17 TYPE X I 1  SHIELDED A N D  JACKETED CABLE CLASS 1 THROUOH C U S S  4 

5.3.17 .l Basic w i r e  

The baslc uire in Qpc X I 1  c o n s t m c t i o n  sha l l  confom t o  a l l  the requirements 
of Type X,  class 1 wire or Type X, Class 2 or greater  cable as a p p l i c a b l e .  

5.3.17.2 Finished Cable 

'Fhe requirements of  the f ln lahed  cable shall be as ind ica ted  in h b l e  X I I I ,  
h b l e  at11 and as  shorn i n  figure 11. 

The component u l n a  shall be color  coded i n  accordance u l t h  3.4. 

SHIELD:  TIN-COATED COPPER 
(TYPICAL P O R  ALL C I A S S E S )  

PXOURE 11 
TABLE XI11 

TYPE X I 1  WIRE AND CABLE - OUTSIDE DIAI(ETER A N D  UEIOHT 

CONDVCTOR K4XXMJM OUTSIDE 
cuss PART NO. S I Z E  ( A U O )  DIAMETER ( I N C H )  

1 

W42/12/1-24 
W42/12/1-22 
V42/12/1-20 

W42/12/1-16 
W42/12/1-14 
W 4  2/12/1- 12 

W42A 2/1- 18 

24 
22 
20 
18 
16 
14  
12 

:::E 
0.093 
0.104 
0.112 

0.147 
0.129 

W42/12/2-24 
U42/12/2-22 
W42/12/2 -20 

2 W42/12/2 - 18 
U42/12/2-16 
W 4 2/12/2 - 1 4 
W42/12/2-12 

24 
22 
20 
18 
16 
1 4  
12 

0.121 
0 .133  

0.221 
0.261 

W4 2/12/3 -18 0.123 

W42/12/3-14 1 4  
W42/12/3- 16 0.198 

W42/12/3-12 12 1 W42/12/4-24 1 1 ::;$ 
U42/12/4-20 0.178 

W42/12/4 -14 14 0.270 

w42/12/4 -22 

W42/12/4 - 16 16 

W42/12/4 -12 12 0.320 

::E2 W42/12/4 -18 

NOTE: Appl icable  C h a n g e  Letter Not Shorn 

M A x m  WEIOHT 

12.2 

21.4 
29.6 
37.2 

78.0 

15.8 

BMS 13-42A 
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5.3.18 TYPE XIII. SHIELDED AND .JAMETED CABLE, C U S S  1 THROUOH C U S S  4 

5.3.18.1 ms1c W l r e  

CONCUCTOR 
S I Z E  

C U S S  P A R T N U M B E R  (AVO) 

The basic wire of  Type XI11 construction shall conform to  a l l  t h e  requlrementa 
of Type X I ,  C l a s s  1 w l ~ e  or Type XI, Class 2 or greater cable as appllcable.  

MAXrMUM H A X ~  
OUTSIDE DU)3ETER WEIGHT 

( INCH ) LBs/lOoo FT) 

5.3.18.2 Flnlshed Cable 

0.094 

0.109 
0.121 

1 0.100 

::;g 

The requlrrments of the f l n l s h e d  cable sha l l  be as Indicated I n  Table  XIv, 
Table XXII and as shown i n  P l g .  12 .  

The component wires a h a l l  be c o l o r  coded l n  accordance wl th  3.4. 

5.5 
1 6.2 

7.8 
9.4 

12 .o 
15.9 

JACKET-CROSSLIHKED EXTRUDED 
A W N E - I M I D E  POLYMER COMPONENT WIRES 

I SH1ELD:TIN-COATED COPPER 
(TYPICAL F O R  A L L  SIZES) 

FIGURE 12 

TABLE X N  

TYPE XI11 WIRE A N D  CABLE - OUTSIDE DIAMETER A N D  WEIOHT 

1 

W 4  2/13/1- 30 
U42/13/1-28 

U42/13/1-24 
U42/13/1-22 
W42/13/1-20 

r 4  211 3/1-26 
30 
28 
26 
24 
22 
20 

3.4 
3.8 
4.6 
5.5 
6.9 
8.6 

2 

30 
28 
26 
24 
22 
20 

3 

4 

30 
28 
26 
24 
22 
20 
~ 

30 
28 
26 
24 
22 
20 

6.6 
7.7 
9.9 

12.2 
15.8 
21.4 

8.0 
9.3 

12.2 

20 .o 
27.3 

15.1 

I I I I 

NOTE: Applicable Change Letter Not Shown 
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5.4 

5.4.1 

5.4.1.1 

5.4.1.2 

5.4.2 

5.4.3 

5.4.4 

P E R P O W C E  REQUIRMWTS 

ACCELERkUTED A O I N O  

Fin i shed  W i r e  

A speclmen o f  w i r e  ah611 be cond i t ioned  for 7 hours  a t  250 i 3 C (482 f 5 P) 
i n  accordance with 8.2.1 u s i n g  the  m s n d n l s  and  weights  shown i n  Table  XV. 
f i n i s h e d  wire shall show no c rack ing  when t e s t e d  i n  accordance w i t h  8.16.2 and 
no d i e l e c t r i c  breakdorn when t e a t e d  in hCCOFdanCe wi th  8.16.3. 

f i n i s h e d  Cable  (Type  111, I Y ,  V I ,  VII, XI1 and X I 1 1 1  

A specimen of c a b l e  aha11 be  cond i t ioned  f o r  7 hours a t  250 i 3 C (482 f 5 P) 
i n  accordance with 8.2.2. There shall be no c r a c k i n g  of t h e  c a b l e  j a c k e t  and 
for s h i e l d e d  c a b l e  t h e r e  shall be no d i e l e c t r i c  breakdown of the  c a b l e  JhCkpt  
when t e s t e d  in accordance  wi th  6.16.3. 

The 

TABLE XV 
ACCELERATED AOINO AND LIFE crcxz 

WIRE 
SIZE 
( A w G )  

30 
28 
26 
24 
22  

20 
18 
16 
14 
12 
10 

8 
6 
4 
2 
0 
00 
000 
oooo 

- 
TYPE I AI 

UANDREL 
D I A .  (IN.) 

3/8 
3/8 
1/2 
1 /2 
3/4 
3/4 
1 

1 
1-1/2 
2 

- 
- 
- 

V 

YEIOHT 
(LB) 

.50 

.50 

.50 
- 75 
.75 
.75 

1 .oo 
1 .OO 

- 

1 .50 
1 .50 

- 

- 
- 
- 
- 

- 

TYPE VI11 
MANDREL 
DU. (U.) 

1/2 
1/2 
1/2 
1 /2 

3/4 
3A 
1 
1 
1 -1/2 
2 

3 
3 
0 
5 
6 
8 
10 

15 
15 

D I X  
WEIGHT 

.75 

.75 
1 .oo 
1.50 
2 .50  

(LB) - 

4 .oo 
4 .00  
4 .oo 
4 .oo 
4 .oo 
4.00 
6 .oo 
6.00 
6.00 
8.00 
8 .00 

10.00 
10.00 
10.00 

XI 
YEIOHT 

.50 

.SO 

.75 
1 .oo 
1 .50 

( LB) - 

2 .OO 
2 .oo 
2.00 
2.00 
2 .OO 
- 

BLOCK IN0 

Adjacent  l a y e r s ,  t u r n s  or specimens of t he  wire or c a b l e  s h a l l  n o t  adhere t o  
one a n o t h e r  when t e s t e d  i n  accor4ance with 8.3. Cond i t ion ing  t empera tu re  and 
t lme shall be 200 t 3 C (392 f 5 F )  for 6 hours .  

CONCPlTRICITY 

The c o n c e n t r i c i t y  o f  t h e  f i n i s h e d  wire and c a b l e  s h a l l  be 70 p e r c e n t  (minimum) 
uhen t e s t e d  i n  acco rdance  wi th  6.4.  

CONDUCTOR RESISTANCE 

The r e s i s t a n c e  o f  t h e  conduc to r  s h a l l  be no r e n t e r  t han  t h e  v a l u e s  i n d i c a t e d  i n  
Table  11 when measured in accoFdanct w i th  8.g .  

.- 
REVISED 4-13-70 
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5.4.5 DEPOFbUTI ON 

The flnlshed wire sha l l  meet t h e  mlnlmum d l e l e c t r l c  strength and deformation 
requlrements a s  lndlcated In the applicable sectlon of Table XVI, when tested 
l n  accordance w l t h  8.7. 

TABLE M 

DERIIUUTION 

DIELECTRIC STRENGTH 
(KV MINIMUM) 

DEFOWTION 
( b  MAXIMUM) 

W I R E  
SIZE 
(AWC)  

30 
28 
26 
24 
22 
20 
18 
16 
14 
12 

STATIC 
WEIOHT 

( LB) 

2 .o 
2 .o 
2 -0 
2 .o 
2.5 
4 .O 
4 .O 
4 .O 
5 .O 
5 -0 

TYPE 

I 
AND 

V 

70 f 5 ' F  

3.0 
3.0 
5.0 
5.0 
6.0 
7.0 
7 .O 
7.0 
8.0  
8.0 

200t1(P 

2 .o 
2 .o 

2 0 0 t 4 F  

;$ 
25 
25 
16 
16 
16 
12 
12 
12 

7 0 t 5 P  
8 
8 
8 
8 

2.5 
2.5 
3.0 
4 .O 
4 .O 
4 .O 
4 -5 
4.5 

12 
12 
12 
10 
10 
10 

30 
2 8  
26 
24 
22 
20 
18 
16 
14 
12 
10 
8 
6 
4 
2 
0 
00 
000 

)Ooo 

2 .o 
2.0 
3.0 
3.0 
5.0 
5.0 
5 .O 
8 .O 
8 . 0  

10 .o 
10.0 
15.0 
15.0 

15.0 
15 .o 
15.0 
15.0 

15.0 

15.0 

5.0 
5 .O 
5 .0  
5 -0 
6 .O 
7.0 
7.0 
7.0 
8.0 
8.0 
8.0 

10.0 
10.0 
10.0 
10.0 
10.0 
12 .o 
12 .o 
12.0 

2.5  

2.5  
3.0 
4 .O 
4 .O 
4 .O 
4.5 
4.5  
4.5 
6.0 
6 .o 
6 .o 
6 .o 
6 .o 
8.0 
8.0  
8.0 

2.5 
2.5 

18 
18 
18 
18 
20 
20 
20 
20 
20 
20 
20 
12 
12 
12 
12 
12 
12 
12 
12 

38 
38 
38 
38 
35 
35 
35 
35 
35 
35 
35 
20 
20 
20 
20 
20 
20 
20 
20 

I I I I  
i ND 
[ X  

30 
28 
26 
24 
22 
20 
18 
16 
14 
12  

4 .O 
4 .O 
5 .O 
5 .O 
6.0 

2.25 
2.25 
2.5  
2 . 5  
3 *O 
4 .O 
4 .O 
4 .O 
4.5 
4.5 

13 
13 
13 
13 
16 
16 
16 
15 
15 
15 

2.0 
2 .o 
2 .5  
2.5 
3.75 
4.5 
4 .5  
6 .0  
6.5 
7.5 

32 
32 
32 
32 
26 
26 
26 
24 
24 
24 

X 
ND 
I 

7.0 
7.0 
7.0 
8.0 
8.0 

5.4.6 

5.4.7 

5.4.8 

DIELECTRIC STRENGTH 

When tested I n  accordance w l t h  8.8 the finished cable shall wlthstand the 
d l e l e c t r l c  s t rength  t e s t  w i t h o u t  breakdown when 1500 vo l t s  a t  60 HZ 1 s  applled 
for  5 seconds I n  turn between each conductor and a l l  other conductsrs (and the 
shleld when appl icable)  e l ec t r i ca l ly  connected together.  

FUMHABI L I T  

When tes ted  i n  accordance u l t h  8.10 the *ire o r  cable sha l l  be self-extinguishing 
w l t h l n  30 seconds f r o m  the t h e  of removal of the applled flame. The burned 
dlstance shall not exceed 3 lnches and there a h a l l  be no flamlng of the t issue 
paper. 

RMIDITY RESISTANCE 

men tes ted  ln accordance wlth 8.11 the m l n l m u m  lnsu la t lon  resistance In megohms/ 
1000 fee t  sha l l  be: 10,OOO f o r  wlre s lzes  30 through 22, 5000 for wlre s izes  20 
through 10 a n d  9 0  for wlrc sizes 8 through 4/0. 

REVlKD &-l3-7O 



5 .4 .9  IHXERSION 

Uhen t e s t e d  in accordance  wi th  8 .12  the  f i n l s h e d  W l r e  or c a b l e  s h a l l  show no 
c r a c k i n g  when t e s t e d  In  acco rdance  wi th  8 .16 .2 ,  shall have a diameter Lncrease  n o t  
greater  than  5 pe rcen t  a n d  s h a l l  have no d l e l e c t r l c  breakdown when t e s t e d  in 
accordance  wl th  8.16.3. The rpeclmens s h a l l  be l m e r s e d  for 24 hours  i n  each  f l u i d  
a t  70 f 2 C (158 t 0 P) excep t  TT-S-135, W p e  I11 which shall be a t  23 : 3 C 
( 7 3  f 5 P). AddltloM1 spec imens  o f  wim s h a l l  a l s o  meet t h e  i w e r s i o n  t es t  r e q u l m -  
menta l i s t e d  above a f t e r  i m e r s i o n  i n  Oron i t e  Ky5et III., h y d r a u l i c  f l u i d  f o r  4 hours  
a t  200 f 4 P (93 : 3 c ) .  

*REFERENCE: m s  3-ric 
IPl PULSE DIELECTRIC 

One hundred p e r c e n t  of t h e  f i n i s h e d  wlre or s h i e l d e d  c a b l e  shall w i t h s t a n d  t h e  impulse 
d l e l e c t r l c  t es t  i n  accordance  wi th  8.1) wl thou t  d l e l e c t r l c  breakdown. 
wlre i n  whlch f a i l u r e s  o c c u r  shall be r e j e c t e d .  (When t h e  s u p p l i e r  per forms t h i s  
tes t  on ly  t h e  d e f e c t l v e  s e c t i o n  s h a l l  be removed from t h e  l e n g t h  o f  wire). The 
tes t  impulse  peak v o l t a g e  shall be as fo l lows :  

a .  Type I and V w i r e :  11.0 KV 

b. Type 111, VI, XI1 and XIII c a b l e :  8 . 0  KV 

c .  Type VI11 and IX wlre :  13.0 KV 

d .  Type X and XI w i r e :  12.0 KV 

I N S U U T I O N  RESISTANCE 

I n s u l a t l o n  Ree l s t ance  a t  Room Temperature 

Yhen t e s t e d  l n  acco rdance  wi th  8 .15 .1  the  mlnlmum l n s u l a t l o n  r e s l s t a n c e  i n  megohms/ 
lo00 f e e t  shall be :  1O,o00 f o r  w l r e  s i z e s  30 through 22, 5000 f o r  wire s i z e s  20 
through 10 and  500 f o r  wlm s i z e s  P through 4/0. 

I n s u l a t l o n  Res i s t ance  a t  E leva ted  Temperature 

The l n s u l a t l o n  r e s l s t a n c e  a t  e l e v a t e d  t empera tu re  s h a l l  be n o t  less t han  5.0 
megohms/1000 f e e t  when t e a t e d  i n  accordance  wi th  8.15.2 and  8 .15 .2 .1  and  t h e r e  
s h a l l  be no d l e l e c t r l c  breakdown af t h e l n s u l a t i o n  when t e s t e d  i n  acco rdance  w i t h  

A l l  l e n g t h s  of 

8 .15 .2 .2 .  

LIFE CYCLE 

Fin i shed  W l r e  

When t e s t e d  I n  acco rdance  wi th  8 . 1 6 . 1 . 1  u s i n g  t h e  mandrtls and  w e i g h t s  shown i n  
Tab le  XV, t he  f l n l s h e d  wl re  s h a l l  show no c rack ing  I n  t h e  bend t e s t ,  no d l e l e c t r l c  
breakdown, no p i t t i n g ,  and t h e  marking shall  be  l e g i b l e .  The t e s t  t empera tu re  and  
t ime shall be 200 f 3 C (392 f 5 P) for 168 h o u r s .  

5.4.10 

5.4.11 

5 .4 .11 .1  

5 .4 .11 .2  

5 .4 .12  

5 .4 .12 .1  

5 .4 .12 .2  

5 . 4 . 1 3  

5 .4 .13 .1  

5 .4 .13 .2  

F i n i s h e d  Cable (Typ e a  111, IV, VI, VII. XI1 and XIII) 

When t e s t e d  in accordance  wl th  8 .16 .1 .2  t h e  c a b l e  J a c k e t  shall show no c r a c k i n g  i n  
t h e  bend t e s t ,  no p l t t l n  and  no d l e l e c t r l c  breakdown. The t e s t  t e m p e r a t u r e  and 
t h e  s h a l l  be 392 t 5 P 7200 t 3 C )  f o r  168 h o u r s .  
i s  n o t  r e q u i r e d  for Types IV and VII. 

LOU TMPERAIVRE (COLD BPID) 

F i n i s h e d  Vim 

When t e s t e d  In  acco rdance  wi th  8 .17 .1  uslng t h e  mandre ls  and w e i g h t s  shown i n  
T a b l e  XVII, t h e r e  shall be  no c r a c k l n g  of t h e  l n s u l a t l o n  and  no d l e l e c t r l c  breakdown 
in t h e  d l e l e c t r l c  t e s t  o f  8.16.3. 

F i n i s h e d  Cable 

When t e s t e d  in accordance  wi th  8.17.2 us ing  t h e  mandre ls  shorn i n  T a b l e  XVII, t h e r e  
s h a l l  be no c r a c k i n g  o f  t h e  J a c k e t  and no d l e l e c t r i c  breakdown Of t h e  j a c k e t  when 
t e s t e d  p e r  8.16.3. 

T e s t  for d i e l e c t r i c  breakdown 

- 

The d l e l e c t r l c  t e s t  1s n o t  r e q u i r e d  f o r  Type IV and VI1 c a b l e .  

- 
BMS 13-42A 
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5.11.14 

TYPE YIRE SIZE SPECIMW 
( A %  ! LWOTH (FT) 

MAW AB1 L ITY 

T h e  o u t e r  s u r f a c e  o f  t h e  wlre shall  p m v l d e  a f l n l a h  whlch w l l l  r e t a i n  a mark 
lmprlnted by a hot stamping machlne w i t h o u t  a p r e - e t c h  o r  post c u r e  by the u s e r .  
When h o t  stamped ar.d tested In accordance w l t h  e.18 the lmprlnt  on t h e  wlre a f t e r  
20 s t m k e s  sha l l  be leglble and without  1086 O f  any p o r t l o n  of any c h a r a c t e r .  There 
s h a l l  be no d l e l e c t r i c  breakdown a t  t h e  marked a r e a s .  

MANDREI 
D I A .  ( I N . )  

30 
2E 
26 
24 

I 
and 

v 

1 .o 1 
1 .o 1 
1 .o 1 
I .o 1 

3c 
2E 
?6 
24 
22 
2c 
15 
16 
14 
12 

1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1.5 
1 .5  

3/e 
3/8 
1 /2 
1 /2 
3/4 
3/11 

1-1/2 

1 
1 

2 

'1111 
and 
J X  

22 
20 . 
19 
16 
11; 
1; 
10 
E 
6 
4 
2 
0 
00 
003 
0000 

1 .o 
1 .o 
1.5  
1 . 5  
1 . 5  
1.5 
2 .c 
2.5 
3.0 
3.5 
5.0 
6.0 
7.0 

10.0 
10.0 

1 
I 
1 -1/2 
1-1/2 
2 
2 
3 
4 
5 
6 
e. 

10 
12 
18 
l o  

i .o 
1 .o 
1 .o 
1 .o 1 -1/2 
1 .o 1 -1/2 
1.5 
1.5 

 IN) 
3.125 
tc 0.250 
to 0.360 
to 0.750 

See  
8.17.2 

2 
10 
18 

WEIGHT 
(LB) 

0 . 5  
0.5 
0 . 5  
0 .5  
1 .o 
1 .o 
1 .o 
1 .o 
3.0 
3 .O 
2 .o 
2 .o 
3 .O 
3.0 
3 . 0  
4 .O 
4 .O 
5 .O 
5 .0  
5.0 
5 .0  
6.0 

10.0 
10.0 
15.0 
15.0 
20.0 
20 .o 
20.0 

1 .o 
1 .o 
1 . 5  
2 .0  
2 .o 
2 .o 
2.0 
3 .0  
4 .O 
4 .O 

S e e  
8.17.2 

REVISE0 4-13-70 'BMS 1 3 - 4 2 A  
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5.4.12 NOTCH SENSITrVIn 

When t e s t e d  ln accordance with Rmglapb 8.19 using t h e  mandrel diameters l i s t e d  
in h b l e  X I I n o  dielectric failure aM11 occur. 

TABU m 1 1  
NOTCH SK?lSITMTY ( T V E  VIII, Ix, X ALD X I )  

ww s m  
(Am) 
30 
28 
26 
24 
22 
20 
18 
16 
14 
12 
10 
8 
6 
4 
2 
0 

00 

OOO 
oooo 

1 
1 
1 
1 -1/2 
1 -1/2 
2 
2 
3 
4 
5 
6 
8 
10 
12 
18 
18 

The notch depth for Type VIII and IX wire s h a l l  b e  0.m i n c h .  

The notch d e p t h  f o r  Type X and XI wire shall be 0.003 i n c h .  

. '  

R 

R 
R 

R 



5.4.16 SCRAPE ABFIASION RESISTANCE 

TYPE VI11 A N D  IX 
WEIOHT 

( LB) 

The l n s u l a t l o n  s c r a p e  a b r a s i o n  r e s i s t a n c e  i n  any Of t h e  four tests made shall be 
n o t  less  than  25 c y c l e s  (9 s t r o k e s )  for size 1/0 AVO and s m a l l e r  and 28 c y c l e s  
(56 s t m k e s )  for sire 2/0 AW and l a r g e r  when t e s t e d  i n  acco rdance  wl th  8.20 a t  
23 i 3 C (73 f 5 P) .  me t o t a l  r e l g h t  of t h e  tes ter  head and  t h e  s c r n p e r  b l ade  
Aha11 be 8 8  h o r n  1n h b l e  X I X .  

TYPE X A N D  X I  

(1.B) 
dEIOHT 

TABLE XTX 

SCrUPE ABRASION 

30 
28 
26 
24 
22 
20 

16 
18 

14 
l? 
10 
8 
6 
4 
2 
0 
00 
000 

~OOO 

TYPE I A N D  V ' 4 1 s  
SIZE WEIOHT 

~~ 

0.5 
0 . 5  
1.0 
1 .o 
1.25 
i -25 

1.50 
1.25 

2.25 
2.25 

1 .o 
1 .o 
1 .o 
2.0 
2 .o 
3 .O 
3 .O 
3 .O 
3.0 
4 .O 
4 .o 
6.0 
6.0 

10.0 

10 .o 
10.0 
10.0 
10.0 

10.0 

0.75 
0.75 
3.07 
1.5 
1.62 
2.12 
2.12 
2.25 
2.62 
3.12 

- 

- 
- 

5.b.17 SYRTNKAGE 

When tes ted  i n  accordance  wi th  8.21 t h e  sh r inkage  shall n o t  exceed  .06 i n c h  In 
13 l n c h e a .  The tes t  t empera tu re  s h a l l  be 200 f 3 C (392 : 5 P) f o r  a p e r i o d  of 
6 h o u r s .  

5.4.ie SMOKE TEST 

When t e s t e d  i n  accordance wl th  8.22 t h e r e  shall be no v l s l b l e  smoke wl th  t h e  conductor  
a t  250 t 3 C (482 i 5 P) for 15 minutes .  

5.4.19 SURFACE RESISTANCE 

When t e s t e d  i n  acco rdance  wi th  8.23 t h e  s u r f a c e  r e s i s t a n c e  aha l l  be not less  than  
500 megohm-inches for b o t h  r ead ings .  

BMS 13-43A 
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5.4.20 TAPE ABRASION 

The l m u l a t l o n  t ~ p c  a b r s s l o n  r e s i s t a n c e  s h a l l  be no t  less thsn t h e  v a l u e s  shorn i n  
Table XX when t e s t e d  Fn accordance w l t h  8.24.2. 

5.4 .21  THIiWAL SHOCK AESISTANCE 

shall n o t  s h r l n k  inches .  The e l e v a t e d  t e m p e r s t u n  shall be 
The l n s u l a t l o n  on f i n i s h e d  wlm when t e s t e d  I n  Accordance v i  

(302 * 5 F). 
5.4.22 TII; COATING 

18 
24 
30 
30 
30 
30 
30 
30 
30 
30 

The t i n  c o a t i n g  on the conductor  oC f l n l s h e d  wlre shall n o t  show evidence of comblnlng 
r l t h  foreign subs t ances  that would have an  a d v e r s e  e f f e c t  on t he  electrical p r o p e r t i e s  
o r  s o l d e r a b l l l t j  of the  conductor .  

B 
C 
C 
C 
C 
C 
C 
C 
C 
C 

TYPE 

I 
AND 
V 

V I 1 1  
A N D  
IX 

18 
18 
30 
30 
30 
30 
30 
18 
18 
18 

X 
AND 
X I  

A 
A 
A 
A 
A .  
A 
A 
B 
B 
B 

30 

26 
24 
22 
20 
18 
16 
14 
12 

28 

0.50 
0.50 
0.9 
1.25 
1.25 
1.25 

30 
28 
26 
24 
22 
20 
18 
16 
1 4  
1 2  
10 

8 
6 
4 
2 
0 
00 
000 

OOOO 

1 
1 
1 
2 
2 
2 

30 
28 
26 
24 
22 
20 
18 
16 
1 4  
12 

TABLE XX 

TAPE ABRASIOF: 
(PROCEDVRE 11) 

HINIWIR( YEIOHT 
RESISTANCE SUPPORT 

I I N C H E s  OF TAPE) BRACKET 

18 A 
18 

22 22 I 1  
0.125 
0.125 
0.125 

0.75 1 
0.75 1 
1 .oo 1 
1 .oo 1 
1 .oo 1 
1 .oo 1 
1-00 1 
3 .oo 2 

" 4.25 

4.25 
4.25 
4.25 2 
4.25 2 
4.25  2 
b.25 

0.9 1 

BMS 13-42A 
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I .  

5.4.23 VISUAL AND DWNSIONAL INSPECTION 

The ro2lowlng i tems shall be t he  minimum l n s p e c t l o n  r equ i r emen t s :  

a .  Conductor 

(1) Diameter  

( 2 )  Number of  S t r a n d s  

(3 )  S t r a n d  Coat ing 

. ( 4 )  Type of St rand ing  

(5 )  Diameter of S t r a n d s  

b.  Pinlahed W l r e  or Cable 

(1 )  Max1 rum d iame te r  of f l n l s h e d  w i r e  or c a b l e .  

(2) C o n s t m c t i o n  of f l n l s h e d  w i r e  or cab le  t o  confona t o  Type and C las s  

(3) Colo r  un l fo rml tg  of i n s u l a t i o n  c o a t l n g  o r  c a b l e  j a c k e t .  

(4) Color-code l d e n t l f l c a t l o n  for i n d i v i d u a l  w i r e s  of a mul t i - conduc to r  cab le  

(5) C o n t i n u i t y ,  uniform a p p l i c a t i o n  of i n s u l a t i o n s  and j a c k e t s  on rlre or 

d e s l g n a t l o n .  

a p p l l e d  a s  s p e c i f l e d .  

cabl t  . 
( a )  V a r i a t i o n s  In  c o l o r  which do n o t  exceed t h e  l i g h t - d a r k  l lmlts 

( b )  D l a c o l o r a t l o n s  due t o  foreign materials are n o t  a c c e p t a b l e ;  1 . e . :  

e s t a b l l s h e d  by MIL-STD-l04A, a r e  a c c e p t s b l e .  

( 1 )  Overheated o r  scorched i n s u l a t i o n s  or j a c k e t s .  

( 2 )  h s t ,  g rease  or o i l  contamlnat lon.  

magn l f i ca t lon  or a n y  o t h e r  a i d ,  a re  n o t  a c c e p t a b l e .  

cab le  d l ame te r  i n  e x c e s s  of the completed maxlmum o u t s l d e  d l a m e t e r ,  
am a c c e p t a b l e .  

a c c e p t a b l e .  

( c )  Volds i n  the  l n s u l a t l o n  or j a c k e t  which can be d e t e c t e d  wl thou t  

( d )  Lumps or bumps i n  t i g h t l y  f l t t l n g  j a c k e t s  t h a t  do n o t  i n c r e a s e  t h e  

( e )  M e t a l l i c  or g r i t t y  p a r t l c l e s  i n  the l n s u l a t l o n  or j a c k e t ,  a r e  not  

(6) Thickness  of wire l n s u l a t l o n  and cable  j a c k e t  where a p p l i c a b l e .  

(7) Pushlback c h a r a c t e r l s t l c  for  s h i e l d  on Type 111, V I ,  X I 1  and XI11 c a b l e .  

5.4.24 U I C K P l O  

When tes ted  I n  accordance with 8.27 t h e  dye s o l u t i o n  shall n o t  wick more than 
0.250 i nch  between t h e  primary i n s u l a t i o n  and t h e  c o a t i n g  o r  between any l a y e r s  
i n  t h e  prlmnry l n s u l a t l o n .  

5.4.25 WOTUOUNSHIP 

A l l  d e t a i l s  of  WOrlanMshlp shall be i n  a c c o r d m c e  w i t h  high-grade wire  and 
c a b l e  a a n u f a c t u r l n g  p r a c t i c e s .  The f i n i s h e d  wire or c a b l e  shall be unlfonn i n  
c o l o r  and dimensions and f r e e  of forelpp materlal o r  s b r a d e d  s u r f a c e s .  

5.4.26 WRAP-BACK TEST 

When t e s t e d  l n  accordance w i t h  8.28 a t  a temperature  of 200 t 3 C (392 t 5 P) 
for 6 hours  t h e  wire  i n s u l a t i o n  shall show no c r a c k i n g .  

R 
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I 6. 
QUAL1 FI CATION 

1 6.1 

Ylre and cab le  of  t h i s  s p e c l f l c a t i o n  shall be subJec t  t o  approva l  by the  u s i n g  
Div i s ion  Eng lnee r lng  Department of The W i n g  Company. 

QUALIFICATION IVIQUEST 

A m n n u f a c t u R r ' s  n p u e s t  t o  rubmlt h i s  product  f o r  approva l  unde r  t h i s  s p e c l f l c a -  
t i o n  s h a l l  be d i r e c t e d  to  the Engineer ing Department o r  t h e  u s i n g  Dlv l s lon  of 
The W i n g  Company t h m u g h  t h e  M a t e r i e l  S e c t i o n  or Department o f  that D i v i s i o n .  

After r e c e i v i n g  w r i t t e n  a u t h o r l r a t l o n  fmcn t h e  Mate r i e l  S e c t i o n ,  t he  a a n u f a c t u r e r  
s h a l l  submlt  the r r p o r t s  and m t e r l a l s  r e q u l r e d  i n  6.2 and 6.3. 

QUALIFICATION REPORT 

The ab¶nUfaCtUNr s h a l l  s u b n i t  s i x  cop ies  of a r e p o r t ,  c e r t l f l e d  by a m s p o n s l b l e  
e n g i n e e r  o r  o f f i c e r  of the  company, which shall c o n t a i n  the  f o l l o u l n g :  

a .  The q u n n t l t a t l v e  n a u l t s  of a l l  of t h e  q u a l l f l c a t l o n  t es t s  on a l l  o f  t h e  
q u a l i f i c a t i o n  specimens.  These r e s u l t s  s h a l l  v e r l f y  that  the  b a s l c  w i r e  
and f i n i s h e d  cable specimens s a t l s f a c t o r l l y  passed a l l  of t h e  qual l f l c a t l o n  
zwqulzwments o f  t h i s  s p e c i f t c a t i o n .  

b. D e t a i l e d  d e s c r i p t l o n  o f  t e a t  methods. 

c .  Phys ica l  d e t a i l s  of each s i z e  of a n y  Type o r  C las s  w i r e  which s h a l l  l nc lude  
the fo l lowing :  

I 
I (1) Manufac tu re r ' s  Part  Number. 

(2) D e t a i l e d  d e s c r i p t i o n  of c o n s t r u c t i o n .  

(3)  naxlmum produc t lon  weights  and d i ame te r s  of f l n l s h e d  w l r e .  

( 4 )  Actual  we igh t s  a d  d lame te r s  o r  w i r e  t e s t e d .  I I 6.3  QUALIFICATION MATERIALS 

For q u a l i f i c a t l o n  t e a t s  t he  manufacturer  submi t t i ng  h i s  product  for approva l  
s h a l l  supp ly  the  fo l lowing ;  

a .  1 9  f e e t  each Of Type V I I T ,  Clans  1, Size 20, 10 and 0 u l r e .  I 
b .  100 f e e t  of Type Vand Type XI, Class 1, S i z e  26 wire. 

c .  100 feet  of ~ y p e  I and Type X ,  Class 1, S i z e  22 and 16 w i r e .  

d .  50 reet of Type 111, C l a s s  2 ,  S i z e  20 c a b l e .  I 
Approvals g r a n t e d  t o  t h l s  s p e c l f l c a t l o n  w l l l  be con t lngen t  upon t h e  f o l l o w l n e  
c o n d i t i o n s :  

a .  A u n u f a c t u r e r  s h a l l  be pFepaFcd t o  pmduce a l l  Types, Classes and s i zes  of 
w i r c  and c a b l e  of t h i s  s p e c l f l c a t i o n .  

b .  A f t e r  i n i t i a l  a p p r o v a l ,  changes l n  d e s i g n ,  m a t e r l a l  or manufac tu r ing  methods 
s h a l l  n o t  be made wi thou t  p r i o r  w r i t t e n  approval  f r o m  t h e  U s h g  Div l s lon  
Eng inee r ing  Department o f  The b e i n g  Company. 

c .  R v l a t l o n s  from t he  r e q u l F e w n t s  of t h i s  s p e c l f i c a t l o n  wi thou t  w r l t t e n  a u t h o r l -  
r a t i o n  frrm t h e  u s l n g  Div i s ion  Engineer ing Department of  The Roeing Company, 
shall be cause f o r  r e j e c t l o n  of w i r e  and cab le  and runoval  of a vendor ' s  name 
as an approved s o u r c e .  

/- 

R 

R 
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7 .  

7.1  

QUALITY CONTROL 

CLASSIFICATION OF T E E  

The t e s t i n g  and l n s p e c t l o n  of u l r e  and c a b l e  o f  t h l s  s p e c l f l c a t l o n  shall be 
c l a s s l f l e d  a s  fo l lowa :  

a .  S u p p l l e r  Q u a l l f l c a t l o n  h s t s  

S u p p l l e r  Q u a l l f l c a t l o n  T e s t s  a r e  t h o s e  Performed by t h e  manufac tu re r  on 
t h e  s p e c l f i e d  q u a l i f i c a t i o n  samples when subrn l t t l ng  h l s  product  for approval  
under  t h l s  s p e c i f i c a t i o n .  

b. S u p p l i e r  I n s p e c t i o n  Tests 

S u p p l l e r  I n s p e c t i o n  Tests a r e  those  t e s t s  performed by t h e  s u p p l i e r  on 
each  l o t  of  wire or cable that is manufac tumd In  acco rdance  w i t h  t he  r e q u i r e -  
ments of  t h l s  s p e c i f l c a t l o n  and submi t t ed  t o  the  p u r c h a s e r  for a c c e p t a n c e .  

c .  Pu rchase r  I n s p e c t i o n  Tests 

Purchase r  I n s p e c t l o n  T e s t s  are t h o s e  t e s t s  performed by t h e  p u r c h a s e r  on 
t h e  f l n l s h e d  wlre or c a b l e ,  r u b m l t t e d  for accep tance  under a purchase  order, 
t o  de t e rmine  compliance with t h e  r e q u l r e m e n t s  o f  t h l s  s p e c i f i c a t i o n .  

7.2 

7 .3  

7 .3 .1  

QUALIFICATION ? ' E  

The f l n l s h e d  wlre or c a b l e  s h a l l  wet a l l  of t h e  r e q u i r e m e n t s  s p e c l f l e d  In 
S e c t l o n  5. and  9 .  of t h l s  s p e c l f l c a t l o n .  The s u p p l l e r  q u a l l f l c a t l o n  t e a t s  S h a l l  
c o n s l s t  of  all t h e  tes ts  l l s t e d  l n  Table  KXII, a s  a p p l i c a b l e  t o  wire o r  t o  c a b l e .  

SUPPLIER QUALITY CONTROL 

SAMPLING 

Unles s  o t h e m l s e  s p e c l f l e d ,  sample3 o f  s u f f i c i e n t  l e n g t h  s h a l l  be s e l e c t e d  a t  
random from each  l n s p e c t l o n  l o t  of f l n l s h e d  wlre or f l n l s h e d  mul t l conduc to r  
c a b l e  t o  p rov ide  a t  l e a s t  t h ree  specimens Tor each  o f  t h e  s u p p l i e r  t e s t s .  An 
l n s p e c t l o n  l o t  for wlre s h a l l  be d e f i n e d  a s  a maxlmum o f  100,OOO f e e t  of the  
same type  and  s l r e  s e l e c t e d  from one manufac tu r lng  l o t .  An l n s p e c t i o n  l o t  for 
rnu l t l conduc to r  c a b l e  s h a l l  be d e f l n e d  as a maximum o f  100,OOO f e e t  o f  f l n l s h e d  
c a b l e  of t h e  same t y p e ,  c l a s s  and s i z e  s e l e c t e d  from one manufac tu r lng  l o t .  A 
manufac tu r ing  l o t  s h a l l  be def ined  as e a c h  s l z e  of wire or one week's product ion  
o f  each  s l r e  w l r e  produced under s u b s t a n t l a l l y  t h e  same c o n d i t i o n s .  

7 .3 .2  

7 . 3 . 3  

7 . 3 . 4  

Tt'S'TS 

The S u p p l l e r  I n s p e c t i o n  T e s t s  s h a l l  c o n s l s t  o f  t h e  t e s t s  i n d i c a t e d  a s  Tes t  Croup I 
and I 1  l n  Table X X I I .  

INSPECTION LEVELS AND ACCEPTABLE QUALITY LEVELS (AQL) (GROUPS I A N D  I 1  1ZSTS) 

For Croup I (mlnor  c h a m c t e r i s t l c s ) ,  t h e  l n s p e c t l o n  l e v e l  s h a l l  be 5-2  and the  
AQL s h a l l  be 6. percent i n  accordance  w i t h  MIL-STD-1050; for Oroup.11 (nraJor 
c h a r a c t e r l s t l c s q ,  t h e  l n r p e c t l o n  l e v e l  shall be S-3 and the A Q L  shall be 1 . 5  
p e r c e n t .  MIL-STD-lOgA rhall app ly  for d e f i n l t l o n s  of l n s p e c t i o n  terns. 

REPORTS 

Each sh ipment  o f  f l n l s h e d  wlm or c a b l e  a h a l l  be accompanled by a t e s t  report 
i d e n t i f i e d  by l o t  number and purchase  order number. A d u p l l c a t e  of t h i s  report 
shall be m a i l e d  t o  t h e  pu rcha re r ,  a t t e n t i o n  of buye r  whose name a p p e a r s  on t h e  
pu rchase  order, on or b e f o r e  the  day of e a c h  e h i p n e n t .  The r e p o r t  shall lnc lude  
the f o l l o w i n g  items: 

a .  D e t a l l s  t h e  average 
l n s p e c t l o n  l o t  ( l o t s 7  of f i n l r h e d  wire or c a b l e  f m m  which t h l r  s h l p w n t  MI 
t aken ,  l n  pounds per thousand f e e t .  

m d u c t l o n  welght ( o r  weights) ,  d e t e m l n e d  for t h e  s u p p l i e r ' s  



7.3.4 

1 . 4  

7 . 4 . 1  

7 . 4 . 2  

7.5 

7.6 

8. 

6.1 

8 . 2  

8 . 2 . 1  

( Cont  h u e d )  

b .  C e r t l f l c a t l o n  t h a t  t h e  f i n i s h e d  wlre or c a b l e  h a s  been  M n u f a c t u F e d  i n  
a c c o r d a n c e  w l t h  t h e  r e q u l r e m e n t s  of t h l s  s p e c l f l c a t l o n  and  that t h e  e u p p l l e r ' a  
l n s p e c t l o n  l o t  (or l o t s )  of wlre and c a b l e  from which t h l s  s h i p m e n t  was 
t a k e n  h a s  s u c c e s s f u l l y  p a s s e d  t h e  S u p p l l e r  t es t s .  

The P a n u f a c t u r e r  s h a l l  k e e p  the q u a n t i t a t i v e  r e s u l t a  of a l l  I n s p e c t l o n  Ttsts 
on  f l l e  a n d  a v a l l a b l e  t o  a u t h o r i z e d  r e p r e s e n t a t l v e s  of The W i n g  Company for 
two y e a r s  a f t e r  d e l l v e r y  of t h e  f l n l a h e d  wire or c a b l e .  

PURCHASER QUALITY CONTROL 

Random s a m p l e s  shall be s e l e c t e d  from e a c h  s u p p l i e r ' s  l n s p e c t l o n  l o t  r e c e l v e d  
w l t h l n  a s h i p m e n t  i n  a c c o r d a n c e  w l t h  p u r c h a s e r  s a m p l i n g  p r o c e d u r e s .  Each samp  
shall be of s u f f i c i e n t  l e n g t h  t o  c o n d u c t  a l l  a c c e p t a n c e  tes ts .  

The p u r c h a s e r  shall s u b j e c t  e a c h  s u p p l i e r  l n s p e c t l o n  l o t  of wire or c a b l e  r e c e  ved 
w l t h l n  a s h l p w n t  t o  th; tes ts  of S e c t l o n  5.4123 a n d  any  o t h e r  t e s t s  l l s r p d  l n  
T a b l e U I I  deemed n e c e s s a r y  by Q u a l i t y  C o n t r o l  t o  a s s u r e  that p r o d u c t i o n  m a t e r l a l  
m e e t s  t h e  r e q u i r e m e n t s  of t h l s  s p e c l f l c a t l o n .  

ACCEFTANCE, REJECTION AND RETEST 

Acceptance  or r e J e c t l o n  of any l o t  of wlre or c a b l e  m a n u f a c t u r e d  i n  a c c o r d a n c e  
w l t h  t h e  r e q u l m m e n t s  of t h l s  s p e c l f l c a t l o n  s h a l l  be b a s e d  upon t h e  S u p p l l e r  
tes ts  a n d  the P u r c h a s e r  tes ts .  W l l u r e  of a n y  t e s t  spec imen or l n s p e c t l o n  l o t  
t o  p a s s  t h e  r e q u i r e m e n t s  of a s p e c l f l c  t es t  s h a l l  be c a u s e  for r e J e c t l o n  of 
t h e  l n s p e c t l o n  l o t .  A c t l o n  i n  c a s e  of f a l l u r e  s h a l l  be i n  a c c o r d a n c e  w l t h  
p a r a g r a p h  6.1 of MIL-STD-lO5D. 

SOURCE INSPECTION 

When b u y e r  e l e c t s  t o  perform l n s p e c t l o n  a t  t h e  s u p p l l e r ' s  f a c i l i t y ,  p a r a g r a p h  7.11 
is o p t l o n a l .  

TEST METHODS 

EXAMINATION OF PRODUCT 

A l l  samples  of wlre and c a b l e  s h a l l  be examlned  c a r e f u l l y  t o  d e t e r m i n e  c o n r o n n a n c e  
t o  t h l s  s p e c l f l c a t l o n .  

ACCELERATED A C I H C  

FINISHED WIRT. 

One i n c h  or l n s u l a t l o n  shall be renoved  from e a c h  end  of a 2 4 - i n c h  speclnien of t h e  
f l n l s h e d  w l r e .  The c e n t r a l  p o r t l o n  of t h e  spec lmen t h e n  s h a l l  be b e n t  a t  l e a s t  
h a l f w a y  a r o u n d  a h o r i z o n t a l l y  p l a c e d  s t a l n l e a s  s t e e l  m a n d r e l  of t h e  d i a m e t e r  
s p e c l f l e d  In  T a b l e  X V .  Each end of t h e  c o n d u c t o r  s h a l l  be l o a d e d  w l t h  t h e  u e l g h t  
s p e c l f l e d  In  T a b l e  XV so that t h e  portlor1 of t h e  l n s u l a t l o n  be tween t h e  c o n d u c t o r  
a n d  t h e  mandre l  1s u n d e r  c o m p r e s s i o n  w h i l e  t h e  c o n d u c t o r  1 s  u n d e r  t e n s l o n .  This 
f .pec lmen,  so p r e p a r e d  on t h e  m a n d r e l ,  shall be c o n d l t l o n e d  l n  a n  a i r - c i r c u l a t l n g  
oven  for t h e  t l m e  a n d  a t  t h e  t e m p e r a t u r e  s p e c l f l e d  I n  5.4.1.1. 
a i r  p a s t  t h e  spec lmen (measured a t  room t e m p e r a t u r e )  shall be  be tween 100 a n d  200 
f e e t  p e r  m i n u t e .  A f t e r  c o n d l t l o n l n g ,  t h e  oven  s h a l l  be shuL off, o p e n e d ,  a n d  t h e  
spec imen a l l o w e d  t o  cool I n  t h e  oven f o r  a t  least  o n e  h o u r .  
shall be f r e e d  from t e n s l o n ,  removed from t h e  m ~ n d r e l ,  a n d  s t r a i g h t e n e d .  
men t h e n  shall be  s u b j e c t e d  t o  t h e  bend ;est ( 8 . 1 6 . 2 )  f o l l o w e d  by t h e  d i e l e c t r i c  
t es t  ( 8 . 1 6 . 3 ) .  

me v e l o c l t y  of 

When c o o l ,  t h e  spec imen 
The a p e c l -  
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8 . 2 . 2  

8 . 3  

8 . 3 . 1  

8.3.2 

8.4 

8 . 4 . 1  

8 . 4 . 2  

PINlSHED CA3I.F 

The l e n g t h  o f  t h e  spec imen t o  be t e s t e d  c h a l l  be 2b I n c h e s .  ' b o  l n c h e s  s :  t h e  
j a c k e t  s h a l l  be removed from e a c h  end o f  a s h i e l d e d  spec lmen.  The spec lmen s h a i l  
t h e n  be c o n d l t l o n e d  hargglng f r e e l y  I n  2n Z l r  C l r C U l a t l n g  oven f o r  t h e  t lme and  a t  
t h e  t e m p e r a t u r e  s p e c l f l e d  1n 5 . 4 . 1 . 2 .  Tlie velocity O f  a l r  p a s t  t h e  spec lmen 
(measured  a t  morn t e t n p e r a t u R )  s h a l l  be be tween 100 a n d  200 f e e t  p e r  m l n u t e .  A f t e r  
c o n d l t l o n l n g ,  t h e  oven s h a l l  be s h u t  o f f ,  t h e  door opened and  t h e  spec lmer ,  a l l o w e d  
t o  c o o l  I n  t h e  ovei! f u r  a t  l e a s L  o n e  h o u r .  When c o o l ,  t h e  c e n t e r  p o r t l o n  of  t h e  
spec lmen s h a l l  be wr+pped 3 mlnlmum o f  180 d e g r e e s  a r o u n d  a mandre l  w l t h  a d l a m e t e r  
25  t i m e s  t h e  < , v e r a 1 1  d l a m e t e r  o f  t h e  f l n l s h e d  c a b l e .  The spec lmen s h a l l  t h e n  be 
v l s u a l l y  examined ,  w l t h o u t  a i d  of m a g n l f l c a t l o n ,  f o r  c r a c k s .  A a h l e l d e d  spec lmen 

submerged .  

BLOCK INC 

W I R E  SIZES l b  Ah@ SMALLER 

' s h a l l  t h e n  be s u b j e c t c d  t o  t h e  d l e l e c t r l c  t e a t  (8.16.3) w l t h  t h e  b e n t  p o r t l o n  

One end o f  a spec lmen o f  f l n l s h e d  w l r e  o f  s u f f l c l e n t  l e n g t h  t o  p e r f o r m  t h e  t e s t .  
s h a l l  be a f f l x e d  t o  a m e t a l  s p o o l  o f  t h e  a p p m p r l a t e  barrel d l a m e t e r  f o r  t h e  
a p p l l c a b l e  w l m  S l Z e .  The spec imen s h a l l  t h e n  be wound h e l l c a l l y  o n  t h e  Spool  
for a t  l e a s t  t h r e e  c l o s e l y - w o u n d  l a y e r s  w l th  t h e  a d j a c e n t  turns i n  c l o s e  c o n t a c t  
w l t h  one a n o t h e r .  The t e n s l o n  f o r  w l n d l n g  s h a l l  be e q u a l  t o  t h e  c o l d  bend t e a t  
w e l g h t  s p e c l f l e d  for t h e  8ame s l re  w l r e  I n  T a b l e X Y I I .  The f r e e  e n d  o f  t h e  s p e c l -  
men s h a l l  t h e n  be a f f i x e d  t o  t h e  s p o o l  so a s  t o  p r e v e n t  unwlndlng  or l o o s e n l n g  
o f  the t u r n s  or l a y e r s .  The s p o o l  a n d  t h e  spec imen s h a l l  be c o n d l t l o n e d  In  a n  a l r  
oven  f o r  t h e  t lme and  t h e  t e m p e r a t u r e  s p e c l f l e d  I n  5 . 4 . 2 .  A t  t h e  e n d  of t h e  
c o n d l t l o n l n g  p e r l o d .  t h e  s p o o l  and  apec lmen s h a l l  be removed f r o m  t h e  oven a n a  
a l l o w e d  t o  c o o l  t3 room t e m p e r a t u r e .  A f t e r  c o o l i n g ,  t h e  s p e c h e n  s M l 1  be undcund 
m a n u a l l y ,  and examined f o r  e v l d e n c e  of b l o c k i n g .  

WIFE SIZES 12 A N D  U R G E R  A N D  CABLE: 

Three  2 4 - l n c h  s p e c l m e n s  o f  f l n l s h e d  w l r c  o r  c a b l e  s h a l l  be t l g h t l y  s e c u r e d  !n a 
b u n d l e ,  5 0  t h a t  s u r f a c e  c o n t a c t  w l l l  be m a l n t a l n e d  t h r o u g h o u t  t h e  t e s t .  The 
bundle  s h a : l  be s e c u r e d  a t  b o t h  e n d s  a n d  In  t h e  m l d d l e ' w l t h  p r e s h r u n k  h l g h -  
t e m p e r a t u r e  1ac:ng t a p e .  The bundle  t h e n  s h a l l  be c o n d l t l o n e d  i n  a n  a i r  oben 
f o r  t h e  t ime and  a t  t h e  t e m p e r a t u r e  s p e c i f i e d  i n  5 . 4 . 2 .  A f t e r  c o n d l t l o n l n g .  :he 
l a c l n g  t a p e  s n a l i  be removed and  t h e  s p e c l m e n s  s e p a r a t e d  and  examined  f o r  b l o c k i n g .  

COtiCtN'l'RI C I T Y  

The c o n c e n t r l c l t y  of t h e  l n s u l a t l o n  o f  t h e  f l n l s h e d  w l r e  or c a b l e  s h a l l  be 
d e t e r m i n e d  I n  a c c o r d a n c e  w l t h  t h e  p r o c e d u r e s  o f  8.4.1 and 8 . 4 . 2  a s  a p p l l c a t l e  
A l l  w a l l - t h : c k n c 3 s  measurements  s h a l l  be d e t e n n l n e d  u n d e r  s u l t a b l e  m a g n l f l c s t l o n  
A w a l l - t h l c k n e c s  measurement  s h i l l  be t h e  r a d i a l  d i s t a n c e  between t h e  o u t e r  rlm 
o f  t h e  1 n s u l a t : o n  and  t h e  O u t e r m o s t  r l m  of t h e  o u t e r m o s t  s t r a n d  o f  t h e  c o n c e n t r l c  
l a y  c o n d u c t o r  o r  s h l e l d  ( a s  a p p l l c a b l e ) ,  or between t h e  o u t e r  r l m  of t h e  l n s d l a -  
t l o n  and t h e  o u t e r m o s t  r l m  of  t h e  o u t e n n o s t  s t r a n d  o f  t h e  s t r a n d e d  member o f  t h e  
r o p e - l a y  c o n d u c t o r .  

-~ 

V I E  SIZES 30 T H R O U G H  i o  A N D  CABLE 

The c o n c e n t r l c l t y  o f  t h e  l n s u l a t l o n  of t h e  f l n l s h e d  w l r e  or c a b l e  s h a l l  be d e t e r -  
mined by f ! r s t  l o c a t l n g  a n d  r e c o r d l n g  t h e  mlnlmum w a l l  t h l c k n e s s  measured  on a 
c r o s s  a e c t l o n  o f  r n e  l n a u l a t l o n  or J a c k e t  ( a s  a p p l l c a b l e ) .  The maxlmum w a l l  
t h i c k n e s s  o f  t h l s  same c r o s s  s e c t l o n  of t h e  i n s u l a t i o n  s h a l l  be m e a s u r e d  and  
r e c o r d e d .  The r a t l o  o f  t h e  mlnlmum wall t h i c k n e s s  t o  t h e  maxlmum w a l l  t h l c k n e s s  
s h a l l  d e f  l n e  t h e  p e r c e n t  c o n c e n t  rl c l  Cy. 

WIKE SIZES 8 T H R O U G H  0000 

The c o n c e n t r l c l t y  o f  t h e  l n s u l a t l o n  of  t h e  f l n l s h e d  w l r e  shall be d e t e r m l n e d  by 
f l r s t  l o c a t i n g  a n d  r e c o r d l n g  t h e  mlnimum w a l l  t h l c h e s s  measured  on  a c r o s s  s e c t l o n  
o f  t h e  l n s u l a t l o n .  Prom t h l s  p o l n t  on the o u t e r  rlm of t h e  i n s u l a t i o n  a t  whlch t h e  
minlmum w a l l  t h l c k n e s s  was m e a s u r e d ,  t h r e e  r e r e r e n c e  p o i n t s  90 d e g r e e s  a p a r t  on  t h e  
o u t s l d e  rlm o f  t h e  l n s u l a t l o n  s h a l l  be e s t a b l i s h e d .  A t  e a c h  o f  t h e s e  t h r e e  r e f e r -  
e n c e  p o i n t s  t h e  n e a r e s t  member o f  t h e  m p e - l a y  c o n d u c t o r  shall be s e l e c t e d  and  t h e  
l n s u l a t l o n  w a l l  t h i c k n e s s  between the member ,and t h e  o u t e r  r l m  o f  t h e  l n s u l a t l o n  
s h a l l  be m e a s u r e d .  The a v e r a g e  o f  t h e  f o u r  r e a d i n g s  shall be c o n a l d e r r d  t o  be t h e  
a v e r a g e  w a l l  t h l c l t n e s s .  The m t l o  o f  t h e  mlnlmw w a l l  t h l c k n e s s  t o  t h e  a v e r a g e  
w a l l  t h l c k n e s s  s h a l l  d e f l n e  t h e  p e r c e n t  c o n c e n t r l c l t y .  

REVISED 4-13-70 



8.5 CONDUCMA ELONGATION AND TENSILE'SmWTH 

8.5.1 A L L  YIW SIZES 

Elonga t ion  a n d  t e n s i l e  s t r e n g t h  tes ts  shall be performed on i n d i v i d u a l  s t r a n d s  
t aken  f n w  the  conduc to r s  o f  f i n i s h e d  w i r e  i n  accordance wl th  Hethod 3211 of 
FED-STD-228 uslng a 12-inch rpecimen l e n g t h ,  10-inch bench marks and a 10-inch 
i n i t i a l  jaw s e p a r a t i o n .  S o f t  annealed copper shall be p u l l e d  a t  10 i n c h e s  per 
minute;  h i g h - s t r e n g t h  copper a l loy  a h a l l  be p u l l e d  a t  2 Fnches per minute.  

8 . 5 . 2  U I f E  SIZES 22 A N D  SUALtER 

I n  case o f  f a i l u r e  t o  meet the r e q u i r e d  e l o n g a t i o n ,  sites 22 and s m a l l e r  may be 
p u l l e d  a s  a whole conductor .  The e longa t ion  and t e n s l l e  s t r e n g t h  shall be 
c a l c u l a t e d  from t h e  v a l u e s  recorded when the f i r s t  s t r a n d  of t h e  whole conduc to r  
b r e a k s .  

8.6 CONWCMR WSISTANCE 

The M: r r a i s t a n c e  of  t h e  conductor  s h a l l  be! measured i n  accordance with Method 6021 
of PED-STD-228, e x c e p t  that the w l r r s  shall be t e s t e d  d r y ,  w i thou t  i nmers ion .  

8.7 DEPOFMATION TEST 

The d e f o m r i t i o n  t e s t  s h a l l  be conducted us ing  a t e s t  dev ice  a s  sugges t ed  i n  F igu re  13. 
a .  The specimen S h a l l  be long enough f o r  conductor  i s o l a t i o n  l m m  gmund  

b. The weight  shall be as s p e c i f i e d  in  h b l e  X V I .  

c .  The hardened s t e e l  m n d r e l  diameter  s h a l l  be the same a s  the  d i a m e t e r  o f  the  
test  specimen t.010, -.005 i n .  

d .  The d l e l e c t r l c  s t r e n g t h  and deformation measurements s h a l l  be made a f t e r  a 
minimum of 15 minu tes  impression t h e  a t  each s p e c i f l e d  t empera tu re .  D i e l e c t r l c  
s t r e n g t h  shall be t e s t e d  by app ly ing  t h e  vo l t age  a s  shown i n  Table  XVI between 
t h e  wire  conduc to r  and the  tes t  f i x t u r e  mandrel .  The t e 6 t  v o l t a g e  s h a l l  be 
l r icreased f r m  0 t o  t h e  s p e c l f i e d  value a t  a unlfonn r a t e  of no more than 
500 vo l t s / s econd .  

PI /- D I A L  INDICATOR 

TEST VOLTAOE 
G R D .  

DEPOWTION TEST APPARATUS 
FIGURE 13 

NOTE: A l l  metal  p a r t s  of t he  t e s t  a p p a r a t u 3  s h a l l  be grounded. 
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8.8 DI EIJCTRIC STRENGTH 

One huridred p e r c e n t  of a l l  f l n l s h e d  c a b l e  in s h l p e n t  r e e l s ,  s p o o l a ,  o r  c o i l s  s h a l l  
b e  t e a t e d  a t  t h e  v o l t a g e  s p e c l f l e d  l n  5.4.6 a p p l l e d  I n  t u r n  between e a c h  c o n d u c t o r  
o f  t h e  m u l t l p l e - c o n d u c t o r  c a b l e  and  a l l  o t h e r  c o n d u c t o r s  e l e c t r l c a l l y  c o n n e c t e d  
t o g e t h e r  a n d  t o  t h e  s h l e l d  where  a p p l l c a b l e .  

8.9 IXJRARII.17Y OF CODING 

The d u r a b l l l t y  of p r o d u c t  I d e n t l f l c a t l o r i ,  c o l o r ,  and c o l o r  s t r l p l n g  a p p l i e d  t o  t h e  
w i r e  for c o d l n g  s h a l l  be e v a l u a t e d  a t  23 i 3 C ( 7 3  1 5 P) a s  f o l l o w s :  

8.9.1 

8 . 9 . 2  

TESTING APPARATUS 

A G e n e r a l  E l e c t r l c  Repea ted-Scrape  A b r a s i o n  t e s t e r  or equivalent s h a l l  be - u s e d .  
The t e s t e r  s h a l l  be d e s l g n e d  t o  h o l d  a s h o r t  spec lmen o f  f l n l s h e d  wlre f l m l y  
c lamped i n  a h o r l z o n t a l  p o a l t l o n  w l t h  t h e  u p p e r  l o n g l t u d l n a l  s u r f a c e  of t h e  
spec lmen f u l l y  e x p o s e d .  The i n s t r u m e n t  s h a l l  be c a p a b l e  of N b b l n g  a smooth 
c y l l n d r l c a l  s t e e l  mandre l  0.025 i n c h  I n  d l a m e t e r .  r e p e a t e d l y  o v e r  t h e  u p p e r  
s u r f a c e  o f  t h e  w l r e ,  I n  s u c h  p o s l t l o n  t h a t  the  l o n g l t u d l n a l  a x e s  o f  t h e  m a n d r e l  
a n d  t h e  spec imen a r e  a t  r i g h t  a n g l e s  t o  e a c h  o t h e r  w l t h  c y l l n d r l c a l  s u r f a c e s  
i n  c o n t a c t .  A w e i g h t  a f f i x e d  to  a f l x t u r c  a b o v e  t h e  N b b l n g  m a n d r e l  shall c o n t r o l  
t h e  f o r c e  e x e r t e d  normal  t o  t h e  s u r f a c e  of t h e  I n s u l a t i o n .  A m o t o r - d r i v e n .  
r e c l p r o c a t l n g - c a m  mechanism a n d  c o u n t e r  shall b e  u s e d  t o  d e l i v e r  a n  a c c u r a t e  
number of a b r a d l n g  s t r o k e s  I n  a d l r e c t l o n  p a r a l l e l  t o  t h e  axis o f  t h e  s p e c l m e n .  
The l e n g t h  o f  t h e  s t r o k e  shall be 3/8 i n c h  a n d  t h e  f r e q u e n c y  o f  t h e  s t r o k e  sha l l  
be  60 c y c l e s  (120 s t r o k e s )  p e r  m l n u t e .  

TESTING PROCEDURE 

A spec lmen of wlre shall be  mounted In t h e  spec imen c lamp a n d  a 500-gram w e l g h t  
s h a l l  b e  a p p l i e d  t h r o u g h  t h e  r u b b i n g  mandre l  t o  t h e  marked  s u r f a c e .  The c o u n t e r  
shall be set  a t  zero and t h e  d r l v e  motor  s t a r t e d .  The spec imen shall be o b s e r v e d  
t h r o u g h o u t  t h e  p r o g r e s a  of t h e  t e r t  a n d ,  a s  soon a s  a c o n t i n u o u s  l i n e  of t h e  c o l o r ,  
c o l o r  s t r i p e  o r  p r l n t e d  marking  1s removed u n d e r  t h e  a b r a d l n g  m a n d r e l .  t h e  number 
o f  a b r a d l n g  c y c l e s  s h a l l  be r e c o r d e d .  

8.10 PLAKMABILITY 

The t e s t  spec lmen s h a l l  be 24 l n c h e s  l n  l e n g t h  and  s h a l l  b e  marked 8 l n c h e s  from 
t h e  l o w e r  end  t o  i n d i c a t e  t h e  c e n t r a l  p o l n t  for f lame a p p l l c a t l o n .  The spec lmen 
s h a l l  b e  p l a c e d  a t  a n  a n g l e  o f  60 d e g r e e s  w l t h  t h e  h o r l z o n t a l  w l t h l n  a chamber  a s  
d e s c r l b e d  i n  F e d e r a l  S p e c l f l c a t l o n  CCC-T-lglb,  Method 5 9 0 2 .  The spec imen shall 
be  p a r a l l e l  t o  a n d  a p p r o x i m a t e l y  6 l n c h e s  from t. ie f r o n t  of t h e  chamber .  The u p p e r  
end  o f  t h e  -peclmen s h a l l  pas* o v e r  a p u l l e y  a n d  shall h a v e  t h e  a p p m x l m a t e  w e l g h t  
s p e c l f l e d  for a c c e l e r a t e d  a g l n g  I n  T a b l e  XV, a t t a c h e d  t o  I t  so t h a t  t h e  spec lmen I s  
h e l d  t a u t l y  t h r o u g h o u t  t h e  f l a m m a b l l l t y  t e s t .  A l e c e  O f  f a c l a l  tissue c o n f o n n l n g  
t o  P e d e t a l  S p e c l f l c a t l o n  UU-T-450, n o t  l e s s  t h a n  8 x 8 l n c h e s  s h a l l  be s u s p e n d e d  
t l g h t l y  and h o r l r o n t a l l y .  a n d  c e n t e r e d  9-1 /2  l n c h e s  d i r e c t l y  below t h e  t e a t  mark 
on  t h e  spec lmen and  a t  l e a s t  1/2 l n c h e s  away from t h e  t a b l e  t o p .  A f lame from a 
Bunsen b u r n e r  shall be a p p l l e d  for 30 secorrds a t  t h e  t e s t  mark .  Tne Sunsen  b u r n e r  
shall be  mounted u n d e r n e a t h  t h e  t e a t  mark on t h e  s p e c i m e n ,  p e r p c n d l c u l a r  t o  t h e  
s p e c l m e n ,  a n d  a t  a n  a n g l e  of 30 d e g m e s  t o  t h e  v e r t i c a l  p l a n e  o f  t h e  spec imen an 
shown i n  P l g u r e  1 4 .  
o f  3/8 i n c h ,  a n d  a l e n g t h  of  a p p r o x l m a t e l y  4 l n c h e s  from t o p  t o  p r i m a r y  i n l e t s .  
The b u r n e r  s h a l l  be a d J u s t e d  t o  produce  a 3 - i n c h - h l g h  flame w l t h  a n  i n n e r  c o n e  
a p p r o x l m s t e l y  o n e - t h l r d  of t h e  f lame h e i g h t .  The t e m p e r a t u r e  of t h e  h o t t e s t  p o r t l o n  
of t h e  f l a m e ,  as measured  w l t h  a n  a c c u r a t e  t h e r m o c o u p l e  p y r o m e t e r ,  shall be 
955 f '30 C (1751 i yC P). The b u r n e r  s h a l l  be p o s l t l o n e d  so t h a t  t h e  h o t t e s t  p o r t l o n  
of  t h e  f l a m e  l s ' a p p l l e d  t o  t h e  tes t  mark on t h e  w i r e .  ' h e  d i s t a n c e  of f l a m e  t r a v e l  
upward a long t h e  wlre from t h e  t e s t  mark a n d  t h e  time of b u r n i n g  a f t e r  removal  o f  
t h e  flame s h a l l  b e  r e c o r d e d .  Any b u r n i n g  p a r t l c l e s  or d r l p p l n g s  which cause t h e  
t i s s u e  p a p e r  t o  b u r s t  l n t o  flame shall be r e c o r d e d .  C h a r r e d  h o l e s  or c h a r r e d  s p o t s  
I n  t h e  t i s s u e  p a p e r  c a u s e d  by b u m l n g  p a r t l c l e s  do n o t  c o n s t i t u t e  f a l l u r e .  B r e a k i n g  
o f  t h e  wlre s p e c i m e n s  s h a l l  n o t  bt c o n s l d e r e d  aE f a i l u r e .  

The Bunsen b u r n e r  a h a l l  have  a 1 / 4 - i n c h  i n l e t  a nominal  b o r e  



8.11 HUMIDITY RESISTAKCE 
A 5 2 - f o o t  spec imen of w i r e  s h a l l  be s u b j e c t e d  L o  t h e  f o l l o w l n g :  

8.11.1 A PPAFATLIS 

The a p p a r a t u s  s h a l l  c o n s i s t  of a tes t  chamber c a p a b l e  of m l n t a l n l n g  a n  l n t e m a l  
t e m p e r a t u r e  o r  70 f 2 C ( 1 5 8  t 4 P) a n d  a n  i n t e r n a l  r e l a t i v e  h u m i d i t y  of 95 r 5 
p e r c e n t .  The t es t  chamber shall be c a p a b l e  Of b e l n g  80 s e a l e d  as t o  r e t a i n  t h e  
t o t a l  m o i s t u r n  c o n t e n t  i n  t h e  tes t  s p a c e .  The h e a t  l o s s  from the chamber shall 
be s u f f i c i e n t  t o  r e d u c e  the i n t e r n a l  tem r a t u r e  f r o m  the above  s p e c i f i e d  o p e r a t l n g  
t e m p e r a t u r e  t o  n o t  more t h a n  38 C (100 P r w l t h i n  a period of 16 h o u r s  from t h e  
tiw of removal  of the s o u r c e  of h e a t .  D i s t i l l e d  o r  d e m i n e r a l i z e d  r a t e r  shall 
be u s e d  t o  o b t a i n  t h e  r e q u i r e d  h u m i d i t y .  

8 . 1 1 . 2  PROCEWKE 

The specimen s h a l l  be p l a c e d  i n  t h e  t e s t  chamber  and  t h e  t e m p e r a t u r e  and  r e l a t i v e  
h u m i d i t y  r a i s e d  o v e r  a 2 h o u r  p e r l o d  t o  t h e  v a l u e s  s p e c l f l e d  i n  8.11.1 a n d  main-  
t a l n e d  a t  s u c h  for s p e r i o d  of 6 h o u r s .  A t  t h e  e n d  o f  t h e  6 - h o u r  p e r l o d  t h e  
h e a t  shall be s h u t  o f f .  D u r i n g  t h e  f o l l o w i n g  1 6 - h o u r  p e r l o d ,  t h e  t e m p e r a t u r n  
must  d r o p  t o  38 C ( 1 0 0  P) or l o w e r .  A t  t h e  end of t h e  1 6 - h o u r  p e r i o d ,  h e a t  shall 
be a g a i n  nu p l i e d  for a ? - h o u r  p e r l o d  t o  s t a b i l i z e  a t  70 t 2 C ( 1 5 8  f 4 P). 
T h i s  c y c l e  72 h o u r s  h e a t i n g ,  6 h o u r s  a t  h l g h  t e m p e r a t u r e ,  16 h o u r s  c o o l i n g )  
s h a l l  be r e p e a t e d  f i f t e e n  times so that t h e  t o t a l  t lme of t h e  t e s t  is 360 h o u r s .  
A t  t h e  end  of t h e  f i f t e e n t h  c y c l e ,  t h e  5 0 - r o o t  c e n t e r  s e c t i o n  of t h e  spec imen 
shall be immersed i n  a 5 - p e r c e n t  s o l u t i o n  o f  sodlum c h l o r i d e  i n  w a t e r  a t  23 f 3 C 
(73 f 5 P). The i n s u l a t l o n  r e s i s t a n c e  or t h e  epec lmen shall be measured  by 
a p p l y l n g  a p o t e n t i a l  of 250 t o  500 v o l t s  Dc between t h e  c o n d u c t o r  of t h e  spec imen 
a n d  t h e  s o l u t l o n .  a f t e r  1 m i n u t e  of e l e c t r l f l c s t l o n  a t  t h i s  p o t e n t i a l .  The i n s u l a .  
t l o n  r e s i s t a n c e  s h a l l  be c o n v e r t e d  t o  megohms/1000 f e e t  by t h e  c a l c u l a t i o n  
s h o w  i n  8 . 1 5 .  

IN PLACE 

P U ~ M A B I L I T Y - T E S T  APPARATUS 
( S H O W N  WITHOUT CHAMPER) 

PIGURt.  1 4  
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8.12 
IKMERSION 

S ix  24 l nch  spec lmens  o f  wi re  o r  c a b l e  S r , a ; l  be measured t o  d e t e m l n e  t h e i r  i n i t i a l  
d i a m e t e r s  and then  s h a l l  be lmmersed t o  u l t h l n  6 l nches  Of t h e l r  ends  i n  each or t he  
fo l lowing  f l u l d s  ( u s i n g  8 s e p a r a t e  speclmcn f o r  each f l u i d ) ,  f o r  t h e  time and 
t e m p e n t u r e  s p e c i f l e d  i n  5.4.9. 

a .  Hydrau l i c  f l u l d ,  f'lre r e s l s t a n t ,  BMS 3 - 1 l C  

b .  Hydrau l l c  f l u l d ,  pe t ro leum base ,  a l r c r a r t  ml : s l l e ,  and o rdnance ,  MIL-H-5606 B 

c .  S t anda rd  t e s t  f l u l d ,  1T-S-735. Type 111 .  

' d .  L u b r l c a t l n g  011, a l r c r a f t  t u r b l n e  e n g l n e ,  s y n t h e t i c  b a s e ,  MIL-I.-7808 E .  

e .  L u b r l c a t l n g  011, a l r c r a f t  t u r b l n e  e n g i n e s .  s y n t h e t i c  b a s e ,  MIL-L-23699. 

f .  A l k a l i n e  d e t e r g e n t  s o l v e n t  (pH 1 0 . 0 - 1 0 . 5 ) .  

(Re fe rence :  Malntenance Manui l ,  C h a p t e r  12 ,  C lean lng  and P o l l s h l n g  
M a t e r i a l s  - Orde r ing /& s c r l  p t  l on f i se  ) 

Durlng immersion t e s t s ,  t h e  r a d l u s  o f  bend o f  t h e  speclmen s h a l l  be n o t  less than 
f o u r t e e n  tlmes t h e  rnaxlmum s p e c l f l e d  d i a m e t e r  o f  t he  w l r e  or c a b l e  under  t e s t .  
Upon removal from t h e  f l u i d s ,  the  specimen s h a l l  remain f o r  1 hour  In  r r p e  a i r  
a t  room t e m p e r a t u r e .  The d l ame te r s  t h e n  s h a l l  be a g a l n  measured and  compared t o  
the  l n l t l a l  d l a m e t e r s .  One lnch  o f  l n s u l a t l o n  s h a l l  be removed from each  end of 
each  speclmen and  the  speclmen s h a l l  be SuDJected t o  the  bend t e s t  ( 8 . 1 6 . 2 ) .  
fo l lowed by t h e  d i e l e c t r i c  t es t  (e.16.3). 

R .  13 IMPULSE D I E L E G  

8 .13 .1  TEST EQUIPMENT 

The e l e c t r o d e  head through whlch the  W i r e  o r  c a b l e  Is passed  In  t h e  lmpulse 
d l e l e c t r l c  t es t  s h a l l  be a s  shown In e l t h e r  P lgu re  1 5  or  F igu re  16. The c h a r a c t e r -  
l s t l c s  o f  t h e  tes t  lmpulse and o f  the  eqvlpment a u x i l i a r y  t o  t h e  e l e c t r o d e  head 
s h a l l  be a s  f o l l o w s :  

a 

b .  

C .  

Test Impulse 

The wave f o r n  01' t he  \ o l t i g e  s u p p l l e d  t o  t h e  e l e c t r o d e  head shall c o n s l s t  of 
a s h a r p  r l s e  pu l se  fo l lowed by a h l g h l y  damped wave t r a l n .  The s h a r p  r lse  
of  t h e  lmpulse  wave f r o n t  s h a l l  r each  90 p e r c e n t  o f  t h e  s p e c l f l e d  peak va lue  
In less  than  10 mlcroseconds ,  and shall  r each  peak va lue  i n  l e s s  t han  20 
mlcroaeconds .  F l u c t u a t i o n s  o f  t h e  a c t u a l  peak v a l u e ,  due t o  v a r l a t l o n s  o f  
i n p u t  p o w e r  t o  t h e  g e n e r a t o r ,  S h a l l  no t  exceed  f 2 p e r c e n t  of t he  s p e c l f l e d  
peak v a l u e .  The peak va lue  s h a l l  n o t  show more than a 5 -pe rcen t  r e d u c t i o n  
In t h e  e v e n t  o f  an  i n c r e a s e  o f  c a p a c l t l v e  load  t o  50 p i c o f a r a d s ,  d u r i n g  
o p e r a t i o n ,  from an  l n l t l a l  load  o f  25 p l c o f a r a d s  between e l e c t r o d e  and  
l n s t r u m e n t  ground. The pulse  d u m t l o n  l n c l u d l n g  the  damped p o r t i o n  of t he  
wave, s h a l l  be between 40 and 250 rn lc roseconds .  The p u l s e  r e p e t l t l o n  r a t e  
a t  t h e  e l e c t r o d e  shall be a rnlnlmum o f  170 p u l s e s  pe r  second and  a maximum 
o f  500 p u l s e s  per second.  V l s l b l e  or a u d l b l e  corona s h a l l  be e v i d e n t  I n  the  
e l e c t r o d e  s t r u c t u r e  when o p e r a t l n g  a t  t h e  s p e c l f l e d  v o l t a g e .  

Vo l tme te r  

COMeCted t o  t h e  e l e c t r o d e  head t h e R  $ h a l l  be a peak-readlng  in s t rumen t  
v o l t m e t e r  i n d l c a t l n g  c o n t i n u a l l y  t h e  p o t e n t l a :  o f  t h e  e l e c t r o d e  wl th  or 
wl thou t  a grounded tes t  w l r e  In t h e  chamber. The peak- read ing  v o l t m e t e r  
shall show f u l l  d e f l e c t i o n  a t  a p e a k  va lue  n o t  exceed ing  25 k l l o v o l t s  and  
shall  have an  accu racy  of i 3 p e r c e n t  or t h e  s p e c i f l e d  o p e r a t i n g  v a l u e .  
meter shall be capab le  of m a l n t a l n l n g  c a l i b r a t i o n  fo r  an  adequa te  p e r l o d ,  
p r e f e r a b l y  a m l n l m u m  o f  one month. 

W i n  Ouldes  

When u s i n g  t h e  e l e c t r o d e  head shown In FlguFe 1 5 , t h e r e  s h a l l  be gu ides  
external t o  t h e  e l e c t m d e  head t o  p rov ide  axla1 c e n t e r i n g  of  t h e  wire or 
c a b l e  i n  t h e  chamber. The gulden  s h a l l  be such  a s  t o  cen ter  t h e  wire o r  cab le  
i n  t h e  e l e c t r o d e  head wl th ln  0.025 lnch  o r  25 pe rcen t  of the wire or c a b l e  
d i a m e t e r ,  whichever  l a  g r e a t e r ,  without damage t o  t h e  w l r e  or c a b l e  and 
wi thou t  O b s t N C t i n g  fFce a c c e s s  o f  a l r  t o  t h e  e l e c t m d e  head .  

Th i s  
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8 . 1 3 . 1  

8 .13 .2  

8 .13.3 

8 . 1 4  

8.15 

8.15.1 

8 . 1 5 . 2  

( C o n t i n u e d )  

d .  F a i l u r e  D e t e c t l o n  C l r c u l t  

T h e r e  s h a l l  be a f a l l u r e - d e t e c t i o n  c l r c u l t  t o  g l v e  a v l s l b l e  or a u d l b l e  l n d i c a -  
t l o n  o f  i n s u l a t i o n  f a l l u r e ,  a u t o m a t i c a l l y  d e - e n e r g l z e  t h e  e l e c t r o d e  h e a d ,  a n d  
s t o p  p r o g r e s s  o f  t h e  wlre or c a b l e  t h r o u g h  t h e  e l e c t r o d e .  

The d e t e c t l n g  c i r c u i t  shall be s u f f i c i e n t l y  s e n s l t l v e  t o  i n d i c a t e  a f a u l t  when 
t h e  e l e c t r o d e  is a r c e d  t o  ground t h r o u g h  A 0.5 megohm r e s i s t o r  a n d  s h a l l  be 
c a p a b l e  o f  d e t e c t i n g  a f a u l t  which l as t s  f o r  t h e  d u r a t i o n  of o n l y  one l m p u l s e .  
The h l g h  v o l t a g e ,  when t u r n e d  o f f  by s f a i l u r e - d e t e c t i o n  c l r c u l t ,  s h a l l  remain  
o f f  u n t l l  r e s e t  m a n u a l l y .  

CALIBRATION OF EQUIWNT 

The i m p u l s e  t e s t  equlpment  s h a l l  be c a l i b r a t e d  by means o f  a peak d e t e c t l n g  V o l t m e t e r  
c o n n e c t e d  d i r e c t l y  between t h e  e l e c t r o d e  head  a n d  g r o u n d .  The l m p u l s e  g e n e r a t o r  s h a l l  
be e n e r g i z e d  and  t h e  v o l t a g e  c o n t r o l  o f  t h e  i m p u l s e  g e n e r a t o r  s h a l l  be a d j u s t e d  u n t i l  
t h e  r e a d l n g  on t h e  c a l l b r a t l o n  v o l t m e t e r  is  t h e  s p e c l f l e d  p o t e n t l a l ,  a t  whlch p o i n t  
t h e  r e a d l n g  on  t h e  l n s t r u m e n t  v o l t m e t e r  s h a l l  be o b s e r v e d  and  r e c o r d e d .  T h l 3  c a l l b r a -  
t l o n  s h a l l  be r e p e a t e d  f o r  e a c h  s p e c l f l e d  peak p o t e n t l a l .  C a l l b r a t l o n  may be 
a c c o m p l l e h e d  w i t h o u t  a t e s t  w i r e  i n  t h e  e l e c t r o d e  h e a d ,  In  whlch c a s e  t h e  v o l t a g e  
c o n t r o l  on  t h e  i m p u l s e  g e n e r a t o r  may r e q u i r e  a d l f f e r e n t  s e t t l n g  for e a c h  w l r e  s l r e  
i n  o r d e r  t o  g l v e  t h e  d e s i r e d  r e a d l n g  on  t h e  l n s t m m e n t  v o l t m e t e r ;  or t h e  c a l l b r a t l o n  
may be made w l t h  a l o a d  o f  20 t o  60 p i c o f a r a d s .  The e q u l p n e n t  may a l s o  be c a l l b r a t e d  
a g a i n s t  a n  o s c i l l o s c o p e  w i t h  a c a l i b r a t e d  a n d  compensated a t t e n u a t o r .  E l t h e r  method 
s h a l l  have  a n  a c c u r a c y  o f  f 2 p e r c e n t .  The p u l s e  wave form s h a l l  be m o n l t o r e d  by 
means o f  a n  o x c l l l o s c o p e  c o n n e c t e d  t o  t h e  e l e c t r o d e  head a t  s u l t a b l e  t e s t  p o i n t s .  

TEST PROCEDURE 

The w l r e  o r  c a b l e ,  I n  t h e  f l n l s h e d  s t a t e  or In  t h e  s t a g e  of  m a n u f a c t u r e  f o r  which t h e  
t e s t  l a  s p e c l f l e d ,  s h a l l  be t h r e a d e d  t h r o u g h  t h e  c e n t e r l n g  gu:des and  t h e  e l e c t r o d e  
h e a d .  The c o n d u c t o r  or s h i e l d ,  a s  a p p l i c a b l e ,  s h a l l  be g r o u n d e d .  W l t h  t h e  e l e c t r o d e  
e n e r g l z e d  t o  t h e  peak v o l t a g e  s p e c l f l e d  i n  5 . 4 . 1 0 .  t h e  w l r e  or c a b l e  s h a l l  be p a s s e d  
t h r o u g h  t h e  chamber  a t  s u c h  s p e e d  t h a t  e v e r y  p a r t  o f  t h e  wlre  o r  c a b l e  s n a l l  be 
s u b J e c t e d  t o  a t  l e a s t  3 l m p u l s e s  o f  t h e  t e s t  v o l t a g e  w h l l e  w l t h l n  t h e  e l e c t r o d e  h e a d .  
The number o f  l m p u l s e s  t h a t  any  part o f  t h e  w l r e  o r  c a b l e  Sha; :  be 3 u b J e c t e d  t o ,  
l n c l u d l n g  s e t u p ,  s h a l l  n o t  be  g r e a t e r  t h a n  1000. 

INSULATION ELONGATION A N D  TENSILE STRplCTH 

Speclmens  of t h e  e n t i r e  l n s u l a t l o n  s h a l l  be c a r e f u l l y  removed from t h e  c o n d u c t o r  a n d  
t e s t e d  f o r  t e n s i l e  s t r e n g t h  a n d  e l o n g a t i o n  l n  a c c o r d a n c e  w l t h  FED-STD-228, Methods 3021 
a n d  3031,  r e s p e c t i v e l y ,  u s i n g  o n e - i n c h  bench marks and o n e - l n c h  l n l t l a l  Jaw s e p a r a t l o n  
and  a t  a jaw s e p a r a t i o n  s p e e d  o f  2 l n c h e s  p e r  m i n u t e .  For c a b l e  J a c k e t s .  t h e  method 
s h a l l  be t h e  s a m e , b u t  o n l y  t h e  c a b l e  j a c k e t  s h a l l  be t e s t e d .  

INSULA TI ON RES I STA NCE 

INSULATION RESISTANCE AT ROOM TMPERATJRE 

The u n l n s u l a t e d  e n d s  o f  a wlre or c a b l e  spec imen a t  l e a s t  26 f e e t  i n  l e n  t h  s h a l l  be  
c o n n e c t e d  t o  a Dc t e r m i n a l  a n d  t h e  spec imen s h a l l  be lmmersed t o  w l t h l n  l n c h e s  o f  
I t s  e n d s  I n  a w a t e r  b a t h ,  a t  23 f 3 C (73 t 5 F), c o n t a l n l n g  0 . 5  t o  1.0 - p e r c e n t  o f  
a n  a n l o n l c  w e t t i n g  a g e n t .  The spec lmen s h a l l  remain  lmmersed f o r  n o t  l e 3 3  t h a n  
4 h o u r s .  a f t e r  whlch  a v o l t a g e  o f  n o t  less t h a n  250 V o l t 3  n o r  more t h a n  500 v o l t s  s h i l l  
be  a p p l l e d  be tween t h e  c o n d u c t o r  or t h e  s h i e l d  ( a s  a p p l i c a b l e )  a n d  t h e  w a t e r  b a t h  
whlch s e r v e s  a s  t h e  o t h e r  DC t e r m i n a l .  The l n s u l a t l o n  r e s l s t a n c e  s h a l l  be d e t e r m i n e d  
a f t e r  o n e  m l n u t e  o f  e l e c t r i f i c a t i o n  a t  t h i a  v o l t a g e  and s h a l l  be e x p r e s s e d  a s  
megohme/1000 f e e t  by t h e  f o l l o w l n g  c a l c u l a t i o n :  

Megohms,1000 T o t a l  spec imen r e s l s t a n c e  (megohms) x lmmersed l e n g t h  ( f e e t )  
1000 

INSUUTION RESISTANCE AT ELEVATED TMPERARIRE 

One l n c h  of i n s u l a t i o n  shall be  removed from one  end  o f  a 1 2 - f o o t  spec imen o f  t h e  
f i n i s h e d  w i r e .  The c e n t e r  1 0 - f o o t  p o r t i o n  o f  t h e  speclmen S h a l l  be t l g h t l y  wrapped 
w i t h  l e a d  or alumlnum f o i l  t a p e .  The t a p e  s h a l l  have  a mlnlmum o v e r l a p  o f  505 a n d  
a h a l l  be s e c u r e d  a t  b o t h  e n d s  t o  p r e v e n t  u n w l n d l n g .  S u l t a b l e  t e s t  l e a d s  s h a l l  be 
c o n n e c t e d  t o  t h e  u n l n s u l a t e d  e n d  o f  t h e  spec lmen a n d  t o  one end  o f  t h e  t a p e .  The 
spec lmen S h a l l  t h e n  be  p l a c e d  i n  a n  oven  t h a t  h a s  been s t a b l l l z e d  f o r  o n e  h o u r  a t  
150 f 3 C ( 3 0 2  t 5 P). After t h e  speclmen has been m a l n t a l n e d  a t  t h l 3  t e m p e r a t u r e  
f o r  a p e r l o d  o f  15 m l n u t e s  t h e  f o l l o w l n g  t e s t s  s h a l l  be made.  

( N O T E :  THE F O I L  TAPE SH4LL BE THE GROUNDED ELECTRODE) 
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8 . 1 5 . 2 . 1  I n s u l a t l o n  R e s l s t a n c e  

The c o n d u c t o r  o f  t h e  w l r e  spec lmen s h a l l  also he grounded f o r  a t  l e a s t  5 s e c o n d s  
b e f o r e  t h e  r e s l s t a n c e  measurement  1 s  made.  Tee r e s l s t a n c e  s h a l l  be measured  on  
t h e  spec imen a f t e r  a one  m i n u t e  e l e c t r l f l c a t l z J : ~  w l t h  8 d l r e c t  c u r r e n t  v o l t a g e  of 
n o t  l e s s  t h a n  250 v o l t s  n o r  more t h a n  500 v o l t s .  The t e s t  s h a l l  be made wl th  a 
megohm b r l d g e  or w l t h  a g a l v a n o m e t e r  a n d  a s u l t a b l e  s o u r c e  of d l r e c t  c u r r e n t .  

8 . 1 5 . 2 . 2  D l e l e c  t rl c 

1000 v o l t s  a t  c o m e r c l a l  f r e q u e n c y  s h a l l  be  a p p l l e d  between t h e  w l r e  c o n d u c t o r  and  
t h e  l e a d  or alumlnum f o i l  t a p e  for one m:nute .  

8 . 1 6  

8 .16 .1  

8 . 1 6 . 1 . 1  

LIFE CYCLE 

A I R  OVEN 

P l n l s h e d  U l r e  

E .16 .1  .2 

28.16 .2  

One l n c h  of t h e  l n s u l a t l o n  s h a l l  be removed f r o m  e a c h  end of a 2 b - l n c h  spec lmen of 
f l n l s h e d  w l r e  whlch  i n c l u d e s  a p r o d u c t  I d e n t l f i c a t l o n  marking. The c e n t r a l  p o r t l o n  
of t h e  spec imen t h e n  shall be  b e n t  a t  l e a s t  h a l f w a y  a r o u n d  a h o r l z o n t a l l y - p l a c e d  
s t a i n l e s s  s t e e l  mandre l  of t h e  d l a m e t e r  s p e c l f l e d  I n  R t b l e  X V .  The p r o d u c t  l d e n t l f l -  
c a t l o n  m a r k l n g  s h a l l  be  l o c a t e d  on t h e  h a n g l n g  v e r t l a l  s e c t l o n  of t h e  s p e c l m e n .  
Each end of t h e  c o n d u c t o r  s h a l l  be l o a d e d  w l t h  t h e  w e l g h t  s p e c l f l e d  I n  T a b l e  X v ,  s o  
t h a t  t h e  p o r t l o n  of t h e  l n s u l a t l o n  between t h e  c o n d u c t o r  and  t h e  m a n d r e l  1s u n d e r  
c o m p r e s s l o n  w h l l e  t h e  c o n d u c t o r  1s u n d e r  t e n s l o n .  Thls s p e c i m e n ,  so p r e p a r e d  0t-1 
t h e  m a n d r e l ,  s h a l l  be c o n d l t l o n e d  i n  a n  a i r - c l r c u l a t l n g  oven  for t h e  t l m e  and a t  
t h e  t e m p e f a t u r e  s p e c l f l e d  l n  5 . 4 . 1 2 . 1 .  The VelOClty of A i r  past t h e  spec imen 
( m e a s u r e d  a t  room t e m p e r a t u r e )  s h a l l  be between 100 and  200 f e e t  p e r  m l n u t e .  A f t e r  
c o n d l t l o n l n g ,  t h e  oven  a h a l l  be  s h u t  off, t h e  d o o r  opened  and  t h e  spec imen a l l o w e d  
t o  c o o l  I n  t h e  oven for a t  l e a s t  one h o u r .  When c o o l ,  t h e  w l r e  spec lmen s h a l l  be 
f r e e d  from t e n s l o n ,  removed from t h e  m a n d r e l .  s L r a 1 g h t e n e d .  a n d  examlned  for l e g l b l l l t y  
of p r o d u c t  l d e n t l f l c a t l o n .  The s p e c l h e n  t h e n  s h a l l  be s u b J e c t e d  t o  t h e  bend t e s t  
( 8 . 1 6 . 2 1 ,  f o l l o w e d  by t h e  d l e l e c t r l c  t e s t  ( F , . 1 6 . 3 ) .  The l n s u l a t l o n  t h e n  s h a l l  be 
removed and  t h e  c o n d u c t o r  examlned f o r  p l t t l n g .  Darkenlng  o f  t h e  t i n  c o a t l n g  cau3ed 
b y  n o m a 1  a i r  o x l d a t l o n  s h a l l  n o t  be cau3e  f c r  r e j e c t l o n .  

P l n l s h e d  C a b l e  

The l e n g t h  of t h e  spec lmen t o  be t e s t e d  s h a l l  be 24 i n c h e s .  Two l n c h e s  of t h e  J a c k e t  
s h a l l  be  removed from e a c h  end o f  a s h l e l d e d  s p e c l m e n .  The spec lmen s h a l l  t h e n  be 
c o n d l t l o n e d  h a n g l n g  f r e e 1  I n  a n  a l r  c l r c u l a t l n g  3ven f o r  t h e  t l m e  a n d  t e m p e r a t u r e  
s p e c l f l e d  In  p a r a g r a p h  5 . l . 1 2 . 2 .  The v e l o c l t y  o f  a l r  p a s t  t h e  s p e c l m e n s  ( m e a s u r e d  
a t  r o o m  t e m p e r a t u r e )  s h a l l  be between 1 0 0  and  200 f e e t  p e r  m l n u t e .  A f t e r  c o n d l t l o n l n g ,  
t h e  oven s h a l l  be s h u t  off. t h e  d o o r  opened  a n d  t h e  spec lmens  a l l o w e d  t o  cool  I n  t h e  
oven  for a t  l e a s t  one h o u r .  When c o o l ,  the  c e n t e r  p o r t l o n  of e a c h  spec lmen s h a l l  be 
wrapped a mlnlmum o f  180  d e g r e e s  a r o u n d  a mandre l  w l t h  a d i a m e t e r  25 tlmes t h e  o v e r a l l  
d i a m e t e r  of t h e  f l n l a h e d  c a b l e .  The s p e c l m e n s  t h e n  s h a l l  be v l s u a l l y  examlned ,  w l t h -  
o u t  t h e  a l d  or m a g n l f l c a t l o n ,  f o r  c r a c k s .  A s h l e l d e d  speclmen s h a l l  t h e n  be s u b j e c t e d  
t o  t h e  d l e l e c t r l c  t e s t  s p e c l f l e d  i n  8 . 1 6 . 3 ,  w l t h  t h e  b e n t  p o r t l o n  s u b m e r g e d .  

BEND TEST 

A t  a t e m p e r a t u r e  m a i n t a i n e d  a t  23 t 3 C (73 2 5 P). one  end o f  t h e  s p e c l m e n  s h a l l  be 
s e c u r e d  t o  t h e  mandre l  a n d  t h e  o t h e r  end  t o  t h e  w e l g h t  s p e c l f l e d  I n  T a b l e  X V .  The 
m a n d r e l  shall be  r o t a t e d  untll t h e  f u l l  l e n e t h  of t h e  speclmen Is wrapped a r o u n d  
t h e  m a n d r e l  a n d  Is u n d e r  t h e  s p e c l f l e d  t e n s l o n  w l t h  a d j o l n l n g  c o i l s  In c o n t a c t .  The 
m a n d r e l  t h e n  s h a l l  be r o t a t e d  i n  r e v e r s e  d l r e c t l o n  u n t l l  t h e  f u l l  l e n g t h  of t h e  
spec lmen whlch  was o u t s i d e  d u r l n g  t h e  f lrst  wrapplng  l a  now n e x t  t o  t h e m a n d r e l .  T h l s  
p r o c e d u r e  s h a l l  be  r e p e a t e d  u n t i l  two b e n d s  I n  e a c h  d l r e c t l o n  h a v e  b e e n  formed I n  t h e  
same s e c t i o n  of t h e  speclmero. The o u t e r  s u r f a c e  of t h e  spec lmen t h e n  shall be  
o b s e r v e d  for c m c k l n g  of t h e  I n s u l a t i o n .  C h e c k s ,  c r a z l n g  of f l a k l n g  l n  t h e  c o l o r  
c o a t l n g  shall n o t  c o n s t l t u t e  f a l l u r e .  
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8 . 1 6 . 3  

8 . 1 7  

8 . 1 7 . 1  

8 . 1 7 . 7  

6 . 1 8  

DIELECTRIC TEST 

The u n l n s u l a t e d  e n d s  of t h e  c o n d u c t o r  or s h l e l d  ( a s  a p p l i c a b l e )  shall be c o n n e c t e d  
t o g e t h e r  a n d  t h e  spec imen s h a l l  be  lmmersed I n  a 5 - p e r c e n t  s o l u t l o n  o f  sodlum 
c h l o r l d e  i n  w a t e r  a t  a t e m p e r a t u r e  o f  2 3  ? 3 C ( 7 3  t 5 P )  5 0  t h a t  o n l y  t h e  l n s u l a t l o n  
a t  t h e  s t r l p p e d  e n d s  p r o t m d e e  l - l / 2  i n c h e s  f m  t h e  s u r f a c e  of t h e  s o l u t l o n .  A f t e r  
l m e r s l o n  Tor 1 h o u r ,  2500 v o l t s ,  60 Hr (for wire) 3r lo00 v o l t s ,  63 H E  (for c a b l e )  
shall be a p p l l e d  between t h e  c o n d u c t o r  or t h e  s h l e l d  ( a s  a p p l l c a b l e )  and  a n  e l e c t r o d e  
In  c o n t a c t  u l t h  t h e  s o l u t l o n .  Thls v o l t a g e  s h a l l  b e  g r a d u a l l y  i n c r e a s e d  a t  a unlfonn 
ra te  from rem t o  t h e  s p e c l f l e d  v o l t a g e  i n  1/2 m l n u t e ,  m a l n t a l n e d  a t  t h e  v o l t a g e  for 
5 m l n u t e s  for w i r e  or 1 m l n u t e  f o r  s h l e l d e d  c a b l e ,  and  g r a d u a l l y  reduced  t o  z e m  l n  
1/2 m i n u t e .  

LOU TEMPERAlvRE (COLD BENDL 

F I N I S H E D  WIRE 

One end of a w l r e  spec lmen s h a l l  be  s e c u r e d  t o  a r o t a t a b l e  mandre l  In  a c o l d  chamber  
a n d  t h e  o t h e r  e n d  t o  a w e l g h t .  Speclmen l e n g t h ,  m a n d r e l  s i r e ,  a n d  welght  sha l l  be  
a s  s p e c l r l e d  i n  T a b l e  M I .  P r o v l s l o n  s h a l l  be made f o r  r o t a t l n g  t h e  mandre l  by 
means o f  a h a n d l e  or control  l o c a t e d  o u t s l d e  t h e  chamber .  The spec imen and  t h e  
mandre l  s h a l l  b e  c o n d l t l o n e d  a t  -65 t 2 C (-85 t 4 P )  for 4 h o u r s .  A t  t h e  end  of 
t h l s  t l m e  a n d  w h l l e  b o t h  mandre l  a n d  spec lmen a r e  s t i l l  a t  t h l s  low t e m p e r a t u r e ,  t h e  
spec lmen s h a l l  be  wrapped h e l l c a l l y ,  for a t  l e a s t  two tu rns  a r o u n d  t h e  mandre l  
w l t h o u t  o p e n i n g  t h e  chamber .  The b e n d l n g  s h a l l  be a c c o m p l i s h e d  a t  a u n l f o n n  r a t e  of 
2 2 1 RPM. A t  t h e  c o m p l e t i o n  of t h l s  t e s t  t h e  spec imen s h a l l  be removed from t h e  
c o l d  box a n d  t h e n  f r o m  t h e  mandre l  w l t h o u t  s t r s l g h t e n l n g .  h e  spec lmen s h a l l  be  
e r a m l n e d  for c r a c k s  In  t h e  l n s u l a t l o n .  The l n s u l a t l o n  s h a l l  t h e n  be removed f o r  a 
d l a t a n c e  of 1 l n c h  from e a c h  e n d  of  t h e  spec imen arid t h e  speclrnen s h a l l  be s u b j e c t e d  
t o  t h e  d l e l e c t r l c  t e s t  ( 8 . 1 6 . 3 )  w l t h  t h e  b e n t  p o r t l o n  s u h e r g e d .  

FINISHED CABLE 

Cable  s p e c l m e n s  s h a l l  be t e s t e d  a s  d e s c r l b e d  In  8 . 1 7 . 1  e x c e p t  t h a t  t h e  u e l g h t  u s e d  
s h a l l  be a u f f l c l e n t  t o  k e e p  t h e  spec lmen v e r t l c a l  and  t a n g e n t  t o  t h e  mandrel  d u r l n g  
t h e  b e n d l n g  o p e r a t l o n .  The mandre l  d l a m e t e r  s h a l l  be a s  shown I n  T a b l e  XVII and 
t h e  spec lmen l e n e t h  s h a l !  be no  less  tP.an 3 t l m e s  t h e  c l r c u m f e r e n c e  of t h e  m a n d r e l .  
A f t e r  removal  f r o n  t h e  c o l d  box t h e  c a b l e  J a c k e t  s h a l l  be e x i m l n e d  for c m c k s .  For  
s h i e l d e d  c a b l e  1 l n c h  t h e  j a c k e t  s h a l l  be remove6 a t  each  end of t h e  speclrnen a n d  
t h e  spec imen s h a l l  be s u b J e c t e d  t o  t h e  d l e l e c t r l c  t e s t  ( 8 . 1 6 . 3 )  w l t h  t h e  b e n t  p o r t i o n  
submerged.  

WIWABILIIY 

Specimens  s h a l l  be t e s t e d  for m a r l c a b l l l t y  In  t h e  a s  r e c e l v e d  c o n d l t l o n .  A t w e l v e  
f o o t  spec lmen s e l e c t e d  a t  random shall he marked u s l n g  normal  h a n d l l n g  p r o c e d u r e s .  
A K l n g s l e y  (or e q u l v a l e n t )  h a t  emboss lng  s i n g l e  s t e p  p r o c e s s  machlne  s b 1 1  be 
u s e d  t o  l r n p r l n t  t h e  spec lmen w l t h  c h a m c t e r a  1 t h r o u g h  5 and  A t h r o u g h  D.  No p o s t  
c u r e  f o r  t h e  m a r k i n g  1s a l l o w e d .  The m a r k i n g  r o l l  s h a l l  be K l n g s l e y  No. K-486 
( o r  e q u l v a l e n t ) .  c o l o r  b l a c k  and  s h a l l  be a p p l l e d  t o  t h e  spec lmen u s l n g  a t y p e  
t e m p e r a t u r e  o f  500 t 50 F.  The p r e s s u r e ,  a n d  d w e l l  t lme s h a l l  be a d J u s t e d  t o  
o b t a l n  t h e  b e s t  plgment  t r a n s f e r  from t h e  r o l l  a n d  t h e  b e s t  m a r k l n g  permanence .  

A f t e r  a l l o w i n g  t h e  spec imen t o  c o o l  for a t  l e a s t  2 m i n u t e s ,  t h e  marked w i r e  s h a l l  
be mounted i n  t h e  spec lmen c lamp of  a G e n e r a l  E l e c t r i c  Repea ted  S c r a p e  A b r a s l o n  
T e n t e r ,  Type 51204031 (or e q u l v a l e n t ) ,  so t h e  r u b b l n g  member w l l l  cor tact  t h e  m a r k l n g .  
A two-pound w e l g h t ,  i n c l u d i n g  t h e  w e l g h t  of t h e  f l x t u r e ,  s b 1 1  be  a p p l l e d  t h m u  h 
t h e  r u b b i n g  member t o  t h e  i m p r i n t e d  m a r k i n g .  
l n c h  wide m l c a r t a  b l o c k  w l t h  1/32 c o m e r  r a d l l ,  c o v e r e d  w l t h  new 0.040 l n c h  t h l c k  
f e l t  c o n f o r m i n g  t o  F e d e r a l  S p e c i f l c a t l o n  C - F - 2 0 6 C .  'Type 111, C l a s s  7A1, c o l o r  grey 
(Amer lcan  F e l t  C o .  No. 3425,  c o l o r  183) .  The s p e e d  of t h e  r e c l p r o c a t l n g  a b r a d i n g  
head s h a l l  be 30 t o  60 c y c l e s  p e r  m i n u t e .  Not l e s s  t h a n  six t es t s  p e r  speclmen 
s h a l l  be made.  A f t e r  t h e  speclmen h a s  been a b r a d e d .  I t  s h a l l  meet  t h e  r e q u l r e m e n t s  
o f  t h e  D l e l e c t r l c  T e s t  8.16.3. 

The r u b b l n g  member s h a l l  be a 3,lt 

.- 
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8 . 1 9  NOTCH S E N S I T I V I T Y  

One l n c h  o f  t h e  i n s u l a t i o n  s h a l l  be removed rrom e a c h  end  3 f  f i v e  2 4 - l n c h  spec lmens  
o f  f l n l s h e d  wlre. A t  t h e  a p p m x l m a t r  c e n t e r  o f  e a c h  spec imen t h e  l n s u l s t l o n  s h a l l  
be n o t c h e d  ( c u t )  t o  t h e  d e p t h  i n d i c a t e d .  The n o t c h  s h a l l  be made w l t h  a commercial  
g r a d e  s t a i n l e s s  s t e e l  s a f e t y  r a z o r  mounted In J s u l t a b l e  g u i d e  t o  c o n t r o l  t h e  
d e p t h  o f  t h e  n o t c h .  The spec lmens  shall t h e n  be wrapped 360' around a mandre l  o f  
t h c  s l z e  shown i n  T a b l e  X V I I I .  w l t h  t h e  n o t c h  on t h e  o u t s l d e  o f  t h e  b e n d .  The 
spec imen shall t h e n  be remcved from t h e  mandre l  and s u b j e c t e d  t o  t h e  d l e l e c t r l c  
t e s t  9.16.3. 

8 . 2 0  SCRAPE ARMSION 

8 . 2 0 . 1  A PPARATUS 

The s c r a p e  a b r a s i o n  t e s t e r  s h a l l  c o n s l s t  o f  a d e v i c e  whlch a b r a d e s  t h e  s u r f a c e  
o f  t h e  wlre l n s u l a t l o n  by means o f  a w e l g h t e d  s c r a p i n g  f i x t u r e .  The s c r a p i n g  
a c t i o n  shall be I n  t o t h  d i r e c t i o n s  a l o n g  t h e  l o n g l t u d l n a l  a x l s  of t h e  w i r e  Tor 
a d l s t a n c e  o f  no l e s s  t h a n  2 I n c h e s  and  a t  a speed o f  30 t o  60 c y c l e s  per m i n u t e .  
The c c r a p l n g  d e v l c e  t h a t  c o n t a c t s  t h e  wlre s u r f a c e  s h a l l  be a h a r d e n e d  s t e e l  
b l a d e  as  shown i n  P i g u m  17. 
t h e  b l a d e  a h s l l  be m a l n t a l n e d  a t  90 f 2 to  t h e  c e n t e r l l n e  o f  t h e  t es t  spec lmen.  
The t e a t  speclmzn s h a l l  be h e l d  t a u t  arid s t r a i g h t  by c lamps  o n  a f l a t  s u p p o r t l n g  
a n v l l .  The d e v l c e  s h a l l  be e q u l p p e d  w i t h  a n  e l e c t r l c a l  c l r c u l t  d e s i g n e d  60 t h a t  
when t h e  s c r a p i n g  b l a d e  Abrades  t h r o u g h  t h e  w l r e  l n s u l a t l o n  and  c o n t a c t s  t h e  w l r e  
c o n d u c t o r  t h e  machlne  w l l l  s t o p .  

Dur lng  t h t  s c r a p l n g  a c t i o n  t h e  v e r t l c a l  a x l a  o f  

6 . 2 0 . 2  PROCEWFE 

One l n c h  o f  l n s u l a t l o n  s h a l l  be removed from one end  o f  a 2 l - l n c h  spec lmen o f  t h e  
f l n l s h e d  w l r e .  The tes t  spec imen s h a l l  be clamped In  t h e  t e a r e r  and  s u b j e c t e d  
t o  t h e  a b r a a l a n  t e s t  u c l n g  t h e  ue;gl i t  e p e c l f l e d  In T a t l e  X I X .  Pour  t e s t s  
s h a l l  be p e r f o r m e d  on t h e  s p e r l m e n  u l t h  t h e  speclmen b e i n g  moved f o r u a r d  b l n c h e a  
and  r o t a t e d  90 d e g r e e s  beLween e a c h  t e s l .  Scrape a b r a s l o n  r e s i s t a n c e  s h a l l  be 
t h e  number o f  c y c l e s  r e q u l r e d  for t h e  s c x p l r l g  b l a d e  t o  a b r a d e  t h r o u g h  t h e  . I r e  
l n s u l a t l o n  and  a t o p  t h e  machlne .  

DIRECTION OF TRAVEL - 
.35 IN. 

I I  B I A  DE 

HARDEED TO 
SAE U2 TOOL STEEL 

41m 1.5 I N .  
L E N G T H  2.0 I N .  u 

- WIRE 

SCRAPE ABRASION BLADE 

FIGURE 17 
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8.21 SHRINKAOE 

A 12- inch  specimen o f  t h e  f l n l s h e d  wire shall be Cut so that t h e  i n s u l a t i o n  and 
conduc to r  a r e  f l u s h  a t  bo th  ends .  The specimen shall then be cond i t ioned  In an  
a i r  c l r c u l a t i n g  oven fo r  t h e  time and a t  t h e  t empere tu re  s p e c i f i e d  i n  5 .4 .17 .  
A t  t h e  end of t h i s  t lme,  t h e  specimen shall be  removed fTD(D t h e  oven and a l l o u e d  
t o  c o o l  t o  mom t e m p e m t u r e .  Sh r lnkage  of  t h e  i n s u l a t i o n  shall t hen  be measured 
as t h e  g r e a t e s t  d l s t a n c e  uh lch  8ny l a y e r  o f  t h e  l n s u l a t i o n  has receded from 
ei ther  end o f  t h e  conduc to r .  The measurement o b t a l n e d  a t  t h e  end showlng t h e  
g r e a t e r  shrlnlcage s h a l l  be  cons ide red  t h e  sh r inkage  o f  t h e  specimen. 

8.22 SMOKE TEST 

Thls t e s t  s h a l l  be conducted  i n  s t i l l  a i r  a t  an  ambient  t empera tu re  of 23 r 3 C 
( 7 3  t 5 P). The speclmen shall c o n s l s t  of a 15 - foo t  l e n g t h  o f  f l n l a h e d  w l r e .  
c l eaned  i n  acco&nce wi th  t h e  procedure  f o r  Oroup I m a t e r l a l s  i n  AS”, D 137L-68. 
The specimen shall be subsequen t ly  handled  wl th  maximum c a r e ,  p r e f e r a b l y  w l t h  
clean g l o v e s ,  t o  a v o l d  even t h e  s l i g h t e s t  con tamlna t lon ,  l n c l u d l n g  d l r e c t  c o n t a c t  
w l th  t h e  f l n g e r s .  The speclmen of w l r e  shall be suspended so t h a t  t h e  c e n t r a l  
1 0 - f o o t  s e c t i o n  is h o r i z o n t a l  and  unsuppor ted .  T*o 1/4 i n c h  c y l i n d e r s  of l n s u l a -  
t l o n  shall be removed rmm t h e  specimen so that t h e  bared  conduc to r  s e c t l o n s  a r e  
c e n t e r e d  on t h e  s p e c h e n  w l t h  t h e i r  l n s i d e  edges  10 f e e t  apar t .  Care should  be 
taken  n o t  t o  damage any  o f  t h e  conduc to r  s t r a n d s .  One end o f  t h e  speclmen shall 
be s u i t a b l y  ue lgh ted  i n  order t h a t  a minimum o f  sagg ing  w l l l  o c c u r  throughout  t h e  
t e s t .  ’he  r e s i s t a n c e  o f  t h e  c e n t m l  10 - foo t  s e c t i o n  o f  t h e  conduc to r  shall be 
measured a t  .room t empera tu re  u s i n g  a Kelv in  Br idge  o r  e q u l v a l e n t .  Prom the 
fo l lowing  e q u a t l o n ,  c a l c u l a t e  t h e  E/I n t l o  n e c e s s a r y  t o  r a l e e  t h e  conductor  
t empera tu re  t o  t h e  va lue  s p e c i f i e d  In  5.4.18. 

Where: E = measured v o l t a g e  d r o p  ove r  t h e  c e n t r a l  10 - foo t  s e c t l o n  of t ne  epeclmen 
( v o l t s )  

I = measured c u r r e n t  (amps) 

ta = 

Re = measured r e s i s t a n c e  o f  c e n t r a l  l o - f o o t  s e c t l o n  of t h e  epeclmen a t  

measured mom ambient  t e m p e r a t u r e  ( d e g r e e s  c e n t i g r a d e )  

t empera tu re  ta (ohms) 

T - 2 5 0 * 3 c  

I t empera tu re  T (ohms) 

( d e g r e e s  c e n t  i g r a d e )  

E = c a l c u l a t e d  r e s i s t a n c e  o f  t h e  c e n t r a l  10 - foo t  s e c t l o n  of speclmen a t  

K = t empera tu re  c o e f f i c i e n t  of r e s i s t a n c e  f a c t o r  of conduc to r  m s t e r l a l  

234.5 f o r  t i n - c o a t e d  copper  

279.0 f o r  s l l v e r - c o a t e d  h i g h - s t r e n g t h  copper  a l l o y  

A measured e l e c t r i c  c u r r e n t  s h a l l  be e s t a b l i s h e d  i n  the  conduc to r  by app ly lng  a 
v o l t a g e  a c r o s s  t h e  ends  o f  t h e  conduc to r ,  be lng  careful t o  e n s u r e  good e l e c t r l c a l  
c o n t a c t .  ’he  v o l t a g e  d r o p  shall be measured o v e r  the c e n t r a l  IO-foot  s e c t l o n  
o f  t h e  conductor .  The c u r m n t  shall be a d j u s t e d  so t h a t  t h e  conduc to r  t empera tu re  
s t a b i l i z e s  a t  250 t 3 C .  This conduc to r  t empera tu re  s h a l l  be ma in ta ined  for 15 
minutes  d u r i n g  uh lch  tlme t h e  specimen shall be examined f o r  ev idence  of v l s l b l e  
smoke. A f l a t - b l a c k  background shall be used for t h i s  t e s t .  
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8 . ? 3 . 1  

8 .23 .2  

8 . ? 3 . 3  

-ACE RESISTANCE 

SPECIMENS 

The s p e c l m e n s  s h a l l  c o n s l s t  of 6 - i n c h  1 c n C : ' s  o r  finished w l r e ,  c l e a n e d  In  
a c c o n i a n c c  u l t h  Lhe p r o c e d u r e  for Group I m n S ' . C 7 l X l s  I n  AS"n D 1 3 7 1 .  The s p e c l m e n s  
s h a l l  s u b s e q u e n t l y  be har ld led  i r l t h  naxlmum c - ' ~ i ,  o ~ f e r . s b l y  u l t h  c l e a n  g l o v e s ,  
to n v o l d  e v e n  t n e  s l l g h t e s t  c o n t s m l n a i l o r t ,  : n ~  :ud! r ie  d l r e c t  c o n t a c t  w i t h  t h e  
f l n e e r s .  Each c l e d n c d  r,occlmen s h a l l  t k  p w v l d e d .  n e a r  I t s  c e n t e r ,  w l t h  two 
e l e c t r o d e s  s p a c e d  1 . 0  ! 0.05 l n c h  apar: t.eL.*Ct'n t h e i r  tiearest e d g e s .  Each 
e l e c t r o d e  s h i l l  bc 3 p p r o i l m a t e l g  I / ?  lr.ct. w!$?lc a ~ - ~ r l  sl?>ll  c o n l r l a t  o f  c , - JnJuc t lve  
s l l v e r  p a l n t  (h Ponl O f 1 7  o r  e q d l v a l e n t )  p*lriLisd l r 3 u n d  t h e  c l r r u m f e r e n r e  of 
t h e  s p e c i m e n .  E l e c t r l c a l  c o n r e c t l o i i  t ?  the 6i-y electrodes mi)' k p a l e  b y  wrapp1r.g 
s e v e r a l  t u r n s  of  f l n c  ( A ' f G  s:ze 2 7  ar f l r t e r )  t : r , - c o a t t d  c o p p e r  v l r e  a r o u n d  t h e  
e l e c t r o d e ,  l r a v l r l e  3 f r r e  e n d  of t h e  fli!? u l r e  of s i l f f l c l r - n t  l e n g t t ,  f o r  s o l d e r l r i g  . t o  t h e  e l e c t r l c a l  l e a d  u l r e s  l n s l d e  t h ?  t e s t  c!iambcr. 

TEST CHAMTIER 

The t e s t  chamber  S h a l l  be a P l u e  M C o . ,  k d e :  FR-1303A or e q u i v a l e n r  or s h a l l  be 
a 3  shown l n  P l g i l r e  1 8 .  h m b l r n t  c o n d l l l o n a  for L h 1 3  t e s t  s h a l l  be a r e l a t l v e  
h u m l d l t y  o f  3: t 5 p e r c e n t  aiid a t r i n p c m t i l r e  o f  2 7  ! 3 C ( 7 3  ? 5 P). The t e s t  
chamber  shown I n  P l g u r e  1 8  1 s  a t i g h t l y  c c v e r r d  r e r t n n g u l a r  g l a s s  v e s s e l  c o n t a l n l n g  
a r e s e r v o l r  o ?  s q u e o u s  s o l u t l o n  t o  m a l n t a l n  t h e  W G u l r e d  m l a t l v e  h u m l d l t y  ( s e e  
AS% E 104) arLd a h u m l d l t y  g a g e ,  wheii a 3 p l l c a b l e .  o t s e r v z b l e  from o u t s i d e  t h e  
chamber :  t o  l n d l c a t e  t h e  r e l a t l v c  h u i n l d l t y  a C t u a l ; y  . i t t 4 l n e d .  On t n e  two l o n g  
s l d e s  of t h e  v e s s e l .  t ! n - c o a t e d  A # G  s l z e  l? s3 l :d  c o p p e r  l e a d - u l m s  p e n e t r a t e  
a n d  a r e  permaner i t ly  s e a l e d  l n t o  t h e  p n r a f f l r .  w3x c o l l a r  snown I n  F l g u r e  I L ,  a t  
l n t e r v a l s  o f  a p p m x 1 : n a t e l y  1 l n c h  and  a t  l e P S t  1 l n c h  f r o m  a n )  e d  e 4 3  a n  
a l t e r n a t e  t h e  l r i d s  may be 1 n s u l . l t e C  i f i t ' .  ~ 3 : g : c l r ~ ~ f l u o r 3 e t h ) ' l e n e  f T k )  and  
b r o u g h t  o u t s l d e  of t h e  chamber  t h r o u g h  p a r n f T I n  .ax, s l l l c o n e  s t o p c o c k  g m s s e ,  
o r  TPE b u s h i n g s ,  p r o v l d e d  a t  l e a s t  ? l n c h e s  ? f  TI+' ! n s u l a L l o n  e x t e n d  beyond t h e  
s e 3 l  l n s l d e  t h e  c h a n t e r .  The c h i m b e r  c o v e r  !s lubricated w l t h  s l l t c o n e  s t o p c o c k  
&re.rse t o  m l n l m l z e  l n t e r c h n n & e  of a l r .  The c . ; e c t r l c a l  r e s l s t a n c e  of t h e  c n a m t e r ,  
m e a s u m d  a c r o s s  t h e  I c a d  Y l r e S  u n d e r  t h e  z p r c l ' l t d  t e s t  c o n d ! t ; o n s  o r  r e l a t l v e  
h m l d l t y  a n d  t c m p e r d l u r e  3ilt wl:h no s p e r l n c n s  l n  p l s c e ,  s h a l l  ir s m1n:mum o f  
one  m l l l  l o n  meeohms. 

PPOCEMIE 

I!lth t h e  s p e c l m e n s  a n d  e l e c t r o d e s  p r e p a r e d  a s  s p e c : f l e d  I n  8 . 2 3 . 1  t h e  e l e c t r o d e s  
s h a l l  1e c o n n e c t e d  t o  t h e  l e a d  w l r e s  I n  t h e  t e s t  c h a m b e r .  I n  a l l  c 3 s e c .  t h e  'dire 
s p e c t m e n s  sha : l  t e  l a s t ? l l e d  80  t h a t  t h c l r  erLds  d m  a m1n:mum o f  one  1r.ch f m n :  
t h e  w a l l s  o f  t h e  c h 3 n b e r .  The covt ' r  of t h e  Chamher s h a l l  be  puL I n  p l a c e ,  and  
t h e  t e s t  a s s e m h l l e s  3'1311 be c o n d l t l o n e d  f o r  96 h o u r s  a t  t h e  r e l a t l v e  h u m l d l t y  
a n d  t e m p e r 3 t u - i  spec1: ' lcd :n @.?3.?. The r e s i s t a n c e  b e t w e e n  t h e  e l e c t r o d e s  ah311 
t h e n  be !ncasilre.i us: r4g  a X v o l t a g e  3 f  200 t.7 500 v o l t s ,  w h l l e  t h e  spec:mrns 
a r e  ~ . L l l l  w l t h l r  tile L E : L  chamber a f t e r  a I-m1nv:e e l e c t r l f l c a t l o n .  The s u r f a c e  
r e s i s t a n c e  s h i l l  he computed 1.y m u l t l p l y l n g  :he m e a s u r e d  r e s l s t a n c e  v a l u e  by 
t h e  m e a s u r e d  o v e r a i l  d l a m e t e r  of t h e  spec l luen  I n  I n c h e s .  P o l l o u l n g  t h e  l n l t l a l  
r e s t a t a n c e  m e a s d r e m e n t ,  a 2500 v o l t  nns 60 Ht v o l t a g e  s,hall b e  a p p l l e d  
be tween e l e c t r o d e s  f o r  a p e r l o d  of 1 m l n u t e .  Thcre s h a l l  be n o  c v l d e n c e  or  
d l s t r e s s  s u c h  a s  a r c i n g ,  smoklng  o r  b u n . l n g ,  r l l s h o v e r ,  o r  d l e l e c t r l c  i a l l u r e .  
After a d l s c h a r g e  i n t e r v a l  of 15 t o  20 m i n u t e s  f o l l o w l n g  t h e  v o l t a g e  t e s t ,  
t h e  s u r f a c e  r e s l s t a n c e  s h a l l  be remeasured  a n d  c o m p u t e d .  F o t h  v a l u e s  of computed 
s u r f a c e  r e s l s t a n c e  e n a l l  be g rea te r  t h a n  t h e  mlnlmum s p e c l f l e d  I n  5 . u . 1 9 .  
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8.76.1 

TAPE ABRASIOI.  

PROCEDURE I 

The t e s t  s h a l l  be c o n d u c t e d  on a n  s t t r a s l o n  t e s t l n g  m a c h : n ~  c q i i r o n n l n g  t 3  
MIL-T-543P, e x c e p t  that t h e  machlne  s h a l l  be m o d l f l e d  o r  s u p p l e m e n t e d  b y  a 
d e v l c e  t o  d e t e r m l n c  t h e  l e n g t h d l s e  t e n s l o n  o f  t h z  u l r e  s p e c l n e n  when I t  1 s  
c lamped l n t o  t h e  m a c h i n e .  The a b r a s l v e  t a p -  S h a l l  be a: s p e c l C i e d  1n M T I - T - 5 4 3 8 .  
One l n c h  o f  t h e  l n s u l ~ t l c n  a t , i 1 1  be removed from one  eiid o f  a 3 0 - l r i c t ~  s p e c l m e n  
o f  t h e  f l n l s h e d  wlre a n d  t h l s  e n d  s h a l :  be cnr inec ted  t o  t h e  . ? c t e c t l o r l  c l r c u l t  
o r  t h e  t e s t e r .  The s p e c l m e n  s h a l l  ! e  c lamped l n t o  t h e  t r r t e r .  u s l n g  t h e  l e n g t h -  
wise t . e n s l l e  103d, t h e  w e l g h t - : s ~ p p s r t  b r a c k e t  and Lh? v e r t l c a !  i e l g h t  s p e c l f l e d  
I n  Tab:e  X X .  The s p e c i m e n  3h311  the18 be a t r a d e o  L L  t h e  s t d r t  o f  e a c h  m e a s u r e -  
ment  t h e  c e n t e r  o f  a c o n d u c t i n g  ~ t r l p e  s h a : ]  be a t  t h e  po:nt o r  c o n t a c t  w l t h  
t h e  w l r e .  The r e a d i n g  o f  e a c h  measurement  s h a l l  be t h e  l e n g t h  o f  a b r a s l v e  t a p e  
I n  l n c h e s  t o  come i n  c o n t a c t  v l t ?  t k e  u l r e  l n s u l a t l o r l  t Q  t h e  p o l n t  wbere  t h e  
machine s t o p s .  ACter e a c n  reading ’.he s p e c l m e n  s h a l l  t e  moved r o r w a t d  2 l n c h e t  
a n d  r o t a t e d  c l c c k u l s r  TO J e g r c c s .  E l e h t  r e a d l n g s  shr.11 t e  o t t a l n e d  To: e a c h  
s p e c l m e n .  An a v e r a g e  s h a l l  Le 3 o t a l n t . d  by c a l c u l a t l n g  tP.e a r ! t h m e t l c  meart o f  
a l l  t h e  r e a d i n g s  which  n r e  I n d : v l J u a i l y  l ess  t h a n  t h e  a r l t h m € L . i c  meari o f  a l l  t h e  
e l g h t  r e a d l n g s  per s p e c l m e n .  P . 1 9  a v - r a g e  s h a l l  d e f l n e  t h e  a k r * s l o n  r e s l s t a n c e  
o f  t h e  spec l inen  u n d e r  t e a t .  

PROCEDURE I 1  

The t e s t  method s b l l  t.e I n  n c c s d a n 2 e  w l t h  P-ocedurc 7 .  e ~ c e p t  ch.-t t h ?  a b r a d a r l t  
o r  t h e  a b r a s l v e  c l o t h  tip2 sh?.!l he a’cmlnum o x l d e .  g r : :  L C O .  and t h e  J e t e c t l o i :  
c r o s s  s t r lpes  Cf cor .duc t ;va  s . l r e r  p a : n t  01, t h e  tape s h ; : ,  t r  ; / L  l n c h  b l d e  sp, i , :~J  
3 l n c h e 3  3 c a r t ,  c e n t e r  t o  c e n t e r  

- 

THEMAL SllOCK RFSISTANCE 

PREPAMTIC‘: @F SPECTKEN 

A s p e c l m e n  o f  w l r e ,  
o r  i n s u l a t i o n  f rom e 
d l c u l s r  t o  t h e  a x l f  o f  t h c  wire, s t . a i 1  ‘Jc. usc.1 t u  c u t   he : n s l ; l i t l o n  f o r  Lhe 
r e m o v n l  o p e r a t l ? n .  lY.e l e n g r t  ,r e x p o s e 3  c:nodc:sr it C I C ?  e n ?  3:‘ t h e  r - , . ’ . - :mcr .  

TEST PROCXUQE 

The s p e c l m e n  s h a l .  be c o n d l t l o n e d  f o r  30 m l n d r e s  In a p ~ e r ~ e a t e d  a ! r - c l r c k l a t l n g  
ovc‘r, a t  t h e  t e c p c r i t . i i e  s p e c 1 f : e d  :n 5 . 4 . 7 1 .  ’;he spec : r ren  ther .  s h a l l  be removed 
from t h e  over. a n d  w l t t i l n  L W ~  t?: t ,u tcs .  p l a c e J  : f ,  J cr ,nl-mber  u h l c h  has  b e e n  p r e c  0;ed 
t o  -55 i ? C ( - 6 7  i 4 P). I t  s: la11 be  e x p v r e d  t o  : h : s  : e m p e r a t i r e  f o r  30 mlnule: .  
a f t e r  whlch  I t  s h a l l  b e  removed a n d  a l l o w e d  a mln!num 0: 30 m l n u t e s  t o  r e t u r n  t o  
room t e m p e r a t u r e ,  70 t o  25 C (65 t o  77 P ) .  A t  t h e  c o n c l d s l o n  o f  t h l s  c y c l e ,  t h e  ’ 
d l s t a n c e  from t h e  e n d  o f  e a c h  l a y e r  o f  l n a u l ~ t l o n  t o  t h e  e n d  o f  t h e  c o n d u c t o r  s n n l  
be m e a s u r e d  to t h e  n e a r e s t  0 . 0 1  i n c h .  T h l s  t h e m 1  shock  c y c l e  a n d  t h e  m e a s u r e -  
m e n t s  s h a l l  be  r e p e a t e d  for a n  a d d l t l o n a l  t h ree  c y c l e s  ( a  KOtdl o f  f o u r  C y c l e s ) .  
Any m e a s u r e m e n t  v a r y i n g  rmm t h e  ?rlcfral n e i s c r e m e n t  by mare t h a n  t h e  am3unt  
s p e c l f l e d  l n  5 . 4 . 2 1  shall c o r . s t l t u t e  f a l l u r e .  P l a r t n g  o f  a n y  l a y e r  s h a l l  a l s o  
c o n s t l t u t e  f a l l u r e .  

E I G H T  

The w e l g h t  o f  f i n i s h e d  w l r e  o r  c a b l e  s h a l l  be d e t e r m i n e d  by P r o c e d u r e  I ,  (8.26.1). 
W i r e  or c a b l e  f a l l i n g  t o  meet t h e  w e i g h t  n?qUi!-emenLa f o r  t h e  a p p l i c a b l e  w i r e  
cons : . ruc t lon  when t e s t e d  l n  a c c o r d a n c e  w l t h  P r o c e d u r e  I s h a l l  be s u b j e c t e d  LO 
P r o c e d u r e  I1 (826 .2). A l l  r e e l s  or s p o o l s  o f  wlre or c a b l e  f a l l i n g  t o  meet t h e  
r e q u i r e m e n t s  f o r  t h e  a p p l i c a b l e  wlre c o n s t r u c t i o n  when t e s t e d  l n  a c c o r d a n c e  w i t h  
P r o c e d u r e  I1 s h a l l  h e  r e j e c t e d .  The s a m p l l n g  p l a n s  o f  7 . 3 . 1  a r e  n o t  a p p l i c a b l e  
i n  P r o c e d u r e  11. 

PROCEDURE I 

The l e n g t h  a n d  w e l g h t  of a s p e c i m e n  a t  l ea s t  1 0  f e e t  l o n g  s h a l l  be a c c u r a t e l y  
m e a s u r e d  w l t h  t h e  r e s u l t a n t  m e a s u r e m e n t s  c o n v e r t e d  t o  pounds  p e r  1000 f e e t .  
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8.26.2 PROCEIXlRE I1 

8.28 

9 

9 . 1  

The n e t  w e l g h t  o f  t h e  f l n l s h e d  wire or c a b l e  on  e a c h  reel or s p o o l  s h a l l  be O b t a i n e d  
by s u b t r a c t l n g  t h e  tare w e l g h t  o f  t h e  r e e l  or s p o o l  f r o m  t h e  gross w e i g h t  o f  t h e  r e e l  
or s p o o l  c o n t a l n l n g  t h e  f i n i s h e d  wire o r  c a b l e .  The n e t  weight  o f  w i r e  or c a b l e  on 
e a c h  n e 1  or s p o o l  shall b e  d i v i d e d  by t h e  a c c u r a t e l y  d e t e r m i n e d  l e n g t h  o f  f l n l s h e d  
wire or c a b l e  on t h a t  reel  or s p o o l  a n d  t h e  r e s u l t  c o n v e r t e d  t o  pounds p e r  lo00 f e e t .  
When wood o r  o t h e r  m o l s t u r e - a b r o r b e n t  materials a re  u s e d  for reel or spool c o n s t r u c -  
t i o n ,  w e l g h t  d e t e r m l n a t l o n s  shall be -de u n d e r  e s s e n t l a l l y  t h e  same c o n d i t i o n s  o f  
r e l a t i v e  h u m l d l t y .  

WICKING 

A spec lmen o f  e a c h  f i n i s h e d  wlre s i r e  t o  b e  t e s t e d  s h a l l  be c u t  6 f 1 / 1 6  l n c h e s  
w l t h  s q u a m  e n d s .  The speclmen aha11 be v e r t i c a l l y  immersed fo r  t w o  l n c h e s  o f  
i t s  l e n g t h  i n  t h e  f l u o r e s c e n t  d e s o l u t l o n  d e f l n e d  below, c o n t a l n e d  l n  a n  open  
t e s t  t u b e  a n d  c o n d l t l o n e d  for 2g h o u r s  a t  room t e m p e r a t u r e  I n  a d r a f t - f r e e  room. 
The f l u o r e s c e n t  d y e  s o l u t l o n  aha11 be p r e p a r e d  by d l s s o l v l n g  0.02 g r a m  o f  Rhodamlne e 
dye  I n  a m i x t u r e  o f  2 l l t e r s  or d l s t l l l e d  w a t e r ,  30 C C  o f  e t h y l  a l c o h o l  c o n f o n l n g  
t o  KIL-A-6091, a n d  3 c c  o f  a n  a n i o n l c  w e t t i n g  a g e n t  c o n f o m l n g  t o  MIL-D-26937. 
A f t e r  t h l s  c o n d l t l o n l n g ,  t h e  spec lmen s h a l l  be  removed from t h e  f l u o r e s c e n t  dye  
s o l u t l o n  a n d  e x c e s s  s o l u t l o n  on t h e  s u r f a c e  shall be removed l m e d l a t e l y  from t h e  
two l n c h e s  l m e r s c d  by w l p l n g  g e n t l y  w l t h  a c l e a n ,  d r y ,  l i n t - f r e e  c l o t h .  The c o a t i n g  
shall be n m o v e d  from t h e  speclmen a n d  t h e  o u t s l d e  o f  t h e  p r i m a r y  l n s u l a t l o n  and  
t h e  l n s l d e  o f  t h e  c o a t i n g  s h a l l  be examined f o r  e v i d e n c e  o f  f l u o r e a c e n t  dye  u s l n g  a n  
u l t r a v l o l e t  s o u r c e .  For  Types  VII I ,  I X ,  X a n d  XI wlre t h e  p r l m a f y  l n s u l a t l o n  s h a l l  
a l s o  be examlned  f o r  w l c k l n g  between e x t r u s l o n  l a y e r s .  The d l s t a n c e  t h a t  t h e  
f l u o r e s c e n t  d y e  h a s  wicked above t h e  two-lrdch p o r t l o n  o f  lmnersed  s p e c l m e n  s h a l l  be 
r e c o r d e d  a s  t h e  d l s t a n c e  o f  wlcklng. 

F o r  w l r e  s l z e s  14 and  s m a l l e r .  a 1 2 - l n c h  spec lmen of  f l n l s h e d  w i r e  s h a l l  be b e n t  
back on l t s e l f  a t  t h e  m l d - p o r t i o n ,  on a r a d l u s  n o t  less than  t h e  r a d l u s  o f  t h e  w l r e .  
and one end  o f  t h e  spec lmen shall be wound t l g h t l y  a r o u n d  t h e  o t h e r  end  a s  a mandre l  
f o r  a t o t a l  o f  f o u r  c l o s e  t u r n s .  The e n d s  Of t h e  spec imen shall be  l e f t  u n s e c u r e d  
t o  p e n n l t  unhampered r e l a x a t l o n  o f  t h e  t u r n s .  Fo r  w i r e  s l t e d  12  a n d  l a r g e r ,  t h e  
m l d p o r t l o n  o f  a 1 2  t o  24 i n c h  apeclmen o f  f i n i s h e d  w l r e  shall be wrapped a r o u n d  a 
mandrel  f o r  4 C l o s e  t u r n s  and  t h e  e n d s  s e c u r e d  t o  t h e  m a n d r e l .  The m a n d r e l  d l a m e t e r  
s h a l l  be a p p r o x l m a t e l y  1 0  t l m e s  t h e  f l n l s h e d  wlre d l a m e t e r .  The s p e c l m e n  s h a l l  t h e n  
be c o n d l t l o n e d  In a n  a i r  oven a t  t h e  t l m e  a n d  t e m p e r a t u r e  s p e c l f l e d  i n  5.4.26. A t  
t h e  end of t h l s  p e r l o d .  t h e  ~ p e c l m e n  s h a l l  be v l s u a l l y  examlned ,  w i t h o u t  t h e  a i d  o f  
m a g n l f l c a t l o n  f o r  c r a c k s .  

MATERIAL I DENT IF1 CAT ION 

TYPE I ,  I t I ,  V, V I  AND V I I I  THROUGH X I 1 1  CIASS 1 

Type I ,  1 1 1 .  V .  V I  a n d  VI11 t h r o u g h  XIII, C l a s s  1 Wire o r  c a b l e  s h a l l  be  i d e n t i f l e d  
by p e m n e n t  p r l n t e d  m a r k l n g  a p p l i e d  t o  t h e  o u t e r  s u r f a c e  o f  t h e  f l n l s h e d  wlr-e o r  
component w l r e  a s  a p p l l c a b l e .  The m a r k l n g  shall b e  p l a c e d  a t  l n t e i w a l s  a l o n g  t h e  
l e n g t h  o f  t h e  w i r e .  S p a c l n g  between t h e  l a s t  a n d  t h e  f i r s t  l e t t e r  of a d j a c e n t  
marklne  s h a l l  be  6 l n c h e e  ( n o m l n a l )  on w l r e  s l z e s  14 a n d  l a r e e r  a n d  3 l n c h e s  ( n o m l n a l )  
on  wire s i z e s  1 6  a n d  s m a l l e r .  

The p r l n t e d  l d e n t l f l c a t l o n  s h a l l  coros ls t  o f  t h e  f o l l o w l n g :  

a .  Wlre Part Number 

b. M a n u f a c t u r e r ' s  Code Number or T r a d e  Mark ' 

EXAMPLE: v42A/1/1-20 , 
INDICATES: W S  l3-42~ Type 1 Class 1 S i z e  20 

M a n u f a c t u r e r ' s  Code Number - 

. ' .  , 

R 
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-. 

.- u1 i TY-O[I:H X I I ; ,  r:;,;z2- :R CREATE? CK 9.2 - 
p p e  I t l i roggh X I I I ,  Clash 2 or g r e a t e r  c a h l e  s h a l l  be l d c r t i f i e d  a s  o u t l i n e d  i n  
9.1 b u t  o n l y  on t h e  r e d  u l r e .  The c a b l e  l d e n t l f l c a t l o n  S h a l l  be  l m p r l n t e d  on t h e  
u l r e  a t  I n t e r v a l s  of 6 i n c h e s  ( n o m i n a l )  a n d  shall c o n s i s t  of t h e  f o l l o u l n g :  

a .  W l r e  P a r t  Number 

b .  Maariufacturer ' s  Code Number Or T r a d e  nark 

f l  I 3 ' .  
WNCL 

INDICATES : 

KT:.:UlM PFYLNTAGE OP FQOTACE I N  SHIt7~:nN'I 
WITH LENGTHS GREATER THAN: 

5000 2500 lo00 500 250 100 
FEET FEET FEET FEET FEET FEET 

BHS 13-42A Type 111 C l a s s  4 S i z e  20 
U a n u f a c t u r e r ' s  Code Number 

I I '  

9 .3  MIXING C O L q R  A N D  SIZE 

70 
00 

~ 70 
60 
4 0  

The c o l o r  of t h e  marking  on  C l a s s  1 w l r e  or c a b l e  shall be as n e a r  as p o s a l b l e  to  
t h e  l i g h t  g r e e n  l l m l t  or MIL-STD-lWA, C l a s s  1 .  The c o l o r  o f  t h e  m a r k l n g  o n  t h e  
r e d  u ? r e  I n  Class 2 or g r e a t e r  c a b l e  shall be b l a c k  w i t h i n  t h e  l l m l t e  of  HIL.-STD-l04A, 
C l a s s  1 .  The c h a r a c t e r s  shall be  p e n n a n e n t  a n d  of s u f f l c l e n t  a l z e  t o  be l e g i b l e .  
Vhen t h e  f l n l s h e d  w l r e  d l r m e t e r  i s  0 . 0 5 4  i n c h  or less the l d e n t l f l c a t i o n  m a r k l n g  
s h a l l  be a p p l i e d  u l t h  t h e  v e r t i c a l  a x e s  of t h e  c h a r a c t e r s  l e n g t h w i s e  o f  t h e  u l r e .  
The p r l n t  s h a l l  meet t h e  requl re .nenLs  or 3 . 4 . 3  when t e s t e d  I n  a c c o r d a n c e  v l t h  8 .9 .  

PACKAGING AND MARKING 

10.1  P A C K A G I N G  A N R  PACKING 

1 0 . 1 . 1  V I R &  A N D  CABLE 

'd:re and  c a b l e  s h a l j  be d e l i v e r e d  wound on r e e l s  or s p o o l s  i n  a c c o r d a n c e  u l t h  1 0 . 1 . 2 .  
U n l e s s  a t h e r u l s e  s p e c t r i e d  i n  t h e  p d r c h - t s e  s r d e r ,  t h e  mlnlnlum a c c e p t a b l e  f l n l s h e d  
u l r e  i e n g t t , r  s h a l l  conform t o  T a b l e  X X I .  The u l r e  s h a l l  be u3ur.d a n  t h e  r e e l  or 
S D O O ~  In  cut', 3 ;LI..I,. I ;:,a s l ,  e r d s  a r e  a c c e s s i b l e .  

TABLE X X I  

FINISHED Y I 9 F  LENGTHS (TYPE I V A N D  VI11 THROUGH XI)  

30 - 26 
?h - 20 

18 
16 

l b  - 10 
8 - 4  
2 - 0000 

I 10 
~ 39 

10 

95 
95 
95 
80 
70 

98 
lcx) 

98 
90 
80 
60 

100 

100 
100 
100 

100 
100 
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10.1.2 REELS A N D  SPOOLS 

Reels And spools shall be of A non-returnable t y p e .  Each reel or spool shall have 
an appropriate d l a a e t e r  f o r  the  re rpec t lve  w i r e  s l t e .  In no case shall the  barml 
of t h e  r e e l  or spool have a diameter leas than 3-1/2 inches. 
be s u l t a b l y  f in i shed  t o  prevent corrosion under typicAl s torage  and handllng 
condl t lons.  

Reels And spools s b l ]  

10.1.3 CONTAINERS 

Unless otherwise s p e c i f i e d  i n  the  purchase order, e l e c t r l c  W l r e  or cable  shall be 
del ivered l n  8tand~l .d  c o m e r c i a 1  conta iners  00 cons t ruc ted  a s  t o  ensure acceptance 
by cornon or o t h e r  carrler for Mfe t r a n s p o r t a t i o n  a t  the  lowest r a t e  t o  the polnt 
of del ivery .  

10.1.4 HAKIN0 

Each paclcage and each reel or spool aha11 be durably And leg lb ly  marked t o  g i v e  the 
followlng lnformatlon: 

a .  b e i n g  H a t e r l a l  S p e c l f l c a t i o n  13-42A 

TIpe , C l A O s  , Sire  

b. Hanufac tur r r ' s  Part Number 

E .  Total and ind iv idua l  W i r e  or Cable Lcngth i n  Feet 

d .  Order o r  Indlvldual  U l r e  o r  Cable Lengths A s  Put on Shlpplng Reel 

e .  Purchase Order Number 

f. h u r a c t u r e r ' s  Name 

g .  Gate o f  Manufacture 

h .  Manufacturer's Lot Number 

NOTE: b ,  c ,  d ,  g ,  a n d  h may be omltted on conta iners  used for the s h l p p l n g  of 
r e e l s  or s p o o l s .  

I .- 
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QUALIFICATION, SUPPLER A N D  PURCHASER INSPECTION T%ST 

TYPE I .  V AND V I 1 1  THROUOH XI V I E  

TEST REQUIRPXENTS 

ACCELERATED AOINC 5.4.1.1 
BIDCKIHG 5.4.2 
COLOR 3.4. 
COLOR A N D  C O U R  STRIPKNG DURABILITY 3.4 
CONCENTRICTY 5.4.3 
CONDUCTOR DIA)3ETER 5.2.1.4 
CONDUCTOR ELONGATION A N D  TENSIIE STRENOTH 5.2 .l. 3 
CONDUCTOR RESISTANCE 5.4.4 
CONDUCTOR STRANDR(0 5.2.1 .l. 
DEFORMATION 5.4.5 
DURAl3ILITY OF IDENTIFICATION * 9.3 
FINISHED WIRE DIAHETER APPLICABLE WIRE TYPE k CUSS 
P U M  BI LITY 5.4.7 
HUMIDITY RESISTANCE 5.4.8 

IDENTIFICATION OF PRODUCT 9.  
RlMERSION 5.4 -9  
IMPULSE D I " R 1 C  5.4.10 
INSUIATION ELONOATION A N D  TENSILE STRENOTH 5.2.1.5.3 
INSUUTION RESISTANCE 5.4.11 
LIFE CYCLE 5.4.12.1 
LOU RIPERATUFE (COLD PEND) 5.4.13.1 
K4 I(KA BI L ITY 5.4 .14  
NOTCH SENSITIVITY 5.4.15 
RMOVABILITY OF INSULATION 5.2.1.5 
SCRAPE ABRASION 5.4.16 
SHRINKAGE 5.4.17 
SMOKE 5.4.18 
SURFACE RESISTANCE 5.4.19 
TAPE ABRASION 5.4.20 
%MAL SHOCK RESISTANCE 5.4.21 
VISUAL A N D  DMENSIONAL 5.4.23 
YEIOHT APPLICABLE W I R Z  TYPE de CUSS 
WICKING 5.4.24 
WORKMANSHIP 5.425 
WRAP-BACK 5.4.26 
TIN COATWO 5.4.22 12) 

Applicable t o  ripe V I 1 1  through XI only. 

Applicable t o  Type I VIIX and X only. 

TEST TeST 
E T H O D  OROUP 

8 . 2 . 1  i1 

8.3 
8.1 1 

8.9 
8 . 4  11 
8.1 1 

8.5 
8.6 
8.1 1 
8.7 
8.9 
8.1 1 
8.10 
8.11 
8.1 1 

8.12 
6.13 11 
8.14 11 
8.15 11 
8.16.1.1 
8.17.1 
8.18 
8.19 
8.1 
8.20 
8.21 11 
8.22 
8.23 
8.24.2 
8.25 
8.1 1 
8.26 11 
8.27 
8.1 1 
8.28 11 
8.1 11 

- .  - 
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MBLE X X I I  (Continued) 

QUALIFICATION, SUPPLIER AND PURCHASER INSPECTION 

l Y P E  111, N, VT, VII, XI1 A N D  XI11 CABLE 

TEST 

ACCBLERAUTED AOINO 

BIAXKINO 

COLOR 

DIELECTRIC STRWOTH- 

DmENSIONS 

LXJQABILITY OF IDENTIPICATION 

P U W B I L I T Y  

ICIKERSION 

IMF‘UISE DIELECTRIC 

IDENTIPICATION OF PRODUCT 

JACKET CONCENTRICITY 

REQUIREllENTS 

5.4.1.2 U, 
5 . 4 . 2  

3.4 

5 . 4 . 6  

APPLICABLE CABLE TYPE k C U S S  

9 . 3  

5 .4 .7  

5 . 4 . 9  

5 .4 .10  LS> 
9 .  

5 .4 .3  

TEST 
MEI”OD 

8 . 2 . 2  

8.3 
8.1 & 8.9 

8.8 

8.1 

8 . 9  

8.10 

8.12 

8.13 

8.1 

8.4 

. T A C I ( E T  EIDNOATION A N D  TENSILE STREHOTH 5 . 2 . 2 . 2  8.14 

L I F E  CYCLE 5 .4 .12 .2  TS, 8.16.1.2 

LOU TMPERATURE (COLD BEND) 5.4. .13.2 TS, 8.17.2 

S H I E L D  COVERAOE 5 . 2 . 2 . 1  4 . 5 . 3  14> 
VISUAL AXD DIMENSIONAL 5.4 .23  8. I 

VEIOHT APPLICABLE CABLE TYPE & C U S S  8.26 

YOFKMANSHI P 5.4 .25  8.1 

U) 
14> of  M I L - C - 7 0 7 8  

The d i e l e c t r i c  breakdown t e a t  is not required for Type I V  and V I 1  cable 

Appl lcable  t o  Type 111, V I ,  X I 1  and X I 1 1  o n l y .  

TEST 
OROUP 

I 

11 

- 1  

I1 

I 

I 

I1 

I 



1. 

2. 

2.: 

2.1.1 

2.1.2 

::- 
IG 

SCOPE 

WIRE: ELECTRIC, ALKANE-PIIDE 
INSULATED, COPPHFl AND CClP?E?. ALLOY, 

00" TOOPF(J5QCI 

BOEJNG MATERIAL SPECIFICATION 
Q.C.  

M A T ' L  ,&A, 

a .  This s p e c i f i c a t i o n  covers  c r o s s l l r ~ k e d  alkane-imide polymer i n s u l a t e d  copper  
and copper a l l o y  v i e  and c a b l e .  This s p e c i f i c a t i o n  r e q u i r e s  q u a l i f i c a t i o n  
of products .  

b .  RATIKG 

The w i r e  o f  this s p e c i f i c a t i o n  i s  r a t e d  f o r  t h e  folloi&:g c o n d i t i o n s .  

(1) ' h e n  o p e r a t l n g  p o t e n t i a l s  do not  exceed 600 v o l t s  ( F H S ) .  

( 2 )  )!here any c o m t i n a t i o c s  of ambient temperature  and conductor  c u r r e n t ,  f o r  
e i t h e r  i n t e r m i t t e n t  or cont1r.uoua s e r v i c e ,  does not  produce 9 s t a b i l i z e d  
conductor  temperature  i n  e x c e s s  o f  302 F (150 C). 

REFERENCES 

Except where a s p e c i f i c  i s s u e  is i n d i c a t e d ,  t h e  noted i s s u e  of  the  fo l lowing  refer- 
r r c e s  s h a l l  t e  considered a p a r t  o f  t h i s  s p e c i f i c a t i o n  t o  t h e  e x t e n t  s p e c i f i e d  h e r e i n .  

SPSCIFICATIONS 

E 9 E R A L  

a .  'IT-S-735, Type I11 

b.  UU-T-450B 

C .  CCC-T-1915 

d. C - F - ~ O ~ C  

MILITARY 

a .  MIL-C-70789 

b. MIL-T-5438 

c . ~1i-~-56069 

6. MIL-A-6091C 

e .  MIL-L-7838s 

f .  MIL-L-23699 

g.. MIL-D-26937A 

t,. KIL-C-572F 

S t a n d a r d  Tes t  ?l*Alds; Hydrocarbon, March 1964 

T i s s u e ,  Fac ia l .24  Sept .  1963 

Textile T e s t  Methods, 15 Hay 1951 
F e l t  S h e e t ,  C l o t h ,  F e l t ,  Wool,-Preeaed, 30 J u l y  1968 

Cable J l e c t r i c  Aerospace Vehicle  Qeneral S p e c l f i c a t i o r .  
for, 17 March, 1S6& 

Tester; Abrasion,  E l e c t r i c a l  C a b l e ,  19 Dec. 1949 

H y d r a u l i c  Fluid, Petroleum Base. A l r c r a f t ,  Mfas l le ,  and 
Ordnance,26 June 1963 
Alcohol .  E t h y l ,  S p e c i a l l y  Denatured, 9 Feb. 1968 1 ., 

L u b r i c a t i n g  C i l ,  Ai rc rs f tTurSine  Sngine ,  S:mthetic k s e ,  
13 Marcn 1963 

L u b r i c a t i n  011, h i x a f t  Turbine Engine,  S y n t h e t l c  Base, 
1 March 19%5 

Detergent ,  S y n t h e t i c ,  Anionic (Alkyl  Benzene S u l f o n a t e ) ,  
15 A p r i l  1963 

Cords,  Yams &?d Wor.ofil1ments Organic Synthe t ic  
F i b e r  10 June 1969 

BAAS 
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2.2 

2.2.1 

2.2.2 

2.3 

2.3.1 

2.3.2 

2.4 

2.5 

STAKDA W S  

F E E 3 A L  

E. F - D - s T D - ~ ~ ~  Cable and -$ire, I n s u l a t e d ;  Methods o f  Tes t ing ,  14  Apr i l  
1957 

MILTTARY 

a .  MIL-ST?l-1044 Limi ts  f o r  Z l e c t r i c a l  I n s u l a t i o n  Color ,  12 J u l y  1953 

3 .  MIL-STD-105D Sampling Trscedures  and TaLYles f o r  Inspec t ion  by A t t r i 3 u t e s ,  
29 A p r i l  1963 

C .  MIL-STD-109X Q u a l i t y  Assurance Teras  and Defini t iorrs ,  30 Oct. 1361 

OTHER PUBLICATIONS 

COMMERCIAL 

a.  Munsell Book of Color  Munsell Color  Co., Baltimore, Maryland 

BOEING 

a .  BMS 3 - l l C  Hydraul ic  F lu id ,  F i r e  R e s i s t a n t  
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MISCELIANEOUS 

a. A l k a l i n e  Detergent  Solvent  (pH 10.0-10.5) REF: 
Cleaning 
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3 .  CON FIGURATION 

3 .1  Y E S  

a .  Type 1 

b.  Type I T  

c .  Type I11 

d .  Type 3 

e .  Type V 

f .  Type V I  

g. Type VI1 

J .  Type x 

k. Type X I  

m. Type X I 1  

n .  Type X I 1 1  

Wire o r  Cable - 6 MIL (NOM) I n s u l a t i o n ,  Tinned Copper Conductor. 

One i n s u l a t e d  conductor  or two o r  m o x  i n s u l a t e d  conductors  l a i d  
i n  a s u i t a b l e  s p i r a l  t o  m k c  a mul t iconductor  cable .  

Not Ap'licable. 

Shielded and Jacke ted  Cable - 6 MIL ( N O M )  I n s u l a t i o n ,  Tinned Copper 
Conductor. 

Type I w i r e  or c r b l e  a v e r  which t h e  fo l lowing  is appl ied :  

First - An overall s h i e l d  of t i n n e d  copper  b r a i 8 .  
Second - A j s c k e t  of al'kane-imide polymer. 

Jacketed Cable - 6 MIL (NOM) I n s u l s t i o n ,  Tinned Copper Conductor. 

Type I cable  (Class 2 or g r e a t e r )  over  which an alkane-imide polymer 
j a c k e t  L a  a p p l i e d .  

' d i r e  or Cable - 6 MIL (NOM) I n s u l a t i o n ,  S i l v e r  Coated Copper Alloy 
Condtic t o r .  

Cne i n s u l a t e d  conductor  or two or more i n a u l a f e d  conductors  l a i d  
i n  a s u i t a b l e  s p i r a l  t o  Rake a mul t iconductor  c a b l e .  

Shielded an3  .racketed Cable - 6 MIL (NOM) I n s u l a t i o n ,  S i l v e r  Coated 
Copper Alloy Conductor. 

Type V wire o r  cable  over  which t h e  fo l lowing  l a  a p p l i e d :  

P i r s t  - trn o v e r a l l  s h i e l d  of  t i n n e d  copper  b r a i d .  
Second - A j a c k e t  of  al'kane-lmide polymer. c 

Jacketed Cable - 6 MIL (NOM) k s u l a t i o n ,  S i l v e r  Coated Copper Alloy 
Conductor. 

Type V Cable (Class 2 or g r e a t e r )  over  which a n  alkane-imide polymer 
j a c k e t  is a p p l i e d .  

WIE o r  Cable - 10 MIL (NOM) I n s u l a t i o n ,  T i m e d  Copper Conductor. 

One l n s u l a t e d  conductor  or two ar  more i n s u l a t o d  conductors  l a i d  In 
a s u i t a b l e  s p i r s l  t o  make a lpul t iconductor  c a b l e .  

'.lire c r  Cable - 
Conductor. 

One i n s i l a t e d  conductor  or two or more i n s u l a t e d  conductors  l a i d  i n  
a s u i t a b l e  s p i r a l  t o  make a mul t iconductor  c a b l e .  

Wire or Cable - 8 MIL (NOM) I n s u l a t i o n ,  Tlnned Copper Conductor. 

10 M I L  (NOM) Inaulatio;, S i l v e r  Coated Copper Alloy 

Wire or Cable - 8 M I L  (NOM) I n s u l a t i o n ,  S i l v e r  Coated Copper Alloy 
Conductor. 

Shielded and Jacke ted  Cable - 8 MIL (NOM) I n s u l a t i o n ,  Tinned Copper 
Conductor. 

Type X Wire or Cable over  which t h e  fo l lowing  l a  a p p l i e d :  

First - An o v e r a l l  s h i e l d  of Tlnned Copper Bra id  
Second - A j a c k e t  of Alkane-imide Polymer 

Shielded and Jacke ted  Cable - 8 MIL (NOM) I n s u l a t i o n ,  S i l v e r  Coated 
Copper Alloy Conductor 
Type X I  wire o r  c a b l e  o v e r  which the  fo l lowing  is a p p l i e d :  

First - An o v e r a l l  s h i e l d  of Tinned Copper Braid.  
Second - A j a c k e t  or Alkane-imide Polymer 

R 
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3.2 

3 . 3  

3.4 

3.2.1 

3.4.2 

WIRE NUMRER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
14 

17 
18 
19 
20 
21 
22 
23 
24 

2 

CLASSES (SIZES 30 THR03GH 4 1  

The class d e s l g n a t l o n  sha l ;  be by a r a b i c  nu2dra ls  which w i l l  IndIca tP  a single 
I n s u l a t e d  w i r e  o r  a nunber of I n s u l a t e d  s;ir.rs in a mul t lcondcc tor  c a b l e .  

INSUL4TION COLOR STFIPE COLOR 

Red ---- 
Blue ---- 
Yellow ---- 
Green ---- 
E l a c k  ---- 
Purple ---- 
Orange ---- 
Brown , . 
Pink ---- 
White --c- 

White Red 
\(hi t e  Blue 
%l t e  Yellow 
White Oreen 
Nhlte  P lack  
White Purple 
White Orange 
Whlte Brown 
'dhite Pink + 

Red Blue 
Red Yellow 
Red Green 
Red Black 
Red Purple 

---- . .  

Ekarplec :  Class 1 - A single I n s u l a t e d  conductor .  
Class 2 - TWO s p i r a l l y  la16  wires .  
Class 2k - Trenty- four  s p i r a l l y  l a i d  rlres. 

SIZES 

L i r e  sizes covered i n  t h i s  s p e c i f l c a t l o n  a r e  l i s t e l  in Table 11. 
- 

COLOR COZlE 

A L L  TYPES, CUSS 1 

' Jnless  o therwise  specified on t h e  Furchase o r d e r  t h e  f i n i s h e d  wire  c o l o r  s h a l l  be i rh i te ,  
f o r  s i z e s  30 through 4 and Srohn for  s i z e s  2 throu&h 4/0. 

A L L  TYPES, CUSS 2 TH.SO'JOH 2 k ,  SIZES 30 THRO'JCH k 

The f i n i s h e d  c o l o r  f o r  % I r e s  i n  t h e  mul t iconductor  c a b l e  s h a l l  be as shown i n  Table I. 07 
the  Eleventh through the  twenty- four th  wire  a stri?? o f  t h e  co lor  show. i n  Table  I shall 
>e ap?l lcd  to the  outer  s u r f a c e  of t h e  c o a t i n g .  The s t r l p e  shall be  not  less than .03? 
Inch .dlde a n d  s h a l l  make one complete t u r n  around t h e  wire I n  every  two Inches of a x l a -  
l e n g t h  f o r  wire s l z c s  j3 Lhrough 1 2  a n d  In every  four Inches of a x l s l  l e n g t h  f o r  wire '. 
s i z e s  10 throurh 4. 

TASLE I 

+ Pink shall be between Munsell Ftenotatlon 2.5R 6.9/7.4 
and 10RP 4.3fl.O with t h e  lighter value preferred. 



3.4.3 

3.4.3.1 

3.4.3.2 

3.5 

4.  

5. 

5 - 1  

5.1.1 

5.1.1.1 

COLORS 

Class 1 Wire and Class 2 TkOugh 24 Cable, S i z e s  30 Thr0up.h 4 

The colors sha l l  be u i t h i n . t h e  l i g h t  a 7 d  dark  l inl ts  s p e c i f i e d  ir. WL-STD-104A Class 1 
o r  Ciass 2, except  as n o t e s .  The c o l o r  and c o l o r  s t r i p i n g  s h a l l  withstand a minimuoo of 
125 cyc les  (250 s t r o k e s )  %hen t e s t e d  p e r  paragraph 8.9. 

Class 1 Wire, S i z e  2 Throum k.10 

The c o l o r  s h a l l  be w i t t i n  Lha Munsell c o l o r  r e n o t a t i c r .  5.0 Yi3 5.0/4.0 and 5.02 3.C/6.0 

hiR2. ANC CAE= DESICNXTIOS 

Tke des igna t ion  f o r  a wire or c a b l e  of W.18 s p e c i f i c a t i o n  s h a l l  be es fo l lows:  

S I Z E  - CLASS - BMS 13-kaa TYPZ 

M a t e r i a l  WPe Class S i z a  
S p e c i f i c a t i o n  No. Des igna  t i o n  Des igna t i o n  Para.  

Para .  3.1 Para.  3.2 3.3 

FORMS 
Not app;icable. 

REQUIREMENTS 
a.  The wire and cable  furn ished  under t h i s  s p e c i f i c a t i o n  s h a l l  be a product  whict. has 

been t e s t e Z  and has  passpd the qJal1flcaf:on tests s p e c i f l e d  h e r g i n ,  p r i o r  t o  ac-  
ceptance of p-odvction o r d e r s .  

b .  Ware  c o n f l i c t  axis ts  between this s p e c i f i c a t i o n  a n d  any s p e c i f i c a t i o n  referenced 
h e r e i n ,  t h i s  s p e c i f i c a t i o n  s h a l l  60vtrn.  

MATERULS 

COND'JCTOR MATERIALS 

A i l  s t r a n d s  used i n  the  manufacture of t h e  cozdus tors  s h a l l  Se s o f t  annealed copper 
confornlnu to  ASTW StandarCs a33-63 o r  s h a l l  SP hI&-strengt> copDtr a l l o y .  S t r a n i s  
s h a l l  be f r e e  f ro3  lu:nps, kinks,  s p l i t s ,  scraped o r  corroded s u r f a c e s  and s k i n  
impuri*,ies. I n  a d d i t i o n ,  the  s t r a n d s  s h a l l  cor.forrn to  the  fo l lowing  r e q u l r e a e n t s  as 
appl icaDle.  

Tin-Coeted Copper S t rands  

The t i n  c o a t i n g  s h a l l  be as s p e c i f i e d  i n  A S M  Standard ~33-63 .  

5.1.1.2 H l a - S t r e n g t h  Copper Alloy 

The strands s h a l l  conform to  t h e  requirements  of 5.2.1.3 f o r  e longat ion  a n d  tensi;e 
r t r e n g t h  and s h a l l  be s i l v e r  coated i n  accordance with ASTM S t a n d u d  B 298-64 with 
n o t  loss than 40 microinches of s i lver  

BAAS 13-436 
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5.1.2 

5-1.3 

5.1.3.1 

5.1.3.1.1 

5.2 

5.2.1 

5.2.1.1 

5.2.1.1.1 

SHIELD MATERIALS 

S h i e l d  s t r a n d s  (as  a p p l i c a b l e  s h a l l  be i n  accordance wi th  the r e q u i r e n e n t s  
f o r  conductor  mate=ials (5.1.11. 

INSUMTINC XATEIIIAL 

I n s u l a t i o n  

All polyners  usee i n  any type of i n s u l a t i o n  s h a l l  be c e r t i f i e d  v i r g i n  m a t e r i a l  
(5.1.3.1.1) c o n t a i n i n g  no a d d i t i v e s  e x c e p t  t h o s e  requi red  a s  pigmentat ion f o r  
c o l o r s ,  l u b r i c a n t s  used i n  e x t r u s i o n ,  s t a b i l i z e r s ,  and f i l l e r s .  

Vi rg in  Material 

For purposes  of  t h i s  s p e c i f i c a t i o n ,  v i r g i n  material s h a l l  be 100 p e r c e n t  new m a t e r i a l  
which has been through o n l y  the  p r o c e s s e s  e s s e n t i a l  t o  i t s  manufacture a n d  i t s  
a p p l i c a t i o n  t o  the wire a n d  c a b l e  and which has p r e v i o u s l y  been through t h e s e  e s s e n t i a l  
p rocesses  one time only .  Any m a t e r i a l  which has p r e v i o u s l y  been processed i n  any o t h e r  
manner i s  cons idered  non-v i rg in  m a t e r i a l .  T h i s  requirement  shal l  apply t o  the  manu- 
f a c t u r e  of a l l  i n g r e d i e n t s  and components used.  

CONSTRUCTION 

Cons t ruc t ion  of  the wire  a n d  c a b l e  sha l l  be as s p e c i f i e d  herein. 

FINISHED WIRE CONSTRUCTION - Conductor S t r a n d i n g  

The s t r a n d i n g  o f  conductors  for wire s i z e s  30 through 10 A K ;  s h a l l  be a s  s p e c i f l e d  
i n  Table  I1 and sha l l  be c o n c e n t r i c  i n  c o n s t r u c t i o n  with a u n i d i r e c t i o n a l  l a y  or a 
t r u e  c o n c e n t r i c  l a y .  

.. 
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5.2.1.1. 1 

5.2.1.1 2 

5.2.1.2 

(Continued) 

a .  Unid i rec t iona l  l a y  s h a l l  be i n t e r p r e t e d  t o  be a c e n t e r  s t r a n d  surrounded by  
one or more l a y e r s  of  h e l i c a l l y  wound s t r a n d s .  A l l  l a y e r s  s h a l l  have l e f t -  
hand lay  w i t h  the  l e n g t h  o f  l a y  t o  be i n c r e a s e d  w i t h  each success ive  layer .  
The length  of l a y  of t h e  o u t e r  layer s h a l l  be n o t  l e s s  than 8 t imes 3 r m O r e  
than 16 times t h e  maximum conductor  d iameter .  

b. True concent r ic  l a y  s h a l l  be i n t e r p r e t e d  t o  be a c e n t e r  s t r a n d  surrounded 
by two or more l a y e r s  o f  h e l i c a l l y  wound s t r a n d s  w i t h  d i r e c t i o n  of l a y  
being reversed  i n  each success ive  l a y e r  and w i t h  the  length  of  l a y  be ing  
increased  w i t h  each success ive  l a y e r .  For t h e  o u t e r  l a y e r  of  s t r a n d s  the  
d i r e c t i o n  o f  l a y  s h a l l  be l e f t - h a n d  and the l e n g t h  of  l a y  s h a l l  be not  less 
than 8 times or more than 16 times the maxixm conductor  diameter .  

?ire s i z e s  8 through 0000 s h a l l  be r o p e - l a y  a s  s p e c i f i e d  i n  Table I1 and i n  a 
and b below. 

a .  qope-lay s t randed  conductors  s h a l l  be l a i d  up c o n c e n t r i c a l l y  with a c e n t r a l  
core  surrounded by one or more l a y e r s  o f  h e l i c a l l y  wound members. I t  is 
o p t i o n a l  f o r  the d i r e c t i o n  of  l a y  of  success lve  l a y e r s  t o  be a l t e r n a t e l y  
reversed ( t r u e  c o n c e n t r i c  l a y ) ,  or t o  be i n  t h e  sane d i r e c t i o n  ( u n i d i r e c -  
t i o n a l  l a y ) .  
members forming the  conductor  s h a l l  be n o t  less than 10 nor  more than 1 4  
times the  o u t s i d e  d iameter  of  the  completed conductor .  The d i r e c t i o n  of 
l a y  of the o u t s i d e  l a y e r  s h a l l  be e i t h e r  l e f t  or r i g h t  hand. 

b .  Members of rope-lay s t randed  conductors :  The l e n g t h  of  l a y  o f  t h e  wires 
composing the  s t randed  members s h a l l  be n o t  greenter than 16 t imes the  o u t s i d e  
diameter  of the member. S t randing  or the  i n d i v l d u s l  members may be e i t h e r  
concent r ic  o r  bunch. 

The l e n g t h  o f  l a y  of the  o u t e r  l a y e r  of  rope-lay s t randed  

Conductor S p l i c e s  

S p l i c e s  i n  i n d i v i d u a l  s t r a n d s  or members sha l l  be b u t t  brazed.  There shal l  be 
not  more than one s t r a n d - s p l i c e  i n  any 10 f o o t  l e n g t h  of a s t randed  c o n c e n t r i c -  
l a y  conductor or i n  any 10-foot  length  of  any member i n  a rope-lay conductor ;  
except  tha t  not  more than one s p l i c e  Of  an e n t i r e  member shall &e permi t ted  i n  
any 10 f e e t  of a rope-lay conductor .  S p l i c e s  i n  members of a .mpe-lay cons t ruc-  
t i o n  sha l l  be so f i n i s h e d  that t h e  conductor  d iameter  i s  not  i n c r e a s e d  a t  t h e  
poin t  of braz ing .  I n  no caae s h a l l  t h e  whole conductor  be s p l i c e d  a t  one p o i n t .  

BAAS 13-436 
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5.2.1.3 

5.2.1.3.1 

5.2.1.3.2 

5.2.1.4 

5.2.1.5 

5.2.1.5.1 

5.2.1.5.2 

5.2.1.5.3 

5.2.2 

5.2.2.1 

Conductor E'longation and T e n s i l e  S t r e n g t h  

Elongat ion  

The i n d i v i d u a l  s t r a n d s  o f  t h e  conductor  or t h e  whole conductor  removed from f i n i s h e d  n i r e  
s h a l l  have the fol lowing minimum e l o n g a t i o n  when measured i n  accordance wi th  0.5. 

S o f t  annealed copper 10 p e r c e n t  
High-strength copper a l l o y  6 p e r c e n t  

T e n s i l e  S t rength  (High-Strength Copper Alloy Only 

When h igh-s t rength  copper a l l o y  i s  s p e c i f l e d ,  t h e  i n d i v i d u a l  s t r a n d s  o f  t h e  conductor  o r  
t h e  rrhole conductor removee from f i n i s h e d  wire s h a l l  have a minimum t e n s i l e  s t r e n g t h  of  
58,OOO p s i  when measured i n  accordance with 8.5. 

Conductor Diameter 

The diameter  o f  the conductor s h a l l  be as s p e c i f i e d  i n  Table  11. 

I n s u l a  t i o n  

The i n s u l a t i o n  s h a l l  be cons t ruc ted  so t h a t  i t  can b e  r e a d i l y  removed by mechanical 
wi re-s t r ipp ing  devices .  

Primary I n s u l a t i o n  

The primary i n s u l a t i o n  of one o r  more l a y e r s  s h a l l  be c r o s s l i n k e d  extruded alkane-imide 
polymer. When more than one l a y e r  i s  employed a c o a t i n g  of modified imide polymer may 
be used between the l a y e r s .  The alkane-imide polymer sha l l  be an of f -whi te  c o l o r  r e a d i l y  
d i s t i n g u i s h a b l e  from the  b a s i c  brown c o l o r  of t h e  imide c o a t i n g  o r  t h e  brown c o l o r  of t h e  
j a c k e t  as appl icable .  

Coat ing o r  Jacke t  

For  wire s i z e s  30 through 4 a c o a t i n g  of modified imide polymer s h a l l  be appl ied  over  
t h e  primary i n s u l a t i o n .  This  c o a t i n g  s h a l l  be cont inuous and f r e e  from cracks ,  s p l i t s ,  
b l i s t e r s ,  and  o t h e r  d e f e c t s  when examined without  a i d  of magnif ica t ion .  

For  wire s i z e s  2 through 4/0 an aromatic polyamide f i b e r  b r a i d  
over  the primary i n s u l a t i o n .  The b r a i d  material s h a l l  conform k MILC-572F, Type P, 
s h a l l  be woven i n  such a manner as t o  provide  complete coverage and s h a l l  be  impregnated 
d i t h  a c l e a r  polyimide lacquer .  

I n s u l a t i o n  Elongation and T e n s i l e  S t r e n g t h  

For  wire s i z e s  30 through 4 t h e  pr imary i n s u l a t i o n  and t h e  c o a t i n g  s h a l l  have an 
e l o n g a t i o n  of 50 percent  (dnlmurn) when tested in accordance w i t h  8.14 and s h a l l  have 
a t e n s i l e  s t r e n g t h  of  7500 p s i  (minimum\ for wire s i z e s  30 through 10 and 5000 p s i  
(minimuml f o r  wire s i z e s  8 through 4 when t e s t e d  i n  accordance with 8.14.  

For  wire  s i z e s  2 through 4/0 t h e  p r i s a r y  I n s u l a t i o n  (.with j a c k e t  removed) shal l  have an 
e longat ion  of  loo$ (minimum) when t e s t e d  I n  accordance with 8.14. 

FINISHED CABLE CONSTRUCTION 

The c o n s t r u c t i o n  of f inished c a b l e  sha l l  be a8 s p e c i f i e d  i n  t h e  i n d i v i d u a l  Type and 
Class c o n s t r u c t i o n  detai ls .  In mul t iconductor  c a b l e s  t h e  i n s u l a t e d  wires as determined 
by the c l a s s  designat ion s h a l l  be  s p i r a l l y  l a i d  t o  provide as concent r ic  A c a b l e  as 
p o s s i b l e .  The lay of t h e  I n d i v i d u a l  wires s h a l l  be n o t  less than eight or =re than 
sixteen times the  major diameter  of the c a b l e .  The d i r e c t i o n  of lay s h a l l  be le f t -hand .  
F i l l e r s  d i l l  no t  be allowed. 

Shield Construct ion and Coverage 

The s h i e l d  s h a l l  be a c l o s e l y  woven b r a i d  and s h a l l  comply with the fol lowing:  

a. The i n d i v i d u a l  s h i e l d  s t r a n d  s i z e  shal l  be as fo l lows:  

a c k e t  s h a l l  be appl ied  

1. 

2. 

3. 

S i z e  38 strands s h a l l  be uaed over wire or  c a b l e  having a major diameter  of 
0.300 inch or l e a a .  

S i z e  36 strands s h a l l  be  uaed o v e r  wire or cable having  a major diameter  
g r e a t e r  than 0.300 Inch a n d  l s r a  than 0.400 inch .  

S i z e  31, st randa s h a l l  be uaed over wire  or cable  having a major diameter of 
0.400 inch o r  over .  

BMS 13-42 B 
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5.2.2.1 (Continued) 

b. The s h i e l d  s h a l l  provide a m i n i m u m  coverage of 85 percent  wi th  coverage 

c .  The s h i e l d  s h a l l  be a push-back type .  

being determined i n  accordance with 4.5.3 of MIL-C-7078B. 

(1) ' h e n  t h e  maJor d iameter  o f  t h e  c a b l e ,  p r i o r  t o  t h e  a p p l i c a t i o n  o f  
s h i e l d ,  is less than 0.300 i n c h ,  t h e  a n g l e  o f  t h e  c a r r i e r s  of t h e  
s h i e l d  wi th  t h e  a x i s  o f  t h e  c a b l e  s h a l l  be not  l e s s  than 20 or more 
than 35 degrees .  

s h i e l d  i s  0.300 inch or g r e a t e r  and t h e  l i m i t a t i o n s  of s t a n d a r d  
b r a i d i n g  equipment, wi th  a p r a c t i c a l  number of ends p e r  c a r r i e r ,  
make compliance with paragraph 5.2.2.1.c . (1)  i m p r a c t i c a l ;  t h e  s h i e l d  
s h a l l  be  s u i t a b l y  a p p l i e d  t o  a s s u r e  a push-back c h a r a c t e r i s t i c .  

( 2 )  When t h e  major d iameter  of  t h e  c a b l e ,  p r i o r  t o  t h e  a p p l i c a t i o n  of 

5.2.2.2 

5 . 3  

Cable Jacke t  Cons t ruc t ion  

Cable j a c k e t s  s h a l l  be c r o s s l i n k e d  ex t ruded  alkane-imide polymer and s h a l l  be 
c o n c e n t r i c a l l y  a p p l i e d .  Minimum j a c k e t  wall t h i c k n e s s  s h a l l  be 0.006 i n c h  when 
t h e  c a b l e  beneath t h e  j a c k e t  has  an O.D. o f  0.215 inch  or l e s s  and s h a l l  be 
0.007 inch when t h e  c a b l e  beneath t h e  j a c k e t  has  an O.D. of more than 0.215 inch 
When t e s t e d  i n  accordance wi th  8.14 t h e  j a c k e t  m a t e r i a l  s h a l l  have a t e n s i l e  
s t r e n g t h  of 3500 PSI (min.)  and an e l o n g a t i o n  of 100 percent  (min . ) .  Unless  
o therwise  s p e c i f i e d  on t h e  purchase o r d e r  t h e  c o l o r  of t h e  j a c k e t  s h a l l  be 
white  within t h e  l i g h t  and dark  l i m i t s  of MIL-STD-lOkA, Class 1 or 2. 

FINISHED W I R E  AND CABLE - TYPE I THROUGH TYPE X I 1 1  

The f i n i s h e d  wire  and c a b l e  s h a l l  conform t o  t h e  fo l lowing  a d d i t i o n a l  r e q u i r e -  
ments: 

5.3.1 TYPE I ,  CLASS I WIRE 

The requirements  o f  Wpe I ,  Class 1 wire s h a l l  be as  i n d i c a t e d  i n  Table  I11 and 
Table XXII and as shown i n  Fig.  1. 

The phys ica l  and e l e c t r i c a l  d e t a i l s  of t h e  conductor  shall be as s p e c i f i e d  i n  
Table I1 for t i n - c o a t e d  copper  wire .  The wall t h i c k n e s s  of t h e  l n s u l a t i o n  s h a l l  
be 0.005 inch  (min.)  . 

5 

5.3.2 TYPE I ,  CLASS 2 OR GREATER CABLE 

The f i n i s h e d  wires t h a t  compose t h e  mul t i -conductor  cable  s h a l l  comply wi th  a l l  
t h e  requirements  o f  t h i s  s p e c i f i c a t i o n  f o r  Type I, Class 1 wire and shall be 
c o l o r  coded i n  accordance wi th  3.4. A d d i t i o n a l  requirements  for t h e  m u l t l -  
conductor  c a b l e  are  l i s t e d  i n  m b l e  111. 

.. 
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5.3.9 TYPE VIII. CLASS 1, YIPS 

The requl renenta  Of Type KI:, Class L, wire  s h a l l  be  as i n d i c a t e d  i n  Table IX, 
Table XXII and a8 shown i n  Fig. 7, and 7A. 

The phys ica l  and e1ectr:cal d e t a i l s  of the c m d u c t o r  s h n l l  be a8 
Table I1 f a r  t i n  coated copper  wire. The wal l  th ickneas  o r  t h e  
be 0.005 inch  (min.) for wire s i z e s  24 through 10 and 3.015 i n c h  
S i z e s  8 through 4/0. 

5.3.10 TYPE 1'111, CLASS 2 OR GREATER CABLE 

The f i n i s h e d  wires t h a t  compose t h e  mult i -conductor  c a b l e  shall conply with a l i  
t h e  requirements  of t h i s  s p e c i f i c a t i o n  for Type VIII, Class 1 wire and shal l  be 
c o l o r  coded i n  accordance with 3.4. 
conductor c a b l e  a r e  l i s t e d  in Table I X .  

A d d i t i o n a l  reqcirementa f o r  t h e  m u l t i -  

.- 

COATIXG-MIDIPIED IMIDE POLYWER 

Size8 24 through 10-.0015 INCH 

CONDUCTOR-TIN -COATZD 
COPPSR 

MIX Slms 8 through 4 - .0025 INiH (Hb.) 
FIGURE 7 - WIRE SIZES 24 THROUGH 4 

PRIMARY INSUIATION-CROSSLIMCED 
EXTRUDED ALKANE-IMIDE POL= 

CONDUCTOR-TIN-COATED 1 
COPPER JAClCET - AROMATIC POLYAMIDE BRAID 

SATURATED WITH POLYIMIDE LACQUER 

THICKNESS - .005 INCH (MIN) 

PIOURE 7A - WIRE SIZES 2 THROUGH 4/0 

BMS 13-42B 
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TABLE IX 
AN3 CAFLE - 

C O R ~ C T 0 ! 7  
JTSIDE DYAMETZ? AND 

OUTSIDE DIAMETER 
MAXIMUM 

( 1:l CE! ) CLASS 

2 h  
22 
20 
10 
16 
14 
12 
10 
9 
6 
4 
2 
0 
00 
000 
0030 

0.047 
0.35L 
c .062 
0.375 
0 . O m  
3.099 
0.116 
0.132 
0.203 
0.251 
0.311 
0 - 309 
0.kW 

0.628 
0.698 

0.560 

2.2 
3.2 
a . 7  
7.0 
9.0 

13.7 
2c.4 
31.3 
58.5 
91 .o 

116.0 
231.0 
36: .O 
433 .o 
618.0 
730.0 

1 

?42;'3/1-4 

T i  4 2/8/1- 0 
'\'42/3/1-00 
'i42/8/1-000 
'442/8/1-0000 

!,'4 2/4/1- 2 

24 
22 
20 
16 
16 
14 
12 

0.095 
0.108 
0.12h 
0.1k6 
0.163 
0.197 
0.232 

4.4 
6.5 
?.5 

1h.1 
18.2 
28. J+ 

42.5 

c 

2k 
22 
20 
18 
16 
14 
12  

6.7 
9 . .r 

14.2 

0.102 
0.116 
0.133 - 0.1% 

. 
0.175 
0.213 
0.250 

24 
22 
20 
10 
16 
14 * 

12 

0.1 O-ll0 6 
0.169 
0.200 
0.223 
0.271 
0.323 

8.9 
12.7 
19.5 
28.3 
37.0 
56.9 
85.5 

24 0.141 
0.160 
0.184 
0.218 
0.242 
0 * 295 
0.353 

11.2 I 16.0 22 
20 
18 
16 
14 
1 2  

24.5 

22:; 
n.3 
107.0 

5 

NOTE: Applicable Change Letter Not Shown 
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APPENDIX I1 

MIL-W-81044/16 

Wire Specification 



._ 

f l IL-W-AL044/LbB C A N C  NOTICE L b L  I 7999906 L20bbLO T.52 m -- 

.e 

, tlIL-W-81044/16B 
NOTICE 1 
11 March 1977 

MILITARY SPECIFICATION SHEET 

WIRE, ELECTRIC, CROSSLINKED ALKANE-IMIDE POLYMER INSULATED, 
TIN-COATED COPPER, NORMAL WEIGHT, 600-VOLT, 1 5OoC s 

S p e c i f i c a t i o n  Sheet MIL-W-81044/16B, dated 31 Qecember 1973, 
i s  hereby cance l led  due t o  d iscont inuance o f  manufacture o f  t h e  insu-  
l a t i o n  m a t e r i a l .  There i s  no superseding document. 

There i s  no exact  replacement f o r  t h e  w i r e  covered by t h i s  
s p e c i f i c a t i o n  sheet. S u b s t i t u t i o n s  f o r  t h i s  w i r e  should be made i n  
accordance w i t h  the  func t iona l  requirements of t he  s D e c i f i c  p r o j e c t  
or  appl i c a t i o n .  

. 
e US. GOVERNMENT PRINTING OFFICE: 1977-703-020/2371 

PreDaring a c t i v i t y :  

Navy - AS 

FSC 6145 



MIL-W-8104 4 / 16B 
31 December 1973 
SUPERSEDING 
HII.-U-1)1044/16AIAS) 
20 Pcbruary 1970 

Stranding 
( N u d e r  of 

r t r anda  X AUC 

HII.ITAR'I SPECIFICATION SHEET 

V I N E ,  LIkLTRIC,  CROSSLINYLU AL&.L-IHIUI!  POLYMER INSULATED, TIN-COATED 
COPPER, NORHAL WEIGHT, 6MJ-VOLT, ISO'C 

Thio  s p e c i l l c a t i o n  i m  approved for ure by a l l  Department. 
and AEencier o f  t h e  Depart lunt  of Defenrc. 

The complete requirementi  fo r  procuring the vice de ic r lbed  herein # h a l l  
conmli t  of t h i s  document and t h e  1 . r ~  i n  e f f e c t  of  S p e c i l l c a t i o n  MIL-U-81044. 

. Dlaaeter Plnirhed wire 
of r t r anded  

conductor Rerlr t m c e  Uelght 
( i n c h e s )  @ at  20.C (68.r) 1 D I a N t e r  I (lba11000 f t )  

Coat ing - )(odlflcd Imide 
Polymer,  H l n  Thlcknear 

,0015 Inch,  61zar 24 t o  10 
.a025 Inch, Slrcr  8 to  00 

P r l r a r y  I n a u l a t l o n  - Crorr l lnked 
Extruded Alkane-Imide P o l y m r  

Conductor - Tln Coated (Dual Layer) 
Copper, " k n e r a l  
Purpore" Diameter  

Pa r t  Ho. AI 
I 

Wire 
r i r e  

n81044116-2b-* 

nai044/i6-18-* 

H81044/16-22-* 
H81044 I1 6-20-* 

H81044/16-16-* 
H81044/16-14-+ 
M81044/16-12-* 
~81044/16-10-* 

H81044/16-6-* 
H81044/16-4-* 
H81044 l16-2-* 
HB1044/16-0-* 
H81044/16-00-* 

n8io44/16-8-* 

--- 

0 
00 

19  X 36 
19  x 34 
19 X 32 
19 X 30 
19  X 29 
19  X 27 
37 X 28 
37 X 26 

131 X 29 
133 X 27 
133 X 2 5  
665 X K) 

1045 Y. 30 
13M x 30 

.023 .026 

.029 ,013 

.037 .041 

.046 .051 

.OS2 ,058 

.065 .073 

.084 .090 

.IO6 .114 

.MI . i 7 1  

. i9a a 7  

.250 .274 

.320 ,340 

.405 .425 
,450 . 4 7 5  

26.2 
16 .2  
9 .88 
6 . 2 3  
4 . 8 1  
3.06 
2 . 0 2  
1.26  
.701 
. 1 4 5  
.2e4 

.116 

.09 I 

. i a  3 

.Oh5 5 . 0 0 2  

.OS9 2.003 

.070 2.003 
,078 z.004 

.os1 k.003 

.095 t.004 

.I12 5.004 

.136 +.m 

.195 +.me 

. 2 4 1  +.OlO 

.301 2.010 

.374 2.012 

.470 t . 0 1 2  

. 5 2 6  T.016 

2.1  
3.0 
Ir .6 
6.8 
8.7 
13.6 
20.1 
31.3 
56.7 
M) .6 
141. 
224 
35h .  
460. 

1 I 1 I - 1 I/ PART NO.: The e s t e r i e k e  in t h e  pa r t  number c o l u m ,  T a b l e s  I and IS, s h a l l  be replaced b y  color 
code dea lgne to r s  i n  accordence w i t h  HII.-SfD-681.  E x a l p l e n :  S i r e  20,  u h l t c  - K81044/16-20-9; 
white v i t h  orange s t r i p e  - ti81044/16-20-93. 
Nominal vduee are  for  i n f o r s a t i o n  only. - 2 1  Nominal values arc not requiremento.  

Page 1 of 3 pagea 

13.7 
20.k 
31.8 
58.5 
91.0 

231. 
365. 
4 8 3 .  

I 

I -- 



TABLE 11. PERFOPMNCE DETAILS 

Tens ion  
l o a d  
( l b s )  

1 .0  
1 .o 
1 .o 
1 .o 
2.0 
2.0 
2.0 
2.0 
2 .o 
2.0 
2.0 
2.0 
2.0 
2.0 ' 

P a r t  No. 
L i f e  c y c l e  

t e e t  ond Colc 
a c c e l e r a t e d  bent 

a g i n g  t e s t  I/ tesl 

.50 1 .o 

.75 1 .o 
-75 1.0 

1 .oo 1.5 
1 .oo 1.5 
1.50 2 .O 
2 .o 2 .o 
'3.0 3.0 
3.0 4 .O 
4 .O 5 . O  
5.0 b .O 
6 .O 8 .O 
0.0 10 $0 

10.0 12 .0  

I Abras ion  r e s i s t a n c e  I 

Lifc  c y c l e  
test  and 

a c c e l e r a t e d  
a g i n g  t e s t  AI 

1.5 
2.5 
4 .O 
4 .O 
4 .O 
4 .O 
4.0 
4 .o 
4 .o 
4.0 
4 .o 
6.0 
6.0 
8.0 

~~ 

Bend t e s t i n g  

Cold 
bend 
t e e t  

3.0 
3.0 
4 .O 
4 .o 
5 .o 
5 .0 
5 .O 
5 .O 
6.0  

10.0 
10.0 
15 .0  
15.0 
20.0 

I (Procedurc XI) 1 
Ree l s  t s i icc  

( inc l iee  o f  t a p e )  
(min) 

( i n i t i a l  nnd 
s f  tcr 

imnera ion)  

1101044/16-20-* 
381044/16-18-* 
~f01044/16-16-* 
$81044 f 1G-14-* 
481044/16-12-* 
481044/16-lo-* 
(81044/16-8-* 
181044/16-6-* 
d81044f 16-4-* 
181004/16-2-* 
181044 f16-0-* 
481044/16-00-* 

-- 
30 
30 
35 
35 
21 
2 1  
2 1  
37 
40 . 
40 
60 
60  
60  
60 

Weight 
suppor t  
b racke t  

A 
h 
A 
h 

0 
B 
C 
C 
c 
C 
C 
C 
C 

m 

Uendrel d i o w t e r  
( inches )  (53%) 

- 
1 .o 
1.0 
1.0 
1 .o 
3.0 
3.0 
3 ,O 
4.25 
4.25 
8 .25  
4.25 
4 . 2 5  
4 :25 
4.25 - 

i/ 
- 2 /  

Also for bend tes ts  a f t c r  i m e r s l o n .  

Handre l  wrap t e e c  n o t  a p p l i c a b l e  t o  e i z e s  10 and s m n l l e r .  

- 

Wrap 
t e a t  
- 21  
- - - - - - - - - 
.75 ' 

1 .oo 
1.25 
3.0 
4 .o 
6 .O - 

WIRE FbiTINCS AND ADDITIONAL REQUIWHENTS 

TEUPEMTURE RATING: 150'C (302'P) max co~!Anuous  conductor  t empera tu re  
VOLTAGE RATINO: GOO v o l t s  (rms) bt sea  l e v e l  
ACCELERATED ACINCr Oven t empera tu re ,  250 f 2 O C  (482 23.6-F) €or 7 hours  (Sane exposure  for i d e n t i f i c a t i o n  

l e g i b i l i t y )  (9 DLOCKINC: 200 $2'C (392 53.6"F) 
COLOR: In accordance  w i t h  HII.-STD-lOL, C las s  1; whi t e  p r e f e r r e d  
F L W B I L I T Y :  30 secondo (nax) ;  3.0 inches  (nux) ;  no f laming  of tissue paper  
IlUHIDITY RESISTANCE ( I n o u l a t i o n  r e s i s t a n c e  a f t e r  humidi ty  e x p o s u r e ) :  

S i z e s  10 and rrinaller, 5000 megohms for 1000 it (min) 
Sizeo 8 and larger, 2000 megohms foy,lOOO f t  (min) 

IDENTIFICATION OF PRODUCT': Hot r equ i r ed  f o r  s i z e  24 
IDENTIFICATIOH, STRIPING, ON BANDING DURAIIILITY: 125  c y c l e s  (250 s t r o k e s )  ( = i n ) ,  150  grams u c i g h t  @ IHPULSE DIELECTRIC TEST: 

Primnry i n o u l a t i o n  (when t e a t  is used i n  Lieu of spa rk  L e s t ) :  6.0 k i l c v o l t s  (peak) ,  100% t e a t  
F in i shed  wire: 8 . 0  k i l o v o l t s  (peak) ,  l O O X  t e s t  

S i z e s  10 and  smaller, 5000 megohms f o r  1000 f t  ( m i n )  
S i z e s  8 and  l a r g e r ,  2000 megohms f o r  1000 f t  (rnin) 

INSULATION RESISTAHCE: 

LIFE CYCLE: 
H I N I W  WALL TIIICKNESS: 8 . 0  mils 
PHYSICAL PROPERTIES OF INSULATION: ( E n t i r e  i n s u l a t i o n  pu l l ed  a t  2 i nches  per  a i n u t e )  

T e n a i l e  s t r e n g t h :  7500 p s i  (mln) for e izef i  2 L  through 10 

Elonga t ion :  50% ( iv ln) ,  ell s i z e s  

Oven t empcrn tu re ,  200 +Z'C (392 53.6"F) f o r  168 hours 

, 

5000 p s i  (m in )  for s i ze t i  8 through 00 

Y O t Y I t i I D E  CURE TEST: Tes t  r equ i r ed  for s i z e s  10 and s m a l l e r  

SIIRINKAGB: 
. PROPELLANT RESISTANCE: Test no t  r equ i r ed  

0.125 inch  max s t  200 +2*C ( 3 9 2  23.G'P) 

0 

0 



SMOKE: 250 +2OC ( 4 8 2  +3,6"F) 
SPARK TEST OF PRIMARY YNSULATION: 
SURFACE RESISTANCE: 500 megohms-inches (min), initial and final readings 
THERMAL SHOCK: Oven temperature, 150 +Z0C (302 +3.6"F) 

WET DIELECTRIC TEST: 2500 volts (rms) 
WICKING: No requirement 
WRAP TEST: 

3000 volts (rms) , 60Hz, 100% test 

Max change in measurement: 0.065 inch 

Sizes 10 and smaller, "wrap back" test required 
Sizes 8 and larger, mandrel wrap test required 

PATENT NOTICE: Raychem Corporation has granted to the Government an irre- 
vocable royalty-free immunity from suit or other charge of infringement 
based on the claims including method claims of any patent, domestic or 
foreign, now held or to be held in the future by Raychem Corporation inso- 
far, but only insofar, as said claims relate to an electric wire having an 
insulating coating comprising a crosslinked extruded alkane-imide polymer 
layer and a modified imide polymer layer, 
extends to t h e  manufacturers of such electric wire either for the Govern- 
ment or for use in equipment to be ,delivered to the Government, Such grant 
is binding on Raycheni Corporation, its successors and assigns. 

This grant to the Government 

Custodians : 
Navy - AS 
Army - EL 
A i r  Force - 11 
Review activities: 
Navy - EC 
Army -AT, AV, MI, MU 
Air Force - 80 
DSA - IS 
N SA 

Preparing activity: 
Navy - AS 
(Project No. 6145-0340-10) 

User activities: 
Navy - MC, OS, 
Army - 
Air Force - 

Q US. GOVERNMENT PRINT1 NG OFFICE : 1974-71 3 1  50/3358 

Review/user information is current as of the date of this document. For 
future coordination of  changes t o  this document, draft circulation should 
be based on the information in the current Federal Supply Classification 
Listing of DOD Standardization Documents, 

3 



W I R  EL 
ALKANE-IMIDE P'OLYI 

B e n e f i c i a l  comments (recommendations, a d d l t i o n s ,  d e l e t i o n s )  and any 
p e r t l n e n t  da ta  which may be o f  use I n  improv ing t h i s  document should 
be addressed to: Commanding O f f i c e r ,  Naval A i r  Engineer ing Center 
(Code 531, Systems Engineer ing and Standard iza t ion  Department, 
Lakehurst ,  NJ 08733-5100 by us ing  the  sel f -addressed S tandard i za t i on  
Document Improvement Proposal (DD Form 1426) appear ing a t  t he  end of  

- t h i s  document or by l e t t e r .  

CTR I 
:R, ( 

] INCH-POUNDL 

MIL-W-81044B 
AMENDMENT 3 
30 June 1990 
SUPERSEDING 
AMENDMENT 2 
19 June 1980 

MILITARY SPECIFICATION 

, CROSSLINKED POLYALKENE. CROSS INKED 
POLYARYLENE INSULATED, COPPER )R COPPER ALLOY 

Th is  amendment forms a p a r t  of  M i l i t a r y  S p e c i f i c a t i o n  MIL-W-81044B, 
dated 31 December 1973, and i s  approved for  use by a l l  Departments 
and Agencies o f  the Department o f  Defense. 

PAGE 1 

De le te  the  t i t l e  and rep lace  i t  w i th :  

"WIRE,  ELECTRICAL, CROSSLINKED POLYALKENE, CROSSLINKED ALKANE-IMIDE 
POLYMER, OR POLYARLYENE INSULATED, COPPER OR COPPER ALLOY" 

Add the  f o l l o w i n g  a t  the  bottom o f  the  page: 

PAGE 2 

2.1 Under "SPECIFICATIONS, M i l i t a r y " ,  d e l e t e  the f o l l o w i n g  documents: 

MIL-T-5438 Tester;  Abrasion, E l e c t r i c a l  Cable 

MIL-P-7254 Prope l l an t ,  N i t r i c  Ac id  

M I  L-P-26536 Prope l l an t ,  Hydrazlne 

MIL-P-26539 Prope l l an t ,  N i t rogen  Tet rox lde  

M I  L-P-27402 Prope l l an t ,  Hydrazine-uns-Dimethylydrazine 
(50% NzH4 -50% UDMH) 

AMSC-N/A FSC 6145 
DISTRIBUTION STATEMENT A .  Approved for  p u b l i c  re lease,  d i s t r i b u t i o n  I s  u n l i m i t e d .  

1 o f  5 
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MIL-W-BL044B ( 3 )  W 9777906 04370b5 3 W 
MIL-W-81044B 
AMENDMENT 3 

PAGE 2 (continued) 

Delete referenced Mi 1 i tary Specification: 

MIL-D-26937 Detergent Synthetic, Anionic (A1 kyl Benzene 
Sulfonate) 

I t  has been cancelled and has been superseded by the fol lowing document: 

P-D-410 + Type I ,  Dlshwashing Compound, Hand 

PAGE 3 

Under STANDARDS, Mi 1 i tary, add the fo l l  owing document reference: 

MIL-STD-202 Test Methods f o r  Electronic and Electrical 
Component Parts 

2.2 Change the document identifiers and issue dates of  the referenced ASTM 
documents I n  the paragraph and throughout the specification t o  read as follows: 

ANSI/ASTM B 33 
ANSX/ASTM 8 298 
ANSI/ASTM B . 3 5 5  

PAGE 4 

3.  I Delete paragraph and substitute the following: 

"3.1 Specification sheets. The requirements for the i n d i v i d u a l  wires 
if ication shall be as specified herein and i n  accordance under  t h i  

w i t h  the app icable specification sheet. In  the event of any conflict 
between the requirements o f  this  specification and those of t h e  specifi- 
cation sheet, the requirements o f  the specification sheet shall govern 
except as follows: 

= SfeC 

a .  A l l  specification sheet references t o  tape abrasion o r  
resistance t o  propellants shall be considered a s  cancelled. 

b. A l l  specification sheet requirements for  blocking shall be a t  
the rated temperature o f  the wire  o f  t h a t  specification sheet 
( f o r  example: the blocking t e s t  temperature o f  MIL-W-81044/12 
s h a l l  be 150°C in l ieu of 225"C)." 

PAGE 9 

TABLE XI: 

Sol derabi 1 i t y  
( when appl i cab1 e 1 

3.6.10 4.7.5.27 

2 
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m 9399906 04370bb 5 m 
MIL-W-810446 
AMENDMENT 3 

PAGE 10 

TABLE I 1  under "EXAMINATION OR TEST," delete "Abrasion res is tanceDt l in i t ia l ; "  
a1 so the appl icable en t r ies  under "REQUIREMENT" and under "METHOD 

TABLE I 1  under "REQUIREMENT," opposite "Immersion tests,'! delete "Meet i n i t i a l  
abrasion requirements a f t e r  immersion." 

PAGE 11 

TABLE I1 under "EXAMINATION OR TEST," delete "Propel 1 ant  resistance (When 
required i n  speci f icat ion sheet);" also, the applicable en t r i es  under 
"REQUIREMENT" and under "METHOD .'I 

3.6.3 (continued from page 8) Delete "S e c i f i c a t i o n  sheet p a r t  number" as 
f i r s t  i t e m  o f  the i d e n t i f i c a t i o n  and su E s t i t u t e :  

"Speci f icat ion sheet p a r t  number, except t h a t  inc lus ion  o f  the co lo r  code 
po r t i on  of the p a r t  number i s  not  required. A t  the opt ion o f  the 
supplier, the co lo r  code por t ion o f  the p a r t  number may be Sncluded but, 
i f  included, i t  shal l  be included i n  f u l l ,  not  i n  part ."  

Add a f t e r  f i r s t  sentence o f  3.6.3: 

"The i d e n t i f i c a t i o n  mark sha l l  not  be applied by hot  stamp marking o r  
other methods which s ign i f i can t ly  penetrate the insulat ion."  

PAGE 12 

Add the , f o l  1 owing paragraph: 

"3.6.10 So lde rab i l i t  . Conductors o f  f in ished wires t h a t  have t i n  
coated copper + stran s, s i l v e r  coated copper strands, o r  s i l v e r  coated 
high strength copper a l l o y  strands shal l  be tested for so lde rab i l i t y  as 
s e c i f i e d  i n  4.7.5.27. 

The t e s t  i s  not  appl icable t o  f in ished wires w i th  n icke l  coated copper 
strands o r  n icke l  coated high strength a l l o y  strands." 

The requirement f o r  acceptable solder coverage of 
t R e stranded conductor shal l  be as defined i n  MIL-STD-202, Method 208. 

PAGE 15 

TABLE I V  , Group I f ,  add: 

Sol derabi 1 i ty 
(T in  p la ted  conductors only) 

3.6.10 

PAGE 16 

4.7.5.27 

TABLE I V  under "EXAMINATION OR TEST," delete "Abrasion resistance, i n i t i a l ; "  
a1 so the appl icable ent r ies under "REQUIREMENT" and under "kETHOD." 

3 
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MIL-W-81044B 
AMENOMENT 3 

PAGE 19 

TABLE VI : 

Sol derabi 1 i ty 3.6.10 4.7.5.27 
(Si 1 ver pl ated conductors 1 
TABLE V I  : Under "TEST,i' delete "Propel 1 a n t  resi stance (When requi red i n spec- 
if ication sheet);" a lso,  the applicable entries under "REQUIREMENT" and under 
#'METHOD. 8' 

PAGE 27 

4.7.5.11 
temperature speciffed (see 3.1)." 

I n  the f i f t h  sentence, replace "temperature specifjed" with "rated 

PAGES 28 AND 29 

Paragraph 4.7.5.14, 1 ine 8: Change "MIL-D-26937" t o  read "P-D-410." 

4.7.5 .I5 through 4.7.5.15.2 Delete enti rely. 

PAGE 32 

4.7.5.21 Delete the l a s t  two sentences of the paragraph. 

PAGE 34 

4.7.5.25 Delete. entirely. 

Add the fo l  1 owi ng paragraph: 

"4.7.5.27 Solderability. Five specimens shall be prepared by removing 
the insulation from finished wires. The exposed conductors o f  these 
wires shall be tested f o r  solderability using Method 208 o f  MIL-STD-202. 
The specimens shall be tested without steam aging  u s i n g  a type RMA f l u x . "  

PAGE 37 

6.3 Delete the l a s t  sentence of the paragraph and substitute the following: 

"The activity responsible for  the Qualified Products List is  the Naval 
Air Systems Command, Washington, DC 20361; however, application for 
qualification of products should be made t o  the Commanding Officer, Naval 
Avionics Center (Code 444), 6000 East 21st Street., Indianapolis, IN 
46219-2189, who has been designated Naval Air Systems Command agent f o r  
establishing th i s  Qualified Products List." 

This amendment supersedes and completely rep1 aces Amend- Supersession Note: 
ment 2 of 19 3 une 1980, which i s  cancelled a s  o f  the  issue date of Amendment 3. 

4 
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MIL-W-81044B 
AMENDMENT 3 
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Navy - EC, OS 
Army- AR, AT AV,  EA, MI 
A i r  Force  - 85 
NSA 
DLA - IS 

User a c t i v i t i e s :  
Navy - MC 
Arqy - ME 
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MIL - W- 8 10 4 4 B 
31 December 1973 
SUPERSEDING 

7 2  December 1 0 0 7  

--- 
>1IL-W-81044A (.AS) 

MILITARY SPECIFlCATION 

* WIRE, ELECTRIC, CROSSLINKED POLYALKENE , CROSSLINKED 
ALKASE-IMIDE POLYMER, OR POLYARYLENE INSULATED, COPPER OR COPPER ALLOY 

This specification is approved for use by all Depart- 
ments and Agencies of the Department of Defense. 

1. SCOPE 

* 1.1 I__ SCOPE - This specification covers single conductor elec- 
tric wires made as specified in the applicable specification sheet with 
tin-coated, silver-coated, or nickel-coated copper or copper a l l o y  con- 
ductors insulated with crosslinked polyalkene, crosslinked alkane-Imide 
polymer, or polyarylene. The crosslinked polyalkene, crosslinked alkane- 
imide polymer, or polyarylene may be used alone or in combination with 
other insul.ation materials as specified in the specification sheet. 

1.2 Classification - The wires shall be as described in tlie 
applicable military specification sheet. 

1.2.1 Part numbers - Part numbers under this specification 
are coded as in thyfollowing example: 

- 22 - - M81044 /1 9 
-_I 

Applicable speci- Wire size Insulation color 
fication sheet designator or desig- 

nators 
1.2.2 Temperature rating of finished wire - The maximum con- 

ductor temperature of the finished wire f o r  continuous u s e  s h a l l  be as 
specified in the applicable military specification sheet (6.1.1). 

. 2. APPLICABLE DOCUMENTS 

2.1 Government-furnished documents - Tlie f o l l o w i n g  documents 
of the issue in effect on date of invitation for bids or request f o r  pro- 
posal, form a part of this specification to the extent specified herein: 

THIS DOCUMENT CONTAINS .&E P A G ~ .  - 
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MIL-W-81044B 

_ .  
. .  . 

. ._ 

SPECIFICATIONS 

Federa l  

TT-1-7 35 . I sopropyl  Alcohol 

UU-T-450 T i s sue ,  Facial  

M i l i t a r y  

MIL-T-54 38 Tester; Abrasion, E l e c t r i c a l  Cable 

MIL-H-5606 Hydraulic F lu id ,  Petroleum Base; A i r c r a f t ,  
Missile, and Ordnance 

Turbine Fuel ,  Aviat ion,  Grades JP-4 and JP-5 MIL-T-5624 

MIL-P-7254 Propel lan t , ,  N i t r i c  Acid 

MIL-C-12000 Cable, Cord, and Wire, E lec t r ic ;  Packaging of 

MIL-L-2 369 9 Lubr i ca t ing  O i l ,  A i r c r a f t  Turbine Engine , 
Syn the t i c  Base 

MIL-P-26536 . Prope l l an t ,  ElydraTine 

MIL-P-265 39 P r o p e l l a n t ,  Nitrogen Tet roxide  

MIL-D-269 37 - Detergent ,  Syn the t i c ,  Anibnic (Alkyl Benzene 
Sul fona te)  

MIL-P-27402 P rope l l an t ,  Hydrazine - uns-Dimethylhydrazine 
(50% N2H4 - 50% UDMH) 

STANDARDS 

F e d e r a l . .  

FED-STD-228 Cable and Wire, I n s u l a t e d ;  Methods of Tes t ing  

M i l i t a r y  

MIL-STD-104 * L i m i t s  for E l e c t r i c a l  I n s u l a t i o n  Color 

MIL-STD-105 Sampling Procedures and Tables  f o r '  I n spec t ion  
by A t t r i b u t e s  

Qual i ty  Assurance Terms and D e f i n i t i o n s  MIL-STD-109 

I 
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MIL-W-81044 R 

STANDARDS (Cont ' d) 
Military 

MIL-STD-129 Harking for Shipment and Storage 

MIL-STD-681 Zdentification Coding and Application of 
Hookup and Lead Wire 

SUPPLEMENT . 

See Supplement 1 for list of applicable military specification s h e e t s .  

PU BL I CAT I ON S 

Defense Logistics Services Center 

H4-1 Federal Supply Code for Manufacturers Past 1, 
Name to Code 

H4-2 Federal Supply Code for Manufacturers Part 2 ,  
Code to Name 

(Copies of specifications, standards, drawings, and publications re- 
q u i r e d  by s u p p l i e r s  in connection w i t h  specific procurement functions 
should be obtained from the procuring activity or as  directed by the con- 
tracting officer.) 

2 . 2  - Other publications - The following documents form a part 
of this specification.to the extent specified herein. 
indicated, the issue in effect on date of invitation for b i d s  or request 
for proposal shall apply :  

Unless otherwise 

American Society for Testing and Materials 

B33-71 'Standard Specification for Tinned Soft or 
Annealed Copper Wire for Electrical Purposes 

B298-70a Standard Specification for Si1.ver-Coated S o f t  
or Annealed Copper Wire 

B355-69 Standard Specification for Nickel-Coated Soft 
or Annealed Copper Wire 

(Copies of ASTM publications may be obtained from the American 
SociFty f o r  Testing and Materials, 1916 Race Street, Philadelphia, Pennsyl- 
vania 19103.) 

. .  . .. 3 
I ".I, 
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MIL-W-81044B 

3.' REQUIREMENTS 

3.1 Specification sheets - The requirements for the indi- 
vidual wires under this specification shall be as specified herein and 
in accordance with the applicable military specification sheets. In the 
event of discrepancy between this specification and the requirements of 
the applicable military specification sheet, the requirements of the 
military speciflcation sheet shall govern. 

3.2 'Classification of requirements - The. applicable require- 
ments are classified herein as follows: 

Requirement Paragraph 

Qualification 
Materials 
Construction 
Finished Wire 

0 .  

3.3 
3 . 4  
3.5 
3 . 6  

3.3  Qualification - The wire furnished under this specifica- 
tion shall be a product which is qualified for listing on the appl-icable 
qualified products list at the. time set' for opening of bids' (see 4.3 and 
6 . 3 ) .  The provisions of 4.6 for retentioqof qualification'are included 
in this requirement. 

3.4 Materials - 
3.4.1 Conductor material - All strands used in the manufacture 

of the conductors shall be tin-coated, silver-coated, or nickel-coated 

applicable, or shall, be silver-coated or nickel-coated high s trength 
copper alloy. Strands shall be free from lumps, kinks, splits, scraped or 
corroded surfaces and skin impurities. In addition, the strands shall 
conform to the following requirements as applicable. 

. . . soft annealed copper conforming to ASTM B33-71, B298-70.a, or B355-69, as 

3.4.1.1 Tin-coated copper strands - No additional requirements. 
The tin coating shall be as specified in ASTM B33-71. 

, 3.4.1.2 Silver-coated copper strands - The strands shall have a 
coating thickness of r,ot less than 40 micro-inches of silver when tested 
in accordance with ASTM B298-70a. 

3.4.1.3 Nickel-coated copper strands - The strands shall have a 
coating thickness of not leBs than 50 micro-inches of nickel when tested 
in accordance with ASTM B355-69. Adhesion of the nickel coating shall be 
.such that, after subjection to the procedures of 4.7.2.1, the strands 
shall still pass the continuity of coating test in ASTM B355-69. 

.. 
4 

* f  
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MIL-W-81.04413 

3.4.1.4 High strength copper alloy - The strands.sli;ill be of 
the opntic.able AWG gage specified in Tnb1.e I and of sor.11 tensile properties 
that ;he conductor from the finished wire conforms to the requirements of 
3.5.1.3.2 for elongation and tensile strength. 
silver-coated or nickel-coated in accordance with 3.4.1.2 or 3.4.1.3 as 
applicable. 

* 3.4.2 Insulating material - All primary insulation shall be 
crosslinked polyalkene, crosslinked alkane-imide polymer, or polyarylene, 
as specified in the applicable specification sheet. Insulation coatings 
or jackets, if present, shall also be of the material specified in the 
specification sheet. All insulating materials, including primary insulation 
and coating or jacket, shall be certified virgin material (3.4.2.1) contain- 
ing no additives except those required as pigmentation for colors, lubricants 
used in extrusion ar,d stabilizers. The physical properties of the materials 
shall be such that, v7hen tested in accordance with 4.7.5.7 after extrusion 
on the finished wire, the insulation will meet the elongation and tensile 
strength requirements set forth in the specification sheet. 

The strands shall be 

3.4.2.1 Virgin material - For purposes of this specification, 
virgin material shall be 100 percent new material which has been through 
only the processes'essential to i t s  manufacture and its application to 
the wire and has been through these essential processes one time only. 
Any material whfch has previously been processed in any other manner is 
considered nonvirgin material. T h i s  requirement shall apply to the manu- 
facture of all ingredients and components used. 

3.5 Construction - Construction of the wire shall be as 
specified herein and in the applicable military specification sheet. 

3.5.1 . Conductor - . 

3.5.1.1 Stranding - 
3.5.1.1.1 Concentric lay stranding - The conductors of wire sizes 

30 through 10 shall be concentric-lay conductors constructed as specified 
in Table I, Concentric lay shall be interpreted to be a central strand 
surrounded by one or mare layers of helically wound strands. It is  
optional for the direction of lay of the successive layers to be alter- 
nately reversed (true concentric lay) or to be in the same direction (uni- 
directional lay). The strands shall be assembled in a geometric arrange- 
ment of concentric layers, so as to produce a smooth and uniform conductor, 
circular in cross-section and free of any crossovers, high strands, or 
other irregularities, The direction of lay of the individual strands in 
the outer layer of the concentrically stranded conductors of finished wire 
shall be left hand, The length of lay of the outer layer shall not be 
less than 8 nor more than 16 times the maximum conductor diameter as 
specified in the applicable milltary specification sheet. 

5 
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3.5.1.1.2 Rope lay stranding - The conductors of wire sizes 8 
through.0000 shall be rope-lay as . .  specified in Table I and in' (a) and (b)  . 

Rope-lay stranded conductors shall be laid up con- 
centrically with a central member. surrounded by 
one or more layers of helically wound members. It 
is optional for the direction of lay of successive 
layers to be alternately reversed (true concentric 
lay), or to be in the same direction (unidirectional 
lay). The length of lay of the outer layer of 
rope-lay stranded member6 formlng'the conductor 
shall not be less than 10 or more than 14 times the 
outsFde diameter of the completed conductor. The  
direction of lay of the outside layer shall be 
edther left or right hand. 

Members of rope-lay stranded conductors : The length 
of lay of the wires composing the stranded members 
shal l  be not greater than 16 times the outside diam- 
eter of the member. Stranding of the individual 
members may be either concentric or bunch. 

. 

. *  3.5.1.2 Splices - Splices in individual strands or members shall 
be butt brazed. There shall not be more than one strand-splice in any 
two'lay lengths of a stranded concentric-lay conductor or in any two l a y  
lengths of any member in a rope 1ay.conductor; except that not more than 
one splice of an entire member shall be permitted in any two lay lengths 
of a rope lay conductor. 
shall be so finished that the conductor diameter is not increased at the 
point of brazing. In no case shall the whole conductor be spliced at one 
point. 

Splices in members of a rope lay construction 

3.5.1.3 Elongation and tensile strength of conductor - 
* 3.5.1.3.1 Soft or annealed copper - The individual strands re- 
moved from finished wires with soft or annealed copper conductors, wire 
sizes 20 and larger, or the whole soft or annealed c0ppe.r conductor re- 
moved from finished wire, s i z e s  22 and smaller, shall have the following 
minimum elongation when tested in accordance with 4.7.5.6.1: 

Sizes 24 and smaller - 6 percent (minimum) 
Sizes 22 and larger - 10 percent (minimum) 

. .  
There shall be no tensile strength requirements for soft or annealed copper 
conductors. 

* .  
from finished wires with high strength copper a l l o y  conductors shall e x h i l ~ l l  

3.5.1.3.2 High .strength copper a m -  - The whole conductor removed 

.I .. .... 
. ..- . '. , . 'I- 6 
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elonga ' t ion of 6 percen t ,  minimum, and a t e n s i l e  breaking s t r e n g t h  con- 
forming wi th  Table I ,  when t e s t e d  i n  accordance. wi th  4.7..5.6.2. 

* 
be as s p e c i f i e d  i n  Table  I. 
of t h e  " s m a l l  d iameter"  Table  I r equ i r emen t s . fo r  maximum conductor diameter 
s h a l l  be as i n d i c a t e d  i n  t h e  m i l i t a r y  s p e c i f i c a t i o n  shee t .  

3.5.1.4 Conductor diameter  - The diameter  of t h e  conductor s h a l l  
A p p l i c a b i l i t y  of  ' t he  "general  purpose" o r  

3.5.2 I n s u l a t i o n  - The i n s u l a t i o n  s h a l l  be  cons t ruc ted  as 
s p e c i f i e d  i n  t h e  a p p l i c a b l e  s p e c i f i c a t i o n  shee t .  
be  r e a d i l y  removable by convent ional  w i r e  s t r i p p i n g  devices  without  damage 
t o  the  conductor .  

All i n s u l a t i o n  s h a l l  

* 3.5.3 Flaws test of primary i n s u l a t i o n  - One hundred percent  
of t h e  w i r e  s h a l l  be Inspected f o r  d i e l e c t r i c  f laws a f t e r  a p p l i c a t i o n  of 
t h e  pr imary i n s u l a t i o n  and p r i o r  t o  t h e  a p p l i c a t i o n  of any o t h e r  material 
t o  t h e  w i r e .  This  i n s p e c t i o n  s h a l l  be  made by e i t h e r  t h e  cha in  e l e c t r o d e  
spa rk  test of 4.7.4 or t h e  impulse d i e l e c t r i c  test of 4.7.5.1, a t  t h e  
op t ion  of t h e  s u p p l i e r ,  us ing  the  test vo l t ages  s p e c i f i e d  f o r  primary 

. i n s u l a t i o n  i n  t h e  a p p l i c a b l e  s p e c i f i c a t i o n  s h e e t .  . .  . 

3.6' Finished w i r e  - The f i n i s h e d  w i r e  s h a l l .  conform t o  t h e  
requirements  of Table I1 and those  of t h e  a p p l i c a b l e  m i l i t a r y  s p e c i f i c a -  
t i o n  s h e e t .  

* 3.6.1 Impulse d i e 1 e c t r . k  test - One hundred percent  of the  
f i n i s h e d  w i r e  s h a l l  pass  t h e  impulse d i e l e c t r i c  test of 4.7.5.1,  which 
t e s t  s l ia l l  be made dur ing  t h e  f i n a i  winding of the  w i r e . o n  sliipment 
spoo l s  or  reels. 

* 3.6.2 Color - The c o l o r  of the  f in i shed  w i r e  s h a l l  be as s p e c i -  
f i e d  in t h e  procurement c o n t r a c t  'or order  i n  accordance wi th  t h i s  paragraph. 
The p r e f e r r e d  c o l o r s  are as ind ica t ed  i n  the  i n d i v i d u a l  s p e c i f i c a t i o n  
sheets.' A 1 1  Bolid i x i o r s  and t h e  c o l o r s  of a l l  s t r i p i n g  o r  banding s h a l l  
be in '  accordance wi th  MIL-STD-104, Class 1. . S t r i p i n g  o r  banding, i f  
used, s h a l l  conform to NIL-STD-681, except t h a t  t h e  background i n s u l a t i o n  

. color and t h e  c o l o r s  of t h e  s t r i p e s  o r  bands s h a l l  be as i nd ica t ed  i n  t h e  
p a r t  number of t h e  w i r e  and no t  n e c e s s a r i l y  i n  accordance wi th  t h e  p re fe r r ed  
c o l o r s , s p e c i f i e d  i n  MIL-STD-681. S t r i p i n g  o r  banding s h a l l  be capable  of 
wi ths t and ing  t h e  s t r i p i n g  d u r a b i l i t y  test of 4.7.5.3 f o r  t h e  number of s t r o k e s  
and w i t h  t h e  weight s p e c i f i e d  in t h e  a p p l i c a b l e  s p e c i f i c a t i o n  shee t .  
test s h a l l  n o t  b e  r equ i r ed  i f  t h e  s t r i p i n g  or banding is  under a c l e a r  j a c k e t .  

The ' requirements  of 3.6.1 through 3.6.9 a l s o  apply.  

._ 

This  

* 3 . 6 . 3  . I d e n t i f i c a t i o n  - of product - Except as otherwine s p e c i f i e d  
i n  t h e  procurement c o n t r a c t  o r  i n  t h e  app l i cab le  s p c c s f i c a t i o n  s h e e t ,  t h e  
f i n i s h e d  w i r e  shall be i d e n t i f i e d  by a p r i n t e d  marking appl ied  t o  t h e  o u t e r  
s u r f a c e  of t h e  w i r e  o r  v i s i b l e  through t h e  o u t e r  su r f ace .  When t h e  w i r e  
is t o  b e  used i n ' a n  end i t e m  f o r ,  the.Government, omission of t h e  i d e n t i f i -  
c a t i o n  of  product  s h a l l  be pe rmis s ib l e  only when so s t a t e d  i n  t h e  s p e c i f i -  
c a t i o n  s h e e t  f o r  the w i r e  o r  t h e  Government c o n t r a c t  f o r  t h e  end i t e m .  The 

8 
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Table I and 3.5.1.1 

Table I and 3.5.1.4 

Specification sheet 

Specification sheet 

. .  
MIL-W-81044B 

7inished wire weight 

:onductor resistance 

TABLE 11 

Specification sheet 

Table I 

PROPERTIES OF FINISHED WIRE . .  
- 

REQUIREMENT ' 1 METHOD 
I i EXAMINATION OR TEST 

c 

:onductor stranding 

ionduc t or diameter 

Finished wire diameter 

ions truction of insulation 

Lemovability of insulation 

'mpulse dielectric test 

hsulation resistance 

2olor 

:olor striping or %anding 
durability 

[dent if ica t ion of product 

3.6.3.1 a hrability of identificatio 

Concentricity 0 percent (min) p (also 3.6.6) . 

! 

4.7.1 

4.7.1 

4.7.1 

4.7.1 

4.7.1 

4.7.5.1 

4.7.5.2 

4.7.1 

4.7.5.3 

4.7.1 

4.7.5.3 

. 4.7.5.4 

4.7.5.5 

4.7.5.6 

4.7.5.7 

4 .'7.5.8.1 
4.7.5.8.2 

4.7.5.9 

, 4.7.5.10 

Y 
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--- 
EXAM€NATIOH OR TEST. 

3locking 

Jorkmanship 

?olyimide cure test 
(Modffied imide polymer 
coated constructions, 
sizes 10 and smaller) 

Shrinkage 

Wicking 

Abrasion resistance, 
initial . 

Low temperature (cold bend) 

Thermal shock resistsnce 

Flammab Ility . .  

* .. Life cycle 
' _  

Accelerated aging 

1 Immersion tests  
1 '  I 

1 
- I  

a 

REQUIREMENT -MDTHOI, 
. 3.6.7 

3.6.8 

NO cracking 

Specification sheet 

Specification sheet 

Specification sheet 

No cracking; no dielectric 
breakdown 

Specification sheet 

Specification sheet 

No cracking in bend test 
No dielectric breakdown 
No pitting of conductor 

No cracking in bend test 
No dielectric breakdown 
No p l  t ting of conducLor 
Product identification 

s h a l l  remain legible 

Diameter increase, 5 

No cracking on bending 
No dielectric .breakdown 
Meet initial abrasion 
. requirements after 

percent max 

immersion . 

4.7 .?I .ll 

4.7.1 

4.7 .S. 12 

4.7.5.13 

4.7 -5.14 

4.7.5.15 

4.7.5.16 

4.7.5.17 

4.7.5.18 

4.7.5.19.2 
4.7.5.19.3 
4.7.5.19.1 

4.7.5.20 

4.7.5.21 

Information Handling Services, 
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--- 
REQUIKEMENT 

Specification sheet . 

Surface resistance Specif icntion sheet 

Smoke test Specification sheet 

TABLE I1 (Continued) 
-. -- 

! 
4.7.5.22 1 
METHOD 

--- 

4.7.5.23 

4.7.5.24 

MIL-W-81044B 

Propellant resistance 
(When required in 
specification sheet) 

No dielectric breakdown I 
! 

4.7.5.25 

I 4.7.5.26 I 3 . 6 . 9  I * I Continuous lengths 
printed identification shall consist of the following, at intervals of 9 
inches to 6 0  inches, as measured from the beginning of one complete marking 
to the beginning of the succeeding complete marking. 

Specification sheet part number 
Manufacturer's code designation in accordance with 
publications H4-1 and H4-2 

The printing shall be green in color in accordance with MIL-ST1)-104, Class 1, 
except that when the wire is solid green or any other solid color against 
which green is difficult to distinguish, the printing shall be white. 
Identification printing shall be applied with the vertical axes of the 
printed characters lengthwise of the wire when the nominal diameter of the 
finished wire is 0.050 inch or smaller. The vertical axes of rhe printed 
characters may be either crosswise OK lengthwise of the wire when the 
nominal diameter of the wire exceeds 0.050 inch. All printed characters 
shall be complete and legible. 

3.6.3.1 Durability and resistance to accelerated aging of . 
identification - Identification printing, when applied to the outer surface 
of the finished wire, shall be capable of withstanding the durability test 
specified in 4.7.5.3 for the number of cycles and with the weight specified 
in the applicable specification sheet, 
when the identification marking is under a clear jacket. 
marking shall also be legible after the accelerated aging of 4.7.5.20. 

This test shall not be required 
The identification 

3.6.4 Wrap test - 
3.6.4.1 "Wrap back" test - Wire sizes 10 and smaller of this 

specification with insulation comprising an extruded primary of crosslinked 
alkane-imide polymer and an insulation coating of modified,imide polymer slia1.l 
show no cracking of the insulation when tested in accordance with 4.7.5.8.1. 

f _ _ _  . - . 

7 / . 
1-1 / .  . 

L 
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*' 3.6 ;4 .2 Mandrel wrap test - Wire of this Specification with in- 
sulation comprising an extruded crosslinked polyalkene primary and an 
extruded polyvinylidene fluoride jacket or with insuI.ation composed entirely 
of polyarylene shall show no cracking of insulation and no dielectric break- 
down when tested in accordance with 4.7.5.8.2. 
be applicable to wire, sizes 8 and larger, with insulation comprising an 
extruded primary of crosslinked alkane-imide polymer'and an insulation 
coating of modified imide polymer. 

This requirement shall also 

I feet 
30 - 16 ' 50% 
14 - 10 30% * 

\ 

* 3.6.5 Insulation thickness - The requirement f o r .  thickness of 
insulation shali apply to the total insulation wall when the specification 
sheet specifies a value for this. characteristic and shall also apply to 
any part of the total insulation (e.g., primary insulation, insulation 
coating, or jacket) for which the specification sheet specifies a value. 

apply to both the primary insulation and the finished wire. 
3 . 6 . 6  Concentricicy - The concentricity requirement shall 

500 I 100 
feet I feet 

100% 50% 

. .  
80% I 100% 

I 

* 3.6.7 Blocking - Adjacent turns or layers of 'the wire shall . 
not stick to one another when tested as specified in 4.7.5.11 at the tem- 
perature specified in the applicable specification sheet. 

I 8 - 4  . 

i 2 - 0000 

3 .6 .8  Workmanship - All details of workmanship shall be in 
accordance with high grade aircraft wire manufacturing practice. The 

- 50% 100% 

- I -  

insulation shall be free of cracks, splits, irregularities, and imbedded 
foreign material. 

Continuous Lengths - Unless otherwise specified in the * 3 . 6 . 9  
contract or order, the individual continuous lengths of wire in each in- 
spection lot shall be of such footage-that the Inspection lot. s h a l l  conform 
to Table I11 when examined in accordance with 4.7.5.26. Unless otherwise 
Specified in the contract or order, the footage of the individual con- 

' tinuous length6 in'each spool or reel shall be marked on the spool or reel 
in the sequence in which the lengths will be unwound by the user. 

--- 

' 

TABLE I11 

12 

. .  
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m 

Information Han'dling Services, 
C a n t o r n h e r  37 1 9 4 9  ln.55.77 



MIL-W-81044B 

4. QUALITY ASSURANCE PROVISIONS . 

4.1 . Responsibility for inspection - Unless otherwise speci- 
fied in the contract.or purchase order, the supplier is responsible for 
the performance of all. inspection requirements as specified herein. 
cept as otherwise specified in the contract or order, the supplier may 
use his own or any other facilities suitable for the performance of the 
inspection requirements specified herein, unless disapproved by the Govern- 
ment. The Government reserves the right to perform any of the inspections 
set forth in the specification where such inspections are deemed necessary 
to assure that supplies and services conform to prescribed requirements. 

Ex- 

4.2 Classification of inspections - The examinations and 
tests of wires under this specification shall be divided into the following 
classifications: 

- Clessif icat ion Paranraph 

Qualification inspection . 4 . 3  
Quality conformance inspection 4 . 4  
Proc.ess control inspection 4.5 
Periodic qualification re-evaluation 4.6 

4 . 3  Qualification inspection - Qualification inspection shall 
consist-of all the t e s t s  of t h i s  specification. 

* 4.3.1 Sampling f o r  qualification inspection - Except as pro- 
vided in 4.3.1.1, a finished wire sample of the required length shall be 
submitted for each range of wire sizes for which qualification i s  desired. 
The sample may be any size wire within the specified size range. Ten 
linear feet of the coated conductor strand used in the manufacture of 
the finished wire sample shall be submitted with the finished wire sample. 

W I R E  SIZE RANGE REQUIRED LENGTH OF SAMPLE (FEET) 

30 through 26 150 
24 through 16 150 

;. 14 through 10 150 
8 through 6 100 
4 through OOOC 100 

* 
more specification sheets cover wires identical in materials and construc- 
tion except for conductor (i.e., the specified conductor may be silver 
coated copper, nickel coated copper, tin coated copper, silver‘coated 
alloy, or nickel coated alloy in the different specification sheets), the 
finished wire sample and conductor strand sample in accordance with.4.3.1 
may be submitted f o r  any one of the Specification sheets for which 

4.3.1.1 9tional qualification samples - In cases where two or. 

13 

--- - - 
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MIL-W-81044B * .  

qunl.ification is desired. In addition, IO-foot samples of conductor s1:rnnd 
only, applicable to the same wire size range or ranges as the finished 
wire sample, may be submitted for'any of the other.specification sheets 
which differ from the finished sample only in conductor. Approval of the 
finished wire qualification sample shall also qualify the same wire size 
range or ranges in each of the other specification sheets for which con- 
ductor strand samples have been eubmitted and approved. (Note: For 
purposes of determining identity of construction in specification sheets 
under this provision, small differences in specified finished wire diam- 
eter or weight which are obviously due to differences in the specified 
conductor shall not be considered a6 constituting differences in construc- 
tion of the. wires. ) 

4 . 3 . 2  . Forwarding of qualification samples - Samples and the . 
manufacturer's cerxfied test reports shall be forwarded to the testing 
laboratory designated in the letter of authorization from-the activity 
responsible for qualification (see 6.3), plainly identified by securely 
attached, durable tags marked with the following information: 

Sample for qualification test 
WIRE, ELECTRIC, CROSSLINKED POLYALKENE INSULATED,* 

Specigication sheet part number 
COPPER** 

' Manufac'turer's name and code number (Pubiications "4-1 
. .  and H4-2) 

Manufacturer's part number 
Comprehensive description and prime manufacturer's name 
and formulation number of the base materials from 
which the product is made. (This information will not 
be divulged by the Gdvernment.) 

Place and date.of manufacture of sample 
Submitted by (name) (date) for qualification tests in 

. accordance with the requirements of MIL-W-81044B under 
authorization (reference authorizing letter). 

* or WROSSLINKED ALKANE-IMIDE POLYMER INSULATED" or 
"POLYARYLENE INSULATED", as applicable 

** .or "COPPER &LOY", as applicable 

4 . 4  Quality conformance inspection - Quality conformance in- 
spection shall consist of the edaminations and tests listed in Table IV 
and described under "Test Methods" (4.7). 
shall be performed on every lot of wire procured under this specification. 

Quality conformance inspection 

. .  . .  _ .  
* 14 

, .. . 

.. I .  
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TABLE IV 

QUALITY'  CONFORMANCE INSPECTION 

EXAMINATION OR TEST 

Oroup I Characteristics 

Conductor stranding 

Conductor diameter 

Finished wire diameter 

Construction of insulation 

Removability of insulation 

Insulation resistance 

Color 

Color striping or banding 
durability. 

Identification of product 

Durability of identifi- 
cat ion 

Wor kmanship 

Finished wire weight 

Conductor resistance 

Conductor elongation and 
tensile strength 

Insulation elongation and 
tensile strength 

REQUIREMENT 

Table I and 3.5.1.1 

Table I and 3.5.1.4 

Specification sheet 

Specification sheet 

3.5.2 

Specification -sheet 

3.6.2 

3.6.2 

3.6.3 

3.6.3.1 

3.6.8 

Specification sheet 

Table I 

3.5.1.3 

Specification sheet 

3.6.4.1 
3.6.4.2 

Group I1 Characteristics 

Wrap test (as applicable) 

"Wrap back" test 
. Mandrel wrap test - 

METHOD 

4.7.1 

4.7.1 . 

4.7.1 

4.7.1 

4.7.1 

4.7.5.2 

4.7.1 

4.7.5.3 

4.7.1 

4.7.5.3 

4.7.1 

4.7.5.4 

467.5.5 

4.7.5.6 

4.7.5.7 

4.7.5.8.1 
4.7.5 .a . 2  

15 
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. TABLE IV (Continued) 

* 

* 

* 

- 
EXAMINATIOW OR TEST . 

;roup 11 Characteristics 
(Continued) 

Insulation thickness 

Concentricity 

Polyimide cure test 
(Modified imide polymer 
coated constructions, 
s i z e s  10 and smaller) 

Shr inkage 

Wicking . . 

Abrasion resistance, 
init ia 1 

Low temperature (cold bend) 

T,hermal shock resistance : 

F1 amiab i 1 i t y 

Accelerated aging 

Group 111 characteristic 

Impulse dielectric teat 

Group IV Characteristic 

Continuous lengths 

Specification sheet 
(also 3.6.5) 

70 percent bin) 
(also 3.6.6) 

No cracking 

Specification sheet 

Specification sheet 

Specification sheet 

No cracking; no dielectric 
. breakdown 

Specification sheet 

.Specification sheet 

Table I1 

3.6.1 
- - 

3.6.9. 
- 

4.7.5.9 

4.7.5.10 

4.7.5.12 

4.7.5.13 

. 4.7.5.14 

4.7.5.15 

4 7.5.16 

4.7.5.17 

4.7.5.18 

4.7.5.20 

4.7.5.1 

4.7.5.26 

4.4.1 Sampling for quality conformance inspection - MIL-STD-109 
shall a m i v  for definitions of inspection terms 'used herein. For purposes .. - 

* of this specification, the fol1owin.g $hal l  apply: 

16 . 

--- 
Information Handling Services, 
Cnntemhnr 37 1 q Q Q  111.5q-77 



MIL-W-81044 13 

Lot - The inspection lot shall include all wire of one * 4.4.1.1 
paft number subjected to inspection at one time. 

- 
4.4.1.2 Unit of product - The unit of product for dsterminjng 

lot size for sampling shall be one continuous length of wire as offered 
for inspection. 

, 4.4.1.3 9 Sample unit (Groups I and I1 tests) - The sample unit 
for Groups I and I1 tests, except for the Group I insulation resistance 
test, shall consist of a single piece of finished wire chosen at random 
from the inspection lot and of 'sufficient length to permit all applicable 
examinations .and tests. Unless otherwise specified, the length of the 
sample unit for Group I tests of Table IV, other than insulation resist- 
ance, shall be 20 feet and the length of the sample unit for Group I1 tests 
shall be 25 feet.' Not more than one sample unit for each group of tests 
shall be' taken from a single unit of product. 

* 4.4.1.3.1 Sample unit for insulation resistance test (Group I) - The 
sample unit for the Group I insulation resistance test shall be a specimen 
at least 26 feet in length selected at random from finished wire which has 
passed the Group I11 impulse dielectric test. It is optional whether the 
,specimen is tested on the reel or removed from the reel for the test, pro- 
vided the length of the specimen can be determined. 

.4.4.1.4 . Inspection levels and acceptable quality levels (AQL) 
(Groups I and I1 tests) - For Group I characteristics, including the insuln- 
tion resistance test, the inspection level shall be S-2 and the AQL shall 
be 6.5 percent defective units'in accordance with MIL-STD-105. ' For Group I1 
characteristics, the inspection level $ha11 be S-3 and the AQL shall be 1.5 
percent defective units. 

* 4.4.1.5. Sampling and acceptance for the Group I11 (impulse dielec- 
tric) test - The sample for the Group I11 impulse dielectric test shall be 
100 percent of the -finished wire and every length of the wire shall be 
subjected fully to the test. Insulation breakdowns resulting from the 
test and ends or portions not subjected to the test shall'be marked or' 
cut out of the finished wire (4.7.5.1.3). 

* 4.4.1.6 Sampling and acceptability levels for Group IV (continuons 
lengths) examination -.The inspection level and acceptable quality level 
for this examination s h a h  be as required for the applicable procedure of 
4.7.5.26. 

4.4.2 Nonconforming inspection lots - Disposition of inspection 
lots found unacceptable under Initial quality conformance.ins.pection shall 
be in ,accordance with MIL-STD-105. 

Process control inspection - This inspection comprj.ses 
tests and examination8 of such a nature that they cannot: 'be performed on 

- -4.5 

17 
. .  
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3.4.2 

3.5.1.2 

the finished wire as submitted for inspection and therefore must be con- 
ducted at.the most appropriate stage of the manufacturing operations. 
process control tests shall consist of the tests listed in Table V. 
control inspection shall be performed on every lot of wire procured under 
this specification. 

The 
Process 

4.7.3, 4.7.,5.7 

4.7.1 

4.5.1 Sampling for process control inspection - . 

4.5.1.1 Conductor material - From each weeks's production of indi- 
vidual coated strands or from every 1000 pounds of such strands, whichever 
is less, three ten-foot lengths of strand shall be selected in such a 
manner as to be representative of the material to be used in the finished 
wire. 

-3.5.3 

* 4.5.1.2 Insulation material - If process control tests of the 
insulating material are required (4.7.3), three wire lengths, adequate for 
testing and representative of the insulating material to be used in each 
lot of wire, shall be selected after extrusion of the insulation on the 
wire. 

4.7.5.1 

TABLE V 

PROCESS CONTROL INSPECTION 

EXAMINATION OR TEST 
~ 

Conductor material A/ 
Insulating material 

Conductor splices 

Flaws' test of primary insulation 
(as applicable) 

Spark test 

Impulse dielectric test 

- 1/ Except adhesion .of nickel coati 

4.5.1.3 Conductor splices - The manufacturer's.method of splicing 
individual strandsand entire members shall be observed at the discretion 
of the Government representative. 

m 
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Adhesion of nickel coating 
 locking . 
Life cycle 
Immersion tests 
Humidity resistance 
Surf ace resistance 
Smoke test 
Propellant resistance 

specification sheet 
(When required in 

* 4.5.1.4 Flaws test of primary insulation - The sample for this 
test (3.5.3) shall be one hundred percent of the wire aflrer application o E  
the primary insulation and prior to the application of any 'other material. 
One hundred percent of the wire shall be Subjected to either the spark test 
or the dielectric impulse test at this stage in production. Portions 
showing dielectric breakdown shall be cut out or removed and testing of the 
balance of production shall be resumed. 

3.4.1.3 
3.6.7 

Table I1 ' 

Table I1 
Specification sheet 
Specification sheet 
Specification sheet 
No dielectric breakdown 

4.5.2 Rejection and retest in process control inspection - When 
a sample selected from a production run fails to meet the specified tests 
(except flaws test of primary insulation, see 4.5:1.4), no items still on 
hand or later produced shall be accepted until the extent and cause of the 
failure have been determined. After investigation, the contractor shall 
advise the Government of the action taken and, after corrections have been 
made, shall repeat all the process control tests. Rejection after correct- 
ive action will'require that the contractor advise the procuring activity 
of the details surrounding the retest and cause for rejection. 
formities of primary insulation in the flaws test shall be handled as 
provided in 4.5.1.4. 

Noncon- 

4.5.2.1 Effect of process control failure on quality conformance 
testing - Quality conformance testing may be continued during the investi- 
gation of the failure of a process control sample, but final acceptance of 
the material shall not be made until it is determined that the lot meets 
a l l  t he  process control requirements and quality conformance requirements 
of the specification. 

4.6 Retention of qualification - Periodic qualification re- 
evaluations shall be made at two-year intervals after the date of the tetter 
of notification of the product's acceptability for qualification. MaLerials 
from current production shall be evaluated against the requirements of 
Table VI in addition to the quality conformance requirements and process 
control requirements of Table IV and Table V. 

TABLE VI 

TESTS APPLICABLE ONLY TO QUALIFICATION INSPECTION 
LiD QUAL I FI CATIOX RE-EVALUAT ION 

I REQU I REMENT ' METHOD TEST I 

4.7.5.11 
4.7.5.10 
4.7.5.21. 
4 .7 .5 .22  

4.7.5.23 
4.7 5.24 
k .7.5.25 

/ 

1 9  .. . I  @ .. 
... . 
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4.6.1 Re-evaluation procedure - It shall be the responsibility 
of tlie qualified supplier to furnish to the Government, at two-year inter- 
vals, the data necessary to establish the continlied ronformj t y of t l i c  
product to all qualification requirement s. Tliesc- d a t a  slioiild prtbfci-nbl y 
be complete test results of a sample representative of ciirrent prodwt-inn, 
tested against all the requirements of the speciffcation. 
of Lhe qualifying activity, test records from current production may be 
accepted for the re-evaluation to the extent they are available and samples 
from current production need be subjected to only the tests for which no 
production test records are available. The  qualifying activity shall be 
notified of the test.results. If a failure occurs, no wire represented by 
the sample nor any other wire manufactured with the same materials and 
processes, which has not already been submitted for quality conformance 
inspection, shall be offered for acceptance until the cause for failure has 
been determined and concurred in by the qualifying activity as not affecting 
the ability of the wire to pass qualification inspection requirements. In 
the event the date for re-evaluation has passed and no current production 
materials or data are available for re-evaluation, the supplier shall still 
be eligible for contract award, but final acceptance of material from such 
a supplier is contingent upon his material meeting all the qualifying re- 
quirements of the specification. 

A t  the d i w r e t i o n  

' 4.7 Test methods - 
Examination ofzoduct - - A l l  samples sha l l  be examined 

carefully to determine conformance to this specification and to the ap- 
plicable specification sheets with regard to requirements not covered by 
specific test methods.. 

--- 4.7.1 

4.7.2 Conductor material - Conductor strands, prior to use in 
the conductor, s h a z  be tested for conEormity to ASTM Standards 833-71, 
B298-70a, or B355-69, as applicable. Thickness of silver or nickel coat- 
i n g  shall.also be determined by the methods of ASTN Standards B298-70a and 
'B355-69. 

' 4.7.211 Adhesion of nickel coating - Two 6-inch specimens s h a l l  
be cut from the sample of nickel-coated strand. One specimen shall be 
wrapped over its own diameter for eight close turns. The second specimen 

to ten.continuous cycles of temperature change. 
change shall consist of 4 hours at 250 +3'C (482 +5.4"F) followed by 4 
hours at room temperature. 
straight specimen shall be.wrapped over fts own diameter for eight close 
turns in a manner identical to.that of the first specimen.. Both wrapped 
specimens shall then be tested for continuity of coarinR in accordance 
with the procedure given in ASTM Sfandard B355-69,. 

' shall remain in its straight form. Both specimens shall then be subjected 
Each cycle of temperature 

Upon compleFion of th; thermal cycling, the 

. .  . .  
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* 4.7.3 I n s u l a t i o n  m a t e r i a l  - Unless otherwise s p e c i f i e d  i n  t h e  
procurement c o n t r a c t  o r  order  (6.2),  c e r t i f i c a t i o n  of conformity by the  
wire s u p p l i e r  s h a l l  be acceptab le  i n  l i e u  of process c o n t r o l  t e s t s  of the 
i n s u l a t i o n  material. Such c e r t i f i c a t i o n ,  however, s h a l l  not r e l i e v e  the  
s u p p l i e r ' s  product  from the  necess i ty  of passing a l l  tests requi red  of t h e  
f in i shed  w i r e  i nc lud ing  those  r e l a t i v e  t o  i n s u l a t i o n .  I f  the  con t r ac t  o r  
o rde r  r e q u i r e s  process  c o n t r o l  tests of t h e  i n s u l a t i o n  ma te r i a l ,  samples 
s e l e c t e d  i n  accordance wi th  4.5.1.2 s h a l l  be t e s t e d  as s p e c i f i e d  i n  4 . 7 . 5 . 7 .  

4.7.4 Spark test of  primary i n s u l a t i o n  (when a p p l i c a b l e ,  3.5.3) - 
The w i r e ,  after a p p l i c a t i o n  of  the  primary i n s u l a t i o n  and p r i o r  t o  the  
a p p l i c a t i o n  of  any o the r  material, s h a l l  be passed through a chain e l e c t r o d e  
spark  test  dev ice  us ing  t h e  vol tage  and frequency s p e c i f i e d  i n  t h e  appl i -  
cab le  s p e c i f i c a t i o n  sheet. 
or f i n e  meah cons t ruc t ion  t h a t  w i l l  g ive  i n t i m a t e  metall ic con tac t  wi th  
p r a c t i c a l l y  a l l  t h e  wfre  i n s u l a t i o n  su r face .  
of w i r e  movement s h a l l  be such t h a t  t he  i n s u l a t i o n  i s  subjec ted  to  t h e  
test vo l t age  f o r  a minimum of 0 .2  second. 
breakdown s h a l l  be c u t  ou t  of t h e  w i r e  inc luding  a t  least  2 inches of wire 
on each s i d e  of t h e  f a i l u r e .  

The e l e c t r o d e  s h a l l  be of a s u i t a b l e  bead cha in  

Electrode length  and speed 

Any por t ion  showing i n s u l a t i o n  

Finished w i r e  - Methods of test of the f inished wire --- 4 . 7 . 5  
(and of unf in ished  w i r e  a l s o ,  when 6.0 s p e c i f i e d )  s h a l l  b e - a s  fol lows:  

* 4 . 7 . 5 . 1  Iqpu l se  d i e l e c t r i c  tes t .  - 
4.7 .5 .1 .1  T e s t  equipnient - The e l ec t rode  head through which the  

wire is passed i n  the  impulse d i e l e c t r i c  t e s t  shall be of a s u i t a b l e  bead 
cha in  c o n s t r u c t i o n  such t h a t  t h e  e l ec t rode  w i l l  give in t ima te  metal l ic  
con tac t  wi th  p r a c t i c a l l y  a l l  of the w i r e  i n s u l a t i o n  surface.  The charac- 
t e r i s t i c s  of t he  test impulse and of the equipment a u x i l i a r y  t o  the  elec- 
t r o d e  head s h a l l  be as fol lows:  

(a) T e s t  impulse - The wave form of the  vo l t age  suppl ied  
t o  the e l ec t rode  head s h a l l  cons i s t  of a nega t ive  
p u l s e ,  t h e  peak magnitude of which s h a l l  be a s  
s p e c i f i e d  i n  the  app l i cab le  s p e c i f i c a t i o n  s h e e t ,  
followed by a damped o s c i l l a t i o n .  The rise time. 
of t he  nega t ive  i m p u l s e  wave f ron t  from zero magni- 
tude t o  90 percent  of the  spec i f i ed  peak vol tage  
s h a l l  be no t  more than 75 microseconds. The peak 
value of the  f i r s t  p o s i t i v e  overshoot and each o f  
the  subsequent damped o s c i l l a t i o n s  she1 1 be sniul l c r  
than t h e  i n i t i a l  negat ive pulse .  The t i m e  d u r i n K  
which each pu l se  and accompanying damped o s c i l l a t i o n  
( p o s i t i v e  and negat ive)  remains a t  an absolu te  
p o t e n t i a l  of 80 percent  o r  g r e a t e r  of t h e  s p e c i f i e d  
peak vol tage  s h a l l  be 20 t o  100 microseconds. 

. pulse  r e p e t i t i o n  ra te  s h a l l  be 200 t o  250 pu l ses  

. 

The 

'. 
- .  . .  
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per second, inclusive. Except for the final peak 
voltage adjustment (4.7.5.1.3), conformity to 
these test impulse parameters shall be determined 
with no capacitive load impressed upon the electrode. 

Capacitive tolerance - The tolerance of the equip- 
ment to change in capacitive load shall be such 
that the peak output voltage shall not be reduced 
by more than 12 percent in the event of an increase 
of capacitive load, between electrode and ground, 
from an initial load of 12.5 pico.farads per inch 
to 25 picofarads per inch of electrode length. 

Instrument voltmeter - Connected to the electrode 
head, there shall be a peak reading voltmeter indi- 
cating continually the potential of the electrode. 
The voltmeter shall show full deflection at'a 
potential not exceeding 15 kilovolts and shall have 
a minimum accuracy of +4 percent at the specified 
test impulse potential: 

Failure detection circuit. There'shall be a failure 
detection circuit to give a visible.or audible 
indication of insulation failure, automatically 
deenergize the electrode head, and stop progress 
of the wire through the electrode. The detecting 
circuit shall be sufficiently sensitive to indicate 
a fault at 75 percent of the specified test voltage 
when the electrode is arced'to ground through a 20 
kilohm resistor and shall' be capable of detecting 
a fault which lasts for the duration of only one 
impulse, . 

4.7.5.1.2 Calibration of equipment - The instrument voltmeter shal l  
be calibrated by comparison with an external standard voltmeter capable of 
detecting the peak potential at the electrode head with or without auxiliary 
circuitry. In performing the calibration, the standard voltmeter shall be 
connected to one of the electrode beads directly or through a calibrated 
attenuator circuit. The impulse generator shall be energized and the voltage 
control of the impulse generator shall be adjusted until the reading.on 
the standard voltmeter is the specified potential, at which point the 
reading on the instrument voltmeter shall be observed and recorded. 
calibration shall be repeated for each peak potential at which it is intended 
to operate the equipment. An alternative procedure is by means of a coli- 
brated oscilloscope connected to the bead electrode through a suitable 
attenuator. The peak magnitude of the negative pulse can then be read di- 
rectly from the waveform display.' An oscilloscope connected to the electrode 
head at suitable test points shal l  also be used to verify conformance to 
the other waveform paramkters specified in 4.7.5.1.1(a). 

This 



4.7.5.1.3 * T e s t  procedure 
(3.5.3), as app l i cab le ,  s h a l l  be 
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- The f in i shed  w i r e  o r  unfinished wire  
threaded through the  e l ec t rode  head and 

t h e  conductor s h a l l  be grounded a t  one or  both ends. 
be energized t o  t h e ' s p e c i f i e d  peak p o t e n t i a l  and,  a f t e r  f in;i l  adjustment 
of the  vo l t age  wi th  w i r e  i n  the e l e c t r o d e  head, the wire  s h a l l  be passed 
from t h e  pay-off spool  through the e l ec t rode  and onto the  take-up spoo l .  
The speed of  passage of t h e  wire through t h e  e l ec t rode  s h a l l  be such t h a t  
t h e  w i r e  i s  subjec ted  to not  less than 3 nor more than 100 pulses a t  any 
given p o i n t .  
marked f o r  l a te r  removal a long  with a t  1.cilst 2 inches of w i r e  on each s i d e  
of  the f a i l u r e .  During a l l  p a r r s  of the  test, inc luding  s t r ing-up of new 
l eng ths ,  every e f f o r t  s h a l l  be made t o  t e s t  the e n t i r e  l eng th ,  inc luding  
ends of t h e  w i r e , ' i n  accordance wi th  t h i s  procedure. A l l  ends or  o the r  
p o r t i o n s  of t he  w i r e  no t  so t e s t e d  s h a l l  be removed subsequent t o  t h e  test. 
When s p e c i f i e d  i n  c o n t r a c t . o r  order  (6.2),  i n  tests of  f in i shed  w i r e ,  t he  
d i e l e c t r i c  f a i l u r e s ,  un tes ted  po r t ions  of  w i r e ,  o r  po r t ions  which have 
been exposed t o  fewer o r  more than the  s p e c i f i e d  number of pu l se s  may be 
marked by s t r i p p i n g  t h e  i n s u l a t i o n  o r  by o the r  s u i t a b l e  method of marking 
as s p e c i f i e d  i n  the  con t r ac t  i n  l i e u  of being cu t  out of the  w i r e .  

least 26 f e e t  i n  l eng th  e h a l l  be  connected e l e c t r i c a l l y  t o  a DC te rmina l .  
The specimen shall be immersed i n  a water ba th ,  at 25 +5OC ( 7 7  + 9 O F ) ,  contain-  
i n g  0.5 t o  1.0 percent  of an  an ionic  we t t ing  agent ,  except  t h a t t h e  e l e c t r i c a l  
c o n t a c t s  and approximately s i x  inches of i n su la t ed  w i r e  a t  each end of t h e  
specimen s h a l l  p ro t rude  above t h e  s u r f a c e  of t h e  water. A f t e r  4 h o m s  mini- 
mum of immersion, t he  specimen s h a l l  be subjected t o  a p o t e n t i a l  o f  250 t o  
500 v o l t s  app l i ed  between t h e  conductor and t h e  water ba th ,  which se rves  as 
t h e  second e l e c t r o d e .  The i n s u l a t i o n  r e s i s t a n c e  of t he  specimen s h a l l  be  
determined a f t e r  one minute of e l e c t r i f i c a t i o n  at t h i s  po ten t ia l .  and s h a l l  be 
c a l c u l a t e d  t o  megohm for  1000 f e e t  as follows: 

The e l e c t r o d e  s l i n l l  

Any d i e l e c t r i c  f a i l u r e s  w h i c h  occur s h a l l  be cut out or 

4.7 3 . 2  I n s u l a t i o n  r e s i s t a n c e  - The ends of a w i r e  specimen a t  

Specimen r e s i s t a n c e  (megohms).~ immersed length  ( f e e t )  
1000 Megohms f o r  1000 f e e t  = . 

4.7.5.3 D u r a b i l i t y  of co lo r  markings - The d u r a b i l i t y  bf product 
i d e n t i f i c a t i o n  o r  co lor -markings  appl ied  t o  the  w i r e  f o r  coding s h a l l  be 
eya lua ted  a t . 2 0  t o  25°C (68 t o  77'F) as fol lows:  

4.7.5.3.1 D u r a b i l i t y  t e s t i n g  apparatus  - The markings d u r a b i l i t y  
tester s h a l l  be  des igned ' to  hold a s h o r t  specimen of f in i shed  w i r e  f i rmly  
clamped i n  a h o r i z o n t a l  p o s i t i o n  with the  upper long i tud ina l  s u r f a c e  o f  t h e  
specimen f u l l y  exposed. The instrument  s h a l l  be capable of rubbing a small 
c y l i n d r i c a l  s teel  mandrel (u sua l ly  a needle)  , 0.025 inch i n  diameter , re- 
pea ted ly  over  t h e  upper s u r f a c e  of the  w i r e ,  i n  such pos i t i on  t h a t  t he  
l o n g i t u d i n a l  axes  of t h e  mandrel and t h e  specimen a r e  a t  r i g h t  angles  t o  
each o t h e r  with c y l i n d r i c a l  s u r f a c e s  i n  contac t .  A weight a f f i x e d  t o  a j i g  
above t h e  mandrel s h a l l  c o n t r o l  t h e  t h r u s t  exer ted  normal t o  t he  s u r f a c e  
of t h e  i n s u l a t i o n .  A motor dr iven ,  r ec ip roca t ing  cam mechanism and counter  
s h a l l  be used t o  d e l i v e r  an accu ra t e  number of  abrading s t r o k e s  i n  a 
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d i r e c t i o n  p a r a l l e l  t o  t he  a x i s  of the  specimen. 
s h a l l  b e  318 inch  and t h e  frequency s h a l l  be 120 s t r o k e s  (60 s t r o k i n g  
cyc le s )  p e r  minute,  

The l eng th  of t h e  s t r o k e  

4.7.5.3.2 D u r a b i l i t y  t e s t i n g  procedure - I n  performing t h e  test, a 
specimen of w i r e  s h a l l  be mounted i n  the  specimen clamp and t h e  weight 
s p e c i f i e d  i n  t h e  a p p l i c a b l e  s p e c i f i c a t i o n  shee t  s h a l l  be appl ied  through 
t h e  abrading  mandrel to t h e  marked su r face .  The counter  shall be set a t  
ze ro  and t h e  d r i v e  motor s t a r t e d .  The specimen s h a l l  be observed througti- 
o u t  t h e  p rogres s  of t h e  test  and, as soon as t h e  mandrel has  developed a 
cont inuous l i n e  of erasure o r  o b l i t e r a t i o n  through a l l  a p p l i c a b l e  markings 
contac ted  i n  i t s  s t r o k e s ,  t h e  number of abrading cyc le s  s h a l l  be recorded.  
Three specimens from each sample unLt s h a l l  be t e s t e d  and t h e  r e s u l t s  averaged. 

4.7.5.4 Wire weight - The weight of each l o t  of f i n i s h e d  w i r e  
s h a l l  be determined by Procedure I (4.7.5.4.1). Lots  f a i l i n g . t o  m e e t  t he  
w i r e  weight  requirement  o f  t h e  a p p l i c a b l e  s p e c i f i c a t i o n  s h e e t  when t e s t e d  
i n  accordance wi th  Procedure I s h a l l  be subjec ted  t o  Procedure I1 (4.7.5.4 
All . ree ls  or spoo l s  fa i l ing  t o  m e e t  t h e  requirements  of t h e  s p e c i f i c a t i o n  
s h e e t  when t e s t e d  by Procedure XI s h a l l  be r e j e c t e d .  
of 4.4.1 are n o t  a p p l i c a b l e  In Procedure 11. 

The sampling p l ans  

,2 ) .  

4.7.5.4.1 Procedure I - The l eng th  and weight of a specimen a t  
least 10 feet l o n g y h a l l  be a c c u r a t e l y  measured and the  r e s u l t a n t  measure- 
ments conver ted  t o  pounds p e r  1000 f e e t .  

4.7.5.4.2 Procedure I1 - The n e t  weight of  t he  f i n i s h e d  w i r e  on 
each r e e l  or spoo l  s h a l l  be obta ined-by  s u b t r a c t i n g  t h e  Lare weight of 
t h e  reel  o r  s p o o l  from'.the gross weight of tlic reel or spool conta in ing  t h e  
f i n i s h e d  w i r e .  
d iv ided  by t he  a c c u r a t e l y  determined length  of f i n i s h e d  wire on that r e e l  
o r  spoo l  and t h e  r e s u l t a n t  f i g u r e  s h a l l  be converted t o  pounds per  1000 
f e e t .  When wood o r  o t h e r  moisture  absorbent  materials are used f o r  reel 
o r  spool  c o n s t r u c t i o n ,  tare weight and gross  weight s h a l l  be  determined 
under s u b s t a n t i a l l y  t h e  same condi t ions  of re la t ive humidity.  

The ne t  weight of w i r e  on each reel or  spool  shall be 

* 4.7.5.5 Conductor r e s i s t a n c e  - The'DC r e s i s t a n c e  of the  con- 
duc to r  s h a l l  be measured i n  accordance wi th  Method 6021 of FED-STD-228 
except  t h a t  t h e  w i r e  s h a l l  be  t e s t e d  dry  without  immersion. 

4.7.5.6 Conductor e longat ion  and t e n s i l e  s t r e n g t h  - 
* S o f t  o r  annealed copper - Elongation tests of s o f t  or 
annealed copper conductors  s h a l l  be  performed i n  accordance wi th  Method 

4.7.5.6.1 

3211 of  FED-STD-228. For w i r e  s izes  20 and l a r g e r ,  the tests s h a l l  be 
performed upon i n d i v i d u a l  s t r a n d s  taken from the  conductor o.f t h e  f in i shed  
w i r e .  For sizes 22 and smaller,. the  tests shall be performed upon the 
whole conductor removed from' t h e  f in i shed  w i r e  and Lhe e longat ion  ~ h i l l l .  be 
measured when t h e  f i r s t  s t r a n d  of  t h e  conductor breaks. For wire s i z e s  20 

. .  
* 24 

I. - 
I 

Information Handling Services, 
cantomher 3 7  1 9 9 9  l n . q q . 7 7  



MIL-W-81044 B 

and l a r g e r ,  only t h e  va lues  obtained with ind iv idua l  s t r a n d s  s h a l l  be 
considered and, f o r  w i r e  s i z e s  22 and smaller, only the values  obtained 
wi th  t h e  whole conductor s h a l l  be considered,  i n  determinine the  conform- 
ance of  s o f t  o r  annealed copper conductors t o  e longat ion requirements of 
t h i s  s p e c i f i c a t i o n .  

* 4.7.5.6.2 High s t r e n g t h  copper a l l o y  - Elongation and t e n s i l e  
s t r e n g t h  tests of high  s t r e n g t h  a l l o y  conductors s h a l l  be performed i n  
accordance wi th  Method 3211 of FED-STD-228, except t h a t  t he  rate of  t r a v e l  
of t h e  power-actuared g r i p  s h a l l  be 2 + 3 / 2  inches per minute and t h a t  the 
tensi le  s t r e n g t h  s h a l l  be  repor ted  as t h e  tens i le  breaking s t r e n g t h  of the 
conductor r a t h e r  than  i n  pounds pe r  square inch.  The tests s h a l l  b e  per- 
formed upon t h e  whole conductor removed from the  f in i shed  w i r e .  Conductor 
e longa t ion  s h a l l  b e  measured when t h e  f i r s t  s t r and  of  t h e  conductor breaks ,  
and t h e  t o t a l  t ens i le  f o r c e  ind ica t ed  by t h e  t e s t i n g  machine a t  break of t h a t  
s t r a n d  s h a l l  be regarded as t h e  breaking s t r e n g t h  of t he  conductor ,  Only the  
va lues  thus  obta ined  wi th  t h e  whole conductor s h a l l  be c o p i d e r e d  i n  de t e r -  
mining t h e  conformity of high s t r e n g t h  alloy conductors t o  t h e  e longat ion  
and t e n s i l e  s t r e n g t h  requirements of  t h i s  s p e c i f i c a t i o n .  

* 4.7.5.7 I n s u l a t i o n  e longat ion  and t e n s i l e  s t r e n g t h  - When t h e  
s p e c i f i c a t i o n  s h e e t  s p e c i f i e s  test of t h e  primary i n s u l a t i o n  a lone ,  spec i -  
mens of t h e  f i n i s h e d  w i r e  s h a l l  have the  j a c k e t  o r  coa t ing ,  if p r e s e n t ,  
c a r e f u l l y  removed from t h e  primary i n s u l a t i o n .  When t h e  s p e c i f i c a t i o n  

. shee t  s p e c i f i e s  test of the  en t i re  i n s u l a t i o n ,  t he re  s h a l l  be no removal 
of j a c k e t  or c o a t i n g  from the  specimens. The primary i n s u l a t i o n  o r  e n t i r e  
i n s u l a t i o n ,  as a p p l i c a b l e ,  s h a l l  then be c a r e f u l l y  removed from the  con- 
duc to r  and t e s t e d  f o r  e longa t ion  and t e n s i l e  s t r e n g t h  by Methods 3031 and 
3021, r e s p e c t i v e l y ,  of FED-STD-228, u t i l i z i n g  one inch bench marks and one 
inch  i n i t i a l  jaw sepa ra t ion .  The r a t e  of t r a v e l  of the  power-actuated j a w  
of  the  test  instrument  s h a l l  be i n  accordance with the app l i cab le  method 
of  FED-STD-228 un les s  otherwise spec i f i ed  i n  the s p e c i f i c a t i o n  shee t .  

4.7.5.8 Wrap t e s t  - 
4.7.5.8.1 "Wrap back" test (see 3.6.4.1 f o r  a p p l i c a b i l i t y )  - A 12-inch 

specimen of f i n i s h e d  w i r e  s h a l l  be ben t  back on i t s e l f  a t  t he  mid-portion, 
on a r a d i u s  n o t  less than the  r a d i u s  of t he  w i r e ,  and one end of the  spec i -  
men s h a l l  be wound t i g h t l y  around the  o the r  end as a mandrel f o r  a t o t a l  of 
four  c l o s e  t u r n s .  
t h e  a i d  of magni f ica t ion ,  f o r  c racks .  

The specimen s h a l l  then be examined v i s u a l l y ,  without  

4.7.5.8.2' Mandrel wrap test (see 3 . 6 . 4 . 2  f o r w l i c a b i l i t y )  - A 
specimen of  f in i shed  w i r e ,  wi th  a length  of 1 2  inches p lus  t h e  a d d i t i o n a l  
l eng th  r equ i r ed  f o r  winding on the  mandrel, s h a l l  be wound t i g h t l y  For two 
c l o s e  t u r n s  around a mandrel of t h e  diameter spec i f i ed  i n  the app l i cab le  
s p e c i f i c a t i o n  shee t .  The winding may be accomplished manually and shall 
be i n  t h e  middle po r t ion  of t h e  specimen so t h a t  6 inches of each end s h a l l  
remain s t r a i g h t .  The  specimen s h a l l  then be removed from.thc mandra:], cx- 
amined f o r  c racks  v i s u a l l y  withobt  a i d  of magnif icat ion,  and subjec ted  t o  
t h e  d i e l e c t r i c  test of 4.7.5.19.3. 

._.. . 
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Insulation thickness - All insulation thickness  niensurc- _.- * 4.7.5.9 
ments shall be made on cross sections of the wire at suitablc nlagnificatioll. 
A wall thickness of the primary ineu’lzition or of thia finitjtwd wirc fihall b t ~  
the shortest distance, at  the point of mcwsurcmt”nt, bctwcen the oiitc’r rill) 

of the primary insulation or finished wire, as applicable, and thc outer 
r i m  of the outermost strand of the  conductor. For the coating o r  jacket, 
the thickness shall be the shortest distance, &t the poinc of measurement, 
between the inner snd outer surfaces of the coating or jacket. When a 
minimum thickness is specified in the specification sheet, the specimen 
s h a l l  be considered as meeting the requirement, if the smallest thickness 
measurement present in the cross section equals or exceeds the specified 
minimum. If a thickness range is specified in the specification sheet, 
the specimen shall be considered as meeting the requirement if both the 
smallest individual thickness measurement and the largest individual thick- 
ness measurement present in the cross section fall within the specified 
thickness range. 

4.7.5.10 Coccentricity - The Concentricity of the primary insula- 
tion and of the finished wire shall be determined in accordance with the 
procedures of 4.7.5.10.1 and 4.7.5.10.2 as applicable. All wall thickness 
measurements shall be made on cross sections of the wire under suitable 
magnification. A wall thickness shall be the shortest distance between 
the outer rim of the primary insulation or finished wire, as applicable, 
and the outer rim of the outermost strand of the conductor. 

4.7.5.10.1 Concentric-lay wires - The concentricity. of the primary 
insulation or of the finished wire shall be determined bv first locatiw. 
and recording the minimum wall thickness measured on a ckoss section of’ 
the primary insulation or finished wire.’ ,The maximum wall thickness of 
this same cross section of the primary insulation or finished wire shall 
also be located and recorded. For concentric-lay wires, 100 times the 
ratio of the minimum wall’thickness to the maximum wall thickness shall 
define the percent concentricity. 

4 . 7 . 5 . 1 0 . 2  Rope-lay wires - The concentricity of the primary insula- 
tion or of the finished wire shall be determined by first locating and re- 
cording the minimurn wall thickness measured on a cross section of the 
primary insulation or  of the finished wire. From this point on the outer 
rim of the primary insulation or finished wire at which the minimum wall 
thickness was measured, three more reference points 90 degrees apart on 
the outside rim of the primary insulation or finished wire shall. be estah- 
lished. At’each of these three reference points the nearest member of thc 
rope-lay conductor shall be selected and the minimum wall.thickness between 
that member and the outer rim of the primary insulation or finishcd wire 
shall be measured. ’The average of the four readings shall be considered 
to be the average wall thickness. For rope-lay wires, 100 times the ratio 
of the minimum wall thickness to the average wall thickness shall define 
the percent concentricity. . 
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4.7.5.11 Blocking - One end of a p iece  of  f in i shed  wire, of s u f f i -  
c i e n t  l e n g t h  t o  perform t h e  test, shal.1 be a f f i x e d  t o  A metal spool of t h e  
b a r r e l  diameter  s p e c i f i e d  f o r  t he  app l i cab le  w i r e  size i n  Table V I I .  Tlic 
w i r e  s h a l l  then be wound h e l i c a l l y  on the  .spool. f o r  a t  least' three turns, 
with  t h e  succeeding t u r n s  i n  c lose  contac t  wi th  one another .  The t ens ion  
f o r  winding s h a l l  be equal  to t h e  test load s p e c i f i e d  for t h e  cold tend test 
of t h e  s a m e  s i z e  w i r e  i n  t h e  app l i cab le  s p e c i f i c a t i o n  shee t .  The windine 
s h a l l  b e  cont inued u n t i l  t h e r e  are a t  least  t h r e e  closely-wound l a y e r s  of 
such h e l i c a l  t u r n s  on t h e  spool .  The f r e e  end of t he  w i r e  s h a l l  then be 
a f f i x e d  t o  t h e  spool  o r  s h a l l  cont inue t o  be weighted wi th  the  winding 
t ens ion  load so as t o  prevent  unwinding o r  looseninp of t h e  t u r n s  o r  l a y e r s  
and t h e  spool  and w i r e  s h a l l  be  placed f o r  24 hours i n  an a i r  oven a t  t h e  
temperature  s p e c i f i e d  on t h e  app l i cab le  s p e c i f i c a t i o n  shee t .  A t  t h e  end 
of t h e  24-hour per iod ,  t h e  spool  and w i r e  s h a l l  be removed from t h e  oven 
and allowed t o  cool t o  room temperature.  Af t e r  cool ing ,  t h e  w i r e  s h a l l  be  
unwound manually, meanwhile being examined f o r  evidence of adhesion (block- 
ing)  of  a d j a c e n t  t u r n s  o r  l a y e r s .  

4.7.5.12 Polyimide cu re  test - Two hundred m i l l i l i t e r s  of d i s -  
t i l l e d  w a t e r  t oge the r  wi th  a few b o i l i n g  ch ips  or beads s h a l l  be p laced  i n  
a 1 l i t e r  Erlenmeyer f l a s k  and t h e  f l a s k  s h a l l  be c losed  by a rubber s topper  
f i t t e d  w i t h  a water cooled r e f l u x  condenser. The f lask  shall be heated 
by hot p l a t e  o r  h e a t i n g  mantle u n t i l  t he  water is b o i l i n g  and condensate 
i s  r e t u r n i n g  from t h e  r e f l u x  condenser. One end of an  approximately 1 2  
inch  l e n g t h  o f  t h e  w i r e  t o  be tested s h a l l  be i n s e r t e d  i n t o  the  f l a s k  by 

.pass ing  i t  between the'.rubber s topper  and the  s i d e  of t h e  f l a s k  o r  through 
a snugly f i t t i n g  ho le  i n  t h e  s toppe r ,  so t h a t  5 inches of t he  w i r e  l ength  
extends into t h e  vapor phase i n s i d e  the  f l a s k .  The po r t ion  of t h e  w i r e  
i n s i d e  the  f l a s k  s h a l l  be e s s e n t i a l l y  s t r a i g h t  and s h a l l  no t  be i n  contac t  
wi th  t h e  g l a s s ' s i d e s  of t h e  f l a s k  o r  condenser, t h e  l a y e r  of l i q u i d  water 
i n  the  bottom of t h e  f l a s k ,  o r  t he  l i q u i d  condensate r e t u r n i n g  from t h e  
condenser.  
condenser a g a i n  i n  p l ace .  The po r t ion  of w i r e  i n s i d e  the  f l a s k  s h a l l  be 
exposed t o  the  vapor phase above t h e  b o i l i n g  water f o r  1 hour $5 minutes 
and s h a l l  then  be  removed from the  f l a s k .  A 4 inch specimen s h a l l  be cu t  
from t h e  vapor-exposed po r t ion  of t h e  w i r e ,  avoiding the  one inch  which 
w a s  n e a r e s t  t he  rubber  s topper  during vapor exposure. 
s h a l l  b e  allowed t o  coo l  a t  room temperature f o r  a minimum of f i f t e e n  
minutes ,  af ter  which i t  s h a l l  be wrapped i n  a t i g h t  s p i r a l  f o r  s i x  t u r n s  
o r  t h e  f u l l  l eng th  of t h e  specimen, whichever is lesser, around a mandrel 
which f o r  w i r e  s izes  18 and smaller s h a l l  be the  spec i f i ed  maximum diameter 
of t he  w i r e  and f o r  w i r e  sizes 16 and larger s h a l l  be t h r e e  t i m e s  the  
s p e c i f i e d  maximum diameter of the  w i r e .  
spected v i s u a l l y  f o r  c racks  without  t h e  a i d  of magnif icat ion.  

Heating of t h e  f l a s k  s h a l l  be resumed, with s topper  and r e f l u x  
' 

The 4 inch  specimen 

The specimen shil1.1 then be in- 

* .4 .7 .5 .13 Shrinkage - A 12-inch specimen of  t he  f in i shed  w i r e  shall 
. be cu t  so t h a t  t h e  i n s u l a t i o n  and conductor a r e  f l u s h  at both ends.  The 
. specimen s h a l l  be placed i n  an  a i r - c i r c u l a t i n g  oven and maintained for a 

per iod  of 6 hours  a t  t h e  temperature s p e c i f i e d  i n  the app l i cab le  S p e c i f i c a t i o n  

-_- 
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sheet. 
between 100 and 200 feet per minute as determined at room temperature, 
the end of the 6-hour period, the specimen shall be removed from the oven 
and allowed to return to room temperature. 
shall be measured as the greatest distance which any layer of the insulation, 
incl.uding jacket If present, has receded from either end of the conductor; 
that is, the measurement obtained at the end showing the greater shrinkage 
shall be considered the shrinkage of the specimen. 

The velocity of alr past the specimen location in the oven shall be 
At 

Shrinkage of the insulation 

* 4.7.5.14 Wicking - A specimen of each finished wire size to be 
tested shall be cut 6 2 1/16 inches with square ends. The sprcimen sha l l  
be vertically ibmersed for two inches of Its length in a fluorescent dye 
solution contained in an open test tube and shall be conditioned thus for 
24 hours at room temperature in a draft-free room. The fluorescent dye 
solution shall be prepared by dissolving 0.02 gram of Rhodamine B dye in 
30 mls of ethyl alcohol and diluting with 2 liters of distilled water con- 
taining 3 mls of an anionic wetting agent, Specification MIL-D-26937. 
After this conditioning, the specimen shall be removed from the fluorescent 
dye solution and excess solution on the surface shall be removed immediately 
from the two inches immersed by wiping gently with a clean, dry, lint-free 
cloth. 
the primary insulation and the inside of the jacket shall be examined under 
ultraviolet illumination for evidence of fluorescent dye. The distance 
that the dye has traveled, between jacket and primary insulation, from 
the end of the specimen shall be recorded as the distance of wicking. 

The jacket shall be removed from the specimen and the outside of 

4.7.5.15 Abrasion - Abrasion resistance shall he dete.rmined by 
Procedure I or TI as specified in the applicable specification s h e e t .  

4.7.5.15.1 Procedure I - The test shall be conducted on an abrasion 
testing machine conforming to MIL-T-5438, except that the machine shall be 
modified or supplemented by a device to determine the lengthwise tension 
of the wire specimen when it is being clamped into the machine. The 
abrasive tape shall be as specified in MIL-T-5438. The insulation of the 
wire sample shall be free of surface contaminants such as o i l  or moisture 
and, for referee tests, atmospheric conditions shall be standard as defined 
in FED-STD-228. In making the test, an inch of the insulation shall be 
removed from one end of a 30-inch specimen of the finished wire and this end 
shall be connected to the detection circuit of the tester. The specimen 
shall be clamped into the tester, using the lengthwise tensile load, the. 
weight support bracket and the vertical weight specified in the applicable 
specification sheet. The specimen shall then be abraded. At the start of 
each measurement the center of a conducting stripe shall be at the point 
of contact with the wire. The reading of each measurement shall be the 
length of abrasion tape in inches to come in contact with the wire insula- 
tion t o  the point where the machine stops. After each reading, the speci- 
men shall be moved forward 2 inches and rotated clockwise 90 degrees. Eight 
readings shall be obtained for each specimen. An average shall be obtained 
by calculating the arithmetic mean of all the readings which are indivfdually 
less than the arithmetic mean of all the e i g h t  readings per specimen. This 
average shall define the abrasion resistance of the specimen under test. 
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4.7.5.15.2 Procedure I1 - The test method s h a l l  be i n  accordance 
wi th  Procedure I, except  t h a t  t he  abradant of t he  ab ras ive  c l o t h  tape shall 
be aluminum oxide ,  g r i t  400, and the  de t ec t ion  c ros s  s t r i p e s  of conductive 
s i l v e r , p a i n t  on t h e  t ape  s h a l l  be 1 / 4  inch wide, spaced 3 inches a p a r t ,  
cen te r  t o  center. 

4.7.5.16 Low temperature (cold bend) - One end of a w i r e  specimen 
36 inches  i n  l eng th  e h a l l  be  secured t o  a r o t a t a b l e  mandrel i n  a cold 
chamber and t h e  o t h e r  end t o  t h e  load weight s p e c i f i e d  i n  the  app l i cab le  
S p e c i f i c a t i o n  shee t .  The diameter of t h e  mandrel s h a l l  be as s p e c i f i e d  i n  
t h e  s p e c i f i c a t i o n  shee t .  Provis ion  s h a l l  be made f o r  r o t a t i n g  the  mandrel 
by .means of a handle  o r  c o n t r o l  loca ted  ou t s ide  the  chamber. T h e  specimen 
of w i r e  and t h e  mandrel s h a l l  be condi t ioned f o r  4 hours a t  a temperature 
of -65 +2"C (-85 +3.6"F). 
and speTimen are still a t  t h i s  low temperature,  the  specimen s h a l l  be 
wrapped h e l i c a l l y ,  f o r  i t s  e n t i r e  l eng th  o r  f o r  20 t u r n s  whichever is t h e  
lesser number of t u rns ,  around the  mandrel without opening t h e  chamber. 
The bending s h a l l  be accomplished a t  a uniform ra te  of 2 +1 RPM. 
completion of t h i s  test the  specimen s h a l l  be removed fro; the  cold box 
and from t h e  mandrel without  s t r a igh ten ing .  
for c racks  i n  t h e  insulation. The i n s u l a t i o n  s h a l l  then be removed f o r  a 
d i s t a n c e  of 1 inch  from each end of t he  specimen and the  specimen s h a l l  be 
sub jec t ed  t o  the  d i e l e c t r i c  test s p e c i f i e d  i n  4.7.5.19.3 wi th  the  bent  
p o r t i o n  submerged. 

A t  t h e  end of t h i s  per iod and wh i l e ' bo th  mandrel 

A t  t h e  

The specimen s h a l l  be examined 

4.7.5.17 Thermal shock r e s i s t a n c e  - 
4.7.5.17.1 P repa ra t ion  of specimen - A specimen of w i r e ,  f i v e  feet 

long  s h a l l  be prepared by c a r e f u l l y  remoying 1 inch of i n s u l a t i o n  from 
each end of t h e  w i r e .  (For purposes of this tes t ,  i n s u l a t i o n  i s  def ined 
as a l l  l a y e r s  of  non-conducthg material covering t h e  e l e c t r i c a l  conductor ,  
e .g . ,  pr imary i n s u l a t i o n ,  a l l  t apes  and b r a i d s ,  and the  j a c k e t . )  A r azo r  
b lade  o r  equiva1ent ; 'held perpendicular  t o  the  a x i s  of t he  w i r e ,  s h a l l  be 
used t o  c u t  t h e  i n s u l a t i o n  'for t he  removal opera t ion .  The length  of exposed 
conductor a t . e a c h  end of the  specimen s h a l l  b e  measured t o  t h e  nearest 0.01 
inch .  The specimen shall be formed i n t o  a loose c o i l  not  less than 1 foot 
i n  diameter  and s h a l l  be l a i d  on a w i r e  sc reen  for handl ing throughout t he  
t e s t .  

4.7.5.17.2 T e s t  procedure - The specimen s h a l l  be placed for 30 min- 
u t e s  i n  a preheated a i r  c i r c u l a t i n g  oven a t  t he  temperature s p e c i f i e d  i n  
the  a p p l i c a b l e  s p e c i f i c a t i o n  shee t .  The specimen s h a l l  then be removed 
from t h e  oven and, w i t h i n  two minutes, placed i n  a chamber which has  been 
precooled t o  -55 +2"C (-67 +3.6OF). I t  s h a l l  be exposed to  t h i s  tempera- 
t u r e  f o r  30 minutes ,  a f t e r  Ghich i t  s h a l l  be removed and allowed a minimum 
of 30 minutes t o  r e t u r n  t o  room temperature,  20 t o  25°C (68  t o  77°F). A t  
t h e  conclus ion  of  t h i s  cyc le ,  t h e  d i s t ance  from t h e  end of eacli l a y e r  of 
i n s u l a t i o n  t o  t!ie end of t h e  conductor s h a l l  be measured t o  the n e a r e s t  
0.01 inch .  This  thermal shock cyc le  and the measurements s h a l l  be repeated 
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for a n  a d d i t i o n a l  t h r e e  cyc lc s  (a t o t a l  i i f  four  c y c l c s ) .  Any t~~easui-e~nrnt 
vary ing  from tlie o r i g i n a l  rntv-mmxnent by inarc than t lit- tiiiiuim I npecifictl 
i n  the a p p l i c a b l e  s p e c i f i c a t i o n  sllutit e h i ~ l l  cons t i tuLe  f n i l i t r c ~ .  Any f lar- 
i n g  of. any layer s h a l l  a l s o  c o n s t i t u t e  f a i l u r e .  

4.7.5.18 Flammabili ty - 
4.7.5.18.1 Apparatus - The test s h a l l  be performed w i t h i n  a test 

chamber approximately one f o o t  square by two f e e t  i n  h e i g h t ,  open a t  top  
and f r o n t  t o  provide  adequate  v e n t i l a t i o n  f o r  combustion bu t  t o  prevent  
d r a f t s .  The specimen ho lde r  s h a l l  b e  so designed t h a t  t he  lower end of 
a 24-inch w i r e  specimen i s  he ld  by a clamp, w h i l e  the upper end of  t h e  
specimen passes  over a p u l l e y  and can be s u i t a b l y  weighted t o  hold  t h e  
specimen t a u t  a t  an ang le  of 60 degrees  wi th  t h e  h o r i z o n t a l ,  i n  a p lane  
p a r a l l e l  t o  and approximately 6 inches from t h e  back of t he  chamber. 
test f l a m e  s h a l l  o r i g i n a t e  from a Bunsen type gas burner  wi th  a 1 / 4  inch  
i n l e t ,  a need le  valve i n  t h e  base  f o r  gas adjustment ,  a bore  of 3/8 inch  
nominal, and a b a r r e l  l eng th  of approximately 4 inches  above t h e  a i r  i n l e t s .  
The burner  s h a l l  be ad jus t ed  t o  f u r n i s h  a 3 inch  con ica l  flame wi th  an  
i n n e r  cone approximately 1 inch  i n  l eng th  and a flame temperature not  less 
than  954OC (1749OF) a t  i t s  h o t t e s t  p o i n t ,  as measured wi th  an a c c u r a t e  
thermocouple pyrometer. A s h e e t  of f a c i a l  t i s s u e  conforming t o  UU-T-450 
s h a l l  be suspended t a u t  and h o r i z o n t a l  9-1/2 inches  below t h e  p o i n t  of 
a p p l i c a t i o n  of t h e  flame t o  the  w i r e  specimen and a t  least  1 / 2  inch from 
t h e  chamber f l o o r ,  so t h a t  any material d r ipp ing  from t h e  w i r e  specimen 
s h a l l  f a l l  upon t h e  t i s s u e .  

The 

4.7.5.1'8.2 Procedure - A 24-inch specimen of wire e h n l l  be marked 
a t  a d i s t a n c e  of 8 inches  from i ts  lower end t o  i n d i c a t e  the  po in t  f o r  flame 
a p p l i c a t i o n  and s h a l l  be placed I n  t h e  s p e c i f i e d  60 degree p o s i t i o n  i n  
t h e  test chamber. The lower end of  t h e  specimen s h a l l  be clamped i n  posi-  
t i o n  i n  t h e  specimen holder  and t h e  upper end s h a l l  b e  passed over  t h e  
p u l l e y  of  t h e  ho lde r  and weighted wi th  t h e  weight s p e c i f i e d  f o r  l i f e  c y c l e  
test of  t h e  same w i r e  i n  t h e  app l i cab le  s p e c i f i c a t i o n  s h e e t .  With t h e  
burner  h e l d  perpendicular  t o  t h e  specimen and a t  an  ang le  of 30 degrees  
from t h e  ver t ica l  p l ane  of  t h e  specimen, t h e  h o t t e s t  p o r t i o n  of t h e  flame 
s h a l l  b e  app l i ed  t o  t h e  lower s i d e  of t h e  w i r e  a t  t he  test mark. The pe r iod  
o f  t e s t  flame a p p l i c a t i o n  s h a l l  be  30 seconds for a l l  s i z e s  of w i r e  and 
t h e  test  flame s h a l l  be withdrawn Immediately a t  the  end of t h a t  per iod .  
The d i s t a n c e  of flame travel upward a long  the  specimen from t h e  test mark 
and t h e  t i m e  of burn icg  a f t e r  removal of t h e  t e s t ' f l a m e  s h a l l  be recorded;  
a l s o  t h e  presence  or ' absence  of flame i n  t h e  f a c i a l  t i s s u e  due t o  i ncend ia ry  
d r i p  from t h e  specimen. Charred h o l e s  o r  charred s p o t s  i n  the  t i s ~ u c  sha31 
be  ignored i n  t h e  absence of actual flame. Breaking of the  w i r e  specimens 
i n  s izes  24 and smaller s h a l l  not be considered as f a i l u r e  provided tlie 
requirements  f o r  flame travel l i m i t s ,  du ra t ion  of f l a m e ,  and absence of  
i ncend ia ry  d r i p p i n g  are m e t .  
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4.7.5.19 L i f e  cyc le  - 
4.7.5.19.1 A i r  oven - On@ inch of tlic i n s u l a t i o n  sIia11 be removed 

from each end of a-34-inch specimen of I - ~ C  f Inislied W L W .  . This c:enLral 
por t ion  of t he  specimen s h a l l  then be be111 ovcr a horizont-nl ly  p o s i t  l o n c t i  
smooth s ta inless  steel  mandrel of the diameter spec i f i ed  i n  tlie applicable. 
s p e c i f i c a t i o n  shee t .  To prevent s t i c k i n g  of t he  wire t o  t h e  mandrel, t h e  
mandrel may be  coated wi th  poly te t rnf luoroe thylene  i n  t he  form of e i t h e r  
enamel o r  wrapped t ape ,  provided t h a t  t he  diameter of t he  mandrel a f t e r  
coa t ing  is s t i l l  i n  conformity wi th  the  s p e c i f i c a t i o n  shee t .  Each end 
of the conductor s h a l l  be weighted with the  test load spec i f i ed  i n  the  
s p e c i f i c a t i o n  s h e e t ,  so t h a t  t h e  po r t ion  of t h e  i n s u l a t i o n  between the  
conductor and mandrel i s  under compression and t h e  conductor is under ten- 
s ion .  Th i s  specimen so prepared on the  mandrel s h a l l  be placed i n  an air-  
c i r c u l a t i n g  oven and maintained f o r  t he  per iod  of t i m e  and a t  the  temper-  
a t u r e  s p e c i f i e d  i n  t h e  s p e c i f i c a t i o n  shee t .  The v e l o c i t y  of a i r  p a s t  the  
specimen l o c a t i o n  i n  the oven s h a l l  be between 100 and 200 f e e t  pe r  minute 
as determined a t  room temperature.  Af t e r  completion of t h e  a i r  oven expo- 
s u r e ,  t h e  specimen s h a l l  be allowed t o  cool to between 20 and 25OC (68 t o  
77'F). When cooled,  the w i r e  s h a l l  be f r eed  from t ens ion ,  removed from 
t h e  mandrel, and s t r a igh tened .  
bend test (4.7.5.19.2), followed by d i e l e c t r i c  test (4.7.5.19.3). A f t e r  
t h e  d i e l e c t r i c  test, t h e  i n s u l a t i o n  s h a l l  be removed from t h e  specimen 
and t h e  conductor s h a l l  be examined f o r  p i t t i n g .  Darkening of R t i n  
coa t ing  caused by normal a i r  ox ida t ion  s l i d 1  not  be cause f o r  rejec- 
t ion .  

The specimen s h a l l  then be subjec ted  to the 

4.7.5.19.2 Bend test - In  a temperature maintained between 20 and 
25'C (68 t o  77"F), one end of t h e  specimen s h a l l  be secured t o  t h e  mandrel 
and t h e  o t h e r  end to the  load weight s p e c i f i e d  i n  the app l i cab le  s p e c i f i -  
c a t i o n  s h e e t .  The mandrel s h a l l  be r o t a t e d  u n t i l  t he  f u l l  l ength  of t h e  
specimen is wrapped around the  mandrel and is under t h e  s p e c i f i e d  t ens ion  
wi th  a d j o i n i n g  coils i n  con tac t .  The mandrel s h a l l  then be  r o t a t e d  i n  
r e v e r s e  d i r e c t i o n  u n t i l  t h e  f u l l  l ength  of t h e  w i r e  which was ou t s ide  
dur ing  t h e  f i r s t  wrapping i s  now next  t o  the mandrel. This  procedure shall 
be repea ted  u n t i l  two  bends i n  each d i r e c t i o n  have been formed i n  t h e  
s a m e  s e c t i o n  of t he  w i r e .  The o u t e r  su r f ace  of the w i r e  s h a l l  then be 
observed f o r  c racking  of t h e  i n s u l a  t i o n .  

4,7.5.19.3 Wet d i e l e c t r i c  test - The uninsulated ends of tlre e.pc?cl- 
men s h a l l  be a t t a c h e d  to  an e l e c t r i c  l ead .  The specimen s h a l l  be ininierscd 
i n  a 5 percen t ,  by weight,  s o l u t i o n  of sodium ch lo r ide  i n  water a t  20 t o  
25'C (68 t o  77"F), except  t h a t  the  uninsulated ends ond 1-1/2 inches of  
i n s u l a t e d  w i r e  a t  eack end of t h e  specimen s h a l l  p ro t rude  abovr! the siirfncc 
of t h e  s o l u t i o n .  Af t e r  immersion f o r  5 hours,  the v o l t a g e  s p e c i f i e d  i n  tlic 
a p p l i c a b l e  s p e c i f i c a t i o n  shee t  a t  60 h e r t z  (cyc les  per second) shall be  
app l i ed  between t h e  conductor and a n  e l e c t r o d e  i n  contac t  with the l i q u i d .  
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mie voltage shall be gradually increased at a uniform rate from zero to 
the specified'voltage in 1/2 minute, maintained at that voltage for a 
period of 5 minutes, and gradually reduced to zero in 112 minute. 

4.7.5.20 Accelerated aging - The specimen, apparatus and procedure 
for this test shall be exactly as specified for the life cycle test in 
4.7.5.19 through 4.7.S.19.3, except that the temperature and duration of 
the oven exposure shall be as specified for accelerated aging in the appli- 
cable specification sheet. Also, unless the Specification sheet specifies 
a separate accelerated aging temperature for determining retention of legi- 
b i l i t y  of the product identification (3.6.3.1), the 24-inch accelerated 
aging specimen shall .be selected to include a printed identification marking 
and shall be examined for legibility of the marking after the oven exposure. 
When the epecjfication sheet specifies a separate temperature for acceler- 
ated aging of the product identification, a separate specimen including an 
identification marking shall be exposed at the temperature specified for 
test of the marking and shall be examined thereafter for legibility. 

4.7.5.21 Immersion tests - Specimens of wire of sufficient length 
to perform the subsequent tests shall be gaged to determine their initial 
diameter and shall then be immersed to within 6 inches of their ends in 
each of the followin& fluids (using a separate specimen f o r  each fluid) for 
20 hours at a temperature of 48 to 5OoC (118.4 to 122OF). 

Lubricating oil, aircraft, turbine eng$nes, 
synthetic base, MIL-L-23699. 

Hydraulic fluid, petroleum. base, aircraft, missile,  
and ordnance, MIL-H-5606. 

Isopropyl alcohol, TT-1-735. 

Turbine fuel, aviation, Grade JP-4, MIL-T-5624. 
. .  

During the immersion tests, the radius of bend of t h e  wire shall be xlot less 
than fourteen times the specified maximum diameter of the w i r e  under test. 
Upon removal from the liquids, the specimen shall remain for 1 hour in free 
air at room temperature. The diameter shall be gaged and compared to the 
initial diameter. The insulation shall be removed for a distance of one 
inch from each end of a 24-inch length of the specimen and this length 
shall be subjected to the bend test of 4.7.5.19.2 followed by the dielec- 
tric test of 4.7.5.19.3. A sufficient length of eaah specimen, after immer- 
sion, shall also be subjected to the abrasion test of 4.7.5.15 by Procedure I 
or I1 as specified in the applicable specification sheet. The specimen 
shall be wiped free of the immersion fluid and air dried for 24 hours at 
25 - +4OC (77 - + 7.2'F) ptior to abrasion. 
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4.7.5.22 Humidity resistance. - A 52-foot speciincw of wire shall 
be s u b j e c t e d  t o  t h y f o l l o w i n g :  

4 .7 .5 .22 .1  h a r a t u s  - T l i t b  appnraLus sliall consist of ia t c s t  cliainl>L~r 
c a p a b l e  of m a i n t a i n i n g  an  i n t e r n a l  t e m p r r a t u r e  o f  70 22°C (158 +3 .6"1 : )  and 
a n  i n t e r n a l  re la t ive  humidi ty  of 95 55 p e r c e n t .  The test: chamber s h a l l  be 
c a p a b l e  of b e i n g  so s e a l e d  as t o  r e t a i n  t h e  t o t a l  mois ture  c o n t e n t  i n  t h e  
test space. The heat l o s s  from t h e  chamber s h a l l  b e  s u f f i c i e n t  t o  reduce 
t h e  i n t e r n a l  tempera ture  from t h e  above s p e c i f i e d  o p e r a t i n g  tempera ture  t o  
n o t  more t h a n  38°C (100.4"F) w i t h i n  a p e r i o d  of 1 6  hours  from t h e  t i m e  of 
removal o f  t h e  s o u r c e  of h e a t .  D i s t i l l e d  o r  deminera l ized  water s h a l l  b e  
used t o  o b t a i n  t h e  r e q u i r e d  humidi ty .  

4.7.5.22.2 Procedure  - The specimen s h a l l  be p laced  i n  t h e  test 
chamber and t h e  tempera ture  and re la t ive  humidi ty  r a i s e d  o v e r  a 2-hour p e r i o d  
t o  t h e  v a l u e s  s p e c i f i e d  i n  4.7.5.22.1 and maintained a t  such f o r  a p e r i o d  
of  6 h o u r s .  A t  t h e  end of t h e  6-hour p e r i o d  t h e  h e a t  s h a l l  be s h u t  off. 
During t h e  f o l l o w i n g  16-hour p e r i o d ,  t h e  tempera ture  must drop t o  38'C 
(100.4"F) or lower.  A t  t h e  end o f  t h e  16-hour p e r i o d ,  h e a t  s h a l l  be a g a i n  
s u p p l i e d  f o r  a 2-hour p e r i o d  t o  s t a b i l i z e  a t  70 +2"C (158 23.6"F) .  This  
c y c l e  (2 h o u r s  h e a t i n g ,  6 h o u r s  a t  h igh  tempera ture ,  16 h o u r s  c o o l i n g )  s h a l l  
b e  r e p e a t e d  a s u f f i c i e n t  number of t i m e s  t o  extend t h e  t o t a l  t i m e  of t h e  
test t o  360 h o u r s  ( f i f t e e n  c y c l e s ) .  A t  t h e  end of  t h e  f i f t e e n t h  c y c l e ,  t h e  
50-foot  center s e c t i o n  of t h e  specimen s h a l l  be immersed i n  a 5 p e r c e n t ,  
by weight ,  s o l u t i o n  c f  sodium c h l o r i d e  i n  water  a t  room tempera ture .  The 
i n s u l a t i o n  r e s i s t a n c e  of t h e  specimen s h a l l  be measured w i t h  the  o u t e r  
s u r f a c e  o f  t h e  specimen grounded, through an  e l e c t r o d e  i n  the e l e c t r o l y t e ,  
and w i t h  a p o t e n t i a l  cjf 250 t o  500 v o l t s  1)C a p p l i e d  LO t h c  conductor  of 
t h e  specimen a f t e r  1 minute  of e l e c t r i f i c a t i o n  a t  t h i s  p o t e n t i a l .  The i n -  
s u l a t i o n  r e s i s t a n c e  .shal l  be conver ted  t o  megohms f o r  1000 f e e t  by  t h e  
c a l c u l a t i o n  shown i n  4.7.5.2.  

.I; 4.7.5.23 S u r f a c e  r e s i s t a n c e  - The s u r f a c e  r e s i s t a n c e  of  t h e  
f i n i s h e d  w i r e  s h a l i  b e  measured i n  accordance w i t h  Method 6041 of FED-STD-228. 
All specimens,  a f t e r  having  been provided w i t h  t h e  r e q u i r e d  e l e c t r o d e s  b u t  
p r i o r  t o  t e s t i n g ,  s h a l l  b e  cleaned by t h e  procedure d e s c r i b e d  i n  t h e  t es t  
method. I n  p o s i t i o n i n g  t h e  specimens i n  t h e  tes t  chamber, t h e  specimens ' 

s h a l l  b e  so p l a c e d  t h a t  t h e i r  ends are a mini.mum of one i n c h  from any w a l l  
o f  t h e  chamber. 

Smoke - T h i s  test s h a l l  be conducted i n  s t i l l  a i r  a t  an 
-r 

4.7.5.24 
ambient t e m p e r a t u r e  of 25 +5"C (77 +_g0F).  A specimen approximately 15  feet 
l o n g  of t h e  w i r e  s h a l l  b e  so suspended t h a t  a t  least  t h e  c e n t r a l  10-foot  
s e c t i o n  is h o r i z o n t a l  and unsupported.  One end o f  t h e  w i r e  s h a l l  b e  s u i t a b l y  
weighted i n  o r d e r  t h a t  no sagging  w i l l  occur  throughout  t h e  tes t .  An elec- 
t r i c  c u r r e n t  s h a l l  b e  a p p l i e d  t o  t h e  w i r e  and th-e v o l t a g e  drop  s h a l l  b e  
measured o v e r  t h e  central  10-foot p o r t i o n .  From t h e  c u r r e n t  and v o l t a g e  
v a l u e s ,  t h e  r e s i s t a n c e  of  t h e  w i r e  s h a l l  b e  c a l c u l a t e d .  The tempera ture  of 
the w i r e  conductor  s h a l l  be determined from t h e  change i n  resistance.  The 
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current shal l  be eo adjusted that the conductor tr?mpc?r;lLitre. stabilizes ;I[ 

the temperature specified in the appllcahle specificat l o 1 1  slwct:. 
conductor temperature shall be thus maintained for 15 m i n u t e s  durink: wlt i  cli 

time there shall be no indication of visible smoke. 
ground shall be used for this test. 

l'lifs 

A flat-black bac.k- 

4.7.5.25 Propellant resistance - Specimens of finished wire, 2 4  
inches long shall be immersed to within 1-1/2 inches of each end in'the 
following propellants for 30 minutes at normal room temperature, using a 
separate specimen fcr each propellant. 

(a) Propellant, nitric acid, MIL-P-7254. 

(b) Propellant, hydrazine, MIL-P-26536. 

( c )  Propellant, nitrogen tetroxide, MIL-P-26539. 

(d) Propellant, hydrazine - uns-dimethylhydrazine 
(50% N2H4-50% UDMH), MIL-P-27402. 

During immersion, the radius of bend of the wire shall be not less than 
fourteen times the maximum diameter of the wire specified in- the applicable 
specification sheet. Upon removal from the liquids, the specimens shall 
remain for 1 hour in free air at room temperature. The insulation shall be 
removed for a distance of one inch from each end of the specimens and the 
specimens shall be subjected to the dielectric test of 4.7.5.19.3. 

* 4.7.5.26 Continuous lengths - Unless otherwise specified in the 
ordering data (6.2), the inspection requirements f o r  continuous wire 
lengths-shall be satisfied by the supplier's certificate of conformity 
and the presence of the required piece length markings on the spools or 
reels (3.6.9). However, the Government reserves the right to examine such 
certified lots if deemed necessary to assure that the lengths actually 
conform to requirement. 
the wire lengths, the Government representative shall examine the wire a t  
his own discretion to determine conformity in this characteristic. In 
measuring continuous wire lengths where the wire has been marked or stripped 
of insulation in lieu of being cut to mark insulation f a i l u r e s  or i t l e n t i f y  
untested or improperly tested areas (4.7.5.1.3), s u c h  marking or etr5pplng 
shall be considered equivalent t o  complete geverance of the wire at Lhc 
two ends of each marked or stripped area. 

When the ordering data specifies examination of 

4.8 Exandnation of preparation for delivery - Preparation f o r  
delivery of materials ready for shipment shall be examined to determine 
conformity to &he requirements of Section 5. 
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WIRE S I Z E  
(RANGE) 

I 
i 

30-16 
14-10 

2-0000 

5 .  PREPARA'l'ION FOR .DILIVCKY 

M I N I M U M  DIAMETER OF BARREL 
(AS TIMES NOMINAL DIAMETER 
OF FINISHED WIRE, EXCEPT 
SEE 5.1.1.1) 

50X 
4 OX 
30X 
20x 

5.1 PackaginA - Packaging s l i o l l  be Level. A o r  C.  Unle.ss 
o t h e r w i s e  s p e c i f i e d  i n  t h e  o r d e r  ( 6 . 2 ) ,  Level A s h a l l  be a p p l i c a b l e .  

5 .1 .1  Level  A - Packaging s h a l l  b e  i n  accordance w i t h  t h e  
Level  A r e q u i r e m e n t s  of MIL-C-12000 and as fo l lows:  

R e e l s  and s p o o l s  - Wire s h a l l  be d e l i v e r e d  wound on reels - 5.1.1.1 
and s p o o l s  of a n o n r e t u r n a b l e  type .  Each reel  o r  spool  s h a l l  have a n  
a p p r o p r i a t e  d i a m e t e r  f o r  t h e  r e s p e c t i v e  w i r e  s i z e .  I n  no case s h a l l  t h e  
b a r r e l  o f  t h e  reel  o r  s p o o l  have a diameter  less than  t h a t  s p e c i f i e d  i n  
Table  VI1 o r  less t h a n  3 i n c h e s ,  whichever is g r e a t e r .  Ree ls  and s p o o l s  
s h a l l  b e  s u i t a b l y  f i n i s h e d  t o  prevent  c o r r o s i o n  under t y p i c a l  s t o r a g e  and 
h a n d l i n g  c o n d i t i o n s ,  The method of a t tachment  of f l a n g e s  t o  b a r r e l s  on 
m e t a l  reels o r  spools s h a l l  b e  s t r u c t u r a l l y  e q u i v a l e n t  t o  a f u l l  circum- 
f e r e n t i a l  crimp. 

TABLE V I 1  

BARREL DIAMETERS OF SPOOLS Ai'i'D REELS 

1 

* 5.1.1.2 Winding requi rements  - l ln less  o t h e r w i s e  s p e c i f i e d  i n  t h e  
o r d e r  ( 6 . 2 ) ,  t h e r e  s h s l l  b e  no r e s t r i c t i o n  on t h e  number of w i r e  l e n g t h s  
p e r  reel o r  spool, provided t h e  w i r e  length requi rements  of  3.6.9 are met 
by t h e  i n s p e c t i o n  l o t .  

5.1.2 Level C - Packaging s h a l l  be i n  accordance w i t h  t h e  re- 
qui rements  of MIL-C-12000 f o r  Level C packaging. 

5 .2  P a c k i n g  - Packing s h a l l  be Level  A ,  B ,  o r  C i n  accordance 
with MIL-C-12000. Unless  o t h e r w i s e  s p e c i f i e d  i n  t h e  o r d e r  (6 .2) ,  Level  C 
sha1. l  b e  a p p l i c a b l e .  

* 5 . 3  Marking - Unless o t h e r w i s e  s p e c i f i e d  i n  t h e  c o n t r a c t  o r  
o r d e r ,  each  r e e l  o r . s p 9 o l  s h a l l  b e  marked w i t h  t h e  f o o t a g e . o f  t h e  i n d i v i d u a l  
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continuous lengths wound thereon, as  specified in 3 . 6 . 9 .  In addition, in- 
terior packages and exterior shipping containers shal.1 he mnrkcd in nrrord- 
ance with MIL-C-12000 and MIL-STD-1.23. The identification s l ~ i l l  be corn- 
posed of the following information listed in the order shown: 

* ** 
WIRE, ELECTRIC, CROSSLINKED POLYALKENE INSULATED , COPPER 
Specification sheet part No. 
Specification MIL-W-81044B 
Length feet 
Size 
Date of manufacture 
Name of manufacturer 
*or "CROSSLIXICED ALKANE-IMIDE POLYXER INSULATED, " or 

"POLYARYLENE INSULATED" t is  applicable 
**or "COPPER ALLOY," as applicable 

6 .  NOTES 

6.1 Intended use - The electric wires covered by this specifi- 
cation are intended for use in any application where their performance 
characteristics are required, The wires are suitable for installation on 
aerospace electrical systems within the limitations of applicable perform- 
ance requirements. 

* 6.1.1 Temperature rating - Temperature ratings as specified in 
specification sheets pertaining to this specification represent the maxiniuni 
permissible operating temperature of the conductor. The maximum ambient 
temperature should be the rated maximum conductor teniperature of the wire 
diminished by the operating rise in temperature of the conductor. 

* 6.1.2 Compatibility note'- 'The insulation systems of polyvinyl- 
idene fluoride-jacketed electric wires of this specification may be degraded 
by contact with-hydraulic fluids of phosphate ester type at 'high tenipera- 
tures. 
not recommended for applications where they will be in contact with hydraulic 
fluids of phosphate ester type at temperatures above 50°C (122'F). 

ponding size designations of this specification are in accordance with 
established usage for stranded copper conductors for hookup wire in the 
electronic and aircraft industries. It should be noted that these sizes 
and size designations are not identical with American Wire Gclge (AWG) sizes 
for solid wire and strands. The diameters and cross-sectional areas of 
the stranded conductors of this specification are, in most sizes, only 
roughly approximate to those of AWG solid conductors of t h e  same numerical 
size designation. 

Wires of this specification with polyvinylidene fluoride jackets are 

6.1.3 Size designations - The conductor sizes and the corres- 

* 6.2 Ordering data - Procurement documents should specify 
the following: 
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Title, number, and date of this specification. 

Applicable specification sheet number, title, and 
date (1.2). 

Applicable specification sheet part.number (1.2.1). 

Color required (3.6.2). 

Quantity of wire required. 

Levels of packaging and packing required. 

Exceptions, if any, to the optional provisions of 
this specification including: 

Exceptions to identification of product re- 
quirement ( 3 . 6 . 3 ) ,  i f  applicable. 

Applicable minimum length requirements, if 
other than specified in 3 . 6 . 9  and Table 111. 

Responsibility for inspection, if other than 
specified in 4.1. 

Requirement, if applicable, that insulation 
materials be subjected to process control test 
rather than accepted on suppliers certification 
of conformity ( 4 . 7 . 3 ) .  

Marking of dielectric test failures by stripping 
of insulation or by other method specified in 
the contract in lieu of cutting of the wire, if 
applicable ( 4 . 7 . 5 . 1 . 3 ) .  

Special preparation f o r  delivery requirements, 
if applicable (Section 5 ) .  

6 . 3  - Qualification - With respect to products requiring qualifi- 
cation, awards will be made only for such products as have,'prior to the 
time s e t  for opening of bids, been tested and approved for inclusion in the 
applicable Qualified Products List (QPL) whether or not such products have 
actually been so listed by that date. The attention of the suppliers is 
called to this requirement, and manufacturers are urged to arrange to have 
t h e  products that they propose to offer to the Federal Government tested for 
qualification in order that they may be eligible to be awarded contracts or 
orders for the products covered by this specification. The activity re- 
sponsible for the Qualified Products List is the Naval Air Systems Command, 
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Washington, D.C. 20361; however, application for qualificatinn of products 
should be made to the Commanding Officer, Naval Ammunition Depot (70515), 
Crane, Ifidiana 47522, who has been designated Naval Air Systems Command 
agent for establishing this Qualified Products List. 

6.3.1 Ccnformity to qualified sample - It is understood that 
wire supplied under contract shall be identical in every respect to the 
qualification samp1.e tested and found satisfactory, except for changes 
previously approved by the Government. Any unapproved changes from the 
qualification sample shall constitute Cause for rejection. 
* 6 . 4  Patent notice - 

6.4.1 Crosslinked polyalkene - The Government has a royalty-free 
license under Patent Wo. 3,269,862 for  the benefit of manufacturers of elec- 
tric wire having an insulating covering comprising a crosslinked polyalkene 
layer and a crosslinked polyvinylidene fluoride layer either f o r  the Govern- 
ment or for use in equipment to be delivered to the Government. 

Alkane-imide polymer - The Government has a royalty-free 
license under Patent Nos. 3,607,387 and 3,551,200 €or the benefit of manu- 
facturers of electric wire having an insulating covering comprising a cross- 
linked alkane-imide polymer layer and a modified imide polymer layer either 
for the Government or for use in equipment to be delivered to the Government. 

are marked with an as ter i sk  to indicate where changes (additions, modifi- 
cations, corrections, deletions) from the previous issue were made. T h i s  
was done as a conventence only and the Governmerit assumes no liability what- 
soever for any inaccuracies in these notations. 
are cautioned to evaluate the requirements of this document on the entire 
content as written irrespective of t h e  marginal notations and re1a;ionship 
to the last previotis issue. 

6.4.2 

6.5 Marginal notations - The margins of this specification 

Bidders and contractors 

Custodians : - 

Navy - AS 
Army - EL 
Air Force -. 11 

Review activities: . 
Navy - EC 
Army - AT, . A V ,  MI, PN 
Air Force - 80 
DSA - IS 
NSA 

P r e p a r i n g  activitv: 

(Project No. 6 1 4 5 - 0 3 3 3 )  
Navy - AS 

User activities 
Navy - MC, OS 
Army - 
Air Force - 

Review/user information is current as of the date of this document. For 
future coordination of changes in this document, draft circulation should 
be based on the information in the current Federal Supply Classification 
Listing of DOD Standardization Documents. 

38 

Information Handling Services, 
Sontemhnr 37 7 9 4 9  ln.55.77 



APPENDIX 111 

Sample Photographs 



Photograph A I  : \l.’hitc. 747. Sample 1 I’hotogr;iph A2: \\‘hitc 747. Samplc 2 

Photograph A3: Ll’hite 747. Samplc 3 Photograph Ad: Viliitc 747. Samplc -1 

Photograph AS: White 747. Sample 5 



Photograph A7: M’hite 747. Sample 6 Photograph A8: \I.hitc 747. Smiplc 7 

Photograph B l :  I>C-10. Sample 1 Photograph 132: DC-I 0. Sample -3 

Photograph U3: IIC-I O ?  Samplc 4 Photograph 134: 1X’- 10. S;unplc. 5 

+ No photograph of DC-IO, Sample 2 available. 



Photograph B5: DC-IO, Sample 6 Photograph B6: IIC-IO. Sample 7 

Photograph H7: DC-I 0. Sample 8 

,/*--A 

Photograph CI:  Eiiropean 747. Sample 1 



APPENDIX IV 

Photographs of Sample Problems 


