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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), Paris, France, as Trans World Airlines
(TWA) flight 800.

The Safety Board contracted Raytheon Systems Company to examine and
develop a report about the condition of aged wiring that Safety Board personnel had
removed from three transport airplanes. The wire type was similar to the general purpose
(“hook-up”) wire in the accident airplane and was insulated with a cross-linked extruded
alkane-imide polymer with a modified -imide polymer topcoat and identified by Boeing
as BMS13-42 or BMS13-42A. Each wire sample was taken from within a pressurized and
environmentally protected fuselage area. The Raytheon report was attached to a Systems
Group Chairman Factual Addendum of December 10, 1999.

Time               :           2031 Eastern Daylight Time

Boeing 747-131, N93119
Operated as Trans World Airlines (TWA) flight 800



        The Safety Board extended the Raytheon contract to determine the properties of
the additional wires and connectors, although the origin and installation dates for the
additional types of wire were not known.1  Raytheon tested the materials to the 
acceptance standards for new material.  The report that Raytheon developed is attached.    

       While examining the bundles of wire for the first report, Raytheon found wires
that were not insulated with the types of polymers that were identified by the Safety
Board contract.  The additional types of wire were insulated with single and dual layer
crosslinked extruded modified ethylene tetraflouroethylene (XL-ETFE), as well as
crosslinked Polyalkene/Polyvinylidene flouride (MIL-W-81044/9).  Raytheon also found
commonly used electrical connector of various types,  generally similar to MIL-C-26500. 

1
 Dr. Chris Smith of the Federal Aviation Administration found that the first production installations of

   XLETFE were in Douglas airplanes that had been manufactured in 1977.          
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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.  Several types of insulated wire were present.  The
most prevalent wire type was insulated with crosslinked extruded alkane-imide polymer with
a modified -imide polymer topcoat, also commonly referred to as Poly-X insulated wire.  The
results of this testing was presented in the report Aging Aircraft Wire Testing Project Number
50-01-142 of 29 October 1999, reference (1).  Subsequent to the Poly-X wire testing, three
other wire types were examined and tested in much the same manner, using the respective test
methods of the wire types to evaluate the condition of the wire.  Single layer crosslinked
extruded modified ethylene tetrafluoroethylene (XLETFE) similar to Boeing Material
Specification BMS 13-48, dual layer extruded modified XLETFE per BMS 13-48, and
crosslinked Polyalkene/polyvinylidene fluoride insulated wires per MIL-W-81044/9 were
tested in this second part of the evaluation. In addition, connectors from several samples were
evaluated to determine their condition.  The wire and connectors were 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.  A few wires were found with cracked or
damaged insulation.  Visually, the wire appeared to be in good condition. A few connectors
exhibited areas of corrosion, although the general condition appeared to be satisfactory for
operation.

The three types of insulated wire from the aircraft performed similarly during testing, with the
exception of thermal aging.  Test results showed the wire continued to be able to pass many of
the performance requirements that new wire must pass, including mechanical and thermal
tests.  The single layer BMS 13-48 type wire was damaged, resulting in dielectric failures.
The outer layer of the dual layer BMS 13-48 wire had become fairly rigid during the aging.
The outer layer cracked, although the inner layer retained electrical integrity.  The dual layer
MIL-W-81044/9 wire also developed problems during testing.  The outer layer also became
rigid during the aging, but the wire failed completely following thermal aging of lifecycle.  In
comparison to the BMS 13-42 wire tested in reference (1), the BMS 13-48 wire appeared to
be in better condition with greater potential for additional long-term service life, while the
M81044/9 also appeared to be in better condition, but with little potential for significant
additional service life.

The connectors from the three aircraft all exhibited varying degrees of deterioration, but the
connectors all maintained electrical integrity during testing. The potential for maintenance on
the connectors is decreasing as the grommets begin to harden, and as the ability to insert and
remove contacts diminishes.
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1.  BACKGROUND

To evaluate the condition of wiring in current commercial passenger aircraft, the National
Transportation Safety Board (NTSB) 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 13-48 Rev A single
and dual wall and MIL-W-81044/9, and several connectors were evaluated. The insulated wire was
located on the same aircraft as the previously tested Poly-X insulated wire.  These wire types are of
similar age, although of different types as the majority of the wiring used on TWA Flight 800, a Boeing
747 model that is undergoing an accident investigation by the NTSB.  Some of these additional wire
types may have been present in other aircraft manufactured during this time period. The wire samples
and connectors were subjected to performance tests that new wire or connectors 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-10.  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 DC-10, White 747, 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 of
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.  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 included several different types of wire.  Wire
manufactured to BMS 13-48A (crosslinked ethylene tetrafluoroethylene, XLETFE, insulated wire), MIL-
W-81044/9 (crosslinked Polyalkene insulated wire), and unmarked wire of the XLETFE type were
submitted, along with wire manufactured to BMS 13-42A, BMS 13-42B, and MIL-W-81044/16 (Poly-X
type wire insulation.)  The presence of different types of insulated wire may have depended on the
system installations and any rework that may have occurred on a specific aircraft.  No
polytetrafluoroethylene (PTFE) insulated wire was submitted in any of the wire samples.  The European



2

747 sample did not contain any other insulated wire than the BMS 13-42 type.

Figure 1: White 747 Sample Origination as Described by NTSB

Samples 1, 2, 3, 4

Sample 5

Sample 7

Sample 6

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

Sample 1 & 3

Sample 7

Sample 2 Samples 4 & 8
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Figure 3:  European 747 Sample Origination as Described by NTSB

Sample 1

Table 1:  Origin of Wire Samples Selected

Aircraft Sample Origin of Wire
Potential

Environmental
Exposure

White 747
S1, S2, S3,

S4
Flight Engineer’s panel in cockpit Possible UV

(Ultraviolet)
SN: 199** S5 Station 380, right hand Side of flight crew exit door exposure

Delivery:  1973
S6 Station 1438, directly below floor panel of Seats 37 A, B,

and C Benign
S7 Just forward of center fuel tank on the right hand side

DC-10
S1, S3 Cockpit overhead center panel Hot, dry, no

UV exposure
S2 Station 770, a 12 foot section taken from above R2 door Benign

SN:  465** S4 Station 919 to Station 1239
S5 Not marked Not Known

Delivery: 1973 S6 Not marked
S7 Underneath flooring, pilot’s side yoke area Benign
S8 Station 919 to Station 1570, overhead right hand side

from R2 door towards rear of aircraft
Elevated
temperature

European 747
SN:  197**
Delivery:  1970

S1 (All) Forward cargo hold Benign

2.4  COMPONENT WIRE AND CONNECTOR DESCRIPTIONS
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The component wire specifications are included in Appendices I and II, and the connector
specification is included in Appendix III. The following two general wire types are significantly different
from BMS 13-42 and from each other. All samples appeared to be tin coated copper conductor insulated
wire. The component connector specifications were varied, but all connectors appeared to be cadmium or
nickel coated, or anodized aluminum bodies with backshells.

2.4.1  BMS 13-48 single and dual layer

BMS 13-48 is a fluoropolymer insulated wire.  A layer of modified ethylene tetrafluoroethylene
polymer is extruded onto the conductor and irradiated to crosslink the polymer.  The single layer wire is
extruded with a single layer of insulation, while the dual layer wire is extruded with two distinct layers.
Wire without manufacturers’ markings was present, and was determined by Fourier Transform Infrared
(FTIR) spectroscopy to be of the same insulated wire type, but may not have been manufactured to the
BMS requirements.  The military versions of this wire construction are MIL-W-22759/32-/46.  The
nominal wall thickness is .006 inch for the single layer insulation and .010 inch for the total thickness of
the dual layer insulation.  This wire construction with tin coated conductor is rated at 150°C maximum
continuous service temperature, although with silver or nickel coated conductor it is rated at 200°C.  This
wire construction is commonly used in aircraft and aerospace applications today. Many manufacturers
are currently qualified to produce the military specification version, which is essentially identical to the
current Boeing version. In the early 1970’s, one manufacturer was qualified to produce the BMS 13-48
wire and the military version.

2.4.2  MIL-W-81044/9

Wire manufactured to MIL-W-81044/9 consists of a primary layer of crosslinked extruded
polyalkene with a top layer of crosslinked extruded polyvinylidene fluoride. All wire is marked on the
outer layer of insulation with the specification and manufacturer’s cage code.  The primary insulation is
approximately .010 inch thick, and the top layer is .005 inch ± .001 inch thick.  This wire construction is
rated at 150°C maximum continuous service temperature.  This specification remains active today.  Two
companies were qualified to produce this wire construction in the early 1970’s.

2.4.3  MIL-C-26500

A variety of military and commercial connectors were submitted with the wiring samples from the
three aircraft.  All appeared to be cadmium or nickel coated, or hard anodized aluminum.  The
manufacturers and specifications of the connectors and backshells varied.  Several connectors were
marked MS24266 and MS27291, which are detail specification sheets from MIL-C-26500.  Other
connectors appeared to be fairly similar to these military connectors. The testing performed on the
connectors is fairly common to other connector specifications.  A large number of companies produced
connectors of these types.

2.5  TEST PROGRAM PARAMETERS

The wire samples were first examined for general condition and the presence of anything abnormal.
A testing regimen was designed that would indicate the condition of the insulated wire within a short
time frame.  Tests from the procurement specifications were performed on the wire and connectors.
Certain tests were not performed if the aging of the wire was not expected to have an impact on the test
results, or if insufficient wire was available. Testing on the component wire was performed per Boeing
specification BMS 13-48C and MIL-W-81044/9, while connector tests were performed per MIL-C-
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26500.  In most cases the military and Boeing test procedures were very similar.  Although the single
layer XLETFE insulated wire marked M48301D18 was not marked as a Boeing specification wire, the
wire was tested to this specification for comparison purposes.
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3.  TEST PROCEDURES AND RESULTS

3.1  Visual Examination

Appendix III of reference (1) 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 and 22 gauge.  The connectors were submitted along with the wire samples, and are marked
accordingly.  Photographs of the submitted connectors are included in Appendix IV.  The connectors
were all circular with approximately 5 to 55 sockets or pins.

Each submitted wire or connector sample was examined and photographed (Photo A1-A6).  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 detailed in Table 2.  The samples of wire
available in this phase were short, 2.5 to 20 feet in length.  A few specimens did appear to be damaged
over these limited lengths (Photo B1, B2).  A few short lengths of another wire type (BMS 13-38
specification wire) were found with some of the connectors, but insufficient wire was available for
testing.

The connectors were examined with similar criteria as the wire.  A variety of connectors were
submitted, including nickel coated, cadmium coated, and black anodized aluminum.  Backshells
sometimes included strain relief clamps and arms to support wire.  Photographs were taken when
appropriate, and are included in Appendix V.  Observations noted from the physical examination of the
connectors are in Table 2.  A heavy brown film covered much of the components from the DC-10 aircraft
(Photo B3, B4). These connectors also showed corrosion on the metal surfaces (Photo B5).  Little
corrosion was found on the metal connector and backshell bodies of connectors from the other aircraft.
The grommets of the majority of connectors had not hardened significantly, although the connector
grommets from the DC-10 appeared to have lost some resiliency and had begun to deteriorate (Photo
B6).  A large number of connectors contained many more cavities than there were wires (Photo B5, B7,
B8).  Usually the unused connector cavities were plugged with sealing plugs, but at times these additional
cavities were not plugged (Photo B5, B9). Due to the disparity of wires to connector size, additional
support was needed to prevent damage to the components and to the connection. Many of the backshells
used strain reliefs with lacing ties, or brackets with tape as the support medium (Photo A3, A6).  Some
non-silicone type tapes were badly deteriorating in the backshells (Photo B10).  Some fine metallic
particles were observed on the grommet faces (Photo B11).

Certain observations, such as mechanical damage, lack of sealing plugs, tight tie wraps, and stress
on the wires out of the backshells, could be potentially detrimental to the performance of the wiring.
Items such as metal filings and gouges found in harnesses would affect any of the wire types to some
degree.  Mechanical damage was found throughout many of the samples submitted from the aircraft, but
the XLETFE and polyalkene/polyvinylidene fluoride insulated wires appeared to have fewer damaged
areas than the Poly-X insulated wire.  Submitted samples which contained no BMS 13-48 or M81044/9
type wire or connectors were not listed in Table 2.

Reference 1: Aging Aircraft Wire Testing, Project Number 50-01-142, prepared for NTSB by Raytheon Systems
Company, 29 October 1999.
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Table 2:  Visual Examination Results

Sample Area Observations

White 747 S1 Poly-X type wire and small amount of BMS 13-38 type wire.
Connectors dirty with lint and dirt adhering to the back of the connector and
wires. Some fine metallic particles on the grommet face.  Grommets soft and
elastic. Empty sockets plugged.  No corrosion.

White 747 S4 XLETFE type wire. No damage observed.
Three connectors of varying condition. One connector was clean, with
empty sockets plugged. Second connector was a little dirty with empty
sockets not plugged, and a third was very dirty and sticky with some paint
overspray, but the empty sockets were plugged. Grommets all appeared in
satisfactory condition.

White 747 S5 XLETFE wire present. One wire mangled and failed dielectric withstanding
(Photo B2). The conductor on several wires contained blackened strands.
Some connectors dirty. Most empty sockets were plugged. Grommets
appeared in satisfactory condition. Several connectors were very large
compared to the small number of wires accommodated. Many connectors
had no strain relief.

DC-10 S2 Wire dirty with brown film and strong odor. M81044/9 type wire with no
physical damage observed.

DC-10 S4 Heavy brown film with a strong odor covering wire. M81044/9 type wire
with no physical damage observed.

DC-10 S6 Wire clean.
Connectors somewhat dirty with a dried dark residue and some corrosion.
Grommets appeared satisfactory.

DC-10 S7 Wire dirty, dusty, and slightly oily. Dual layer XLETFE present with no
physical damage seen.

DC-10 S8 Brown film covered much of wire (Photo B3), 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. Single layer XLETFE insulated wire present with one
instance of gouging (PhotoB1).
Connectors very dirty with heavy brown film (Photo B4). Corrosion seen
where the connector was heavily coated with the brown film. Wire at the
connector contained cuts. Strain relief very tightly tied to the wire,
deforming the grommet entries and possibly creating a poor seal. Grommets
slightly hardened, with slight cracking. No sealing plugs present in empty
sockets.

European 747 S1 Poly-X type wire.
Connectors somewhat dirty. A few were lightly dusty, while others had a
heavy dust coating.  A few connectors exhibited some white paint overspray.
Connectors not sticky, but some fine metal filings found in a few of the
grommets. Otherwise the grommets appeared satisfactory. Most empty
sockets plugged. Several connectors oversized for number of wires
accommodated.
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3.2  Mechanical and Electrical Tests

3.2.1 Concentricity

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.

All specimens met the requirements of new wire.  Results are provided in Table 3.

Table 3:  Concentricity Results

Samples Area Specimens Concentricity (%) Results

DC-10 S4 M81044/9 - 22 gauge,
Inner Layer Only

94% Passed

DC-10 S4 M81044/9 - 22 gauge,
Outer Layer Only

87% Passed

DC-10 S8 M4830D18 - 18 gauge 77% Passed
White 747 S5 W48A/02-8/1- 22 gauge 79% Passed

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 Withstanding 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 was submerged in a 5% salt water solution, and a potential 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 were determined by a leakage current that exceeded
10 milliamps.  The leakage current was not specified in either the military or Boeing specifications.

This test was used in conjunction with other tests as a proof test for insulation integrity.  All wire
was dielectric tested prior to using for other tests.  Wires with damage (dual layer BMS 13-48A wire of
White 747 Sample 5, and single layer XLETFE insulated wire from DC-10 Sample 8) failed dielectric
withstanding test.  Failures were also detected in two long lengths of single layer XLETFE wire from
DC-10 Sample 8 (Photo B12) when the insulation resistance test was attempted.  When used as a proof
test following various tests, the results are listed with the applicable test.

3.2.3  Insulation Resistance
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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 was applied across the wire and surfactant solution.
Twenty-six feet of wire was required per the test specification, but this length was not available from any
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.  Values are usually given in ohms per thousand feet of wire. The minimum requirement for
the insulation on new wire per the Boeing and military specifications were:

BMS 13-48C 2500 megohms (MΩ)/1000 ft. (single or dual layer XLETFE) *
M22759/32 5000 MΩ/1000 ft. (single layer XLETFE)
M22759/34 5000 MΩ/1000 ft. (dual layer XLETFE) 24-10 gauge
M22759/34 3000 MΩ/1000 ft. (dual layer XLETFE) 8-00 gauge
M81044/9 5000 MΩ/1000 ft.

*   This requirement was raised to 5000 MΩ/1000 ft. in later revisions of the Boeing specification.

The results in Table 4 indicated that the wire specimens surpass the original requirements of the
Boeing and military specifications. The White 747 specimen was too short to accurately measure the
insulation resistance.  Two specimens of the DC-10 Sample 8 wire failed dielectric during this test before
a third specimen could actually be measured.

Table 4:  Insulation Resistance Results

Samples Area Specimen Specimen
Length

Resistance
(MΩΩΩΩ/1000 ft.)

Results

DC-10 S4 M81044/9 - 22 gauge 19.2 feet 30,670 Pass
DC-10 S8 M4830D18 – 18 gauge 26 feet Dielectric Failure* No

measurement
DC-10 S8 M4830D18 – 18 gauge 15 feet Dielectric Failure* No

measurement
DC-10 S8 M4830D18 – 18 gauge 15 feet 24,000 Pass
White 747 S5 W48A/02-8/1- 22 gauge 3.25 feet 3250 Pass
* Note – Dielectric failure resulted in inability to measure insulation resistance on wire specimen.

3.2.4  Insulation Tensile Strength 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, the tensile strength to increase, and the
elongation to decrease.  Materials that harden may 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



10

the wire in order to meet the performance required of it.  Disintegration of wire insulation is
unacceptable in an aerospace environment.

Three inch slugs of insulation were removed from the wire.  The specimens were tested to
determine the tensile strength and elongation using a compression/tension machine with a 20 inch/minute
jaw separation. Requirements on new M81044/9 wire were 150% minimum elongation to break and 2500
pounds per square inch (psi) minimum to break.  Requirements for the BMS 13-48 specification were
50% minimum elongation to break and 5000 pounds per square inch (psi) minimum to break.

The results in Table 5 show that all wire insulations continued to meet the original specification
requirements.  The outer layer of the dual wall XLETFE was not able to withstand any appreciable force
before failure; however, this is not a failure mode in this test.

Table 5:  Insulation Tensile Strength and Elongation Results

Samples Area Specimens*
Elongation

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

M81044/9 wire 150%
Requirement

2500 psi
Requirement

Elongation        Tensile
                        Strength

DC-10 S4 M81044/9 - 22
total insulation

437% 3713 Passed                 Passed

BMS 13-48 wire 50%
Requirement

5000 psi
Requirement

Elongation        Tensile
                          Strength

DC-10 S8 M4830D18 - 18
gauge

218% 7558 Passed                 Passed

White 747 S5 W48A/02-8/1-22
inner insulation

392% 6051 Passed                 Passed

*  Note – Three specimens were tested for each sample. Because it was impossible to separate the
inner insulation from the outer insulation, the total insulation was pulled together; however, the
outer insulation on the White 747 Sample 5 specimens broke immediately.

3.2.5  Notch Sensitivity

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 was used. The insulation of the wire
specimen was scored to that depth using the fixture blade, then physically stressed by wrapping 360°
around a 1.0 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 was performed to verify the integrity of the
insulation. The Boeing specification required a .004 inch notch depth. This test was not a requirement in
the military specification.

 As shown in Table 6, all samples tested passed the requirements by maintaining electrical integrity
during the dielectric voltage test.
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Table 6:  Notch Sensitivity Results

Samples Area Specimen Results, Dielectric

DC-10 S4 M81044/9 - 22 gauge Passed
DC-10 S8 M4830D18 - 18 gauge Passed
White 747 S5 W48/02-8/1 - 22 gauge Passed
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3.3  Thermal Tests

3.3.1 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.

Wire specimens were cooled to –65°C with weights attached, wrapped around a mandrel at the cold
temperature, and then visually checked for insulation cracking.  In addition to this, the military
specification MIL-W-81044 continued with a wet dielectric test in a 5% salt water solution to prove the
insulation integrity.  M81044/9-22 gauge wire was weighted with 3 pounds and wrapped around a 1 inch
mandrel.  BMS 13-48 18 gauge and 22 gauge sample fixtures were not defined, but the 20 gauge wire
was weighted with 4 pounds and wrapped around a 1 inch mandrel.  The XLETFE insulated specimens
were tested to the revised specification parameters as shown below.  This deviation created more stress
due to the smaller mandrel diameter and less stress due to the lower weight.  This difference is not
expected to change the final results of the test.

As shown in Table 7, the outer insulation of both of the dual wall samples failed the bend test by
cracking (Photos B13-B15), yet the inner insulation layers protected the specimens from electrical
failure.  The single layer insulated wire did not exhibit cracking of the insulation.  All specimens passed
the final wet dielectric withstanding voltage test. This test does not address long duration service stress
such as vibration at cold temperatures.

Table 7:  Low Temperature Cold Bend Results

Samples Area Specimen (number of
specimens tested)

Mandrel     Weights
Diameter   Each end

Results, Visual Results,
Dielectric

DC-10 S4 M81044/9 - 22 gauge
(3)

  1.0 in              3 lb. 2 cracked outer
insulation

3 passed

DC-10 S8 M4830D18 - 18 gauge
(2)

  .25 in              1 lb. No Cracks 2 passed

White 747 S5 W48A/02-8/1 - 22
gauge (3)

  .25 in           .75 lb. 3 Cracked outer
Insulation

3 passed

3.3.5  Wrapback

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.

Twelve inch specimens were wrapped tightly around themselves for a minimum of four close turns.
The XLETFE specimens were hung in an oven at 250°C for 7 hours, while the M81044/9 specimens
were at room temperature.  After oven exposure, the specimens were inspected for cracking of the
insulation.  The BMS 13-48 specification required insulation to remain intact and not crack following
thermal exposure, and no dielectric failures were allowed.  The military specification M81044/9 required
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insulation to remain intact with no cracking.  A final wet dielectric test was not required with this wire
construction, nor is it required with the MIL-W-22759 military version of the XLETFE insulated wire.

None of the specimens exhibited cracking.  One specimen produced a wet dielectric failure as
shown in Table 8.  This may indicate that the insulation weakened during the thermal exposure.

Table 8:  Wrapback Results

Samples Area Specimen Number of
Specimens

Results, Visual Results,
Dielectric

DC-10 S4 M81044/9 – 22 gauge 3 No Cracks Not Required
DC-10 S8 M4830D18 – 18 gauge 3 No Cracks 2/3 Pass *
White 747 S5 W48A/02-8/1- 22 gauge 3 No Cracks Pass
* Note – The failure occurred near the edge where the strippers may have damaged the insulation while
stripping the end of the specimen.
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3.4  Thermal Aging Tests

3.4.1  Accelerated Aging

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 insulations were
crosslinked materials.

Specimens were hung over a mandrel with weights attached to impart physical stress on the
insulation, then placed in an air circulating oven at temperature. BMS 13-48 required 250°C for 7
hours.  M81044/9 required 300°C for 6 hours.  Following the heat exposure, the specimens were bent
around a mandrel and proof tested with a dielectric withstanding voltage in a 5% salt water solution.
New wire is expected to pass the dielectric test following high temperature exposure.  Insulation and
conductor degradation is allowed provided the electrical integrity is maintained.  BMS 13-48 also
required that the concentricity not decrease to below 40%.

As shown in Table 13, no specimens cracked during the thermal exposure or bend test, and all
specimens passed the dielectric withstanding test.

Table 13:  Accelerated Aging Results

Samples Area Specimen, (number
of specimens tested)

Mandrel     Weights
Diameter   Each end

Results, Visual Results,
Dielectric

DC-10 S4 M81044/9 - 22
gauge (3)

    .75 in         1.5 lb. No Cracking of
Insulation, print
legible

Passed

DC-10 S8 M4830D18 - 18
gauge (3)

    .75 in         1.5 lb. No Cracking of
Insulation

Passed

White 747 S5 W48A/02-8/1 - 22
gauge (3)

    .25 in         .75 lb. No Cracking of
Insulation

Passed

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.

Twenty-four inch specimens were hung over an appropriate mandrel with corresponding weights on
each end (determined by the wire size) and suspended in an air-circulating oven at 200°C for 168 hours.
Samples tested per BMS 13-48 are cycled 8 times, with each cycle 15 hours at 200°C then cooled to
room temperature for 6 hours.  After full thermal exposure, the specimens are bent around a mandrel and
proofed by a dielectric withstanding test in 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.
Mandrels and weights for the 18 and 22 gauge wires were not defined in BMS 13-48, but the 20 gauge
wire was weighted with 4 pounds and wrapped around a 1 inch mandrel.  The BMS 13-48 type insulated
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specimens were tested to the revised specification parameters as shown below.  This deviation created
more stress due to the smaller mandrel diameter and less stress due to the lower weight.  This difference
is not expected to change the final results of the test.

As shown in Table 14, all three samples passed the bend test.  The M81044/9 specimens all failed
the final wet dielectric withstanding test (Photo B16), while the BMS 13-48 type insulated specimens
passed.  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 combined 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
indicated the type of thermal life that the wire may continue to exhibit.

Table 14:  Lifecycle Results

Samples Area Specimen, (number
of specimens tested)

Mandrel    Weights
 Diameter  Each end

Results, Bend
Test

Results,
Dielectric

DC-10 S4 M81044/9 - 22 gauge
(3)

    .75 in           1.5 lb. No Cracking 3 Failed

DC-10 S8 M4830D18 - 18 gauge
(2)

    .25 in           .75 lb. No Cracking 2 Passed

White 747 S5 W48A/02-8/1 - 22
gauge (2)

    .25 in           .75 lb. No Cracking 2 Passed
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3.5 Connector Tests

3.5.1  Maintenance Aging

Connectors must be durable enough to allow for maintenance on the contacts, insertion of new wires
and removal of old, while maintaining the ability to secure the pins and sockets during connector use and
continue to provide proper environmental sealing.  Maintenance aging provided a brief look at the
connector’s ability to survive the insertion and removal of contacts over many cycles without damaging
the grommet, and to continue to secure contacts, similar to what would be experienced during long term
maintenance.  Poor quality grommets may begin to crumble, and poorly sized or damaged connectors
may not provide proper contact retention forces.  Following the cycling, the connector contacts must
continue to meet electrical integrity.

Within a given connector, a number of contacts were removed and inserted using proper
insertion/removal tools.   For this test program, an Astro M81969/17-03 insertion tool, and an Astro
M81969/19-06 removal tool was used.  Random contacts, including at the connector edges and center to
be representative of the whole connector, were inserted and removed ten times, and the first and tenth
were measured to check whether the contact retention and insertion forces were within the specification
requirements.  A MIL-C-26500 specification connector must meet the requirement for the insertion force
of a single contact to not exceed 15 pounds, while the removal force of a single contact must not exceed
10 pounds.  Since each of the connectors required unique insertion and removal force requirements, and
each of these was not known, this test was used as a qualitative test, and any unusual forces required to
insert or remove contacts were noted as observations.  The dielectric integrity was then tested for the
cycled contacts with a dry withstanding voltage of 1500 volts for one minute between adjacent contacts
or between edge contacts and the connector body (see 3.5.2).

The testing results of the connectors from the three aircraft are summarized in Table 15.  Several
connectors failed, while others continued to pass the maintenance aging and dielectric withstanding test
following the maintenance aging.  The grommets of the DC-10 began to crumble, while the connectors
began to lose the ability to have contacts removed, inserted, or retained. The grommets on several of the
DC-10 connectors appeared to have lost some of their elasticity and have become deformed, possibly
losing some of the sealing capabilities.

3.5.2  Dielectric Test

The dielectric integrity of the connector and contacts were determined using a dielectric withstanding
voltage on an unmated connector in a dry environment. An applied potential will continue to hold
provided there is sufficient dielectric between the two electrodes.  The dielectric test was used to prove
the connector can operate safely at its rated voltage and withstand higher voltages for a short period of
time.  Breakdown of the grommet or other materials, or contamination may lead to electrical shorts and
the inability for the electrodes to hold the electrical potential.  Thermal aging, corrosion, and mechanical
damage are additional factors which could lead to electrical failure of the connector.

 Using two contacts or a contact and the shell as electrodes, 1500 volts was applied between the
electrodes of an unmated connector for one minute as described in MIL-C-26500.  Electrical integrity of
the connector was achieved provided the connector displayed no evidence of flashover and held the
electrical potential with no breakdown, defined as greater than 2.0 milli-amps current leakage.

The results of the dielectric tests are shown in Table 15, along with the maintenance aging results.
The dielectric integrity of the connectors remained after maintenance aging. A higher applied potential
did not cause failures. Contamination found in the connectors, such as the fine metallic particles, also did
not appear to have an effect on dielectric failures.
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Table 15:  Maintenance Aging Results

Samples Area Specimen Number of
Contacts/Cycles

Observations Results,
Dielectric

Results

DC-10 S6 Burndy DC26F22-55
8X

7/0 Sockets could
not be removed

Pass
1500 Volts
for 1 minute

Fail

DC-10 S6 Glenair DC2SF20-
39S

9/10 Grommet
disintegrated in
some areas. Wire
pulled out of 2
sockets

Pass
1500 Volts
for 1 minute

Fail

White 747 S1 Amphenol
MS24266R16B24SN

3/10 Removed and
installed contacts
easily

Pass
1500 Volts
for 1 minute

Pass

White 747 S1 Amphenol
MS27291-4

4/10 Backshell full of
dirt and sticky
residue from tape
deterioration

Pass
1500 Volts
for 1 minute

Pass

White 747 S4 39769B1211Pyle22B
-4C-1022-32S

3/10 No comments Pass
1500 Volts
for 1 minute

Pass

White 747 S4 MS24266R12 3/10 Removed and
installed contacts
easily

Pass
1500 Volts
for 1 minute

Pass

European
747

S1 Cinch NULINE
MS27291-6

3/10 Removed and
installed contacts
easily

Pass
1500 Volts
for 1 minute

Pass

European
747

S1 Amphenol
MS27291-4

3/10 Removed and
installed contacts
easily. After 5
cycles, 1 cavity
could not retain
contact.

Pass *
2500 Volts

for 6 minutes

Fail

* Note – The dielectric withstanding voltage was run up to 2500 Volts for a full six minutes, instead of
the nominal 1500 Volts for one minute, and the connector continued to maintain electrical integrity.

3.6  DISCUSSION SUMMARY
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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.  Wire samples
pulled from the 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.  A couple of wire specimens failed dielectric withstanding, and
potentially could have lead to electrical shorts in the aircraft given the opportunity for the conductor to
ground at that location. Most of the wire passed a dielectric test, indicating that the electrical integrity of
the wire remained. Wire damage may have occurred by human or environmental means, such as through
manufacturing and assembly, maintenance, vibration, chafing, or many other possibilities.

The three wire samples passed the majority of the performance tests: concentricity, insulation
resistance, insulation tensile and elongation, notch sensitivity, and accelerated aging, to the requirements
that new wire must pass.  All specimens except one passed the wrapback test, and the one failed
specimen may have passed without damage that appeared to have been caused by the strippers during the
testing.

The wire samples did not pass several other tests.  The single layer BMS 13-48 type insulated sample
exhibited two dielectric failures in long wire lengths.  The dual layer BMS 13-48 wire failed the low
temperature cold bend.  The M81044/9 wire failed the low temperature cold bend and the lifecycle tests.
Both dual wall insulated samples failed the cold bend, which may be due to the greater rigidity of the
outer layer of insulation, and possible loss of insulation flexibility during aging while in service on the
aircraft.  Both of these samples did pass the dielectric withstanding test following the bend.  All
M81044/9 wire specimens failed the lifecycle test, indicating that the long-term life of this wire type may
be limited. The wires have not reached their final life on either wire construction.

The aged wire in this test program continued to perform to many of the requirements demanded of
new wire. The failed tests pointed out the weaknesses in the wire after many years of use. With the
exception of specific mechanical damage already incurred by the wire samples, the wire of all three
aircraft would be expected to retain short-term mechanical and electrical integrity.  The long-term
performance of the M81044/9 wire is expected to be very poor as the wire continues to degrade from
exposure to additional mechanical, thermal, electrical, moisture, radiation, chemical, and human induced
stress, The long-term performance of the BMS 13-48 type wire is expected to be somewhat better,
although the flexibility of the insulation will decrease further as aging effects become more apparent.

All of the connectors passed the dielectric testing performed, indicating that the contacts continued to
be insulated from each other and the shell.  The failed connectors of all three aircraft appear to have
degraded somewhat from what would be expected of new connectors. The connectors from the DC-10
are in worse physical condition, tend to have fewer supports for the wire, and are covered with greater
amounts of dirt, smoke residue, and corrosion.  The connector grommets have deformed, and during
maintenance aging, the grommets have begun to crumble, jeopardizing its ability to provide
environmental sealing.  In addition, the contacts of one connector could not be removed, making repair
impossible, and the ability of the other connector to retain contacts was lost.  The tape support of
connectors of the White 747, used to hold the wire, had deteriorated, potentially leading to further
damage due to chafing and vibration.  A connector from the European 747 lost the ability to retain one
contact during maintenance aging.  The history of each of these connectors is unknown, and they may
have degraded with previous maintenance, but the effects of aging on the connectors would show
similarly. The aging effects of these connectors are becoming apparent, and the ability of these
connectors to perform is expected to gradually diminish.
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4.  CONCLUSIONS
Evaluation of three wire types and connectors from three different aircraft.

4.1 General Condition
• The three wire types evaluated from the aircraft were in fairly good condition.
• Areas of damage were found in two of the wire samples.
• Connectors from the three aircraft displayed varied conditions of cleanliness.
• A variety of problems were found during the wire inspection:

- The presence of a brown film (possibly due to cigarette smoke residue) on connectors and wire
from all three aircraft, but much worse on the DC-10

- Paint and lubricant residue on several connectors of the White 747 and European 747
- Foreign debris, such as lint and metal filings on wire and connectors
- Mechanical damage to wire
- Strain relief damage due to degradation of tape to protect too few wires may possibly lead to

wire damage
- Grommet deformation and hardening in connectors

4.2 Wire Performance Tests
• Many of the performance requirements were passed successfully by the aged wires
• Electrical  Tests

 - Damaged wire resulted in dielectric failures
 

• Mechanical Tests
 - The wire specimens continued to meet the original requirements for tensile and elongation
 - All three wire constructions should continue to resist propagation of minor nicks and cuts

without imminent dielectric failures, as seen from the notch sensitivity results.
 

• Thermal Tests
 - Both dual layer insulated wires failed the low temperature cold bend. The outer crosslinked

layer is rigid and was not able to withstand the physical bend while under cold conditions.
The inner insulation layer continued to protect from dielectric failure.

 - The wire samples exhibited good resistance to stress under temperature in the wrapback test.
 

• Thermal Aging Tests
- All specimens passed accelerated aging test.
- BMS 13-48 type wire passed the lifecycle test.
- M81044/9 type wire did not pass the lifecycle test, indicating limited life under increased

thermal exposure.

4.3 Connector Performance Tests
• Aging Tests

 - Connectors from each aircraft have been affected by aging.
 - Grommets on the DC-10 connector began crumbling, potentially leading to loss of dielectric,

and loss of sealing ability.
 - Contacts in one DC-10 connector could not be removed.
 - Ability for contact retention in several connectors was lost during the maintenance aging test.
 - Connectors have aged to the point where maintenance may become an issue. Connectors must

have ability to have contacts inserted and removed, and maintain sealability.
 

• Electrical Tests
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- All connectors passed the dielectric withstanding tests indicating the ability to effectively
insulate the contacts from each other and the shell after maintenance aging.

4.3 Overall Conclusions
• The three wire types evaluated have degraded in different manners during service life.
• Single layer BMS 13-48 type wire developed dielectric failures, possibly due to the thinner wall

thickness providing less mechanical protection to the wire.
• Dual layer BMS 13-48 type wire passed tests without dielectric failures, but the outer layer has

lost strength and flexibility as evidenced by the tensile & elongation and low temperature cold
bend tests.

• Dual layer M81044/9 type wire failed a couple tests.  The outer layer cracked during the low
temperature cold bend test even though retaining electrical integrity.  The wire failed lifecycle
tests, indicating that the wire has aged significantly and has limited additional life.

• The BMS 13-48 wire appeared to be in better physical shape than the BMS 13-42 wire tested in
Reference 1.

• 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.

• The connectors from all three aircraft show signs of aging, such as the presence of corrosion
and hardening grommets.

• Connectors from all three aircraft passed dielectric testing indicating the insulate the contacts
from each other and the shell, but several of the connectors do not have the ability to have
maintenance performed on the connectors.  Contacts were not retained, grommets began to
crumble, and some contacts were not removable.
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The wire and cable specified herein is intended for *General Purpose" use in both 
pressurized and unpressurized areas of aircraft. Its application will include exposure to 
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2. 

2.1 

CUSSIlICATION 

DEFINITIONS 

HODULL WIRE AND CABLE 

2.1.2 

A wire with a light weight insulation wall thickness designed for use in protected areas 
such as black boxes, and eguipent modules. 

INTERCONNECT WIRE AND CASLE (NORMAL WEIGRT) 

A wire construction with normal weight insulation wall thickness designed for wire and wire 
bundles use in general applications throughout the aircraft. 

2.1.3 ROOR-IJP WIRE AND CARLS 

A wire with a medium weight insulation wall thickness for application in environments which 
are more severe than the protected areas but not as severe as the areas where interconnect 
wire is used. 

2.1.4 INTERCONNECT WIRE AND CABLE (HEAVY UEIGST) 

A wire construction with heavy weight insulation wall thickness designed for wire and wire 
bundles exposed to greater than normal mechanical stresses. 

2.1.5 WIRE 

Wire is that family of finished items which consist of a single metallic conductor (made up 
of the number and size of strands as defined in Section 4.2, and constructed as defined in 
Section 4.4.1) which is covered with the insulation system only, and which does not 
incorporate any shield or jacket applied over the insulation system, except that certain 
large gauge wires may be covered with a protective braid as defined in Section 4.4.4. 

In this s 
or XIX, C ass P 

l cification, Wires are those items designated as Type I. V, VIII, IX, X, XI. XVI, 
1, all AWG gauges. 

2.1.6 CABLE 

Cable is that family of finiahed items which consist of a twisted group of two or more 
Wires, with or without a shield, or a jacket. or a shield and a jacket covering, and a 
single Wire which is covered by a shield, or a jacket , or a shield and a jacket, except for 
those single wires covered by a non-metallic protective braid which are defined as Wires in 
Section 2.1.4. 

In tbis specification cables are those items designated as Type I, V, VIII, IX, X, XI, XVI, 
XIX, XXII, or XXIII, Class 2 on, all AWG guages, and Type III, IV, VI, VII, XII, XIII. XIV. 
XV, XVII, XVIII, XX, or XXI, all Classes and AUG guages. 

2.1.7 

2.2 

STSAND 

A strand is a single length of drawn metal (generally with a round cross section) which is 
used to construct a conductor as detailed in Section 4.2, or a shield as detailed in 
Section 4.4.3.2. 

In this specification the strand must have a round cross section , and must be of Tin-Coated 
Soft Annealed Copper per Section 4.2.1.1, or Silver-Plated High-Strength Copper Alloy per 
Section 4.2.1.2. The type of strand material required for each Type of Wire or Cable 
conductor is detailed in Section 2.2. 

TYPE 

a. Type1 - Module Wire or Cable - 6 n il nominal (5 mil minimu) insulation, 
tin-coated copper conductor. 

One insulated conductor or two or more insulated conductors laid in a 
suitable spiral to make a multiconductor cable- 

b. Type II - Not Applicable 

c. Type III - Wodule Shielded and Jacketed Cable - 6 ail nominal (5 ail minimu) 
insulation, tin-coated copper conductor. 

Type I wire or cable over which the following is applied: 

First -- in overall shield of tin-coated copper braid- Second -- A jacks 
of ethylenetetrafluoroethylene (ETPL). 

d. Type IV - Module Jacketed Cable - 6 mil nominal (5 mil minimum) insulation, 
tin-coated copper conductor. 

Type I cable (Class 2 or greater) over which an ETPS jacket is applied. 

BMS IP+X 
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e. Type v 

f. Type VI 

9. Type VII 

h. Type VIII 

I. Type IX 

j. WQ= X 

k. Type XI 

1. Type XII 

1. Type XIII 

n. Type XIV. 

0. Type xv 

Q. wQ= XL’1 

Module Wire or Cable - 6 mil nominal (5 mil minimum) insulation, 
silver-plated high-strength copper alloy conductor. 

One insulated conductor or two or more insulated conductors laid in a 
suitable spiral to make a multiconductor cable. 

nodule Shielded and Jacketed Cable - 6 mil nominal (5 mil minimum) 
* insulation, silver-plated high-strength copper alloy conductor. 

Type V wire or cable over which the following is applied: 

First -- An overall shield of tin-coated copper braid. Second -- A 
jacket of EWE. 

module Jacketed Cable - 6 mil nominal (5 mil minimum) insulation, 
silver-plated high-strength COpQaC alloy conductor. 

Type V cable (Class 2 or greater) over which an ETPE jacket is applied. 

Interconnect wire or Cable (Noraal Weight) - 10 ail nominal (9 mil 
rinimcol) insulation, tin-coated copper conductor. 

One insulated conductor or two or more insulated conductors laid in a 
suitable spiral to make a multiconductor cable. 

Interconnect Wire or Cable (Normal Weight) - 10 ail nominal (9 mil 
minimum) insulation, silver-plated high-strength copper alloy conductor. 

One insulated conductor or two or more insulated conductors laid in a 
suitable spiral to make a multiconductor cable. 

Aook-up Wire or Cable - 8 mil nominal (7 ml1 minimum) insulation, 
tin-coated copper conductor. 

One insulated conductor or two or more insulated conductors laid in a 
suitable spiral to make a multiconductor cable. 

Nook-up Wire or Cable - 8 nil nominal (7 mil minimum) insulation, 
Silver-plated high-strength copper alloy conductor. 

Cm0 insulated conductor or two or more insulated conductors laid in a 
suitable spiral to make a multiconductor cable. 

Wok-up Shielded and Jacketed Cable - 8 mil nominal (7 ail minimum) 
insulation, tin-coated copper conductor. 

T'yQd X wire or cable over which the following is applied: 

Firer -- An overall shield of tin-coated COQQS!K braid. Second -- b 
jacket of ETTPE. 

fiook-up Shielded and Jacketed Cable - S nil nominal (7 q il minimum) 
insulation, Silver-plated high-strength copper alloy conductor. 

Type XI wire and cable over which the following is applied: 

First -- An overall shield of tin-coated COQQ~K braid. Second -- A 
jacket of ETTCL. 

Nook-up Jacketed Cable, 8 ml1 nominal (7 mil minimum) insulation, 
tin-coated copper conductor. 

Type X cable (Class 2 or greater) over which an ETPE jacket is applied. 

Interconnect Shielded and Jacketed Cable (Normal Weight) - 10 mil 
nominal (9 nil minimrs) insulation, tin-coated copper conductor. 

Type VIII wire and cable over which the following is applied: 

First -- An overall shield of tin-coated copper braid. Second -- A 
jacket of ETFE. 

Interconnect Wire or Cable (Seavy Weight) - 15 mil nominal (14 mil 
minimum) insulation, tin-coated copper conductor. 

One Insulated conductor or two or more insulated conductors laid in a 
suitable spiral to make a multiconductor cable. 

BMS 13-48C R 



2.3 CLASS 

a. The class designation for all vires and cables of this specification shall be specified t 
numbers, in nuerical order, which shall indicate a single insulated wire or the number a 
insulated wires in a multi-conductor cable. 

2.4 

2.5 

b. Exmples : Class 1 - A single insulated conductor 
Class 2 - Two spirally laid wires (twisted-pair) 
Class 24 - 24 spirally laid wires 

SIZE 

This specification covers wire sizes 26 AWG through 4/O AWG. The construction details for th 
various sizes shall be controlled by Section 4. of this specification. 

WIRE MD CABLE DESIGNATION 

9. TYP x-J11 

r. Type XVIII 

5. Type XIX 

t. lypc XX 

u. Type XXI 

V. Type XXII 

w. Type XXIII 

x. Type XXIV 

Interconnect Jacketed Cable (Reavy Weight) - 15 mil nominal (14 oil 
minimum) insulation, tin-coated copper conductor. 

Type XVI (Class 2 or greater] cable over which an ETTPE jacket is 
applied.’ 

Interconnect Shielded and Jacketed Cable (Heavy Weight) - 15 mil nomina 
(14 mil minimum) insulation, tin-coated copper conductor. 

Type XVI wire or cable over which the following is applied: 

First -- An overall shield of tin-coated copper braid. Second -- A 
jacket of ETPE. 

Interconnect Wire or Cable (lleavy Weight) - 15 mil nominal (14 mil 
minimum) insulation, silver-plated high-strength copper alloy conductor 

One insulated conductor or two or more insulated conductors laid in a 
suitable spiral to make a multiconductor cable. 

Interconnect Jacketed Cable (Heavy Weight) - 15 mil nominal (14 mil 
minimum) insulation, silver-plated high-strength copper alloy conductor 

Type XIX (Class 2 or greater) cable over which an ETPE jacket is 
applied. 

Interconnect Shielded and Jacketed Cable (Aeavy Weight) - 15 mil nomina 
(14 ail minimum) insulation, silver-plated high-strength copper alloy 

conductor. 

Type XIX wire or cable over which the following is applied. 

First -- An overall shield of tin-coated copper braid. Second -- A 
jacket of ETPE. 

Interconnect Wire or Cable (Reavy Weight) - 15 mil nominal (14 mil 
minimum) insulation, nickel-coated high-strength copper alloy conductor 

One insulated conductor or two or more insulated conductors laid in a 
suitable spiral to make a multiconductor cable. 

Interconnect Wire or Cable (Normal Weight) - 10 mil nominal (9mil 
minimum) insulation, nickel-coated high-strength copper alloy conductor 

CJne insulated conductcr or two or more insulated conductors laid in a 
suitable spiral to make a multiconductor cable. 

Interconnect Shielded and Jacketed Cable (Uormal Weight) - 10 mil 
nominal (9 rail minimum) insulation, nickel-coated high-strength alloy 
conductor. 

Type XXIII wire or cable over which the following is applied: 

First -- An overall shield of tin-coated copper braid. 
Second -- A jacket of ETFE. 

Designation of the wire and cable controlled by this specification shall be in the following 
form: 

ells 13-ISC/XX 

Boeing Platerial 
Specification 
Numbsr/Rfg . QPL- 
Qualified Supplier 
Sheet Umber 

TyPE 

Wire or Cable 
Type Designation 
(See Section 2.2) 

CLASS 

Wire or Cable 
Class Designation 
(See Section 2.3) 

SIZE 

Individual 
Wire Size 
(See Section2.4 
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3.1 

3.1.1 

3.1.2 

3.2 

3.2.1 

3.2.2 

3.3 

3.3.1 

3.3.2 

REFERENCES 

Except where a specific 
be considered a part of 

issue is indicated, the latest issue of the following references shall 
this specification to the extent indicated herein. 

SPECIFICATION 

FEDERAL 

a. C-F-206, Pelt Sheet: Cloth, Felt, Wool, Pressed 

b. TT-I-735, Isopropyl Alcohol, Technical 

C. VU-T-450, Tissue, Facial 

d. TT-M-261, Methyl-Ethyl-Ketone 

e. PAB, Part 25 

MILITARY 

a. HIL-H-5606, Hydraulic Fluid, petroleum Base, Aircraft and Ordnance 

b. MIL-T-5624, Turbine Fuel, Aviation Grades JP-4 and JP-5 

C. KIL-L-7808, Lubricating Oil, Aircraft Turbine Bngine, Synthetic Base 

d. MIL-L-23699, Lubricating Oil, Aircraft Turbine Engine, Synthetic Base 

l . UIL-T-5438, Tester, Abrasion, Electrical Cable 

f. MIL-E-9500, Ethylene Glycol, Technical 

g. MIL-P-83800, Propylene Glycol, Industrial Grade 

h. HIL-C-572, Cords, Yarns and Monofilament8 Organic and Synthetic Fiber 

STANDARDS 

FEDERAL 

FED-STD-228, Cable and Wire, Insulated; Method of Testing 

MILITARY 

a. KIL-STD-104, Limit8 for Electrical Insulation Color 

b. MIL-STD-105, Sampling Procedures and Tables for Inspection Attributes 

OTHER PUBLICATIONS 

COUMERCIAL 

Runsell Book of Color, Munsell Color Company, Baltimore, Maryland 

BOEING 

BMS 3-11, Bydraulic Fluid, Pire Resistant 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTR) 

a. ASTM 83, Soft or Annealed Copper Wire, Spec. for 

b. ASTM 833, Standard Specification for Tinned Soft or Annealed Copper Wire for Electrical 
Purposes 

c. ASTM 8296, Specification for Silver-Coated Soft or Annealed Copper Wire 

d. ASTM 8355, Standard Specification for Nickel-Coated Soft or Annealed Copper Wire. 

e. ASTM D1371, Recommended Practice for Cleaning Plastic Specimens for Insulation 
Resistance, Surface Resistance and Volume Resistivity Testing 

f. ASTR E104, Recommended Practice for Maintaining Constant Relative Bumidity by Ueans of 
Aqueous Solutions. 

BMS 13-48~ 



REQUIREUSNTS 

a. This specification is intended to define only those raguirements which arc essential to 
control the physical, mechanical , and electrical characteristics to the degree necessary 
to ensure: 

(1 

(2 

(3 

(4 

(5 

1 Compatibility with stripping , marking and other sub-assembly and installation 
tooling. 

Uinimum weight 

Ease of handling in sub-assembly 

Ease of handling in installation 

Long term life, performance, and reliability 

(6) Installation compatibility 

Therefore, this specification allows variations in material formulation and construction 
within the general framewrk of the scope of this specification. 

b. The wire and cable furnished under this specification shall be a product Which has been 
tested, and has passed the qualification tests specified herein , prior to acceptance of 
production orders. 

NOTE I WIRE AND CABLE FABRICATED TD MEET TRE REQUIREMRNTS OF TILE ORIGINAL ISSUE OF RMS 13-48 
DOES NOT UEET TEE REQUIREMENTS OF TRIS SPECIFICATION. 

C. Where conflict exists between this specification and any specification referenced herein, 
this specification shall govern. 

COLOR CODE 

Except as specified in Section 4.4 , or otherwise specified in the purchase order, the color 01 
the finished wire or cable shall be as follows. 

ALL TYPES AND SIZES, CLASS 1 

Other than Type YIII, Class 1, AK; 22, the finished wire and cable shall be White Within the 
limits of MIL-S’ID-104, Class 1. Type VIII, Class 1, 
the Munsell Renotation of 2.X S/4 to 1OG S/2. 

AWC 22 wire shall be pastel green betWee 

In the went that a red wire is specified, the red shall be between Runsell Renotation 2.5R 
4/10 and 5R 6/14. 

ALL TYPES MD SIZES, CLASS 2 TRROUGA 24 

The finished color for wires in the multiconductor cable shall be as shown in Table I. On the 
11th through the 24th wire a stripe of the color shown in Table I shall be applied to the 
outer surface of the insulation. The stripe shall be not less than -030 inch Wide and shall 
make one complete turn around the wire in every two inches of axial length for wire sizes 26 
through 12, and in every four inches of axial length for wire sizes 10 through 4/O. The 
jacket of shielded or multiconductor cables shall be white per MIL-STD-104. 

R 
., ’ 
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4.1.2 (Continued) 

4.2 

4.2.1 

CONDUCTOR 

CONDUCTOR MATERIAL 

4.2.1.1 

All strands used in the menufecture of the conductors shall be soft annealed copper conforminq 
to ASTM 63, or shall be hiqh-strenqth copper alloy. Strands shall be free froa lups, kinks, 
splits, scrapes, corroded rurfaces and skin impurities. Strand6 shall not fuse together. In 
addition, the strand6 6hall conforn to the following requirement6 a6 applicable. 

Tin-Coated Soft Annealed Copper Strands 

TABLE I 

COLOR COOE FOR WIRES IN I'lULTICONDllCTOR CAE!LE 

WIRE NUWBER INSULATION COLOR 

1 Red 

2 Blue 

3 Yellow 

4 Green 

5 Black 

6 Purple 

7 oranqe 

a Brown 

9 Pink 

10 white 

11 White 

12 White 

13 white 

I4 white 

15 White 

16 white 

17 White 

18 White 

19 White 

20 Red 

21 Red 

22 Red 

23 Red 

24 Red 

STRIPE COLOR 

---- 

---- 

---- 

---_ 

---- 

---- 

--- 

--- 

---- 

Red 

Blue 

Yellow 

Green 

Black 

Purple 

Oranqe 

Brown 

Pink 

BlUC 

Yellow 

Green 

Black 

PUCPlO 

NOTE: Pink shall be between Munsell Renotation 2.5R - 10R 9/2, or SRP - 1ORP 
8/b, with the liqhter value preferred. 

Tha 6trand6 shall ba of tha applicable AWG specified in Table II and of such tensile strenqth 
and elongation propertier that the conductor from the finished wire conforms to the 
requirement6 of Section 4.5.1.6. The tin coating shall be as specified in ASTM 833. 

@MS 13-48C 
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4.2.1.3 Nickel-Co- 

The strands shall be of the applicable AWG specified in Table II. They shall conform to the 
requirements of Section 4.5.1.6 for elongation and tensile strength, and shall be 
nickel-coated in accordance with ASTW 8355 with not lass than 50 microinches of nickel. 

4.2.1.2 Silver-Plated Righ-Strength Copper Alloy 

The strands shall be of the applicable AWG specified in Table II. They shall conform to the 
requirements of Section 4.5.1.6 for l lonqation and tensile strength, and shall be 
sliver-plated in accordance with ASTVI 8298 with not less than 40 microinches of silver. 

TABLE II 

DETAIL OF CONDUCTORS 

WIRE CONDUCTOR STRANDS 
SIZE 

STRANDED CONDUCTUR 

MAXIHIM DC RESISTANCE 
NOMINAL DIAMETER OF NOllINAL 

AWC NO. AWG DIAHETER 
(OHMS/M FT. AT 2UC MAX.1 

STRANDED AREA 
(INCBES) CONDUCTOR (INCEES) CIRCULAR TIN SILVER NICKEL 

* (NILS) -COATED -PLATCD -COATED 
MN. WAX. COPPER COPPER- COPPER- 

ALLOY ALLOY 

26 19 38 0.0040 0.018 0.021 304 41.3* 44.8 49.4 
24 19 36 0.0050 0.023 0.026 475 26.2 28.4 30.1 
22 19 34 0.0063 0.029 0.033 754 16.2 17.5 18.6 
20 19 32 0.0080 0.037 0.041 1,216 9.88 10.9 11.4 
18 19 30 0.0100 0.046 0.051 1,900 6.23 6.8 7.1 
16 19 29 0.0113 0.052 0.058 2,426 4.82 5.3 5.5 
14 19 27 0.0142 0.065 0.073 3,831 3.06 
12 37 28 0.0126 0.094 0.090 5,874 2.02 
10 37 26 0.0159 0.106 0.114 9,354 1.26 
8 133 29 0.0113 0.158 0.173 . 16,983 0.701 
6 133 27 0.0142 0.198 0.217 26,818 0.445 
4 133 25 0.0179 0.250 0.274 42,615 0.280 
2 665 30 0.0100 0.320 0.340 66,500 0.183 

l/O 1045 30 0.0100 0.405 0.425 104,500 0.116 
2/o 1330 30 0.0100 0.450 0.475 133,000 0.091 
3/O 1665 30 0.0100 0.515 0.540 166,500 0.071 
4/O 2109 30 0.0100 0.580 0.605 210,900 0.056 

4.3 INSULATION 

The primary insulation shall be virgin ethylenetetrafluoroethylene (ETFE) resin applied 
tightly on the conductor, but with no adherence. The resin shall be 100 percent new material 
containinq no additives except pigmentation for color, stabilizers, fillers, extrusion 
lubricants or compatible materials to improve basic characteristics. 

virqin material shall be 100 percent new material which has been through only the processes 
essential to its manufacture and its application to the wire and has been through these 
essential processes one time only. Any material which has previously been processed in any 
other manner is considered non-virgin material. This requirement shall apply to the 
manufacture of all ingredients and components used. 
Section 2.2. 

Thickness of the insulation is defined i 



4.3 (Continued) 

The primary insulation may be covered with a jacket or coating. Uowver, any such jacket or 
coating shall not be used as a substitute for, or in place of, the primary insulation. Such 
jacket or coating must enhance the overall performance of the wire assembly and shall in no 
way degrade the performance of the wire assembly below that which would exist without a 
jacket or coating. Any such jacket or coating which may be applied over the primary ETFE 
insulation must conform to the color requirements specified in Section 4.1. Said jacket or 
coating must meet all requirements of this specification. Coating thickness shall be within 
0.001 + 0.0005 inch. Jacket thickness is defined in Section 4.4.3.3. 

4.4 

4.4.1 

4.4.1.1 

COWSTRUCTION 

CONDUCTOR 

Conductor Strandinq 

a. Tha conductors of wire sizes 26 through 10 shall be as specified in Table II and shall be 
concentric lay conductors. Concentric lay shall be interpreted to be a central strand 
surrounded by one or more layers of helically wound strands. It is optional for the 
direction of lay of the successive layers to be alternately reversed (true concentric lay) 
or to be in the same direction (unidirectional lay). The strands shall be assembled in a 
geometric arrangement 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 ba left-hand. The length of ths 
lay of the outer layer shall not be less than 8 or more than 16 times the maximum 
conductor diameter as specified in Table II. 

b. Tbe conductors of wire sires 8 through 4/O shall be as specified in Table II, shall be 
ropa lay, and as specified in (1) and (2) below. 

(1) Rope-lay stranded conductors shall be laid up concentrically with a central member 
surrounded by one or more layers of helically wound members. It is optional for the 
direction of successive layers to be alternatelv reversed (true concentric 18~). or 
to be in the same directioi (unidirectional lay;. The length of lay of the~o;;;r 
layer of rope-lay stranded members forming the conductor shall not be less than 10 or 
more than 14 times the outside diameter of the completed conductor. The direction of 
lay of the outside layer shall be left-hand. 

(2) Members of rope-lay stranded conductors: The length of lay of the wires composing 
the stranded members shall not be greater than 16 times the outside diameter of the 
member. Strandtng of the individual members may be either concentric or bunch. 

4.4.1.2 Conductor 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 
lay lengths of any member in a rope lay conductor, except that not 10re than one splice of an 
entire member shall be peraitted in any two lay lengths of a rope lay conductor. Splices in 
members of a rope lay construction 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. 

4.4.2 FINISRED WIRE 

The finished wire diameter shall meet the requirements of Section 4.4. Alao, the surface of 
the insulation shall provide a finish which will retain a mark imprinted by hot stamping, and 
deposited by ink jet without a pre-etch by the user. When the insulation is multilayered, tha 
color of each layer (excluding any wash-coat) shall be such as to make it visually discernible 
from all other layers. 
by, but not limited to, 

The insulation shall be constructed so that it can be readily removed 
the wire-stripping devices listed below. The conductor shall not 

splay when insulation is removed. 

WIRE-STRIPPING DEVICES 

1. Simplex, Wodel S-30-C 

f : 
Carpenter, Single Blade Rotary Stripper 
Ideal Power Stripmaater, Cat. No. 45-145 

2 
Stripall Thermal Rot Wire Stripper 
Ideal Wandstripper, Wodel ST2222-26, -27, and -28 

6. Boeing Insulation Stripper-Thermal ST2313, WRO 856491-0100 

BMS l3-48C 
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1.4.3 

4.4.3.1 

4.4.3.2 

4.4.3.3 

4.4.4 

4.4.5 

FINISRED CABLB 

The construction of finished cable shall be as specified in the individual Type and Class 
construction details. Class 2 or greater shall not untwist more than one inch when cut as on’ 
untt. 

Cabling Lay 

The required number of insulated wires, determined by the class designation, shall be spiral1 
laid in a manner that will result in a concentric cable. The lay of the individual wires 
shall not be less than 8 or more than 16 times the major diameter of the cable. The directio 
of the lay shall be left-hand. Fillers shall not be allowed. 

Shield 

Shield strands shall be in accordance with the requirements for conductor materials defined i 
Sections 4.2.1 and 4.2.1.1. Ihe shield shall be a closely woven braid and shall comply with 
the following: 

a. The shield strand shall be AWG 38. 

b. The shield shall provide a minimum coverage of 85 percent with coverage being determined 
in accordance with Section 7.1.23. 

c. The shield shall be a push-back type and shall open up so that a terminating sleeve Can 
slide under it. 

d. The angle of the carriers of the shield with the axis of the cable shall be not less than 
20 or more than 35 degrees. 

Cable Jacket 

Cable jackets shall be RPC and shall be concentrically applied. Minimu jacket wall 
thickness shall be 0.006 inch when the cable beneath the jacket has an 0-D. of 0.215 inch OK 
less, and shall be 0.007 inch when the cable beneath the jacket has an 0-D. of more than 0.21 
inch. When tested in accordance with Section 7.1.17, jacket material shall have a tensile 

strength of 5000 psi (minimum), and an elongation of 50 percent (miniauml. Unless otherwise 
specified on the purchase order, the color of the jacket shall be white within the limits of 
MIL-STD-104. The surface of the jacket shall provide a finish which will retain a mark 
deposited by an ink jet marking machine per Section 7.2.3. 

PROTECTIVE BRAID 

If a protective braid is used it shall be restricted to wire sizes AWG 4 and larger and shall 
be applied over the insulation. Tbe braid material shall conform to UIL-C-572, Type P. It 
shall be woven in such a manner as to provide complete coverage and shall be Impregnated witt 
a clear high temperature lacquer. Thickness shall be .004 inch (minimum). Braid color shall 
be light green between the Munsell Renotation of 5CY 7/4 to 2.5 66 6/10. 

FINISHED WtRS AND CABLE PHYSICAL DIMENSIONS 

The illustrations of Figures 1 through 15 are a few examples of typical insulation 
configurations which are considered acceptable for aerospace application. These examples arr 
only suggestions and do not exclude the acceptance of other insulation configurations which 
meet or exceed the requirements of this specification. 

R 
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.4.5 (Continued) 

SINGLE EXTRUSION 

6 
COATED, SINGLE EXTRUSION 

A 
CONDU2TOR INCR MAXIMUM UEIGRT 

CLASS SIZE (AWG) NAX. (LSS/lOOO FT.) 

24 0.039 2.0 
22 0.045 2.9 

18" 
0.054 4.4 

1 0.064 6.7 
16 0.072 8.6 
14 0.090 13.2 
12 0.108 20.0 

24 0.079 4.0 
22 0.091 

Tr, 
5.8 

20 0.108 8.9 
2 18 0.128 13.5 

16 0.144 17.8 
if 0.180 0.216 41.7 27.3 

24 0.085 11> 6.1 

22 0.098 20 0.117 1X 
3 18 0.136 20.4 

16 . 0.156 26.4 

:3 0.194 0.233 40.7 62.0 

24 0.108 II) 8.1 
0.124 11.9 

:o' 0.149 18.3 
4 :: 0.176 27.2 

0.196 35.3 

l'f 0.248 0.297 54.4 82.9 

24 0.117 Ir> 10.1 

i'o 0.135 0.162 14.9 22.9 
5 18 0.192 34.0 

16 0.216 44.2 
14 0.270 68.1 
12 0.328 101.0 

II) Cable maximum outside diameter. 

TYPE I WIRE AND CABLE 

Figure 1 

BMS 13-w 
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l-4.5 (Continued) 

COMPONENT WIRES: 
TYPE I 

~SEIELD: TIN-COATJZD COPPER 

(TYPICAL FOR ALL CLASSES) 

COYDUCMR MAXIMUM OUTSIDE UAXIMU@l WEIGEl 
CLASS SIZE (AWG) DIAMETER (INCli) ~Lss/1000 PT) 

24 0.075 
ii 0.089 0.081 

ii:: 
9.0 

1 18 0.099 12.0 
iI" 0.108 0.125 21.1 14.6 

12 0.143 28.5 

24 0.113 9.4 
io' 0.125 0.141 16.0 12.0 

2 :: 0.162 21.9 
0.178 26.7 

l'f 0.213 0.251 54.5 38.3 

if . 0.119 0.132 15.9 12.3 

3 f eo 
0.149 21.7 
0.172 30.4 

ir" 0.189 0.229 37.4 
54.0 

12 0.270 77.5 

24 0.132 15.4 
22 0.147 20.0 
20 0.166 27.6 

4 18 0.193 38.9 
16 0.214 40.2 
if 0.258 0.305 101.0 69.7 

TYPE III CABLE 

liguro 3 
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-4.5 (Continued1 

WYPICAL Pox ALL CUSSES) 

CONDUCMR HAXIWLW OUTSIDE MAXIMJH WEIGH1 
ClASS SIZE (Am;) DIAMETER 1INCR) fLSS/lOOO FT) 

24 0.094 6.0 
2 0.107 0.123 11.4 8.0 

2 18 0.143 16.2 
1': 0.194 0.160 30.7 20.6 

12 0.233 45.9 

f "z 0.100 0.114 11.0 8.1 

20 0.131 16.1 
3 if 0.153 23.4 

0.171 29.7 
14 0.209 44.6 
12 0.250 67.1 

24 0.114 10.5 
22 0.129 14.2 

4 12: 
0.149 20.8 
0.175 30.9 

16 0.195 39.2 
14 0.240 59.0 
12 0.287 88.3 

24 0.132 12.8 
22 0.150 17.5 
20 0.175 25.6 

5 1': 0.20s 38.3 
0.232 48.6 

if 0.285 0.348 109.4 73.1 

TYPE IV CASLE 

Pigurc 4 

f 
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(Continued) 

SINGLE EXTRUSION 

h 
CMTED, SINGLE EXTRUSION 

-- 

A 
CDRDUXOFt INCS MAXIMUM WEIGHT 

cuss SIZE mu3 NAX. {L8S/lOOO PT) 

1 26 0.034 1.4 
24 0.039 2.0 

2 26 
24 

x-t;; II> 2.8 
. 4.0 

3 26 0.074 4.2 
24 0.085 

II> 
6.1 

4 0.094 0.108 fiJ 85:: 

II) Cable maximum outside diameter. 

TYPE V WIRE AND CABLE 

Figure 5 



.4.5 (Continue?’ 

LSBISLD: TIN-CmTSD COPPER 

(-ICu FOR ALL CLASSES) 

CLASS 

1 

2 

3 

4 

CQNDUCMR llAXIWJI4 OUTSIDE 
SIZE (Am;) DIAMETER (INCS) 

26 0.070 
24 0.075 

26 0.102 24 0.113 

26 0.108 
24 0.119 

26 0.119 
. 24 0.132 

I4AXIMJH WEIGliT 
lLSS/lOOO FT) 

4.6 
5.6 

3:: 

9.7 
12.3 

12.0 
15.4 

TYPE VI CABLE 

Figure 6 
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4 I-4.5 (Continued) 

COMPONENT WIRES: 

-v $yj 

(-IcAL FOR ALL CLASSES) 

CONDUCTOR MAXIMUM OUTSIDE PUXIHIJM WCIGET 
CLASS SIZE (AWG) DIAUETER (INCB] cLBs/1000 FT) 

2 26 0.064 4.1 
24 0.094 6.0 

3 26 0.089 5.7 
24 0.100 8.1 

4 26 0.100 7.5 
24 0.114 10.5 

TYPE VII CABLE 

Figure 7 

BMS 13-w 
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7 
A 

CONDU3OFt INCB MXIMUU WEIGHT 
CUSS SIZE IatRa MX. ~LB8/1000 FT) 

1 24 0.048 2.4 
22 0.054 3.4 
20 0.065 5.0 
18 0.073 7.4 
16 0.082 
I4 0.099 1::: 
12 0.116 21.5 
10 0.142 33.0 

a 0.203 60.9 
6 0.251 94.8 
4 0.320 150.0 
2 0.417 239.0 

l/O 0.516 377.0 
2/o 0.571 487.0 
3/O 0.643 573.0 
4/O 0.706 694.0 

4.4.5 (Continued) 

6 b 

SINGLE EXTRUSION CMTED, SINGLE EXTRUSION 

b 

BRAIDED JACKET, DtRL EXTRUSION DUAL EXTRUSION 

TYPE VIII WIRE AND CABLE 

Figure 8 
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A 
CORDtcToR INCH MAXIMUM WEICRT 

CLASS SIZE (Am;) MAX. ~LSS/lOOO PT) 
. 

2 26 0.086 3.6 
24 0.096 

,II) 
4.0 

22 0.110 6.9 

f i 0.126 0.146 10.0 16.0 
16 0.164 19.0 
1': 0.198 0.232 44.0 29.0 

3 26 0.093 II) 24 0.103 S:i 
22 0.118 10.4 
20 0.135 15.2 
18 0.158 22.5 
16 0.177 28.5 
l't 0.214 0.251 64.5 43.5 

4 26 0.116 II> 7.2 

24 0.129 22 0.149 1X 
20 0.171 20.0 
18 0.201 30.5 
16 0.226 38.2 
i2' 0.319 0.272 89.5 59.0 

S 26 0.126 II> 9.0 
24 0.141 12.2 
22 0.162 17.2 
20 . 0.186 26.0 
18 0.219 38.2 
16 0.246 48.0 
;f 0.297 0.348 111.8 73.8 

6 26 0.129 II) 10.8 
24 0.144 14.7 

4 0.162 0.195 30.6 20.8 

18 0.219 45.3 
16 0.246 56.9 
ii 0.297 0.348 131.6 86.9 

7 26 0.129 12.6 
24 0.144 

II> 
17.2 

io' 0.162 0.195 35.7 24.3 

18 0.219 52.9 
16 0.246 66.4 
14 0.297 101.4 
12 0.348 153.5 

8 26 0.168 II> 14.4 
24 0.188 19.6 
fo2 0.216 0.248 40.8 27.8 

18 0.292 60.4 
16 0.328 75.9 
14 0.396 115.9 
12 0.464 175.5 

4.4.5 (Continued) 

II) Cable maximum outside diameter. 

TYPE VIII WIRE MD CABLE 

Figure 8 

(Continued) L 
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1.4.5 (Continued) 

6 b 

SINGLS ExTRusIoN COATED, SINGLE EXTRUSION 

DDAL EXTRUSION 

MAXIMUM kEIGHT 

D CABLE MAXIMUM OUTSIDE DIAMETER. 

TYPE IX WIRE MD CABLE 

FIGURE 9 



SINGLE EXTRUSION COATED, SXNGLe ExTRus1ou 

b 

DUAL EXTRUSION 

A 
CONDUCTOR INCB MXIUVll WEIGET 

CLASS SIZI (Ala) UAX. (LBS/lOOO FT) 

1 2 .043 2.2 
-050 3.1 

20 .058 4.7 

;68 -069 .076 9':: 

:: .094 .112 13.8 20.7 
10 .I40 32.7 

2 24 .086 4.4 
22. 

II) 
.lOO 6.2 

20 -116 
:: -138 .152 

1::: 
18.1 

I4 -188 27.8 
12 .225 41.8 

R 

I 

4.4.5 (Continued) 

CD Cable a~ximun outside diameter 

TYPE X WIRE MID CABLE 

Figure 10 

BMS l3-48C 
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.4.5 (Continued) 

A 
CONDUZTOR IYCH MXIMUU WEICBT 

CIASS SIZR wm WAX. tLas/1000 FT) 

I 3 I 20 18 I .108 -127 -149 .093 II) I 21.5 14.2 f:3 I 
16 .164 27;; 
14 -203 41.8 
12 .242 62.7 

4 :i 1;;; 11) 8.9 
12.5 

20 .160 19.0 
18 .I90 28.7 
16 .209 36.4 

I’f -308 .259 55.9 83.8 

II) Cable maximum outside diameter. 

TYPE X WIRE MD CABLE 

Figure 10 (Continued) 

e 

BMS U-M 
PAGE & 
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4.4.5 (Continued) 

6 

SINGLB EXTRDSION COATED, SINGLE EXTRUSION 

b 
DUAL EXTRUSION 

CONDUCTOR INCH NAXIMUN WEICBT 
CLASS SIZS (Am;) MX. (LBS/lOOO PT) 

22: 
.037 1.6 
-043 2.2 

1 
io' 

.oso 3.1 
-058 4.7 

18 -069 7.1 
4 

. 26 -074 3.2 
-086 4.4 

2 :i .lUO 6.3 
20 -116 9.5 
18 .138 14.3 

' 26 .080 4.9 
24 -093 6.7 

3 -22 .lOB 9.4 
Ii ,125 .149 21.5 14.2 

if -102 .116 6.5 

4 .136 1::: 
.160 19.0 
.190 28.7 

.111 8.1 

.129 11.2 
S 

if 
.lSO 15.7 
.174 23.6 

16 -207 36.0 

TYPS XI WIRE AND CABLK 

Plguro 11 

I 

R BMS w@C 



JContlnued) 

LSIUXLD: TIN-COATEDCOPPER 

(TYPICAL Pelt ALL CIASSES) 

COWDUCTOR MAXIRU?l OUTSIDE MXIHM WEIGR'I 
CLASS SIZE (AWG) DIAUETER #IUCH) ~LBs/1000 PT) 

1 24 .079 6.0 
22 .085 7.4 
20 .093 9.5 
18 .I04 12.7 
16 .112 15.3 

if .129 .147 21.7 29.7 

2 24 -121 10.3 
22 -133 12.9 
20 -149 17.2 
1': -166 .172 27.9 23.3 

14 .221 39.9 
12 .261 55.9 

3 24 .12S 13.4 
22 -141 17.2 
20 -159 23.2 
18 i183 32.4 
16 .198 39.1 
I4 -238 57.2 
12 .27S 79.9 

4 24 .142 17.0 
2': .158 .17a 30.2 22.4 

10 .205 42.2 
16 -226 51.1 
14 .270 73.3 
12 .320 104.5 

TYPE XII CABLE 

Pigure 12 

BMS U-m 
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4.4.5 (Continued) 

COUPONENT WIRES: 
TYPE xx 

CLASS 

1 

2 

3 

4 

\-SRIELDr TIN-COATED COPPER 

(TYPICAL POR ALL cwssEsl 

CONDUCTOR MAXIMUM OUTSIDE MAXIUUM WEIGHT 
SIZE (AWG) DIAMETSR (INCS) (Les/looo Fr) 

26 -073 
24 .079 
22 .085 
20 .a93 
18 .104 

20" 
7.4 
9.5 

12.7 

-109 
-121 

302 
-133 12.9 
-149 17.2 

10 -172 23.3 

26 -115 
24 .128 

ii 
.I41 
-159 

18 .183 

26 .124 
i'2 -154 .139 

20 . .174 
18 .201 

11.5 
13.4 
17.2 
23.2 
32.4 

13.3 
16.7 
22.4 
30.2 
42.2 

TYPE XIII CABLE 

Pigure 13 

! 
R 



(T'YPICNa FOR ALL CLASSES) 

CONDUCTOR aAX1nlM OIJTSIDe MAXIHUl WEIGHT 
DIMETRR (INCA) (LRS/lOOO Fr) 

2 24 
22 
20 
le. 

I 16 
14 
12 

-4.5 Konttnucd) 

0.102 6.1 
0.115 6.3 
0.131 11.6 
0.153 17.0 
0.168 21.1 
0.202 31.6 
0..241 46.2 I 3 24 20 22 18 0.110 0.123 0.140 0.165 16.9 11.8 25.1 6.6 

I 
is 

I 
Kl80 31.1 

14 0.219 I 46.6 12 O-.258 66.6 I 

4 24 0.121 11.3 
22 0.136 15.4 
20 0.155 22.3 
16 0.183 33.0 
16 0.200 41.2 
14 0.244 62.1 
12 0.201 91.2 

5 24 0.144 14.0 
22 0.165 19.1 
20 0.169 27.7 
16 0.222 41.1 
16 0.243 51.2 
14 0.299 77.4 
12 .0.353 114.0 

TYPE XIV CABLE 

Figure 14 

BMS WM 



(Continued) 

COMPONENT WIRES: 
TYPE VIII 

\-SHIELD: TIN-COATED COPPER 

(TYPICAL FOR ALL CLASSES) 

CONDUCTOR MAXIMUM OUTSIDE MAXInUn WEIGH: 
CLASS SIZE (AWG) DIAMETER (INCH) (LBS/lOOO Fr) 

1 24 .086 6.5 
22 .092 0.4 
20 .103 10.3 
18 -111 13.7 
16 .120 16.0 
14 .137 22.2 
12 -154 30.4 

2 24 .134 11.4 
22 -146 14.1 
20 .168 18.7 
18 .184 24.5 

:a6 .202 -238 29.3 41.7 
12 -272 58.6 

3 24 141 
1154 

15.1 
22 18.8 
1': -195 -174 33.9 25.6 

. 16 .2l4 40.6 
14 .253 50.7 
12 .289 83.9 

4 24 -154 18.7 
ftl -195 .168 31.6 23.3 

18 .215 42.5 

tt -236 .279 51.9 75.8 
12 .321 107.9 

TYPE XV CABLE 

Figure 15 

5MS l3-48C R 



6 
SINGLB EXTRUSION 

b 
COkTEU, SINGLE EXTRUSION 

b 
DUAL EXTRUSION 

I I I * I I 
COND[ICTOR IN& MXIMW WEIGHT 

CIASS SIZB mua MAX. (LBS/lOOO I'T) 

1 20 .073 5.9 
18 -084 8.6 
16 -091 10.5 
14 -107 15.3 

23.6 
35.0 

(ContImed) 

TYPE XVI WIRE AND CABLE 

Figure 16 



A 
CO?mXTOR INCH MAXIILIH WEIGHT 

CLASS SIZE (A%) MX. (L&9/1000 PT) 

2 20 -146 II> 11.9 
18 .168 17.3 
16 182 21.2 
14 :214 30.8 
12 . 252 46.0 

3 20 -158 II) 17.9 
18 181 26.1 
16 :197 31.8 
l’f 1272 231 69.0 46.4 

4 20 -201 II> 23.9 
18 .231 34.0 
16 250 42.5 
14 : 294 61.9 
12 .347 92.0 

5 20 .219 II) 29.9 
18 -252 43.6 
16 .273 53.2 
1’1 -321 .378 115.0 77.6 

6 :x -219 II) 36.0 
.252 52.4 

16 .273 64.0 
14 -321 93.3 
12 -378 138.0 

7 fe" -219 II) 41.9 
252 61.0 

16 :273 74.5 
14 109.0 
12 :3372: 161.0 

. 0 20 -292 II) 48.0 
18 -336 69.9 
16 -364 65.3 
14 .428 124.0 
12 -504 184.0 

II) Cable maximum outside diameter. 

TYPE XVI WIRE AND CABL& 

?lgure 16 (Continued) 



4.4.5 (Continued) 

(T!?PIcRL ?ou ALL CLASSES) 

I I COUDUCTOR MXIHW OUTSIDB MAXIHIM WEIGBT 
DLAHETER (INCH) (LeS/lOOO ?TT) 

.166 15.0 

.188 20.9 
I 

I 
16 
ii 

I ,202 25.0 
.234 35.3 

1, as I -276 52.6 

3 20 .178 22.4 
18 .201 31.1 
16 -217 36.8 
ii -255 
12 I .296 

52.5 
77.9 

I . . I 
I 

-221 26.4 
.251 39.9 

16 .274 48.6 
14 

I 12 

I .318 69.0 
-- I . -371 102.3 

5 20 -239 34.8 
18 276 
16 : 297 

SO.0 
60.1 

14 .345 85.6 
12 -404 126.8 

TYPE XVII CABLE 

Figure 17 

BMS DW 
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(Continued) 

COUPONENT WfRES: 
TYPE XVI 

SEIELD: TIW-COATED COPPER 

(TYPIC&L FOR ALL CIASSES) 

CONDUCTOR MAXIHvl OUTSIDE MAXIMUM WEIGHT 
CLASS SIZE (AS) DIAMETER (INCH) (LSS/1000 FT) 

1 20 -110 12.3 
18 .121 15.7 
l': -128 -144 24.1 18.4 

12 .163 33.6 

2 20 .183 21.9 
:86 : 219 205 33.6 28.4 

14 .251 44.8 
12 -293 64.3 

3 20 -195 30.1 
18 . -218 39.8 
ii .234 .272 64.2 46.7 

12 . 313 91.5 

4 :e" -238 37.6 
.272 50.8 , 

16 -291 60.0 
:: :390 335 117.9 81.9 

TYPE XVIII CABLE 

Figure 18 

R BMS U-48C 



4.4.5 (Con+Fnti) 

b 
SINGIZ EXTRUSIOII 

bI 
CalTED, SINGLE ExTRus1oN 

h 

CONWCTOR 

L1)Cable maximum outside diameter 

TYPE XIX WIRC AND CABLE 

BMS WM 
PAGE 32 



(TTXCAL FDR ALL CLASSES) 

4.4.5 (Continued) 

CLASS 

2 

3 

4 

5 

CORDUCTOR 
SIZB (Am;) 

ix 

20 
18 

20 
18 

fX 

llAXfMUM OUTSIDE 
DIAMETER (INCH) 

.166 
.188 

-178 
-201 

:E 

-239 
-276 

TYPE XX CABLE 

Plgurc 20 

7 
MAXIHUM WEIGHT 
wEx3/1000 FT) 

15.0 
20.9 

22.4 
31.1 

28.4 
39.9 

34.8 
50.0 



4.4.5 (Continued) 

COUPONENT WIRES: JACX&l! 
TYPE XIX 

~SBIELD: TIN-COATED COPPER 

(TYPICAL POR ALL CLASSES) 

CONDUCTOR MAXIMUM OUTSIDE MAXIUUM WEIGHT 
CLASS SIZE (AWG) DIAUETER (INCH) (LEVS/1000 PT) 

1 20 .108 12.3 
18 .121 15.7 

5 
-183 
.205 I 2 

I 
20 
18 I 1 21.9 

28.4 I 

I 3 I 20 18 I :218 195 I 39.8 30.1 I 

4 20 238 
18 1272 

37.6 
50.8 

I 

TYPE XXI CABLE 

Figure 21 

BMS ww 
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c 

SINGLE EXTRUSION COATED. SINGLE EXTRUSION 

0xkinucd) 

b 
DUAL EXTRUSION 

I A 
CONDlKTOR INCR 
SIZE (AK;) UAX. 

1 

MXIUUU WEIGAT 
(LSS/lOOO Fm 

3.2 
4.2 
5.9 

1::: 

2 

I 3 

24 
22 
20 1 I 11.9 
18 - I 17.3 
16 21.2 

I 
if 0.127 0.140 ml 9.7 

20 0.158 
18 0.181 
IS 

- 
li.7 

I 17.9 
26.1 

I o.i9i 31.8 

4 24 8.;;; II) 13.0 
22 

:80 a:201 0.231 

17.0 

23.9 34.8 
16 0.250 42.5 

LIL) Cable maximum outnide diameter. 

TYPE XXII WIRE AND CABLE 

Figure 22 

BMS 13-48C 

PAGE 35 



4.4.5 (Continued) 

b 
SINGLE EXTRUSIOU 

b 
COATED, SINGLE EXTRUSION 

b 
DUAL EXTRUSION 

1 

CONDUCTOR 
A 

INCR 
I 

MAXIMUM WEIGHT 
MAX. (LEs/1ooo Fr) 

) 
2 f’2 ;.g D 4.6 

0:124 
6.9 

20 10.1 
18 0.146 15.1 
16 0.164 19.2 

3 i: x-3 II) 7.0 
10.3 

20 a:134 15.2 
16 0.158 22.7 
16 0.177 20.8 

4 
f f 
20 
1.9 
16 

0.129 II) 
0.149 
0.171 
0.201 
0.226 

D Cable auximum outside diamehcr. 

TYPE XXIII WIRE MD CABLE 

Ciguto 23 

BMS 13-m 
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(Continued) 

COMPONENT WIRES : 
/- 

JXCXET 
TYPE XXIII 

TM-COATZD COPPER 

CLASS 

1 

COkmucTOR 
srze (AWG) 

24 

i20 
16 
16 

HAXII'IW OUTSIDE 
DIMeTEll (INCIi) 

0.083 
0.089 
0.097 
0.109 
0.117 

2 24 0.129 
22 0.141 
20 0.158 
16 0.180 
16 0.196 

3 0.136 
0.149 

18" 0.167 ' 
0.191 

16 0.209 

4 i: 0.149 
0.164 

20 0.184 
16 0.211 
16 0.233 

TYPE XXIV CABLE 

Figure 24 

@lAXIMUU WEIGHT 
(Las/1000 FT) 

6.3 

1X 
13.5 
16.3 

11.0 
14.1 
18.4 
24.9 
29.4 

14.4 
18.6 
25.0 
33.6 
41.1 

17.6 
23.6 
31.2 
43.3 
52.9 

. BMS U-4X 
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4.5 

4.5.1 

4.5.1.1 

4.5.1.1.1 

4.5.1.1.1.1 

4.5.1.1.1.2 Finished Cable 

4.5.1.1.2 Accelerated Aging 

4.5.1.1.2.1 linished Wire and Cable 

4.5.1.2 Blocking 

4.5.1.3 

4.5.1.4 

4.5.1.5 

4.5.1.6 

PERPORM&NCE REQUIRE 

DESIGN AND PERFORMANCE 

Accelerated Aging and Life Cycle 

Life Cycle 

linished Wire ------- 

Spacirens of wire which have been conditioned in accordance with Section 7.1.1.1.1 shall 
show no cracking of the insulation when removed from the oven and flexed. The straight 
specimens shall not exhibit insulation dripping or deformation which reduces the 
concentricity to less than 40 percent. No dielectric breakdown shall occur when tested 
in accordance with Section 7.1.11. Darkening of the conductor coating caused by normal 
air oxidation during aging shall not be cause for rejection. 

A specimen of cable which has been conditioned in accordance with Section 7.1.1.1.2 shall 
show no cracking of the cable jacket when flexed or wrapped around a 25X mandrel. No 
dielectric breakdown shall occur when tested in accordance with Section 7.1.11. Darkenin 
of the conductor, or shield coating caused by normal oxidation during aging shall not be 
cause for rejection. 

The specimens of wire and cable which have been conditioned in accordance with Section 
7.1.1.2.1 shall show no evidence of cracking or dripping of the insulation. Concentricit 
shall not be leas than 40 percent. When removed from the oven and flexed, no cracking 
shall occur. The cable shall not crack when wrapped 360 degrees around a 25X mandrel. N 
dielectric breakdown shall result when the specimens are tested in accordance with Bectio 
7.1.11. Darkening of the conductor , or shield coating or the insulation shall not be 
cause for rejaction. 

When tested in accordance with Section 7.1.2, the adjacent turns or layers of the wire 
shall not adhere to one another and the wire shall not be deformed to the degree that it 
fails to pass the Wet Dielectric and Insulation Resistance tests of Sections 7.1.11 and 
7.1.18, respectively. 

Cold Send 

The wire and cable shall withstand a temperature of -65 + 2C without cracking of the 
insulation or jacket as viewed visually without q agnificztion when tested in accordance 
with Saction 7.1.3. 
7.1.11. 

The specimen shall then pass the Wet Dielectric test of Section 

Concentricity 

The concentricity of the insulation material of the finished wire and cable shall be 70 
parcent (minimum) when tested in accordandc with Section 7.1.4. 

Conductor Direct Current Resistance 

The resistance of the conductor shall be no greater than the values indicated in Table 11 
of this specification when measured in accordance with Section 7.1.5. 

Conductor Elongation and Tensile Strength 

The individual strands of the conductor or the whole conductor removed from the finished 
wire shall have the following minimum elongation when measured in accordance with Section 
7.1.6. 

Soft annealed copper sizes 24 and 26 6 percent 
Soft annealed copper sizes 22 and larger 
Sigh-strength copper alloy 

10 percent 
6 percent 



4.5.1.6 

4.5.1.7 

4.5.1.0 

4.5.1.9 

4.5.1.9.1 

4.5.1.9.2 

4.5.1.9.3 

(Cant lnued) 

When high-strength copper alloy is specified, the individual strands of the conductor, or 
the whole conductor removed from the finished wire, shall have a miniauv tensile strength 
of 58,000 psi when measured in accordance with Section 7.1.6. 

Current Overload 

a. The wire specimena when tested in accordance with Section 7.1.7.1, shall show no 
signs of insulation dripping or deformation which reduces the insulation 
concentricity to less than 40 percent when current is applied for five minutes. POS 
dlclcctrlc vlthstand values specified in Table XII, Section 7.1.7, shall be met. 

b. The tvo-foot long bundles, vhcn tested in accordance vlth Section 7.1.7.2 shall incu 
no blocking or sticking sufficient to result in the bundle’s failure to pass 
subsequent Dry Dielectric test. 

Deformation 

When conditioned and tested per Section 7.1.6, the vice shall ant the following 
requirements: 

a. The finished vice shall pass the Dielectric Withstand requirements indicated in the 
applicable 8ectlon of Table III. 

b. The deformation of the wire outside diameters shall not be more than shown in Table 
III. 

mmLE III 

DEFOIU4hTION 

DIELECTRIC WITHSTAND DEPORM%TION 
WmE TYPE Kv PBI(cENT N&x 
SI2E 

50 + 3c 100 + 3c 150 + 3c 50 + 3c 100 + 3c 150 2 3c 

24 V 5.0 3.0 2.0 20.0 25.0 30.0 

20 VIII 1.0 6.0 4.0 25.0 30.0 35.0 . 

14 VIII 9.0 7.0 5.0 25.0 30.0 35.0 

8 VIII 10.0 8.0 6.0 12.0 15.0 18.0 

l/O VIII 10.0 8.0 6.0 12.0 15.0 18.0 

20 XVI a.0 6.5 4.5 25.0 30.0 35.0 
. 

14 XVI 9.5 7.5 5.5 20.0 25.0 30.0 

Dielectric 

Impulse Dielectric 

One hundred percent of the finished vita and cable listed below shall withstand the 
Iapulse Dielectric test of Section 7.1.9, without dielectric breakdown, vhen exposed to 
the following impulse test voltage. 

a. Type I, v, IX, x, XI, XVI, XIX, XXII, and XXIII, all Classes and Sizes: SKv (Peak) 

b. Type VIII, all Classes, AWG site 26 through 10: 8Kv (Peak) 

C. TYyPe VIII, all Classes, MC size 0 through 4/O: 12Kv (Peak) 

d. Type III, VI, XII, XIII, XV, XVIII, XXI, and XXIV, all Classes and Sizes: ~Kv (Peak 

Dry Dielectric 

One hundred percent of the Type III, IV, VI, VII, XII, XIII, XIV, XV, XVII, XVIII, XX, 
XXI, and XXIV finished cable shall withstand the Dry Dielectric test of Section 7.1.10. 
vithout breakdovn, when a test voltage of 1500 volts (minimum) is applied. 

Wet Dielectric 

The specimen of finished wire shall vlthstand the Wet Dielectric test of Section 7.1.11 
without dielectric breakdown when 2,500 volts (MIS) is applied for one minute. 

BMS U-48C 
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1.5.1. 11 

(continued) 

Dynamic Cut-Through 

When tested in accordance with Section 7.1.12 the finished wire shall meet the minimum 
cut-through requirements of Table IV. 

TABLE IV 

DYNAMIC CUT-TRDBUCH 

Plammabilit 

WIRE 
TYPE 

V 

VIII 

VIII 

VIII 

VIII 

XII 

XVI 

XVI 

POUNDS FORCE (MIN.) 

400 400 125 125 

75 75 7 7 

40 40 9 9 

70 70 13 13 

When tested in accordance with Section 7.1.13. the finished wire shall meet the 
requirements listed in Table V. 

TABLE V 

FLAMMABILITY 

TEST 
FLAME TRAVEL 

MAXIMIll PARTICLES 
FLAME EXTING- 
UISR MAX. 

60 Degree Test 

Vertical Test: 

Single Wire 

Bundle 

3.00 Inch None 5 Seconds 

. 5.00 Inch None 5 Second6 

3.00 Inch None 5 Seconds 

4.5.1.12 

4.5.1.12.1 

4.5.1.12.2 

4.5.1.11 

4.5.1.14 

Flexure Endurance 

Finished Wire 

When tested in accordance with Section 7.1.14 both the insulation and the conductor shall 
withstand an average of 1000 cycles for Type VIII , and 1500 cycles for Type XVI and XIX. 

The speciaen shall be considered to have failed if either of the following occurs prior tl 
achieving the required number of cycles. 

a. Cracking or breaking of the insulation so as to expose any part of the conductor. 

b. Breaking of the conductor so as to cause a loss of continuity of any duration. 

Finished Cable 

When teated in accordance with Section 7.1.14, the jacket shall not crack within 50 
cycles. Where topcoat is used, cracks in the topcoat shall not constitute a failure. 

BumidIty Rcsiatance 

When tested in accordance with Section 1.1.15, the finished wire shall have an Insulation 
Resistance of not less than 5000 aegoims per 1000 feet after 15 cycles of 71 f 2C/38C at 
95 f: 5 percent relative hrrPidity. 

Immersion 

When teated as specified in Section 7.1.16, the diameter of the finished wire shall not 
change mora than five percent. There shall be no cracking of the insulation on bending a 
23 + 3C using the mandrels of Table XV, and no dielectric breakdown shall occur when 
tesfed per Section 7.1.11. The specimens as indicated in Table XV shall pass the abrasio 
requirements of Section 4.5.1.20. Wire identification markings, installed per Section 
7.2.3, shall remain lagible (Ink Jet mark- are not required to be fluid resistant). 



5.1.1s Insulation Elongation and Tensile Strength 

5.1.16 

When tested in accordance with Section 7.1.17, the insulation shall have a tensile 
strength of 5000 psi (minimum) and elongation of 50 percent (minimum). The elongation 
shall be calculated using the difference between the gauge marks at the time of rupture 
and the original guage marks, divided b y the original gauge marks. 

Insulation Resistance 

5.1.17 

When tested in accordance with Section 7.1.18, the insulation shall have a minimum 
resistance of 2500 megohms per 1000 feet at 23 + 3C. 

Insulation Shrinkage or Elongation and Delamination 

Shrinkage or elongation of the insulation measured at both ends of a 12 inch specimen of 
wire shall not exceed .06 inch at either end when conditioned in accordance with Section 
7.1.19. There shall be no visible delamination of any protective coating. Color shall 
remain within the light and dark limits of PIL-STD-104. 

5.1.18 Notch Sensitivity 

When prepared and tested in accordance with Section 7.1.20 no dielectric failure shall 
occur. 

5.1.19 Polyimide Cure 

The wire insulation, or jacket, lncludinq the aromatic polyimide coating, shall show no 
visual evidence of cracking or delamination after testing in accordance with Section 
7.1.21. 

.5.1.20 Scrape abrasion Resistance 

The insulation scrape abrasion resistance during any portion of the test, shall meet or 
exceed the values shown in Table VI when tested in accordance with Section 7.1.22. 

TABLE VI 

SCPAPE 

I ’ WIRE SIZE TYPE l4INIMlM CYCLES 

20 

50 

100 

150 

500 

63 

125 

24 

20 . 

14 

8 

, l/O 

20 . 

14 

V 

VIII 

VIII 

VIII 

VIII 

XVI 

XVI 

.5.1.21 Shield Coverage 

The shield coversgo, as doterained by the method presented in Section 7.1.23, shall be a 
alnimum of 05 percent. The engle of the shield carriers with the axis of the wire shall 
be between 20 and 35 degrees. 

.5.1.22 

.5.1.22.1 

Smoke 

Rorizontal-Curtent Seating Test 

The finished wire shall not give off visible smoke when conditioned and tested in 
accordance with Section 7.1.24.1. The conditioned wire specimen shall meet the Insulation 
Resistance requirements of Section 4.5.1.16 prior to and after the Wet Dielectric test of 
Section 7.1.11. 

.5.1.22.2 NBS Chamber Test 

When tested per Section 7.1.24.2, the maximum Specific optical Density (DS) of the smoke 
shall not exceed 50 efter 4 afnutea. 

.5.1.23 Surface Reoi5tence 

The finished wire shall have a surface resistance of not less than five megohm/inch when 
tested in accordance with Section 7.1.25. 
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4.5.1.24 Tape Abrasion Resistance 

The insulation abrasion resistance of the finished wise shall not be less than the values 
show in Table VII when tested in accordance with Section 7.1.26. 

4.5.1.25 

4.5.1.26 

WIRE SIZE MINIMUM RESISTANCE 
AWG TYPE INCE OF TAPE 

24 V 10 

20 VIII 35 

14 VIII 35 

8 VIII 50 

l/O VIII 100 

20 XVI 43 

I4 XVI 43 

Thermal Shock Resistance 

When tested in accordance with Section 7.1.27, the insulation of the finished wire shal 
not shrink or elongate more than -06 inch for size 20 and 14, -10 inch for Size 8, and 
-125 inch for sizes l/O, and Type XII, CL 2, AWG 20. 

Weight 

The wight of each lot of finished wire and cable, as determined by the method of Section 
7.1.28, shall not exceed the maximum wfght for the respective wire or cable SiZeS 
specified in Plgures 1 through 24. 

4.5.1.27 Wickiq 

When tested in accordance with Section 7.1.29, the indicator solution shall not wick a 
distance of more than 0.250 inch beyond the 2 inch immersion depth betwen any layers or 
components in the insulation. 

4.5.1.26 Wire to Wire Abrasion 

When tested in accordance with Section 7.1.30, the minim- acceptable number of cycles to 
failure shall be as show in Table VIII. 

4.5.1.29 Wrap-Test 

4.5.2 

There shall be no insulation wrinkling, cracking, or dielectric breakdown when prepared, 
conditioned, and tested in accordance with Section 7.1.31. 

RANDLING, ABSSWBLY, AND INSTALLATION 

4.5.2.1 

TABLE VII 

TAPE ABRASION 

1 

TABLE VIII 

WIRE TO WIRE ABRASION 

MASS ON FREE END CYCLES TO FAILURE 
TYPE OF WIRE WINIWUI4 

I 
VIII 

VIII 

VIII 

XVI 

XVI 

1 pound 

2.5 pound 

5.0 pound 

2.5 pound 

5.0 pound 

18,500,000 

6,150,000 

2,850,OOO 

10,000,000 

4,000,000 

When tested per Section 7.2.1, flex forces and angular springback values of Table IX shal 
not be exceeded when the wires era bent around the test fixture mandrels to 90 and 180 
degrees. 

R 
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4.5.2.1 

4.5.2.2 

4.5.2.3 

4.5.2.4 

(Continued) 

TABLE IX 

WIRE 
SIZE 
AWG 

24 

20 

14 

8 

l/O 

20 

14 

TYPE 

V 

VIII 

VIII 

VIII 

VIII 

XVI 

XVI 

FLEXIBILITY 

FLEX. FORCES - MAX. 

90 Degrees 180 Degrees 

4.0 in. oz. 4.0 in. ot. 

10.0 in. OS. 12.0 in. 02. 

30.0 in. oz. 35.0 in. oz. 

12.0 in. lbs. 15.0 in. lbs. 

20.0 ft. lbs. 25.0 ft. lbs. 

35.0 in. 40.0 ox. in. oz. 

75.0 in. oz. 80.0 in. oz. 

/ 

SPRINGBACK 
ANGLE 

l4AXIMUM 

90 degrees 

60 degrees 

50 degrees 

65 degrees 

40 degrees 

50 degrees 

50 deqrees 

Durability of Product Identification 

When tested in accordance with Section 7.2.2, the printed product identification coding, 
or the insulation or coating color , or color strip or band, 
shall still be intelligible after 125 cycles. 

applied by the manufacturer 

Iarkabil i ty 

The outer surface of the wire shall provide a finish that will retain a mark imprinted by 
hot stamping and ink jet aarking, 
in accordance with Bection 7.2.3. 

vithout a pre-etch by the user , when prepared and tested 
No portion of any character shall be completely rubbed 

through after an average of 20 rubs. There shall be no dielectric breakdown at the marked 
areas, when tasted in accordance with Section 7.1.11. When exposed to the 12 hour 
Weathcroreter test of Section 7.2.3.2.2 the ink jet mark must remain intelligible. Bat 
stamp markings must be fluid resistant as specifiad in Section 4.5.1.14. Fluid immersion 
is not required for ink-jet specimens. 

Insulation Removal 

The force required to remove a l/4 inch slug of insulation from each end of a vlre with a 
nominal wall thickness of 10 ails or less , shall not exceed three pounds for wire size AWG 
24 and AWG 20, and four pounds for vire size AWG 14 vhen tested per Section 7.2.4. The 
stri 
for LG 

fo;;ea~~r2;ite with a nominal wall thickness of 15 ails shall not exceed five pounds 
, and six pounds for AwG 14. 

insulation is removed. 
The conductor shall not splay when the 

PRODUCT CONTROL 

Jacket Flaw Jacket Flaw 

One hundred percent of the Type III, VI, XII, XIII, XV, XVIII, and XXI finished cable One hundred percent of the Type III, VI, XII, XIII, XV, XVIII, and XXI finished cable 
shall shall 

f: f: 
ass the Jacket Plav test of Section 7.3.1 vithout breakdown. ass the Jacket Flaw test of Section 7.3.1 vithout breakdown. Either the Procedure Either the Procedure 

I Spar I Spar test uainq a voltage of 1.0 Ku to 1.5 Kv, test uainq a voltage of 1.0 Ku to 1.5 Kv, or the procedure II Impulse Dielectric or the procedure II Impulse Dielectric 
test using a voltage of 6 kv is acceptable. test using a voltage of 6 kv is acceptable. 

Workmanship Workmanship 

The finished vire or cable shall be uniform in every respect, free of all irregularities, 
lups, b-pa, voids, foreign material and abraded aurface8. It shsll consistently meet 
the requirements of this specification when tested in accordance with Bection 7. This 
requirement shall be applicable where specific requirements are not defined in this 
specification. 

Visual and Dimensional 

Visual and dimensional inspection of the minimum areas outlined in Section 7.3.3 shall 
verify that the finished product conforms to all the physics1 requirements described in 
this specification. 

R 
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5. 

5.1 

VENDOR QUALIFICATION 

Wire and cable of this specification shall be subject to approval by all using Company 
Engineering Departments of The Boeing Company. 

QUALIFICATION REQUEST 

A manufacturer’s request to submit his product for approval under this Specification 
shall be directed to the Sngineering Department of the using Company of The Boeing 
Company through the Materiel Section or Department of that Company. 

After receiving written authorization from the Hateriel Section, the manufacturer shall 
submit the reports and materials required in Section 5.3 and 5.4. 

5.2 

5.3 

QUALIFICATION TEST 

The finished wire or cable of Section 5.4 shall meet all the requirements specified in 
Section 4. of this specification. tie qualification tests shall consist of all the 
tests listed in Table XX, and detailed in Section 7, ae applicable to wire or to cable. 

QUALIFICATION REPORT 

The manufacturer shall submit six copies of a report certified by a responsible engineer 
or officer of the company, which shall contain the following: 

a. The quantitative results of all of the qualification tests on all of the 
qualification specimens. These results shall verify that the basic wire and 
finished cable specimens satisfactorily passed all of the qualification 
requirements of this specification. 

b. Detailed description of test methods. 

C. Physical details of each size of each Type and Class of wire or cable which shall 
include the following: 

(1) Msnufacturer’s Part Number 

(2) Detailed description of construction. 

(3) Maximum production weights and diameters of finished wire. 

(4) Actual weights and diameters of wire tested. 

5.4 QUALIPICATION MATERIALS 

For qualification tests, the manufacturer submitting hls product for approval shall 
supply the following: 

5.5 

5.5.1 

5.5.2 

I.- 

, 

a. 750 feet each of Type VIII, Class 1, AWG 20, 14, and 8 wire. 

b. 600 feet of Type VIII, Class 1, AWG l/O. 

C. 750 feet of Type V, class 1, AWG 24 wire. 

d. 350 feet of Type XII, class 2, AWG 20 wire. 

c. 750 feet each of Type XVI, Class 1, AWG 20 and 14 wire. 

f. 50 feet of Type XIX, Class 1, AWG 20 wire. 

9. 50 feet of Type XXII, Class 1, AWG 20 wire. 

SUPPLILR QUALITY CONTROL 

Unless otherwise specified , samples of sufficient length shall be selected at random 
from each inspection lot of finished rire or cable to provide at least three specimens 
for each of the supplier tests. An inspection lot shall be defined as one manufacturing 
lot, not to exceed 100,000 feet. A manufacturing lot shall be defined as each type, 
class and size of wire or cable produced in one continuous operation, under the same 
cond 1 t ions, and on the same equiplent. 

SUPPLIER INSPECTION TEST 

The Supplier Inspection tests shall consist of the tests as indicated In Table XXI, and 
detailed in Sections 4.5 and 7. 

SUPPLIER INSPECTION TEST REPORTS 

Each shipment of finished wire or cable shall be accompanied by a test report identified 
by lot number and purchase order number. A duplicate of this report shall be mailed to 
the purchaser, attention of buyer whose name appears on the purchase order, on OC before 
the day of each shipment. The report shall include the following items: 

P 



5.5.2 (Continued) 

5.6 PRODUCT APPROVAL 

Approval granted to this specification will be contingent upon the following conditions: 

a. A manufacturer shall be prepared to produce a11 Types, Classes and Sizes of wire 
and cable approved to this specification. 

b. After initial approval, changes in design, material, construction configuration or 
manufacturing methods shall not be made without written approval from the using 
Company Enqineerinq Department of The Boeing Company. 

C. Each manufacturer will be listed in the QPL as approved to supply only those 
constructions which have been granted qualification approval. Each manufacturer 
can supply only those constructions for which the manufacturer is listed in the 
QPL, and which are described in detail in the QPL Qualified Supplier Sheets. 

d. Deviations from the requirements of this specification without prior written 
authorization from each of the using Company Engineering Departments of The Boeing 
Company, shall be cause for rejection of wire and cable, and removal of a vendor’s 
name as an approved source. 

5.7 QUALIFIED PARTS LIST (QPL) 

Each supplier whose products have been proven to satisfy all of the requirements herein 
will be added to the QPL. When the supplier is added, a two digit Qualified Supplier 
Sheet (QSS) nmber will be assigned governing the particular construction which has been 
qualified. This QSS number will be used by the manufacturer as part of the wire 
identification code (see paragraphs 8.1 and 8.2). The QSS number will also be assigned 
to a set of drawings containing the information described in Section 5.5.2-c. These 
drawings will become a part of the QPL, and shall be the requirements against which 
Visual and Dimensional I?spection shall be conducted. 

i. 

1.1 

PURCHASER ACCEPTANCE 

RECEIVING INSPECTION TESTS 

Random samples of each Type, Class and Size shall be selected from each supplier’s 
production wire shipment. Each sample shall be of sufficient lenqth to conduct all 
acceptance tests. 

me purchaser will subject each supplier manufacturing lot of wire or cable received 
within a shipoent to the Visual and Dimensional teat of Section 7.3.3. If the product 
received emproys a ‘Palylmide Topcoat,’ the Polyimide Cure test of Section 7.1.21 is 
also required. Nowever, this polyimide cure test may be conducted on a sampling basis 
at the discretion of Quality Control. The purchaser may subject said wire or cable to 
any test listed in Table XX, if deemed necessary by Quality Control, to assure that the 
material meets the requirements of this specification. 

i-2 SOURCE INSPECTION 

When buyer elects to perform inspection at the supplier’s facility, paragraph 6.1 is 
opt ional. 

i-3 ACCEPTANCE, REJECTION AND RBTEST 

a. Detail the average production weight (or wights) , determined for the supplier’s 
inspection lot (lots) of finished wire or cable from which this shipnent was taken, 
in Pounds Per 1000 feet. 

b. Certification that the finished wire or cable has been manufactured in accordance 
with the requirements of this specification‘and that the supplier’s inspection lot 
(or lots) of wire and cable from which this shiperent was taken has successfully 

passed the supplier tests. 

c. Construction details, i.e., dual extrusion, braided single extrusion, etc. 

d. Verification that lengths supplied are per specification. 

e. Quantitative results of all inspection tests. 

The aanufacturer shall keep the quantitative results of all inspection tests on file and 
available to authorized representative of the Boeing Company for two years after 
delivery of the finished wire or cable. 

Pailure of any test specimen to pass the requirements of a specified test shall be cause 
for rejection of that type, 
shipment. 

class or size of wire or cable contained in the specific 
Action in case of failure shall be in accordance with ML-STD-105. 

BMS IJ-*C 

PAGE 15 

R 



7. TEST METROD 

All samples of wire and cable shall be examined carefully to detaraine conformance to 
this specification. 

NOTE: All tests will be conducted at an ambient temperature of 23 + 3C unless otherwise 
stated In the specific test methods. 

7.1 DESIGN AND PERFORMANCE 

7.1.1 ACCELERATED AGING AND LIFE CYCLE 

7.1.1.1 Life Cycle 

7.1.1.1.1 Finished Wire 

One inch of the Insulation shall be removed from each end of a 24 Inch sample of the 
finished vice. The central portion of the specimen shall then be bent at least halfway 
around a cylindrical mandrel having a diameter as specified in Table X. Each end of the 
conductor shall be loaded in such a manner that the portion of the insulatio’n between 
the conductor and mandrel Is under compression while the conductor Is under the tension 
specified In Table X. Specimens of suitable length shall be suspended horizontally and 
held taut over mandrels and weights of Table X such that a minimum horizontal length of 
16 Inches is attained. These specimens so prepared shall be placed in an air 
circulating oven. The velocity of air past the specimen (measured at room temperature) 
shall be between 100 and 200 feet per minute. The oven shall be adjusted such that the 
temperature cycles Is as follows: PIfteen hours at 200 + SC followed by 6 hours during 
which the oven is allowed to cool to room temperature (23 + SC). This cycle will then 
be repeated until a total of 8 cycles (168 hours) have beeii completed. After completion 
of the air oven conditioning, the specimen shall be cooled to a temperature of 23 + SC 
within a period of one hour. When cool, the wire shall be relieved of tension, removed 
from the mandrel, and straightened as applicable. The specimans shall then be subjected 
to the Wet Dielectric teat described in Section 7.1.11. 

7.1.1.1.2 Finished Cable 

The length of the specimen to be tested shall be 24 inches. Two Inches of the jacket 
shall be removed from each end of a shielded specimen. The specimens shall be hung 
freely In the conditioning chamber. The specimens shall then be conditioned, tested, 
and cooled as In Section 7.1.1.1.1. When cool, the center portion of the specimen shall 
be wrapped a minimum of 180 degrees around a mandrel with a diameter 25 times the 
overall diameter of the finished cable., The specimen shall then be vtsually examined, 
without aid of magnification. The specimen shall then be subjected to the Wet 
Dielectric test described In Section 7.1.11. The bent portion of the specimen Is to be 
submerged during Wet Dielectric tests. 

TABU?, x 

ACCELERATED AGING AND LIFE CYCLE 

D 
WIZE SIZE WIRE MANDREL DIAMETER WEIGET 

Awci TYPE INCR POUNDS 

24 V 0.5 0.5 

20 VIII 0.75 2.0 

14 VIII 1.00 3.0 

0 VI XI 3.0 4.0 

l/O VIII 0.0 6.0 

20 XVI 1.00 3.0 

14 XVI 1.25 3.5 

ID Cor horisontal tests a one Inch mandrel may be 
used for all wire sizes. 

R 

R 
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7.1.1.2 Accelerated Aginq 

7.1.1.2.1 Finished Wire end Cable 

7.1.2 BLOCKING 

One end of a piece of finished wire, of sufficient length to perform the test. shell be 
affixed to a metal spool with a barrel diameter 4.0 inches for AWG 26 thru 10 and 9.5 
inches for AWC S thru 4/O. The wire shall then be wound helically on the spool for at 
least three turns, with the succeeding turns in close contact with one another. The 
tension for winding shall be equal to the test load specified in Table XI. 

The winding shall be continued until there are at least three closely-wound layers of 
such helical turns on the spool. The free end of the wire shall then be affixed to the 
s 001 so as to prevent unwinding or loosening of the turns or layers and the spool and 
w P re shall be placed for 24 hours in an air circulating oven at 200 + SC. The velocity 
of air past the specimen (measured at room temperature) shall be between 100 and 200 
feet per minute. At the end of the 24 hour period, the spool and wire shall be removed 
from the oven and allowed to cool to room temperature. After cooling, the wire shall be 
unwound manually, while being examined for evidence of blocking of adjacent turns or 
layers. Blocking shall consist of the transfer of insulation, jacket material, or 
topcoat, as applicable, froa one turn or layer to another. The samples shall be 
subjected to the Wet Dielectric test of Section 7.1.11 followed by the Insulation 
Resistance test of Section 7.1.18. 

7.1.3 

7.1.3.1 

COLD MIND 

Finished Wire 

One end of a previously untested wire specimen of suitable length shall be secured to a 
mandrel in a cold chamber and the other end to the load weight specified in Table XI. 
The specimen of wire and the mandrel shall be conditioned at -65 + 2C for four hours. 
At the end of this period and while both mandrel and specimen are still at this low 
tempsrature, the specimen shall be wrapped for two turns around the mandrel without 
opening the chamber. The bending shall be accomplished at a uniform rate of speed of 2 
RPM. A revolving mandrel operating externally from the chamber shall be used. At the 
completion of this test, the specimen shall be removed from the cold box and from the 
mandrel without straightening. The insulation shall be removed for a distance of one 
inch from each end of the specimen, and the specimen shall be subjected to the Wet 
Dielectric test as specified in Section 7.1.11. 

7.1.3.2 Finished Cable 

Test as defined in Section 7.1.3.1, except that the cable shall be hung freely in the 
chamber. After conditioning, the cable shall be removed from the chamber, allowed to 
recover to room temperature, and wound for two turns on a mandrel approximately 25 times 
the nominal outside diameter of the finished cable. The cable shall then be subjected 
to the Wet Dielectric test of Section 7.1.7.3 with the bent portlon submerged. 

TADLE XI 

Prepare specimens and place in an air circulating oven as in Section 7.1.1.1.1 and 
7.1.1.1.2. Condition the specimens at 250 + 3C for a period of seven hours. After 
conditioning is complete, cool the specimens to room temperature within a one hour 
period. Wrap the cable specimens around a 25.X mandrel a minimum of 180 degrees. 
Inspect all specimens for cracks (flexing as required). Each specimen shall then 
pass the Wet Dielectric test of Section 7.1.11. 

WIRE SIZE 

24 

20 

14 

8 

l/O 

20 

14 

COLD BEUD TEST 

MAWDREL DIAUETER TEST LOAD 
WIRE TYPE INCH MAXIkllJM PODNDS 

V 1.00 3 

VIII 1.00 4 

VIII 1.25 5 

VIII 3.00 6 

VIII 10.00 15 

XVI 1.25 5.0 

XVI 1.50 5.5 
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7.1.4 CONCENTRICITY 

The percent concentricity of the insulation of the finished wire or cable jacket shall 
be defined as the ratio of the minimum wall thickness to the maximum wall thickness. 
All wall-thickness measurements shall be determined under suitable magnification. The 
wall thickness is the radial distance between the outer rim of the insulation and the 
outermost rim of the outermost strand of the conductor. Jacket wall thickness shall be 
the radial distance between the outer rim of the jacket and the outermost rim of the 
outermost shield strand or component wire. 

7.1.5 

7.1.6 

CONDUCTOR DIRECT CURRENT RESISTANCE 

The direct-current resistance of the conductor shall be measured for compliance with 
Table II of this specification using Method 6021 of FED-STD-228 to four Significant 
figures. The wire shall be tested dry. 

CONDUCTOR ELONGATION AND TENSILE STRENGTH 

a. Elongation and tensile strength tests shall be performed on individual strands 
taken from the conductors of finished wire in accordance with Method 3211 of 
FED-STD-228 using a ll-inch specimen length, lo-inch bench marks, and a lo-inch 
initial jaw separation. Soft annealed copper shall be pulled at 10 inches per 
minute; high-strengh copper alloy shall be pulled at two inches per minute. 

b. Size 22 and Smaller 

In case of failure to meet the required elongation, size 22 and smaller may be 
pulled as a whole conductor. The elongation and tensile strength shall be 
calculated from the values recorded when the first strand of the whole conductor 
breaks. 

7.1.7 

7.1.7.1 

CURRENT OVERLOAD 

Single Wire 

Remove one half inch of the insulation from the ends of a two foot long wire specimen 
and suspend the specimen horizontally with no visible sag. Attach current leads to the 
uninsulated ends and apply current to the respective specimen, as listed in Table XII, 
for five minutes. Visual examination shall be recorded during the test and after the 
specimen has stabilized at room temperature. 

Immediately following the examination and before dismantling the test set-up, subject 
the specimen to a post dielectric test. me dielectric test jig is illustrated in 
Figure 25. Place the bottom contact plate under the wire and make contact at the area 
with maximum deformation or with the center 12 inch of the specimen. The upper contact 
plate shall be placed on top of the specimen, directly over the bottom plate. Se 
certain that both plates make positive contact with the wire. The voltage shall be 
increased from zero to the voltage specified in Table XII at a uniform rate of 500 
volts/second and maintained for one minute. Concentricity, as defined in Section 7.1.4, 
shall be checked at the center and at points two inches each side of center for each 
single wire specimen. 

7.1.7.2 Bundlss 

Seven, two foot long wires of each qualification size shall be assembled to form a 
bundle consisting of a center core wire with six parallel wires surounding it. Two 
power supplies shall be used to supply the test current; one for the core wire and the 
other for the outer wires. Apply current to the six outer wires per Table XII until the 
temperature has stabilized. With the other wires still energized, apply the applicable 
overload current to the center wire. Maintain current flow for a period of five 
minutes. After the current test, submit the bundle to a Dry Dielectric test per Ssctior 
7.1.10. 

# 
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(Continued) 

TABLE XII 

1.1.8 

WIRE 
SIZE 

24 

20 

14 

8 

l/O 

20 

14 

WIRE 
TYPE 

V 

VIII 

VIII 

VIII 

VIII 

XVI 

XVI 

DEFORMATION TEST 

CIJRREP 

AMPERES APPLIED 
TO SINGLE (CORE) 

WIRES 

12 

33 

70 

220 

730 

33 

70 

OVERLDAD 

AMPERES APPLIED TO 
OUTER WIRES IN A 

BUNDLES 

4.0 

7.5 

17.0 

46.0 

150.0 

7.5 

17.0 

POST 
DIELECTRIC 
WITHSTAND 

1 WIN @ VAC 

600 

600 

1000 

1500 

1500 

1000 

1500 

The deformation test shall be conducted at 50 + 3C, and 150 + 3C using a test device as 
suggested in Figure 26. 

a. Length of specimen shall be long enough for conductor isolation from the ground. 

b. The weight (including the moving parts of the test assembly) applied to the wire 
shall be as specified in Table XIII. 

c. The diameter of the hardened steel mandrel shall be the same as the diameter of 
the test specimen plus or minus -005 inch. 

d. The dielectric withstand after one minute, and deformation measurement shall be 
made after 15 ainutss impression time at each specified temperature. 

a. The tester may be placed in an oven or the test temperature may be maintained with 
a portable source, as shown in C’igure 26. 

f. Deformation shall be defined as the difference between the initial and final dial 
indicator reading when expressed as a percentage of the original. 
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.1.8 

.1.9 

-1.9-l 

(Continued) 

IMPULSE DIELECTKIC 

Test Equipment 

WIRE SIZE 

24 

20 

14 

0 

l/O 

20 

14 

TABLE XIII 

DEFORMATION TEST 

TYPE 1 WEIGHT, POUNDS 

V 3 

VIII 5 

VIII 8 

VIII 15 

VIII 15 

XVI 6.5 

XVI 9.5 

The electrode head through which the wire or cable is passed in the impulse dielectric 
test shall be of a suitable bead-chain construction (Figure 23) such that the electrode 
will give intimate metallic contact with practically all of the wire or cable surface. 
The characteristics of the test impulse and of the equipment auxiliary to the electrode 
head shall be as follows: 

a. 

b. 

C. 

d. 

The waveform of the voltage supplied to the electrode head shall consist of a 
negative pulse, the peak magnitude of which shall be as specified for the wire or 
cable under test, followed by a damped oscillation. Unless otherwise specified, 
the peak impulse voltage shall be 8.0 Rv for AK; 26 thru 10, 12 Kv for AwG 8 thru 
4/O, and 6.0 Kv for cable. The rise time of the negative impulse wave front from 
xero magnitude to 90 percent of the specified peak voltage shall be not more than 
75 microseconds. The peak value of the first positive overshoot and each of the 
subsequent damped oscillations shall be smaller than the initial negative pulse. 
The time during which each pulse and accompanying damped oscillation (positive and 
negative) remains at an absolute potential of 80 percent or greater of the 
specified peak voltage shall be 20 to 100 microseconds. The pulse repetition rate 
shall be 200 to 250 pulses per second, inclusive. Except for the final peak 
voltage ad j ustaent, conformity to these test impulse parameters shall be determined 
vith no capacitive load impressed upon the electrode. 

Capacitive Tolerance 

The tolerance of the equipment 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 picofarads per inch to 25 picofards per inch of electrode length. 

Instrument Voltmeter 

Connected to the electrode head , there shall be a peak reading voltmeter indicating 
continually the potential of the electrode. The voltmeter shall show full 
deflection at a potential not exceeding 15 Kv, and shall have an accuracy of 2 4 
percent at the specified test impulse potential. 

Iriluro Detection Circuit 

There shall be a failure.detection circuit to give a visible or audible indication 
of insulation failure, automatically de-energize the electrode head, and stop 
progress of the wire or cable through the electrode. The failure detection 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. 
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1.1.9.2 

7.1.9.3 

7.1.10 

7.1.11 

7.1.12 

7.1.12.1 

7.1.12.2 

Calibration of Equipment 

The instrument voltmeter shall 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 caibrated 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. This 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 calibrated oscilloscope connected to the electrode through a suitable attenuator. The 
peak magnitude of the negative pulse can then be read directly from the waveform 
display. An oscilloscope connected to the electrode head at suitable test points shall 
also be used to verify conformance to the other waveform parameters specified in Section 
7.1:9.1.(a). 

Test Procedure 

The finished wire or cable shall be threaded through the electrode head and the 
conductor or shield, as applicable, shall be grounded at one or both ends. The 
electrode shall be energized to the specified peak potential, and after final adjustment 
of the voltage with wire or cable in the electrode head, the wire or cable shall be 
passed from the pay-off spool through the electrode and onto the take-up spool. The 
speed of passage of the wire or cable through the electrode shall be such that the wire 
or cable is subjected to not less than 3 nor more than 100 pulses at any given point. 
Any dielectric failures which occur shall be cut out or marked for later removal along 
with at least two inches of ulre or cable on each side of the failure. During all parts 
of the test, including string-up of new lengths, every effort shall be made to test the 
entire length, including ends of the wire or cable, in accordance with this procedure. 
All ends or other portions of the wire or cable not so tested shall be removed 
subsequent to the test. 

DRY DIELECTRIC 

Finished cables shall be subjected to a q inlmua potential of 1500 volts (rms) applied 
between each conductor and all other conductors of the cable connected together. If the 
specimen incorporates a shield the potential shall be applied between each conductor and 
all other conductors and the shield connected together. The potential shall be applied 
with room temperature at 23 5 3C for one minute without dielectric breakdown. 

WET DIELECTRIC 

The test specimen shall be immersed in a. five percent saline solution at a temperature 
of 23 + 3~ for four hours. The ends of the individual insulated wires shall extend at 
least 3ix inches (four inches for short specimens), above the level of the liquid. At 
the end of this conditioning period, the specified potential of 2500 volts (rms) shall 
be applied for one minute between the conductor or shield (as applicable) and the 
electrode in the solution. 

DYNAMIC CUT-THROUGR 

Testing Apparatus 

The dynamic cut-through test shall be performed using a tensile tester operating in a 
compression mode. The tester shall be equipped with a chart recorder which shall be 
suitable for recording the force necessary to force a tungsten carbide edge, as show in 
Figure 28, through the insulation of a finished wire specimen. The tester shall also be 
equipped with a chamber, which will allow the test to be performed at elevated 
temperatures, and a 12-volt detection circuit designed to stop the tester when the 
tunsten carbide edge cuts through the wire insulation and contacts the conductor. 

Testing Procedure 

The test shall be conducted at temperatures of 23 + 3C and 150 + 3C. One inch of 
insulation shall be removed from one end of the finished wire specimen. The cutting 
edge shall be moved through the insulation at a constant rate of 0.5 inch per minute 
until contact with conductor occurs. Pour tests shall be performed on each specimen. 
The specimen shall be moved forward one inch, minlmrrm, and rotated clockwise 90 degrees 
between each test. The cut-through force shall be the average of the four tests. 

R 
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1.1.13 

7.1.13.1 

‘-1.13.2 

60 Degree Test 

The test specimen shall be 24 inches in length and shall be marked S inches from the 
lower end to indicate the central point for flame application. The specimen shall be 
placed at an angle of 60 degrees with the horizontal within a chamber as described in 
Federal Aviation Ragulation Part 25.1359. The specimen shall be parallel to and 
approximately six inches from the front of the chamber. The upper end of the specimen 
shall pass over a pulley and shall have a weight attached to it sufficient to hold the 
specimen taut throughout the flammability test. A piece of facial tissue conforming to 
Federal Specification W-T-450, not less than B x S inches, shall be suspended tightly 
and horizontally. The tissue shall be centered 9-l/2 inches diractly beiow the test 
mark on the specimen and at least l/2 inch away from the table top. A flame from a 
Bunsen burner shall be applied for 30 seconds at the test mark. The Bunsen burner shall 
be mounted underneath the test mark on the specimen, perpendicular to the specimen, and 
at an angle of 30 deqrees to the vertical plane of the specimen as shown in Figure 29. 
The Bunsen burner shall have a l/4 inch inlet, a nominal bore of 3/S inch, and a length 
of approximately 4 inches from top to primary inlets. The burner shall be adjusted to 
produce a 3-inch high flaPe with an inner cone approximately one-third of the flame 
height. The temperature of the hottest portion of the flame as measured with an 
accurate themocouple pyrometer, shall be not less than 95%. The burner shall be 
positioned so that the hottest portion of the flame is applied to the test mark on the 
wire. The distance of flame travel upward alonq the wire from the test mark during and 
after flame impinqment, and the time of burning after removal of the flame shall be 
recorded. Any burning particles or drippings which cause the tissue paper to burst into 
flame shall be recordad. Charred holes or charred spots in the tissue paper caused by 
burning particles do no constitute failure. Breaking of the wire spacimen shall not be 
considered as a failure, however, test muat be repeated. 

Vertical Flame Test 

Single Wire 

me test specimen shall be 18 inches in length, and shall be placed vertically within a 
chamber approximately 2 x 1 x 1 foot, open at the top and one vertical side (front), 
which allows a sufficient flow of air for complete combustion, but which is free from 
drafts (per Federal Standard 1918, Method 5903). The upper end of the specimen shall be 
fastened in the chamber by means of a clamp, and a weight shall be attached to the lower 
end of the specimen to hold the specimen taut during the flanrmability test. 
shall be those listed in Table X, Section 7.1.1.1.2. 

The wights 
The specimen shall be marked at 

approximately seven inches above the floor of the chamber to indicate where the flame is 
to be applied. 

A flame from a Bunsen burner shall be applied for 15 seconds to the specimen. The 
Bunsen burner shall be positioned below the test mark on the specimen, and at an angle 
of 20 degrees to the vertical plane of the spacimen. The Bunsen burner shall have a l/4 
inch inlet, a nominal bore of 3/B inch, 
the top to primary inlets. 

and a length of approximately four inches from 
Ihe burner shall be adjusted to produce a three inch hiqh 

flame with an inner cone approximately one-third of the flame height. 
of the hottest portion of the flame, 

The temperature 

not less that 955C. 
as measured by a themocouple pyrometer, shall be 

The’burner shall be positioned so that the hottest portion of the 
flame is applied to the approximate position of the test mark on the wire. The flame 
travel during and after flame iapingment. and the time of burninq after removal of the 
flame shall be recordad. Breaking of the wire specimen shall not be considered aa a 
failure, however, test must be repeated. 

Bundles 

The test spacimen shall be prepared. by aasemblfng 7 single wire specimens, each 14 
inches long, into a bundle tied in two places with glass cord, or equivalent 
nonmetallic, noncomiutible material, three inches from each end. The bundles shall be 
suspended vertically in the test chamber described above. A flame from a Bunsen burner 
shall be applied vertically to the base of the bundle for 15 seconds. The burner flame 
shall be adjusted as describad for the single wire flma test. 
and after flame impingment 

The flame travel during 
, and the time of burning after flame removal shall be 

recordad. 

R 

PAGE z 



r ------ ----- 
TEMPERATURE 1 

I CHACBER 

I 

I 

I 

1 

I 

I 

I-- 

SPECIIEN CUH’ED IN PLACE 

I GRDUND DN A 9D" 

WNAHIC CUT-THROUGH TEST SET UP 

FIGURE 28 

FLAIlWILIlY TEST APPARATUS 

FIWllL 29 

. . BAAS u-48c 

PAGE 56 



7.1.14 FLEXURE ENDURANCE 

A minimum of three samples of AWG 20 wire shall be suitably clamped in a fixture as in 
Figure 30. Using the mandrel size and weight in Table XIV below, rotate the wire 
through a IS0 degree arc at a uniform rate of 18 + 2 cycles per minute. A cycle shall 
include movement from the vertical to 90 degrees reft then to 90 degrees right, and 
return to the vertical. The conductors shall be electrically connected in any suitable 
manner to determine conductor breakage. 

TABLE XIV 

PLEXURE ENDURANCE 

WIRE WIRE 
SIZE TYPE I 

HANDRH.CLD;METER 1 ;;+;I; / ;&%F 1 

20 VIII .5 2.0 .070 

20 XVI .5 2.0 -080 

20 XIX 6 XXII .5 2.5 .oso 

20 XII 10X OUTSIDE 3.0 SPECIMEN 
DIAMETER OF DIAMETER 

CABLE SPECIMEN + 10 MILS 

5- 
WEIGHT 

FLEXURE TEST FIXTURE 

FIGURE 30 

OF ROTATION 
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7.1.15 

7.1.15.1 

HUMIDITY RESISTANCE 

Apparatus 

The apparatus shall consist of a test chamber capable of maintaining an internal 
tampcraturc of 71 + 2C and an internal relative humidity of 95 + 5 percent. The test 
chamber shall be capable of being sealed so as to retain the total mosisture content in 
the test space. The heat loss from the chamber shall be sufficient to reduce the 
internal temperature from the above specified operating temperature to not more than 38C 
within a period of 16 hours from the time of removal of the source of heat. Distilled 
or demineralized water shall be used to obtain the required humidity. 

7.1.15.2 Procedure 

A 52 foot specimen of wire shall be subject to the following: 

7.1.16 

The specimen shall be placed in the test chamber and the temperature and relative 
humidity raised to the values specified in Section 7.1.15-l. This condition shall be 
maintained for a period of six hours. At the end of the six hours, the heat shall be 
shut off. During the folloving 16 hour period the temperature must drop to 38C or 
lower. At the end of the 16 hour cooling period, 
hours to stabilize to 71 + 2~. 

heat shall again be supplied for two 
This cycle shall be repeated to extend the total time of 

the test to 360 hours (15:ycles). At the end of the 15th cycle, the 50 foot center 
section of the specimen shall be immersed in a 5 percent saline solution at room 
temperature. The Insulation Resistance of the specimen shall be measured with the outer 
surface of the specimen grounded through an electrode in the electrolyte. Heasurcments 
shall be made after one minute of electrification with a potential of 250 to 500 volts 
dc applied to the conductor of the specimen. 

IMMERSION 

Fifty-five foot lengths of AWG 8 and l/O, and 90 feet of AWG 20 and 14 shall be used for 
the test. AWG 20 and 14 shall be hot stamped in accordance with Section 7.2.3. The 
lengths shall be cut into 6 and 10 foot lengths as indicated in Table XV for individual 
immersion SDeCimenS. Two measurements. 90 dearees to each other. shall be taken at each 
of five random points vhich are located along-the length of the sample, and not closer 
than six inches to either end. 

outside diameter. 
The average of the ten readings shall be considered the 

The specimens shall be coiled over mandrels of the size specified in Table XV, removed 
from the mandrel as a coil, 
coil shape during the test. 

and the free ends tucked through the center to maintain the 

The specimen shall be immersed to within six inches of the ends in each of the test 
fluids of Table XVI, using separate specimens for each fluid. The immersion time and 
teaparature shall be as indicated for each test fluid. 

After the immersion cycle, the specimens shall be removed from the test fluids, 
uncoiled, and wiped dry with a clean, lint-free cloth. The dimensional measurements 
shall be repeated in the same manner as above, and compared to the original diameters. 

The six foot length of each sample shall then be subjected to two complete reverse bends 
around the mandrels of Table X, and to the Wet Dielectric test of Section 7.1.11, within 
one hour after removal from Immersion. The remaining four foot lengths of the No. 20 
and 14 AWC specimens shall be subjected to the Abrasion test of Section 7.1.22. 

TABLE xv 

IMUERSION TEST 

SIZE MANDREL DIAMETER 
TYPE CLASS AWG IUCHES 

VIII 1 20 1.25 

SPECIMEN 
LENGTH FT. 

10 

10 

6 

6 



7.1.16 (Continued) 

TEST FLUID 

Uydr. Fluid Type IV in accordance with 
BMS 3-11 

Isopropyl, Alcohol, TI-I-735 

Methyl Ethyl Ketone, TT-M-261 

Anti-Icing Fluid II> 

Lubricating Oil, MIL-L-23699 

Lubricating Oil, WIL-L-7808 

Alkaline Detergent (pH 10.0-10.5) 

Fuel JP-4, MIL-T-5624 

Mr. Fluid, MIL-S-5606 

II> Anti-icing fluid composition, percent minimu by weight 

66.0 ethylene glycol HIL-E-9500, Grade A 
22.0 propylene glycol MIL-P-83800, Industrial grade 
10.0 water 

-90 dibasic potassium phosphate 
.65 sodiu di- (2-•thylheryl) rulfosuccinate (100 percent 

active) 
-45 bensotriaxole 

7.1.17 

7.1.18 

7.1.19 

INSULATION ELONGATION AND TENSILE STRENGTH 

Specimens of the entire insulation shall be carefully removed as a tube from the 
conductor and tested for tensile strength and elongation in accordance with FED-SIP-228, 
Wethods 3021 and 3031, using one-inch gauge marks and a one-inch initial jaw sepration. 
Jaw separation speed shall be 20 inches per minute. For cable jackets, the method shall 
be the same, but only the cablo jacket shall be tested. 

INSULATIOS RESISTANCE 

The uninsulated ends of a wire specfaen at least 26 feut in length shall be connected to 
a DC terminal, and immersed to within 6 inches of its ends in a 5 percent salt solution 
at room temperature (23 + 3C). The specimen shall remain immersed for not less that 4 
hours, after which a voltage of 250 to 500 volts shall be applied between the conductor, 
and the water bath which servas as the other DC terminal. The insulation resistance 
shall be determined after one minute of electrification et this voltage, and shall be 
expressed as megohms/l000 feet by the following calculation: 

Total specimen resistance (megohms) II immersed length (feet) 
Megohms/1000 feet = 1000 

INSULATION SSSINMGL OR BLOWCATIOU AND DSLAMINATIDN 

TABLE XVI 

IMMERSION TEST FLUIDS 

TEST FLUID IMMERSION 
TKMPERATURES HOURS 

70 + 2c 24 

23 + 3c 24 

23 + 3c 24 

23 + 3c 24 

70 + 2c 24 

70 $ zc 24 

70 + 2t.z 24 

23 + 3c 24 

70 + 2c 24 

A 12 inch specimen of the finished wire shall be cut so that the insulation and 
conductor are flush at both ends. The specimen shall then be r,~ed at 200 + 3C for 6 
hours in an air circulating oven with the insulation unrestricted. At the-end of this 
P-id. the specimen shall be removed from the oven and allowed to cool to room 
temperature. The specimen shall then be examined to determine if any shrinkage or 
elongation of the inrulation occurred. Any such shrinkage or elongation which occurred 
shall be measured to within -001 Inch. 

I 
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.1.20 

.1.21 

r.1.22 

'.1.22.1 

NOTCH SENSITIVITY 

One inch of the insulation shall be removed from each end of five 24-inch specimens of 
finished, Type VIII, Class 1, AWG 20, 14, 6 and l/O wire. At the approximate center of 
each specimen the insulation shall be notched (cut) to a depth of .004 inches. The 
notch shall be made with a commercial grade stainless steel razor blade mounted in a 
suitable guide to control the depth of the notch. lhe specimens shall then be wrapped 
360 degrees around a mandrel three times the outside diameter of the wire with the notch 
on the outside of the bend. The specimen shall then be removed from the mandrel and 
subjected to the Wet Dielectric test described in Section 7.1.11. 

POLYIMIDE CURE 

If a polyimide topcoat is used as a part of the insulation system the following test 
shall be conducted: Two hundred milliliters of distilled water together with a few 
boiling chips or beads shall be placed in a one liter erlenmeyer flask and the flask 
shall be closed by a rubber stopper fitted with a water cooled reflux condenser. The 
flask shall be heated by a hot plate or heating mantle until the water is boiling and 
condensate is returning from the reflux condenser. One end of an approximately 12 inch 
length of the wire to be tested shall be inserted into the flask by passing it between 
the rubber stopper and the side of the flask, or through a snugly fitting hole in the 
stopper, so that five inches of the wire length extends into the vapor phase inside the 
flask. The portion of the wire inside the flask shall be essentially straight and shall 
not be in contact with the glass sides of the flask or condenser, the layer of liquid 
water in the bottom of the flask, or the liquid condensate returning from the condenser. 
Reating of the flask shall be resumed, with the stopper and reflux condenser again in 
place. The portion of wire inside the flask shall be exposed to the vapor phase above 
the boiling water for exactly one hour and shall then be removed from the flask. A four 
inch specimen shall be cut from the vapor-exposed portion of the wire, avoiding the one 
inch which was nearest the rubber stopper during vapor exposure. The four inch specimen 
shall be allowed to cool at room temperature for a minimum of 15 minutes, after which it 
shall be wrapped in a tight spiral for six turns or the full length of the specimen, 
whichever is lesser, around a mandrel which for wire sizes 18 and smaller shall be equal 
to the maximum diameter of the wire, and for wire sizes 16 and larger shall be three 
times the maximum diameter of the wire. The specimen shall then be inspected visually 
for cracks without the aid of magnification. 

SCRAPE ABRASION RESISTANCE 

Apparatus 

The scrape abrasion tester shall consist of a device which abrades the surface of the 
wire insulation by means of a weighted scraping fixture. The scraping action shtll be 
in both directions along the longitudinal axis of the wire at a speed of 30 cycles per 

minute. The length of the scrape shall be two inches. The scraping device that 
contacts the wire surface shall be a Tungsten Carbide blade as shown in Figure 31. The 
test specimen shall be held taut and straight by clamps on a supporting anvil. The 

device shall be equipped with an electrical circuit designed to stop the machine when 
the scraping abrades through the insulation and contacts the conductor. 

- DIRECTION OF TRAVZL - 

BLADE: 
TUNGSTEN CARBIDE 
KENNAMETAL GRADE K701 
HARDNESS ROCKWELL A92 
CHROBlIUW CODALT BINDER 
WIDTEI 1.5 in. 
LENGTH 2.0 in. 

t- 
0.35 inch 

/0.00;1 PAD. 

2 

- WXXE 

SCRAPE ABRASION BLADE 
PIGDHE 31 
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7.1.22.2 Procedure 

One inch of insulation shall be removed from one end of each type of three 36 inch 
samples of the finished wire size listed in Table XVII. The test specimen shall be 
clamped in the tester and subjected to the abrasion test using the weight specified in 
Table XVII. Pour tests shall be performed on each specimen with the specimen being 
moved forward four inches and rotated 90 degrees between each test. Scrape abrasion 
resistance shall be the number of cycles required for the scraping blade to abrade 
through the wire insulation and stop the machine. Tests shall be conducted at room 
temperature (23 + 3Cl. 

TABLE XVII 

SCRAPE ABRASION 

WIRE 
SIZE WIRE WEIGHT 
AWG TYPE P0uW0S 

24 V 0.5 

20 VIII 3.0 

14 VIII 3.0 

8 VIII 6.0 

l/O VIII 10.0 

20 XVI 3.0 

14 XVI 3.0 

7.1.23 SBIELD COVERAGE 

Shield braid coverage shall be determined by the following fomula: 

K= (2P -P‘) x 100 = Percent Shield Coverage 

Where: 

K- Percent Coverage 

NPd 
P= Xii a 

P = Picks per inch of cable length 

a - Anglo of braid with axis of cable 

N = Number of strpnds per carrier 

d - Diameter of individual shield strand, inches 

Tan a = 2 II (D + 2d) P 

C 

C = Number of carriora 

D = Diameter of cablo under braid, inches D 

D Poor multi-conductor cable 

b = Diameter of basic wire 

n- Nomber of basic wires 

BMS 13-4X 
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7.1.24 

7.1.24.1 

SMOKE TEST 

Horizontal - Current Beating Test 

This test shall be conducted in still air at an ambient temperature of 23 + 3C. A 15 
foot long wire specimen shall be suspended so that at least the central lo-foot Section 
is horizontal and unsupported. One end of the wire shall be suitable weighted in order 
that no sagging will occur throughout the test. An electric current shall be applied to 
the wire, and the voltage drop measured over the central 10 foot portion. From the 
current and voltage values, calculate the resistance of the wire. The temperature of 
the wire conductor shall be determined from the change in resistance. The current shall 
be adjusted so that the conductor tamperature stabilizes at 200 + 5 C and shall be thus 
maintained for 15 minutes. A flat-black background shall be used for this test. 

; 
=Ra 1+ 

T-t, 

R+t, 

Where: 

E = Pleasured voltage drop over the central l&foot section of the specimen (vol’&) 

I = Measured current (amps) 

ta a Measured room ambient temperature (degrees Celsius) 

Ra - Measured resistance of central lo-foot section of the specimen at temperature 

ta (ohms) 

T= ZOOC 

7.1.24.2 

E = Calculated resistance of the central lo-foot section of specimen at 
f temperature T  (ohms) 

K- Temperature coefficient of resistance factor for conductor material (degrees 
Celsius) 
234.5 for tin-coated copper and nickel-coated copper, 
279.0 for silver-plated hiqh-strength copper alloy. 

NBS Chamber Test 

A ten foot length of AWC 20 shall be wrapped on a Lrame, placed into a holder, backed 
with a foil covered asbestos board, and installed in a test frame. 
placed into a National Bureau of Standards (NBS) Smoke Test Chamber. 

The freae shall be2 
Using a 2.5 W/Q 

heater and operating in the flaming mode. subject the specimen to a 4 minute test. 
Standard chamber operating procedures shall be used for all tests. Determine the smoke 
level by measuring the progressing attenuation of a light beam passed through the smoke 
within the chamber. Repeat the test using a total of four 10 foot long specimens. 

7.1.25 

7.1.25.1 

SURFACE RESISTANCE 

Specimens 

The specimens shall consist of six inch lengths of finished wire, cleaned in accordance 
with the procedure for Group I materials in ASTM D 1371. The specimens shall 
subsequently be handled with maximra care, preferably with clean lint free gloves to 
avoid contamination. Each cleaned specimen ahall be provided, near its center, with two 
electrodes spaced 1.0 + 0.05 inch apart between their nearest edges. Each electrode 
shall be approximately l/2 inch wide and shall consist of conductive silver paint 
(dupont 4817 or equivalent) painted around the circmference of the specimen. 
Electrical connection to the dry electrodes may be made by wrapping several turns of 
fine (AWC size 28 or finer) tin-coated copper wire around the electrode, leaving a free 
end of the fine wire of sufficient length for soldering to the electrical lead wires. 

BMS U-48C 

PAGE 62 



.1.25.2 

.1.25.3 

Test Chamber 

The test chamber shall be a Blue M Company, 
Figure 32. 

Model FR-1000A or equivalent as shown in 
Ambient conditions for this test shall be a relative humidity of 95 t 5 

percent and a temperature of 23 + 3C. The test chamber shown in Figure 32 is a Tightly 
covered rectangular glass vessel-containing a reservoir of aqueous solution to maintain 
the required relative humidity (See ASP4 E 104, 
applicable, 

Method C) and a humidity gauge, when 
observable from outside the chamber, 

actually obtained. 
to indicate the relative himidity 

On the two long sides of the vessel, tin-coated AWG size 18 solid 
copper lead wires penetrate and are permanently sealed into the paraffin wax collar 
shown in Figure 32, at intervals of approximately one inch and at least one inch from 
any edge. As an alternate, the leads may be insulated with polytetrafluoroethylene 
(PTFE) and brought outside of the chamber through paraEfin wax, silicone stopcock 

grease, or PTFE bushings, provided at least two inches of PTFE insulation extends beyond 
the seal inside the chamber. The chamber cover is lubricated with silicone stopcock 
grease to minimize interchange of air. The electrical resistance of the chamber, 
measured across the lead wires under the specified test conditions of relative humidity 
and temperature, but with no specimens in place , shall be a minimum of one million 
megohms. 

Procedure 

With the specimens and electrodes preparad as specified in Section 7.1.25.1, the 
electrodes shall be connected to the lead wires in the test chamber. In all cases, the 
wire specimens shall be installed so that their ends are a minimum of one inch from the 
walls of the chamber. The cover of the chamber shall be put in place, and the test 
assemblies shall be conditioned for 96 hours at the relative humidity and temperature 
spacified in Section 7.1.25.2. The resistance betveen the electrodes shall then be 
measured in the test chamber after a one-minute electrication. The surface resistance 
value shall be computed by multiplying the measured resistance value by the measured 
overall diameter of the specimen in inches. Following the initial resistance 
measurement, 
minute. 

2500 volts 01s shall be applied between the electrodes for a period of one 
There shall be no evidence of distress such as arcing, smoking, burning, 

flashover, dielectric failure. 
the voltage test, 

After a discharge interval of 15 to 20 minutes following 
the surface resistance shall be measured and computed. Both values of 

cwputed surface resistance shall be greater than the minimras specified in Section 
4.5.1.23. 

TAPE ABRASION RESISTANCE 

The apparatus for performing this test shall consist of an abrasion tester constructed 
in accordance with specification WIL-T-5438. The abradant shall be a 400 Grit Aluminum 
Ox id e tape. Stripes of silve: conductive paint, 
center to center, shall be used. 

l/4 inch wide, spaced three inches 

equivalent. 
The silver conductive paint shall be duPont 4617 or 

or cable size 
A 36 inch sample of the wire or cable shall be placed in the tester. Wire 

26 through 10 shall be held taut by clamping one end and applying a 
tension load weight on the other end. 
by clamping both ends. 

Wire or cable size S thru l/O shall be held taut 
The detection circuit leads shall be applied between the wire 

conductor and the detector roller. 
weight specified in Table XVIII, 

Using the tension lord, weight support brackets, and 
subject the sample to the abrasion test. At the start 

of each test the center of the conducting stripe shall be at the point of contact with 
the wire. After each reading, the specimen shall be moved forward two inches and 
rotated 90 degrees. Eight tests shall be performed for each sample. An average of the 
readings shall be obtained by calculating the arithmetic mean of all readlnqs which are 
individually less than the arithmetic mean of all eight readings. his average shall 
dafinm the abrasion resistance of the wire or the cable jacket as applicable. 

TABLX XVIII 

TAPC A0uASION 

TYPE 

V 

VIII 

VIII 

VIII 

VIII 

XVI 

XVI 

WLIGaT 
SUPPORT 
BRACKET 

A 

A 

a 

.B 

C 

A 

0 

WEIGHT 
POUNDS 

1.0 

1.0 

2.0 

3.0 

4.25 

1.0 

2.0 

TENS ION 
LOAi, 

POUNDS 

1.0 

1.0 

2.0 

-- 

we- 

1.0 

2.0 
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TYPICAL SURFACE-RESISTANCE TEST CHAMBER 

FIGURE 32 
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7.1.27 

7.1.27-l 

7.1.27.2 

7.1.28 

7.1.28.1 

7.1.28.2 

7.1.29 

7.1.30 

THERMAL SHOCK RESISTANCE 

Preparation of Specimen 

A specimen of wire, five Eeet long, shall be prepared by carefully removing one inch of 
insulation from each end of the wire. A razor blade or equivalent, held perpendicular 
to the axis of the vire, shall be used to cut the insulation for the removal operation. 
The lenath of exuosed conductor at each end of the suecimen shall be measured to the 
nearest-o. 01 inch. The specimen shall then be laid on a wire screen for handling 
throughout the test. 

Test Procedure 

The specimen shall be conditioned for 30 minutes in a preheated air circulating oven at 
the temperature 200 + 2C. The specimen shall then be removed from the oven and, within 
two minutes, placed Tn a chamber which has been precooled to -65 + 2C. It shall be 
exposed to this temperature for 30 minutes, after which it shall 6e removed and allowed 
a minimum of 30 minutes to return to room temperature (20 to 25C). At the conclusion of 
this cycle, the distance from the end of each layer of insulation to the end of the 
conductor shall be measured to the nearest 0.01 inch. This thermal shock cycle and the 
measurements shall be repeated for an additional three cycles (a total of four cycles). 
Any measurement varying from the original measurement by more than the amount specified 
in Section 4.5.1.25 shall constitute failure. Flaring of any layer shall also 
constitute failure. 

WIRE WEIGHT 

The weight of each lot of finished wire or cable shall be determined by Procedure I. 
Lots failing to meet the vice weight requirements of Figure 1 through 24, when tested in 
accordance with Procedure I, shall be subjected to Procedure II. All wire lots failing 
to meet the requirement of both procedures shall be rejected. 

Procedure I 

Three specimens at least 10 feet long shall be selected at random from each lot of 
finished wire. The length and weight of the specimens shall be accurately measured with 
the resultant measurements transposed to pounds per 1000 feet. The average weight for 
the wire lot shell be determined from these values. 

Procedure I I 

Three reels of the inspection lot shall be selected for checking. The net weight of the 
finished wire on each reel or spool shall be obtained by subtracting the tare weight of 
the reel or spool from the gross weight of the reel or spool, dividing the difference by 
the accurately determined length of finished wire on that reel or spool, and transposing 
the resultant to pounds per 1000 feet. When wood or other moisture absorbant materials 
are used for reel or spool construction, weight determinations shall be made under 
substantially the same conditions of relative humidity. 

WICKING 

A specimen of each finished wire size to be tested shall be cut 6 + l/16 inch with 
square ends. The specimen shall be vertically imersed for two inFhes of Its length in 
Esterlin Angus, medium Dry, Red Instrument Ink, which is contained in an open test tube, 
and conditioned for 24 hours at room temperature in a draft-free room. After this 
conditioning, the ink on the surface shall be removed immediately from the two inches 
imersed by wiping gently with a clean, dry, lint-free cloth. 
be examined for vicking between insulation layers. 

The specimen shell then 
The distance that the ink has wicked 

above the two inch imersed portion of the specimen shall be recorded as the distance of 
vickinq. 

WIRE TO WIRE ABRASION TEST 

Specimens of Type VIII and lype XVI, Class 1, 
as shown in Figure 33. 

AWG 20 wire shall be mounted in a test jig 
The ooveable member of the fixture shall be activated by a 

vibration tester exciter or other suitable device. The activating device shall be 
adjusted to produce a sinusoidal mode at 10 cycles/second snd a displacement of 0.25 
inch double amplitude. The tension shall be applied by attaching a 1, 2.5, or 5 pound 

mass to the free end of the vire. A minimum of three test samples will be used for each 
mass. An electrical detector shall be installed to indicate when both conductors ere 
exposed. 

This test in required of all candidate vire against all other candidate or qualified 
vire. If any vice is unacceptable vhen tested against other products, but is acceptable 
vhen tested against itself, it must be noted on the QPL. 

d 
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r.1.30 

7.1.31 

7.2 

7.2.1 

(Continued) 

I I 

+s/fqgF 
1.75 in. 

I - HDTION - 
I 

4 11 in. d 

MRE TO WIRE ABRASION FIXTURE / \ 

FXURE 33 

WRAP TEST 

Wire specimens shall have a length of 24 inches plus a length required for winding 
tightly around itself or around a mandrel 55 specified below. A total of four close 
turns of a central Portion of the specimen shall be made such that six inches of each 
end shall remain straight. Wrapping is to be accomplished manually. Wire size 2 
through l/O shall be wrapped around a 10 X mandrel. Wire size E through 4 shall be 
vrapped around a mandrel six times the diameter of the wire. The specimens shall be 
conditioned in an air circulating oven at 250 + 3C for 7 hours, then removed, visually 
examined, and subjected to the Wet Dielectric &St of Section 7.1.11. 

HANDLING, ASSEHBLY, A5D INSTALLATION 

FLEXIBILITY 

An 18 inch long specimen shall be mounted in the test&r as shown in Figure 34 with 
standard tester mandrel accessories. The specimen shall be rotated clockwise at a 
uniform rate of appcoximatly 20 degrees p.r second, 
torque indicator value shall be recorded. 

to the 90 degree position. The 
Wire travel shall be continued to the 180 

degree position. The torque indicator value shall again be recorded. After one minute 
in this position, the wire shall be released of tension. After 10 seconds the angle of 

wire return from the 180 degree position shall be measured and recorded as the 
spring-back. 

WIRE WIRE 
SIZE TYPE 

24 

20 

14 

8 

l/O 

20 

14 

MANDREL SIZES 

V 1 

I I 

-187 

VIXI 1 . 187 

VIII 1 

I I 

.I21 

VIII 1 1.500 
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(Continued 

WIKE FLEXIBILITY TESTER 

FIGURE 34 

7.2.2 DURABILITY OF PRODUCT IDENTIFICATION 

The durability of product identification, color, and color striping applied to the wire 
for coding shall be evaluated at 23 + 3C as follovs: 

a. Tasting Apparatus 

The markings durability tester shall be designed to hold a short specimen of 
finished vire firmly clamped in a horizontal position vith the upper longitudinal 
surface of the specimen fully exposed. The instrument shall be capable of rubbing 
a small cylindrical steel mandrel (usually a needle), 0.025 inch in diameter 
maximw, repeatly over the upper surEace of the vire, in such position that the 
longitudinal axis of the aandrel and the specimen are at right angles to each 
other, with the cyclindrical surfaces in contact. A weight affixed to a jig above 
the mandrel shall control the thrust normal to the surface of the insulation. A 
motor driven, reciprocating cam mechanism, and counter shall be used to deliver an 
accurate number of abrading stroke in a direction pgrallel to the axis of the 
specimen. The length of the stroke shall be 3/8 inches, and frequency of the 
stroke shall be 30 cycles per minute. 

b. Testing Procedure. 

In performing the tast, a specimen of wire shall be mounted in the specimen clamp 
and the veight of 500 grams for wires vithout an outer braid, and 150 grams for 
wires with an outer braid, shall be applied through the abrading mandrel to the 
marked surface. The counter shall be at zero, and the drive motor started. The 
specimen shall be observed throughout the progress of the test and as soon as a 
continuous line of the solid color insulation, or coating, or of the stripe, band, 
or printed marking is removed under the abrading mandrel, the number of abrading 
cycles shall be recorded. Unless otherwise specified, three specimens from each 
sample unit shall be tested and the results averaged. 

7.2.3 

7.2.3.1 

7.2.3.1.1 

HARRABILITY 

Hot Stamp 

Marking Process 

Specimens shall be teated for markability in the as-received condition. A 100 foot 
specimen selected at random shall be marked using normal handling procedures. A Conrac 
(or equivalent) hot embossing single step process machine shall be used to imprint the 
specimen with the characters one through five and the letters A through D, indenting the 
wire to 0.0015 inch maxlaw. No post cure for the marking is allowed. The marking foil 
shall be Kingrley No. K-496 color purple, and shall be applied to the specimen using a 
temperature, pressure, and dvell time adjusted to obtain the best pi ment transfer, and 
the best marking permanence. The adjusted temperature shall ba vith n the limits of P 
180 +2OC. 

R 
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7.2.3.1.2 Test 

After a cooling or setting time of at least two minutes, the marked wire or cable shall 
be mounted in the specimen clamp of a General Electric Repeated Scrape Abrasion Tester, 
Type 51204061 (Modified), or equivalent, so that the rubbing member will contact the 
marking. A weight, including the weight of the fixture, 
through the rubbing member to the identification marking. 

of tvo pounds shall be applied 

a 3/16-inch-wide q icarta block vith l/32-inch corner radii, 
The rubbing member shall be 

covered with l/16-inch-thick 
felt in accordance with Federal Specification C-P-206B Type I, Classification 984 
(American Felt Company number 133). 

be 60 cycles per minute maximum. 
The speed of the reciprocating abrading head shall 

Six separate marks on each specimen shall be tested. The test shall be terminated after 
30 rubs (15 cycles), or after failure , whichever occurs first. The specimen is 
considered to have failed when any portion of any character is completely rubbed 
through. The values obtained for the six tests shall then be averaged. 
shall be listed as the test result. 

This average 
Following the Rub test, a Wet Dielectric test shall 

be performed in accordance with Section 7.1.11. 

7.2.3.2 

7.2.3.2.1 

7.2.3.2.2 

Ink Jet 

Marking Process 

A lOO-foot specimen shall be marked with the ink jet (deposited) process, in the 
as-received condition, using normal handling procedures. Circuitry coding shall be 
designated with GlOLS ink manufactured by American Can Company and applied with an 
American Can Company IJWR 9400 series, or equivalent, ink jet marking machine. 

Test 

Following a 24-hour setting time , specimens of marked wire shall be subjected to a 
rub test per 7.2.3.1.2 except that a one pound weight shall be used. A separate piece 
of the ink jet marked sample shall be subjected to the following light fastness test. 
Place the specimen in a Weatherometer tester and cycle for 102 minutes of ultraviolet 
light followed by 18 minutes of ultraviolet light plus a tap water spray. 
cycle five additional times, for a total of six cycles (12 hours). 

Repeat this 

7.2.4 INSULATION REMOVAL 

Adjust a carpenter single blade rotary stripper to acceptably strip 10 consective 
samples of Type I, 
XVI, Class 1, 

Class 1, AWC 24, Type VIII, Class 1, Affi 20 and 14 wire, and Type 
AkfG 20 and 14 wire (without scraping the conductor). 

The stripper shall be mounted on the stationary member of an Instron Tensile Tester (or 
equivalent) as show in Figure 35. 
tensile tester, 

Attach the test specimen to the movable head of the 
and with the stripper turned off, 

to a depth suitable to remove a 
insert the loose end into the stripper 

.2S + .OS inch slug of insulation. 
and allow it to run a minimum of 30 ceconds. 

Turn the stripper on 

50 inches per minute, 
Operate the tensile tester at a speed of 

and record the tensile force required to remove the insulation 
slug while the stripper is running. 

1.3 

7.3.1 

Repeat this procedure on the opposite end of each test sample after cutting off any 
portion of the wire that was gripped by the tensile tester. 

PRODUCT CONTROL 

JACKET PLAY 

Procedure I (Spark Test) 

The flaw test of the jacket shall be conducted as described i? PED-STD-228, Rethod 6211, 
with the shield bsing used as a conductor. 

Llectrode length, and speed of cable through the electrode shall be such that all 
surface area of the jacket will be subjected to a voltage of 1.0 Kv to 1.5 Rv for a 
minim- of 0.20 seconds. 

Procedure II (RV Impulse Test) 

One hundred percent of the finished cablo shall be tested in accordance with Section 
7.1.9. 

. 
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7.3.2 WORXMANSHIP 

All details of workmanship shall be in accordance with high-grade wire and cable 
manufacturing practices. Nanufacturing processes shall be uscd to ensure the 
consistent compliance with the requirements of this specification when tested in 
accordance with Section 7. In addition, the finished product shall comply with 
the requirements of Section 4.5.3.2. 

7.3.3 VISUAL AND DIMENSIONAL 

In addition to all other tests, the finished wire or cable shall be inspected to ensure 
that finished products conform to the general physical characteristics defined in this 
specification. The following list of items is the minimum requiring examination during 

VLD inspection. The requirements for a particular suppliers finished wire and cable 
are contained in the QSS drawing corresponding to the Qualified Supplier Sheet number 
contained in the vire part nuaber (See Section 8.1 and 8.2). 

a. Conductor 

(1) Diameter 

(2) Number of Strands 

(31 Strand Coating 

(41 Type of Stranding 

(5) Diameter of Strands 

b. Finished Wire or Cable 

(1) Maximu diameter of finished wire or cable. 

121 Construction of finished wire or cable to conform to Type and Class 
designation. 

(3) Color-code identification for individual wires of a multi-conductor cable 
applied as specified. 

(4 1 Continuity, uniform application of insulations and jackets on wire or cable. 

(a) Variations in color which do not exceed the light-dark limits 
established by MIL-STD-104, or this specification are acceptable. 

(b) Discolorations due to foreign materials are not acceptable, i.e., 

1) Overheated or scorched insulations or jackets 

21 Dust, grease or oil contamination 

(Cl voids or delaminations in the insulation or jacket which can be 
detected without magnification insulation or in tightly fitting 
jackets that do not increase the diameter in excess of the computed 
maximran outside diameter, are acceptable. 

(el Metallic or gritty particles in the insulation or jacket, are not 
acceptable. 

(5) Thickness of wire or cable jacket where applicable. 

(6) Push-back characteristics for shield on Type III, VI, XII, XIII, XV, XVIII, 
XXI, and XXIV cable. 

(7) Tendency of Class 2 or greater cable to untwist when cut as a unit. 

(81 Blocking of adjacent conductors in multi-conductor cable. 

R. 

a.1 

IDENTIPICATION 

ALL TYPES, CLASS 1 

All Types, Class 1 wire or cable shall be identified by permanent printed marking 
applied at regular intewals to the outer surface of the finished wire or component 
wire as applicable. As an option, the identification may be applied to the cable 
jacket rather than the component wire. Spacing between the last and the first 
letter of adjacent marking shall be six inches (nominal). 

R 



a.3 

8.7.1 

0.3.2 

(Cont’dl 

The printed identification shall consist of the following: 

a. Wire Specification and QPL Qualified Supplier Sheet (QSS) Number 

b. wire Type 

C. Wire Class 

d. Wire Size 

e. Manufacture’s code number or trade mark. 

Kxasple: w4ec/o1 l/1-20 xxxxx - - 

Indicates: SHS 13-4ECC&, Type I, Class 1, Size 20, 

Manufacturers QPL-QSS Number 

ALL TYPES, CLASS 2 TRROUGR 24 

Manufacturer’s Code Nrmrber 3 

For Class 2 through 24 cable the identification shall be only on the red component wire. 
As an opt ion, the identification nay be applied to the cable jacket rather than the 
component wire. 

The cable identification shall be imprinted at intervals of not more than six inches and 
shall consist the followingr 

a. Wire Specification and QPL-QSS Number 

b. Wire Type 

C. Wire Class 

d. Wire Size 

a. Manufacturer’s code number or trade mark 

example: rnflC/Ql 3/4-6 xxxxx P P P 

Indicates: BUS 13-48C/XX, Type III, Class 4, Size 6, 

T  Manufacturer’s QPL QSS Nmber 

Ranufacturer’s Code Number ?t 

APPLICATTON AND COLOR OC IDENTIFICATION MRKING 

Unless otherwise specified on tha purchase order, the following shall apply: 

TYPES I fRROUGn XXI 

The identification marking on all wire and cable shall be Permanent and of sufficient 
size to be intelligfble. When the finished diameter is 0.054 inch or less, the marking 
sha 
limit8 of IIIL-STD-104, Class 1. The color of the marking on all wire with a marking 
surface color of red, blue, green, black, purple, or brown shall be white within the 
:Ifi-;y-104, Class 1, limits. The marking shall sect the requirements of Section 

. . . 

TYPES XXII TRKDlJGR XXIV 

The identification marking shall be in accordance with 8.3.1 except that the color of 
the marking on all wire and cable with a marking surface color of white, shall ba 
orange, within the linits of ML-STD-104, Class 1. In addition, a series of six 0.10 
inch dashes shall be applied at the approximate rid-point between the identification 
mmrkings . The dashes shall be a maximum of 0.06 inches wide 
inches apart. 

, and shall be spaced 0.10 
The color of the dashes shall be the s(Ye as that of the identification 

marking. 

Jacketed cable which has no identification marking on the jacket, shall have orange 
colored dashes applied along its length. The length of the dashes may vary from a 
minis- of -25 inch to a raxinuo of 1.0 inch. The width shall not exceed 0.06 inches. 
Spacing between the dashes is not critical. 

Kxample: 

w48c/01/1/1-20 xxxxx m-me-0 W4SC/O l/l/l -20 xxxxx 
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PACKAGING AND l4ARKING 

Unless otherwise specified on the purchase order, vice and cable shall be prepared for 
shiplent according to the following requirements. 

PACKING 

Type I, v, VIII, Ix, x. XI, XVI, XIX, XXII, and XXIII Wire and Cable 

a. The wire or cable of a given lot shall be wound on spools or reels, with a minimum 
barrel diameter 50 times the wire diameter for size 26 through 14, 40 times the 
wire diameter for size 12 through 10, 30 times the wire diameter for sizes 8 
through l/O, and 20 times the wire diameter for size 2/O through 4/O. The minimum 
barrel diameter for any wire size shall be 3-l/2 inches with a hole size of l-1/2 
inches in diameter. 

b. The minimum acceptable finished lengths for Wire (Types I, V, VIII, IX, X, XI, XVI, 
XIX, xx11 and XXIII Class 1) shall conform to Table XIX. 

c. One foot of each end of each continuous length of multiconductor wire or cable on 
each spool or reel shall be accessible for inspection tests. If the spool or reel 
contains more than one length of wire or cable, the ends of each length shall be 
marked or tagged for identification. 

Acceptable shipping lengths of Class 1 wire sizes 26 through 10 AWG shall be wound 
on a reel or spool in one continuous length. The ends of different lengths of wire 
shall be telephone spliced together to form a continuous length and the insulation 
stripped from the conductor for at least six inches in each direction from the 
splice. The splice shall be finished off smooth and free of burrs and flagged with 
an international orange color tape to prevent damage to adjacent coils of wire as 
shown in Figure 36. The quality of the tape and adhesive shall be such that the 
tape flag shall remain intact during normal handling and shipping operations. Both 
ends of each continuous length of vire on a spool or reel shall be brought out on 
the inside of the flanges and shall be accessible above the surface of the Wire for 
a minimum of 12 inches. The loose ends shall be taped to the inside of the flange. 
~0 adhesive shall be in contact with the wire surface, other than the fastened 
ends. 

d. The aaximu number of splices, in any reel, spool, delivery lot, or shipment shall 
conform to the following formula: 

S LT 
max = 

=AV 

Where : 

S max = An integer representing the maximum allowable number of segments. 

NOTE: S max should always be rounded off to the next highest integer. 

=T - Total length of wire being examined, i.e., may be a segaent, reel, 
spool, delivery lot or shipment. The minimum acceptable length for any 
segment is contained in Table XIX. 

=I 
must be determined for each 

particular Typa, Class, and Size of w re or cable contained in a 
shipment . 

=AV = Average length per segment as described in Table XIX. 

For values of ‘1 which are equal to or less than L 
AV, the n axinum permissible 

number of segments in any inspection lot shall be two. 

The inspection lot to which this paragraph applies will be any lot from the same 
shipent on any single day. 

OPTIONS: 1. When specified on the individual purchase order, acceptable shipping 
lengths may be shipped on a single reel or spool without splicing. 
when this method is requested, at least 12 inches of each end of 
each length shall be accessible for inspection tests. 

2. The ends of different lengths of wire wound on a reel or spool may 
be butt welded rather than telephone spliced. If butt welding is 
used, the international orange tape flag shall be replaced by a tape 
wrap of the same color. The tape wrap shall be such that the total 
0-D. of the wrap does not exceed the insulation 0.0. by more than 
0.003 inches. 
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9.1-l (Continued) 

TABLI? XIX 

TYPE I, V, VIII, IX, X, XI, XVI, XIX, XXII AND XXIII, 
CLASS 1, WIRE - SHIPPING LENGTRS 

9.1.2 

WIRE GAUGE MINIMUM ACCEPTABLE SEGMENT LENGTH ?-I, LAV (Fr) 

26 - 20 500 3155 

18 - 14 500 2020 

12 - a 500 1020 

6 - 4 300 520 

2 - 4/o 100 275 
L 

Type I, III, IV, v, VI, VII, VIII, IX, x, xx, XII, XIII, XIV, xv, XVI, XVII, XVIII, XIX. 
xx, XXI, XXII, XXIII and XXIV Cable 

Acceptable shipping lengths shall be specified on individual purchase orders. The cable 
shall be delivered on spools or reels having e minimum barrel diameter as specified in 
Section 9.1.1.a. 

9.2 PACKAGING 

Packaging shall insure that the electric wire will be adequately protected, during 
shipent and storage, both from physical damage and from the effects of harmful 
materials and environments. 

9.3 MARKING 

Each package and each reel or spool shall be durable and legibly marked to give the 
following information: 

*. Boeing Material Specification 13-48C, Manufacturers QPL-QSS Number, Type, Class, 
Size. 

b. l4anufacturer's Part Number 

C. Total and Individual Wire or Cable Lengths in Feet 

d. Order of Individual Wire or Cable Lengths as put on Shipping Reel 

e. Actual Finished Wire Weight in Pounds 

f. Purchase Order Number 

9. Manufacturer's Name 

h. Date of klanufacture 

i. Kanufacturer's Lot Number 

NOTE: c., d., and e. may be eliminated on containers used for shipping reels or 
spools 



TABLE XX 

QUALIFICATION AND PURCHASER INSPECTION TESTS 

TEST 

Design and Performance 

Accelerated Aging and Life Cycle 

Blocking 

Cold Bend 

Concentricity 

Conductor D.C. Resistance 

Conductor Elongation and Tensile Strength 

Current Overload 

Deformation 

Impulse Dielectric 

Dry Dielectric 

Wet Diclectr ic 

Dynamic Cut-Through 

Plammability 

Plexure Endurance 

Humidity Resistance 

Inraerslon 

Insulation Elongation and Tensile Strength 

Insulation Resistance 

Insulation Shrinkage or Elongation 

Notch Sensitivity 

Polyimide Cure 

Scrape Abrasion Resistance . 

Shield Coverage 

Smoke Tests 

Surface Resistance 

Tape Abrasion Resistance 

Thermal Shock Resistance 

Weight 

Wlcking 

Wire to Wire Abrasion 

Wrap Test 

Handling and Installation 

Flexibility 

Durability of Product Identification 

Barkability 

REQUIRBMENTS TEST METHOD 

4.5.1 7.1 

4.5.1.1 7.1.1 

4.5.1.2 7.1.2 

4.5.1.3 7.1.3 

4.5.1.4 7.1.4 

4.5.1.5 7.1.5 

4.5.1.6 7.1.6 

4.5.1.7 7.1.7 

4.5.1.8 7.1.0 

4.5.1.9.1 7.1.9 

4.5.1.9.2 7.1.10 

4.5.1.9.3 7.1.11 

4.5.1.10 7.1.12 

4.5.1.11 7.1.13 

4.5.1.12 7.1.14 

4.5.1.13 7.1.15 

4.5.1.14 7.1.16 

4.5.1.15 7.1.17 

4.5.1.16 7.1.18 

4.5.1.17 7.1.19 

4.5.1.16 7.1.20 

4.5.1.19 7.1.21 

4.5.1.20 7.1.22 

4.5.1.21 7.1.23 

4.5.1.22 7.1.24 

4.5.1.23 7.1.25 

4.5.1.24 7.1.26 

4.5.1.25 7.1.27 

4.5.1.26 7.1.20 

4.5.1.27 7.1.29 

4.5.1.20 7.1.30 

4.5. I. 29 7.1.31 

4.5.2 7.2 

4.5.2.1 7.2.1 

4.5.2.2 7.2.2 

4.5.2.3 7.2.3 
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TABLE XX Kontlnurd) 

TEST REQUIREMENT5 TEST METROD 

Insulation Removal 4.5.2.4 7.2.4 

Product Control 4.5.3 7.3 

Jacket Flaw 4.5.3.1 7.3.1 

Workmanship 4.5.3.2 7.3.2 

Visual and Dimensional Inspection 4.5.3.3 7.3.3 

Color Code 4.1 v-s- 

Conductor 4.2 _--- 

Insulation 4.3 ---- 

Construction 4.4 ---- 

Performance Requirements 4.5 7. 

Identification of Product 8. -a-- 
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TABLE XXI 

SUPPLIERS QUALITY CONFORMANCE INSPECTION TESTS 

TEST REQUIREMENTS TEST METHOD 

Concentricity 4.5.1.4 7.1.4 

Conductor D.C. Resistance 4.5.1.5 7.1.5 

Impulse Dielectric II) 4.5.1.9.1 7.1.9 

Dry Dielectric II) 4.5.1.9.2 7.1.10 

Flammability 4.5.1.11 7.1.13 

Insulation Resistance 4.5.1.16 7.1.18 

Insulation Shrinkage or Elongation 4.5.1.17 7.1.19 

Polyimida Cure 12) 4.5.1.19 7.1.21 

Weight 4.5.1.26 7.1.28 

Wrap Test 4.5.1.29 7.1.31 

Durability of Product Identification 4.5.2.2 7.2.2 

Markability (Ink Jet Only) 4.5.2.3 7.2.3 

Jacket Flaw 4.5.3.1 7.3.1 

Workmanship 4.5.3.2 7.3.2 

Visual and Dimensional 4.5.3.3 7.3.3 

Color Code 4.1 ---- 

Conductor 4.2 ---- 

Insulation 4.3 ---- 

Construction 4.4 _--_ 

Identification OE Product a. ---- 

II> This test shall be performed on all wire, or cable (as applicable), of the 

Inspection Lot. 

12) Applies only to products which employ a polyimide topcoat 
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APPENDIX  II

MIL-W-81044/9

Wire Specification





NIL-W-BLO44/9bL - 9779906 112Ob570 54b - 

MIL W-81044/9&S) 

NOTE: 
The resistance of the insulation of this wire to "cut-through"* decreases 
with increasing temperature. Therefore, for applications where total 
conductor temperature& are expected to exceed llO°C, use of this wire 
shall be restricted to installations where special precautions are 
taken to preclude stresses which can result in cut-through damage to 
the wire. 

* CUT-THROUGH is damage which results from localized stresses such 
as are caused by thin or sharp edges, lacing cords or ties, mounting 
clamps etc. 

# TOTAL CONDUCTOR TEMPF3ATURE is the operating temperature of the 
conductor of the wire. It is the sum of the ambient temperature 
plus the temperature rise caused by the current carried by the 
wire. 

0 
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MIi-C-2650fiC 
26 June 1967 

MILITARY SPECIFICATXON 

CONNECTORS, GENERAL PURPOSE, ELECTRICAL, 
MINIATURE, CIRCULAR, ENVIRONMENT RESISTING, 

GENERAL SPECIFICATION FOR 

1. SCOPE 

1.1 Scope.. This specification covers an environment-resisting 
family of miniature, circular, electrical connectors (plugs and 
receptacles), designed to meet the requirements of advanced air- 
craft, rockets, missiles, and space vehicles. 

1.2 This specification defines connectors with the following 
' .physical characteristics: 

. (a) A series of plugs and receptacles in which the socket 
'. ( .; -, . - contact inserts have a resilient face,-and the mating - 

pin inserts may have either a resilient or a hard face. 
The available forms are as shown below: 

(b) Coupling types - Threaded (Type T) and Bayonet (Type B). 

(c) Nine shell sizes. (8,..10, 12, 14, 16, 18, 20, 22 and 24). 

(d) Various contact arrangements and sizes, including low 
frequency shielded co.ctacts (Figure 1 of Supplement 1). 

(e) Six different shell polarization positions. 

(f) Five classes - Environment resisting (Class R); Hermetic 
(Class H); Stainless steel (Class E); Fluid resisting 
(Class F); Grounding (Class G). 

(g) Contact styles - "P" pin, "S" socket, "C" pin solder cup, 
"E" pin solder eyelet (styles C&E only for hermetic). 

FSC 5935 / 
;,’ 
i 

/ 
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2. APPL ICAGLE GOCWEXTS 

2.1 The followinq documents, of the issue in effect on date of 
invitation for bids or request for prooosal, form a Dart of this 
specification to the extent specified herein: 

SPECIFICATIONS 

Federal 

QQ-A-367 
L-P-378 
PPP-B-566 
PPP-B-585 
PPP-B-591 
PPP-R-6r)l 
PPP-R-621 
PPP-B-636 
PPP-B-676 

Yilitary 

r~?IL-t*!-14 

t!IL-2-116 
:?IL-li-S6rJ6 

MIL-J-5624 
MI L-S-7742 

YIL-L-7808 

MIL-A-8625 

YIL-L-8937 
YIL-L-9236 

UIL-L-10547 

YIL-bl-16878 

!.1IL-I-17214 
YIt-!*:-22759 

MIL-L-23639 

2 

Aluminum Alloy Forginns, Heat Treated 
Plastic Film (Polyethylene Thin Gauge) 
Bcxes, Foldinq, Paperboard 
Boxes, Nood, \:'irebound 
Boxes, Fiberboard 
Boxes, Wood, Cleated-Plywood 
Boxes, GJood, Nailed and Lock-Corner 
Box, Fiberboard 
Eoxes, Set-Up, Paoerboard 

te!oldino Plastics and Molded Plastic Parts, 
Thermosetting 
Preservation, b?ethods of 
Hydraulic Fluid, Petroleum Base, Aircraft, 
!!;'ssile and Ordnance 
Turbine Fuel, Grades JP-4 and JP-5 
Screw Threads, Standard, Optimum Selected 
Series, General Specification for 
Lubricating Oil, Aircraft, Turbine Engine, 
Synthetic Base 
Anodic Coatinqs, for Aluminum, and Alumi- 
num Alloys 
Lubricant, Solid Film, Heat Cured 
Lubricating Oil, Aircraft Turbine Engine, 
4rlQoF 
Liners, Case and Sheet, Overwap, Glater- 
Vaoor proof, or G!aterproof, Flexible 
Vii rr , Electrical, Insulated, High Temoera- 
ture 
Indicator, Permeability, Low-Yu "Go-no-Go" 
idire, Electrical, Fluorocarbon, Insulated, 
Conper and Conper Alloy 
Lubricating Oil, Aircraft and Turbine 
engines, Synthetic Base 

Information Handling Services, 
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MIL-C-45662 

STAXDARDS 

Federal 

FED-STD-406 

Military 

MIL-STD-105 

MIL-STD-129 
NL-STD-202 

MIL-STD-454 

MS24254 

MS24255 

-MS24264 

MS24265 

MS27034 

MS27186 

MS27187 

MS27290 
MS27291 
MS27292 

MS27293 

MS27294 

MS27295 

MS27296 

MS27297 

MS27426 

XL-C-26500D (XAF) 

Calibration System Requirements 

Plastics, Methods of Testing 

Sampling Procedures and Tables for Xnspec- 
tion by Attributes 
Marking for Shipment and Storage 
Test Methods for Electronic and Electrical 
Component Parts 
Standard General Requirements for Elec- 
tronic Equipment 
Contact-Electrical Connector, Male, 
Removable 
Contact-Electrical Connector, Female, 
Removable 
Connectors, Receptacle, Electrical-Flange 
Mount Miriiature 
Connectors, Receptacle, Electrical-Single ~ 
Hole Mount, Miniature 
Connector, Receptacle, Electrical, Pin - 
Insert, Cylindrical, Miniature, Hermetic, 
Solder Mount 
Plug, End, Seal, Electrlcal Connector Size 
16, 20, and 50 ohm coaxial 
Plug, End, Seal. Electrical Connector Size 
12, 16, and 22 
Bushing, Cable Adapter 
Support, Cable, Electrical Connector 
Cap, Electrical Connector Plug, Protective, 
Metal, Threaded Coupling 
Cap, Electrical Connector Plug, Protective, 
Yetal, Bayonet Coupling 
Cap, Electrical Connector, Receptacle, 
Protective, Metal, Threaded Coupling 
Cap, Electrical Connector, Receptacle, 
Protective, Metal, Bayonet Coupling 
Connector, Receptacle, Electrical, Dunmy 
Stonage, Threaded Coupling 
Connector, Receptacle, Electrical, Dum 
Stowage, Bayonet Coupling 
Tool Kit, Contact, Crimp Type, Electrical 
Connector 

3 
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MS27557 Adapter, Conduit, Right Angle 
MS27558 Supoort, Cable, Right Angle, Closed 
MS27559 Supoort, Cable, Right Angle 

(Copies of specifications, standards, drawings, and publications 
required by suppliers in connection with specific procurement 
functions should be obtained from the procuring activity or as 
directed by the contracting officer). 

3. REQUIREMENTS 

3.1 Qualification. The connectors furnished under this specifi- 
cation shall be a product which has been qualified under paragraph 
3.1.1 and shall be listed or approved for listing on the applicable 
qualified product list. 

3.1.1 Qualification to this specification shall consist of proper 
demonstration that articles submitted for qualification meet all 
requirements contained herein. 

3.1.2 In the event of conflict between this specification and the 
MS sheet listed on the supplement, the latter shall govern. In the 
event of conflict between this specification and the applicable 
document (Section 2), the requirements of thts specification shall 
govern, -. _, i. 

3.1.1.1 Family Qualification. Where it can be shown that a group 
of connectors constitutes a design series differing only in envelope 
dimensions, qualification of the entire serfes can be accomplished 
at the discretion of the qualifying agency by submitting the largest 
and smallest shell sizes to, and successfully passing, this specifi- 
cation. Proof of design similarity shall take into account but not 
necessarily be limited to the following considerations: 

a. That shell couplings are identical 

b. That component materials are identical 

C. That contacts are identical 

d. That contact spacing is identical, or at least 
that connector samples subjected to actual test- 
ing include those exhibiting the closest contact 
to contact and contact to shell spacing. 

4 
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3.2 Military Standards for individual connectors. All requirements 
herein apply to all connectors covered by the aoolicable military 
standards listed in this specification and supplement. Each com- 
plete plug or receptacle is an assembly of specific parts, such as: 

a. Body, comprising the shell, dielectric fnserts, and 
on plugs, the coupling ring. 

b. Contacts, pin or socket type as specified. 

C. Plug end seal (except on hermetically sealed recep- 
tacles). 

d. Cap, protective plastic. 

e. Instruction Sheet (except for Class H). 

3.2.1 Body - The design and construction of the body portion of 
the plug and receptacle shall be as follows: 

3.2.1.1 Shell 

*3.2.1.1.1 Shell material. The shell for the plug or receptacle 
for Classes R, F, and G shall be alumfnum alloy 6061, temper T6, 

. . in accordance with QQ-A-367. Other materials for Classes R. F, and 
G will be permitted provided they show equal or better mechanical 
strength and meet the performance requirements herein. Shell mate- 
rial for Class E shall be 300 series stainless steel. All materials 
shall be corrosion resfstant or protected to meet the performance 
requirements heref n. The shell material for the hermetic recepta- 
cles shall be suitable for soldering or brazing to a mounting sur- 
face of steel or aluminum allw. 

3.2.1.1.2 Shell keying. The polarization of the mating plug and 
receptacles shall be accomolished by means of integral keys and 
keyways on plug and receptacle shells, as shown on the applicable 
military standard. Keys shall be designed to prevent engagement of 
the contacts with the mating contacts or with the insert surface of 
the counterpart connector until the keyways are properly aligned 
for engagement. 

3.2.1.1.3 Mating bodies. The shells and thefr inserts shall be 
designed to achieve a face-to-face seal, providing continuous 
electrical separation between contacts and between contacts and 
shell. A peripheral "0" ring seal shall be provided between the 
receptacle and plug shell. The seals thus provided shall be . 

5 
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sufficient to ai low the mated plug and receptacle to comply with 
the performance requirements speciffed herein, Complete matfng of 
threaded types shall occur when the plug shell bottoms agafnst the 
receptacle shell. 

3.2.7.1.4 Receptacle shell. The sing1 e-ho1 e mount receptacle 
shall be provided with an O-ring panel seal and nut with pro- 
visions for locking. 

3.2.7.1.5 Coupling connection. The coupling ring of threaded and 
bayonet types shall be straight knurled or fluted and designed to 
assist in mating and unmating contacts as the coupling ring is 
ticJhtened or i oosened. It shall be possible to fully mate or un- 
mate a counterpart plug and receptacle of any size and contact 
arrangement without the use of tools. The coupling ring shall be 
,3echanically retained on the plug shell and shall provfde positive 
retention of the plug and receptacle by means oF solid shoulders 
on the coupling ring and plug shell. A plug with a bayonet cou- 
pling shall couple to its mating receptacle by rotating the 
coupling ring through 120° maxImum as shown on the applicable 
military standard. The threaded coupling ring shall have three 
0.035 diz.n?ter safety wire holes equally spaced. 

3.2.1.1.C Visual indjcator of completed coupling. 

3.2.1.1.6.1 Threaded coupling. A circumferentfal strfpe of con- 
trasting coior with the shell, and which shall be a minimum of 
O-C;25 inch in width, shall be placed on the threaded type rccep- 
tacle and the dimension from the front edge of the receptacle to 
the far side of the strjpe shall be 0.433 plus or minus 0.003 
inch. The coupling ring shall cover the stripe when the con- 
nectors are conplctcly mated. 

3.2.1.1.6.2 Bayonet couplfng. Three 0.025 plus or minus 0.019 
inch wide axial stripes of contrasting color shall be placed on 
the bayonet coupled receptacle; the stripes shall coincide with 
the bayonet pin. The coup1 ing ring shall have three sfm1 lar 
stripes coinciding with the lock positions. The receptacle 'line 
2x! the coupling ring line shall align within 0.015 inch when the 
connectors zre ccxp? etely mated. 

3.2.1.1.7 Screw threads. Screw threads shall be in accordance :qi th 
XiL-S-7742. Out-of-roundness is not objectionable if the threads 
can be checked without forcing the thread gauges. All thread sw- 
far,c;s incl udS;Ig tile lead thread shall be slnooth enoug!l that they 
will mt te galled, cut, or cthewise danaged by r~at~nq, or cause 
daxcje to the rating connector. Al 1 threads shall be contir8!.!gu; 
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and not broken or interrupted, except where otherwise required by 
the military standard. 

3.2.1.1.8 Lubrication. Internal coupling ring threads shall be 
coated with a libricant conforming to MIL-L-8937. 

3.2.1.1.9 Rear connector seal - Sealing of the wires and back of 
the connectors shall be accomplished without aid of auxiliary 
compression devices. 

3.2.1.2 Insert 

3.2.1.2.1 Insert construction. The inserts shall be designed and 
constructed to eliminate all air paths between contacts. The sock- 
et insert face shall be of a resilient material. An integrally 
molded resilient static peripheral seal shall be provided that will 
effect a seal before mating is completed, as shown on the military 
standard. The entire insert and wire sealing member shall function 
as an integral part. Its separate parts shall be bonde?I-and shall 
provide suitable sealing around the wire shown in Table I for the 
appropriate contact sizes. The inserts shall-be so designedthat 
positive locking of the contacts in the inserts is provided. The 
contact retaining device shall be free of foreign material, adhesive, 
or any obstruction that would prevent contact insertion and positive 
retention. Contacts for the hermetic-receptacle shall be fused in 
place wfth vitreous material and a resilient gasket shall be cemented 
to the face of the insert. No metal lattice material shall be used. 
All materials used for fnserts shall meet Resfstance to Arc require- 
ments of 3.6.20. 

TABLE I 7 
I 

t- 

Contact 
Size 

No. 20 r No. 16 

No. 12 

Shielded 

WIRE SEALING ACCOMMODATION OF 
CONTACT SIZES AND WIRE DIMENSIONS 

Range of Outside Diameter of all 
Insulated Conductors 

(INCHES) 

0.040 to 0.090 

0.068 to 0.130 

0.106 to 0.170 

0.095 to 0.145 

'Wire Gauge to whit 
Contact is require 

to Crimp 

No. 24, 22, or 20 

No. 20, 18, or 16 

No. 14 or 12 

No. 22, 20, and 18 
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3.2.1.2.2 Contact alignment and stability. With all contacts 
properly inserted into the connector, the alignment of pin and 
socket contacts shall always permit engagement irrespective of 
buildup of misalignment tolerances such as tolerances allowed on 
hole locations, and allowable distortion of contacts due to crimp- 
ing. This requirement shall apply to unwired contacts having 
sealing plugs and to contacts wired with minimum or maximum size 
wire insulation or with contacts properly inserted having any 
combination of the above conditions. 

3.2.1.2.3 Insert arrangement and marking of the insert. The in- 
sert arrangement shall be as specified by the connector part num- 
ber and in accordance with the applicable military standards. The 
contact positions shall be marked by numbers and a line in accor- 
dance with the appljcable MS standard. The size of the numbers 
shall be as large as practicable and no less than 3/64,inch in 
height. The contact positions shall be permanently designated in 
contrasting color on the front and rear faces of the insert. The 
marking on mating faces shall be of opposite rotation so that, when 
mated, contacts of the same identification number shall mate with 
each other. The marking shall be legible on all samples after all 
tests. 

3.2.1.3. Part numbering and marking. The connectors shall be 
clearly and permanently marked. Insofar as 3s practical, the mark- 
ing shall be readable after the connector is mounted on equipment. 
All letters and numbers shall be a minimum of 3/64 inch in height 
and shall be legible after any test sequence required by this 
specification. Each connector shall be marked on the shell or 
coupling ring with the manufacturer's name or trademark and with 
the appropriate MS part number, as in the following example: 

MS24264 

Military Stan- 
dard Shell 
Drawing 

Class of Con- 
nector 

Shell Size 

8 

8831 

IT L 
I! 

Keytng posi- 
tion number or 
"N" for normal 

Contact Style 

Insert Arrange- 
ment 

- Coup1 ing Type 
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The manufacturer's symbol for purge control shall also appear on 
each connector, but shall not be marked in direct association v,ith 
the part number. 

*3.2.2 Contacts. All connectors, except the hermetic receptacles, 
shall be designed to meet the performance requirements of this 
specification, using contacts in accordance with MS24254 and 
MS24255. The contact style shall be as designated in the connector 
part number and the size as shown on the applicable :1S insert draw- 
ing. 

3.2.2.1 Contacts for hermetic receptacles shall be made of suit- 
able materia'l plated to meet the performance and detail require- 
ments of MS27034, MS24264 and MS24265 receptacles. Dfmensions 
shal? be as shown on the applicable military standard. 

3.2.3 Plug, end seal. 
MS27186 and MS27187. 

Sealing plugs shall be in accordance with 

3.2.4 Caps. Protective plastic dust caps shall be furnished in 
place on each end of each plug and receptacle for protection during 
shipping, storage, and assembly. 

3.2.5 Installation instructfon sheet. Except for Class H, an 
instaTlation instruction sheet shall be furnished andmall specify 

:the proper application. assembly, wiring, mounting, and installa- 
tion of the specific plug or receptacle. The paper and printing 
shall be sulphur free. The manufacturer's name and address may 
appear on the Instruction sheet. 

*3.2.6 Tools. Except for Class H, contacts shall be insertable and 
removable from the connectors and wires shall be attachable to con- 
tacts with tools contained in too7 kit, contact, crimp type 
Electrical-Connector MS27426. 

3.2.7 Accessories. 
the connector. 

The accessories are not an integral part of 
The connector shall perform as specified when 

applicable accessories are used. Unless otherwlse shown on the 
mSlitary standard, the accessories are as follows: 

a. For Classes R, G, and F in aluminum shell materials, 
cable support fitting in accordance wfth MS27291. 

b. For Classes R, G, and F in aluminum shell materials, 
cable adapter bushing in accordance with MS27290, 
used to cushion the bundle of wires in the cable 
support. 

3 
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c. 

d. 

e. 

f. 

3.3 Finfsh. 

For Classes R, G, and F in aluminum shell materials 
right angle conduit adapter in accordance with NS- 
27557. 

For Classes R, G, and F in aluminum shell materials 
c7osed right angle cable support fitting in accor- 
dance with MS27558. 

For Classes R, G, and F in aluminum shell materials 
right angle cable support fitting in accordance with 
MS27559. 

A dummy stowage receptacle in accordance with MS- 
27296 or MS27297, as applicable. When the plug is 
coupled to its applicable dummy stowage-receptacle, 
the mated assembly shall be sealed to prevent accu- 
mulation of dust, dirt, grease, oils, vapors, and 
other foreign substances on the face of the plug 
which could result in contamfnatfon. 

A protective metal cap MS27292, MS27293. MS27294 or 
MS27295, as applicable. When the cap is coupled on- 
to the receptacle or plug, the mated assembly shall 
prevent accumulatfon of dust, dirt, grease, oils, 
vapors, and other foreign substances on the face of 
the receptacle which could result in contamination. 

Aluminum parts on other than Class G connectors shall 
be anodfc coated to Type III, with a minimum thickness of 0.001 
inch, Class 2, dark gray to black color and shall be sealed per 
MIL-A-8625. except where shown or otherwfse on the military stan- 
dard. The finish of hermetic receptacles shall be suftable for 
soldering or brazing to the mounting surface. The finfsh on Class 
G connectors shall be such as to provide an electrically conductive 
path from the cable clamp screws on the plug to the receptacle 
mounting flange and shall meet the other requirements herein. 

3.4 Dissimilar Metals. Unless OthenJjSe protected against elec- 
trolytic corrosion, dissimilar metals shall not be employed in 
intimate contact with each other in a connector or in any mated 
pairs of connectors conforming to this specification. Dissimilar 
metals are defined In MIL-STD-454. Requfrement 16. 

3.5 Interchangeability. Any plug and receptacle assembly, fn- 
eluding its complement of contacts, shall be completely inter- 
changeable with any other plug or receptacle having the same 

10 
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assembly part number whether from the same or any other supplier 
who complies with this specification. All pin and socket contacts 
of the same part nubmers shall be interchangeable whether from the 
same or any other supplier who complies with this specification. 

3.6 Performance. When subjected to the environmental tests 
specified herein, connectors covered by this specification shall 
meet the following performance requirements. 

3.6.1 Design and Construction. The connectors shall conform to 
a11 requirements of this specification and military standards in 
accordance with 4.7.1. 

3.6.2 Torque to couple/uncouple. When mated with and unmated 
from counterpart connectors in accordance with 4.7.2 and 4.7.2.2, 
the connectors shall require torque within the limits of the 
appljcable values in Table II. 

l TABLE II - TORQUE 

Shell Size Torque for Types T 1c B (INCH POUNDS) 1 
-_ ._ MAXIMUM MINIMUM UNCOUPLING 

. With Contacts Without Contacts 

-8 g- .- 2.0 :_. ~. 

:: :: 
2.5 

14 

it 
:3 

E 
4:o 

.26 

:i i:, 
3 
6:5 

24 46 7.0 
. 

3.6.2.1 Torque to couple/uncouple - variables data. When tested 
in accordance with 4.7.2.1, it shall be demonstrated with 95% con- 
fidence that 99% of the design population require mating or un- 
mating torques within the limits of the applicable values shown in 
Table II. 

3.6.3 Contact Retention. When tested as specified in 4.7.3, the 
individual contact retention mechanism on unmated connectors shalt 
retain the contact under the axial loads specified in Table III. 
During the test, the axial displacement of the contact shalt not 
exceed 0.012 inch when pressures are applied to the mating end of 
the contact. 

11 
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3.6.3.1 Contact Retention - variables data. !dhen tested in accor- 
dance with 4.7.3.1, it shall be demonstrated with 95% confidence 
that 99% of the design population have minimum contact retention 
capabilities which exceed the values given in Table III. 

l 

c 

TABLE III 
AXIAL LOADS FOR CONTACT RETENTION TEST 

CLASS R, G. F, AND E 

Contact Site I Axial Loads (pounds) 

3.6.4 Contact Insertion/Removal Forces. Except for Class H, when 
tested as specified in 4.7.5, the individual contact insertion 
forces shall not exceed 15 pounds. Individual removal forces shall 
not exceed 10 pounds. 

.3.6.4.1 Contact Insertion/Removal Forces - variablesdata. Ex- 
cept for Class H, when tested in accordance with 4.7.5.1, it shall 
be demonstrated with 95% confidence that 99% of the design popula- 
tion shows contact insertion forces of 15 pounds or less, and 
contact removal forces of 10 pounds or less. 

3.6.5 Insulation Resistance. When tested as specified in 4.7.7, 
the insulation resistance shall be greater than 5000 megohms when 
measured between two adjacent contacts and between the contact 
closest to the shell and the shell. 

3.6.5.1 Insulation Resistance - variables data. When tested as 
specified in 4.7.7.1, it shall be demonstrated with 95% confidence 
that 99% of the design population exhibit insulation resistance 
exceed 5000 megohms between two adjacent contacts and between the 
contact closest to the'shell and the shell. 

f3.6.5.2 Insulation Resistance at High Temperature. When tested 
tn accordance with 4.7.7.2, the insulation resistance of connec- 
tors shall be greater than 2000 megohms for Classes G, H, and R, 
and 100 megohms for Class F when measured separately between any 
two adjacent contacts and between the shell and any contact. 

Information Handling Services, 
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f3.6.5.3 Insulation Resistance at High Temperature - variables data. 
When tested as specified in 4.7.7.3, it shall be demonstrated with 
95% confidence that 99% of the design population exhibit insulation 
resistance exceed 2000 megohms for Classes G, H, and R and 100 
megohms for Class F between two adjacent contacts and between the 
contact closest to the shell and the shell. 

3.6.6 Dielectric Withstanding Voltage. When tested in accordance 
with 4.7.8, and at the voltage levels indicated by Table XII, 
connectors shall show no evidence of flashover or breakdown. 
Breakdown shall be said to have occurred when leakage current ex- 
ceeds 2.0 mA upon application of high potential. 

3.6.6.1 Dielectric Withstanding Voltage - variables data. When 
tested in accordance with 4.7.8.1. it shalt be demonstrated with 
95% confidence that 99% of the design population do not have break- 
down or flashover at voltages under 1500 volts A.C. 

3.6.6.2' Dielectric Withstanding Voltage, Altitude (mated). Com- 
pletely wired and assembled connectors shall show no evidence of 
breakdown or flashover when tested in accordance with 4.7.8.2. 
Corona shall not be considered as breakdown. 

3.6.6.3 Dielectric Wf thstanding Voltage, Altitude (mated) - 
variables data. Completely wired and assembled connectors shall 
be tested in accordance with 4.7.8.3, and it shall be demonstrated 
with 95% confidence that 99% of the design population will not 
breakdown or flashover under 1000 volts A.C. at 110,000 feet 
altitude simulation. Corona shall not be considered as breakdown. 

3.6.6.4 Dielectric Withstanding Voltage, Altitude (unmated). 
Completely wired but unmated connectors shall show no evidence of 
breakdown or flashover when tested in accordance with 4.7.8.2 
Corona shall not be considered as breakdown. 

3.6.7 Fluid Inmiersion (Class R, G, and E). After immersion in 
fluids specified in 4.7.9 for the times and conditions specified, 
unmated connectors shall mate properly. 

3.6.7.1 Fluid Immersion (Class F). After immersion in fluids 
specified and according to the cycling sequence of 4.7.9.1, unmated 
connectors shall mate properly. The insert shall not swell to the 
extent that will cause cracks or tears. The insert diameter shall 
not swell to the extent that its dimension changes by more than 15%. 
Inserts shall not show evidence of material reversion. 

3.6.8 Vlbration. When tested in accordance with 4.7.12 or 4.7.12.2 
connectors shall not crack or break and there shall be no loosening 
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of parts. Connectors shall be in full engagement during vibration 
and the coupling device shall not loosen as a result of vibration. 
Ihterruption of e?cctrical continuity shall be no longer than one 
microsecond. 

3.6.9 Physical Shock. During and after testing in accordance 
with 4.7.13, connectors shall shovr no sign of damage. Interrup- 
tion of electrical continuity shall not exceed one microsecond. 

3.6.10 Contact Resistance. !Jhen testing with a mating plug and 
in accordance with 4.7.11, the average contact resistance value 
of any 10 contacts of Class H connectors shall not exceed those 
in Ihe table entitled "Contact Resistance" (Potential Drop) of 
!lIL-C-26636 by more than 700 percent. No individual contact shall 
exceed the specified value by more than 1100 percent at 250 and 
2OSOC. Contacts of mated Class R, G, F, and E connectors shall 
meet the requirements of table entitled "Contact Resistance" of 
MIL-C-26636. 

3.6.10.1 Contact Resistance - variables data. In accordance with 
4.7.11.1, it shall be demonstrated with '95% confidence that 99Z of 
the design population exhibit contact resistance which is less than 
the mr3xfmum values stated In 3.6.10. 

3.t.11 Thermal Shock. After testing in accordance with 4.7.6, 
connectors shall be unmated and show no evidence of cracking, 
fracture, or other damage detrimental to the connector. No mate- 
rial reversion shall be in evidence. 

3.6.12 Moisture Resistance. During or after the test specified 
in 4.7.14, the insulation resistance values shall not be less than 
1000 megohms. 

3.6.13 Corrosion. After being tested in accordance with 4.7.15, 
the unmated connectors shall show no exposure of basic metal due 
to corrosion. Class H specimens shall be exposed unmated and 
shall nzet the requirements of 3.6.10, on the first mating after 
corrosion testing. 

3.6.14 Temperature Life. After subjectlon to the test of 4.7.16, 
the connectors shall perform satisfactorily and shall pass the 
succeding tests in the qualification test sequence. 

3.6.15, Ozone Exposure. At the end of the ozone exposure test of 
4.7.17, the connectors shall evidence no cracking of materials or 
other damage that will adversely affect subsequent performance in 
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the qualification test sequence. 

*3.6.16 Magnetic Permeability. When tested per 4.7.18, the rela- 
tive permeability of the connectors shall be less than 2. Class 
H receptacles are not subject to this requirement. 

3.6.17 Insert Retention. When tested in accordance with 4.7.19, 
connectors less cable supports or any insert supporting accessory 
shall withstand an axial load of 75 PSI from either direction for 
a period of at least 5 seconds without being dislocated from their 
normal position in the shell. 

*3.6.17.1 Insert Retention (Class H). When tested in accordance 
with 4.7.19.1. Class H connectors shall withstand a load as shown 
on Table IV either direction parallel to the axis of the connector, 
for a period of 5 seconds minimum, without displacement of contacts 
or insert. Connectors shall then meet the test specified in 3.6. 
18.1. 

TABLE IV 

INSERT RETENTION LOADS (CLASS H) 

Shell Size Load (PSI) 

!24- .- 250 
22 300 
20 700 
18 .I 000 
16 1250 
14 1750 

;ti 2000 2750 
8 3000 

3.6.18 Air Leakage. When testing in accordance with 4.7.20. 
receptacles shall prevent leakage of more than one cubic Inch of 
air per hour. 

3.6.18.1 Air Leakage Class H Receptacles. When testing in accor- 
dance with 4.7.20.1, and when subjected to a pressure differential 
of 15 PSI across the receptacle, the receptacle shall not exhibit 
an air leakage rate that will produce a pressure change of more 
than 0.01 micron of mercury per cubic foot per hour (1 x 10-7 
Standard cc/set at 1 atmosphere). The specific leakage rate shall 
apply through the connector only and not through the brazed or 
welded joint between the connector and the mounting flange. 
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*3.6.13 Altitude Immersion, bfhen tested in accordance with 4.7.21, 
Class G, H, and R connectors shall E;aintain an insulation resist- 
ance of at least 5000 megohms and shall withstand a voltage of 
1500 volts AC at sea level. Class F connectors shall maintain an 
insulation resistance of at least 10% megohms and shall withstand 
a voltage of 1500 volts AC at sea level. 

3.6.20 Resistance to Arc. The resistance to arc of insert mate- 
rial disc specimens, conforming to designation 2 of JIIL-!fl-14, shall 
be a minimum of 115 seconds when tested in accordance with FED-STD- 
406, Test Nethod 4011, except as otherwise specified in 4.7.22. 

3.6.21 Ground Resistance (Class G only). \Jhen tested in accor- 
dance with 4.7.23, the resistance shall not exceed 0.250 ohms. 

3.7 blorkmanship. Details or \qorkmansh<p shall be in accordance 
vrith highgrade manufacturing practices for similar connectors. 
All sharp corners shall be broken and shall be smooth; shell sur- 
faces st,all be free from porosity, blow holes, burrs, and cracks. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 Responsibility for inspection. Unless otheMse specified in 
the contract or purchase order, the supplier is responsible for 
the performance of all inspection requirements as specified herein. 
Exccgt as otherwise specified, the supplier may uti;lize his own 
inspection facilities or any laboratory acceptable to the Govern- 
ment. The Government reserves the right to perform any of the in- 
spections set forth in the specffication where such inspections 
are deemed necessary to assure supplies and servIccs conform to 
prescribed requirements. 

4.7.1 Test equipment and inspection facilities. Test equipment 
and inspection facilities shall be of sufficient accuracy, quality 
and quantity to permit performance of the required inspection. 
The supplier shall establish calibration of jnspection equipment 
to the satisfaction of the Government. Calibration of the stan- 
dards which control the accuracy of inspection equipment shall 
comply with the requirements of YIt-C-45662. 

4.2 Classification of inspection. The examination and testing of 
connectors (plugs and receptacles) shali be classified as follo:Js: 
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TABLE V 

INSPECTION B - MAJOR-!JI tlOR DEFECTS 

IIAJGR MINOR 

Inability to mate with counter- 
part 

Poor exterior finish 

Incorrect sealing rfngs 
Sealing member flash 

Incorrect wire entry hole 
Incorrect exterior or outline 
dimensions not preventing en- 

Improper sealing member or 
gagement or mounting 

connector dimensions prevent- 
ing sealing 

Omissfon of colored stripe 

Cmission or incorrect identi- 
fication markings 

Defective insert 

Nissing or defectjve contact- 
locking device 

Burrs capable of cutting 

Piece part missing 

Materials not meeting specifica- 
tion requirements 

Nonconformance to design and 
construction 

Poor workmanship 
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a. Qualification insoection (kocction C - see 4.4). 

b. Verification ot qualification (Inspection D - see 
4.5). 

C. Quality conformance inspection. 

(1) Inspection of product for delivery (Inspection 
A t B - see 4.6.1.2 and 4.6.7.3). 

(2) Inspection of preparation for delivery (see 
4.6.2). 

4.3 Inspection conditions. Unless otherwise specified herein, 
all inspections shall be performed In accordance with the test 
conditions specified in the genera7 requirements of MIL-STD-202 
and cn sample units selected from the same fnspection lot. 

4.3.1 Disposition of inspected samoles and defective items. 
Items damaged during inspections A and 8 and connectors subjected 
to inspections C and D shall not be delivered on the contract or 
purchase order. 

*4.4 Qualification inspection. Inspection C shall be performed at 
a laboratory acceptable to the Government (see 6.3). Connectors 
shall be inspected to the requirements cutlined in Tables VIII and 
IX in the sequence listed. A minimum of 30 independent readings 
shall be made for each test in Table IX. This inspection shall be 
performed at least once on samples of each new design connector or 
after a siqnificant design or construction change is made. To 
determine if any changes have occurred, the manufacturer shall re- 
tain the items on which the qualification tests were performed 
along with the applicable manufacturing drawings. Exami nation of 
these drawings will provide the basis for dccidi ng whether a change 
has been made, and discussion and agreement between technical repre- 
sentatives of the manufacturer and the qua1 ifying agency will pro- 
vide the basis for a decision on the significance of the change. 

4.4.7 Selection of samples. The number and type of samples 
selected for subjection to Inspection C shall be in accordance 
with Tables VI and VII. The manufacturer shall establish the 
sample site to be used for qualification of his connectors. The 
sample lot size and associated acceptance level shall not be 
changed after the tests are started. 

4.4.2 Preparation of samples. Tests per 4.7.2.2 and 4.7.12.2 
must be run before wiring those samples which are to be subjected 

Information Handling Services. 
nnnnmhov 3n 1 aaa 17 .11 .1 A 





I’llL-C-c’b5UUD W Y=l=l=l=lClb 1O=lbO87 b20 - 

MIL-C-26500D (USAF) 

to these tests. 

*a. For samples of the non-hermetic sealed types, one 
half the sampel size of Tables VI and VII shall be 
wired with MIL-W-16878 or MIL-W-22759 wire with 
insulation OF extruded construction as applicable. 
The wire gauge and insulation diameter shall be the 
smallest for which the contacts are designed, i.e., 
size 20-gauge wire and size 12 contacts with 14-gauge 
wire. The remaining half of the samples shall be 
wired with MIL-W-16878 or MIL-W-22759 wire where the 
wire gauge and insulation diameter shall be the lar- 
gest for which the contacts are designed, i.e., size 
20 contacts with 20-gauge wire, size 16 contacts with 
16-gauge wire and size 12 contacts with 12-gauge wire. 
In all test samples 5% of the contacts in each connec- 
tor or one contact in each connector, whichever num- 
ber is greater, shall not be wired, and the wire 
entry holes shall be filled with sealing plugs. 

b. The hermetic receptacles shall be wired with MIL-Y- 
.. 16878 or MIL-W-22759 wire with insulation of extruded 

construction. The wire gauge shall be the largest 
for which the contacts are designed, i.e., size 20 
contacts with 20-gauge wire, size 16 with 160gauge 
wire and size 12 contacts with 12-gauge wire. Only 
the tests applicable to hermetic receptacles need be 
conducted. The hermetic receptacles shall be mounted 
as in service on sealed metal cans for the altitude 
test. 

. .._ 

l 4.4.3 Accept-Reject Criteria. The total number of connectors fail.? 
ing to pass the inspection indicated in Table VIII shall not exceed 
the acceptance number for the plan chosen on Table VI, except that:' 
on tine examination of product test, only failures involving inter-' 
changeability or those that require different tools or accessorieZ 
will be counted. Other failures disclosed during the examination 
of product will require correction to the degree that articles 
produced and submitted for acceptance inspection will comply with 
individual and sampling inspection requirements. 

4.5 Verification of qualification. Every 6 months the manufactur- 
er shall compile the results of Inspection D tests, indicating the 
number and type of any part failures , and forward it to the qualify- 
ing activity as the basis of continued qualification approval. If 
the test results indicate nonconformance with specification require- 
ments, action shall be taken to remove the falling product from the 

__ -- 
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qualified products list. Failure to submit the data shall result 
in loss of qualification for that product. In addition to the 
periodic submission of inspection data, the supplier shall jrrmedi- 
dtely notify the oualifying activity at any time during the 
applicable period'if the inspection data indicates failure that 
could cause changes in the qualiflcatlon status of any qualified 
product. 

4.5.1 Selection and preparation of samples. Inspection D shall 
consist of the tests specified in Table XI and IX, in the order 
s h w  n , and shall be performed on sample units selected from in- 
sgection lots that have passed Inspections A and C. A minimum of 
30 independent readings shall be made for each test in Table IX. 
The selection of samples and mating halves of test samples shall 
be in accordance with Tables X and VII. Selected samples shall be 
prepared in accordance with subparagraphs (a) and (b) of 4.4.2 
Attributes inspection shall be perforr!ed on i terns presented for 
inspection before 20,000 connectors of the same part number have 
been produced since the preceding group was subjected to this in- 
spxtion, but not more often than each 3 months and at least every 
6 months. Variables tests need not be performed more often than 
once every 6 months. 

4.5.2 Accept-Reject Criteria. The total number of failures to 
pass the inspection indicated in Table XI shall not exceed the 
acceptance number for the plan chosen in Table X. On the exami na- 
tion of product test, only failures involving interchangeability 
or those that require different tools or accessories will be 
counted. 

4.6 Quality conformance inspection 

4.6.1 Inspection of product for delivery. Inspection of product 
for delivery shall consist of Inspections A and l3. 

4.6.1.1 Inspection Lot. An inspection lot shall consist of con- 
nectors conforming to the same part number, manufactured by the 
same processes and with the same equipment, and subni tted for 
acceptance at one time. \/here production of connectors conforming 
to this specification is continuous, an inspection lot may be 
arbitrarily selected on a time span basis. 

4.6.1.1.1 Test sample mating part. In order to economize on in- 
spection, both plugs and receptacles may be subjected to inspec- 
tion for acceptance even though they are on different contracts or 
purchase orders. Where this is not possible, the plug or recepta- 
Cl? to mate with the one under inspection shall be suitable for 
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that purpose. 

4.6.1.2 Inspection A (Individual 100 percent). All connectors 
submitted for compliance with this specification shall be inspect- 
ed and comply with the following: 

a. Al 7 connector bodies meet the dielectric withstand- 
ing voltage requirements of 3.6.6 between adjacent 
contact retainers and contact retainers and shell. 

b. All contact retention devices are in place and pro- 
vide the required contact retention of 3.6.3. 

C. Each hermetically sealed receptable meets the air 
leakage requirement of 3.6.18. 

*4.6.1.3 Inspection I3 (Sampling lot-by-lot). This inspection 
applies to those items that normally make up the kit of parts 
comprising the connector part number. The kit of parts shall be 
inspected for the presence of the proper parts, correctness of 
markings on connector container, the contact and plug end seal 
container, and the correct date code. At this time, a vfsual in- 
spection shall be made of the piece parts for defects listed Ian 
Table V. Any defects shall be corrected, and if this inspection 
shows improper piece parts beyond that allowed by 4.6.1.3.1, the 
lot shall be rejected until the piece parts are corrected. 

4.6.1.3.1 Sampling plan. Statistical sampling and inspection 
shall be in accordance with MIL-STD-105 for general inspection 
level II. The acceptable quality level (ADL) shall be 1.0 for 
major defects and 4.0 for minor defects as defined in Table V. 
Major defects are those #at interfere wlth the mating fnterchange- 
ability of connectors and their electrical functioning. Minor 
defects are those that are objectionable, but do not render a 
connector use1 ess . 

4.6.1.3.2 Rejected lots. 
manufacturer shall 

If an inspection lot is rejected, the 
withdraw the lot, or rework it to correct the 

defects, or screen out the defective units, as applicable, and re- 
inspect. Such lots shall be separate from new lots, and shall be 
clearly identified as reinspected lots. 
inspected using tightened inspection. 

Rejected lots shall be 

4.6.2 Inspection of preparation for delivery. Sample packages 
and packs shat 1 be selected and inspected in accordance with the 
schedule of acceptance tests and visual inspection aids of MIL-P- 
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using applicable insertion and removal tools. The same contacts 
shall be used throughout this aging and subsequent tests. The 
connector shall be mated and unmated 10 times. 20% of the contacts, 
but not less than 3 contacts in both plugs and receptacles, shall 
be removed and inserted 9 times, using applicable insertion and 
removal tools. Pairs of adjacent contacts and contacts adjacent 
to the shell shall be cycled, with the total number of contacts 
cycled being in accordance with requirements of this paragraph. 
The purpose of the procedure is to provide accelerated maintenance 
againg of the contact, contact locking mechanism, and sealing pro- 
visions prior to environmental testing. 

4.7.5 Contact insertion and removal forces. The forces required 
to push the wfred contacts into their normal position within the 
insert and to remove them, using the applicable insertion or re- 
moval tool, shall be measured. Unless otherwise specified, 20% but 
not less than 3 contacts in both plugs and receptacles shall be 
measured. Measurements shall be taken on one contact at a time with 
all other contact holes filled with wired contacts or contacts 
followed by sealing plugs. Connectors shall meet the requirements 
of 3.6.4. 

4.7.5.1 Contact insertion and removal forces - variables data. 
The forces to push the contacts into their normal position within 
the insert and to remove them, using the applicable insertion or 
removal tool, shall be measured. Measurementsshall be taken on 
one contact at a time with all other contact holes filled with wired 
contacts or contacts followed by sealing plugs. Connectors shall 
meet the requirements of 3.6.4. The measurements shall be recorded, 
and the data shall be analyzed in accordance with 6.4 and meet the 
requirements of 3.6.4.1. 

4.7.6 Thermal Shock. The wired, mated connectors shall be sub- 
jected to 5 continuous cycles of temperature change. The two tem- 
perature extremes shall form the limits of the cycle, which shall 
be -55OC + 3OC and +260°C + 3'C for Classes R, H, G, and E and + 
200°C + 3”C for Class F. The first exposure shall be from room tem- 
peratuFe to the lowest extreme. The connectors shall be maintained 
at each extreme for a period of 30 +5 -0 minutes in each cycle. 

The connectors shall be transferred from one chamber to the other 
for the temperature changes. The time of exposure at room temper- 
ature shall not exceed 2 minutes during each transfer. 
low temperature, 

Exposure to 
then high, shall form one cycle. Upon completion 

of the last cycle, the connectors shall be returned to room ambient 
conditions for inspection to the requirements of 3.6.11 and 
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TAELE XI 

INSPECT'IOS D (VSRTIFICATIOK OF QUALIFICP~TXC::) 3R3ER OF TESTS 

Test Grou s 
Requirements Test Rethod. (TACLE X p 

'est Description ,Paraqraph Paraqraph I 11 III I ‘; 

:xal?ination of 
'roduct 3.6.1 4.7.1 x x x x 
'laintensnce Aging rl/A 4.7.4 x x x 
ihcmal Shock 3.6.11 4.7.6 x x x x 
3ielectric 'Ai th- 
;tanding voltage 
(Unmated) 3.6.6 4.7.8 X X 
4oisturc Resistance 3.6.12 4.7.14 x 
Insulation Resist- 
3nce 3.6.5 4.7.7 X 
Temperature Life 3.6.14 4.7.16 X 
Insulation Resist- 
ance (High Temp) 3.6.5.2 4.7.7.2 X 
Air Leakage 3.6.18 4.7.20 X 
Air Leakage (Class H) 3.6.18.1 

%?l 
Y. 

Altitude Immersion 3.6.19 . . x x 
Fluid Imncrsion 
{Class R, G, E) 3.6.7 4.7.9 - X 
Fluid Imcrsion 
(Class F) 3.6.7.1 4.7.9.1 X 
Torque to Couple/ 
Uncouple 3.6.2 4.7.2 x x x x 
Dielectric With- 
standing Voltage 
(Xated, Altitude) 3.6.6.2 4.7.8.2 X 
Dielectric With- 
standing Voltage 
(Unrated, Altitude) 3.6.6.4 4.7.8.2 X x x 
Examination of 
Product 3.6.1 4.7.1 x x x x 

3? :_ 
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additional specified tests. 

4.7.7 Insulation resistance. The connectors shall bc tested in 
accordance with YIL-STD-202, Yethod 3n2, Test Condition 2. For 
test purposes, the resistance shall be measured separately between 
the closest 3 pairs of adjacent contacts, which were inserted and 
removed 10 times in maintenance aging and bctweer, the contact 
closest to the shell and the shell. The requirecents of 3.6.5 
shall be met. 

l 4.7.7.1 Insulation resistance - variables data. The connectors 
shall be tested in accordance with NL-STD-202, Yethod 392, Test 
Condition B. For test purposes, the resistance shall be measured 
as specified in 4.7.7. The insulation resistance values shall be 
recorded. The data shall be analyzed in accordance with 6.4 and 
meet the requirements of 3.6.5.1. 

*4.7.7.2 Insulation resistance at high temperature. The insula- 
tion resistance of mated connectors shall be measured in accor- 
dance with 4.7.7 except that the connectors shall have been ex- 
posed to an ambient tern erature of 200° + 3' -c)OC for Classes !?, 
tl, G, and E and 175o.+3 I: -O°C for Class F for a period of 30 
minutes; after which, the resistance shall be measured while the 
connector is at the elevated temperature. The requirements of 
3.6.5.2 shall be met. 

*O-7.7.3 Insufation resistance at high temperature - variables 
da&a. After connectors have been exposed to a temperature of 2!IO" 
+3 -O°C for Classes R, H, G, and E and 1750 +30 -0% for Class F 
for a period of 30 minutes, the connectors shall be tested fn 
accordance with MIL-STD-202, Method 302, Test Condition B. For 
test purposes, the resistance shall be measured as specified in 
4.7.7. The insulation resistance values shall be recorded. The 
data shall be analyzed in accordance with paragraph 6.4 and meet 
the requirements of 3.6.5.3. 

4.7.8 Dielectric withstanding voltage. Nated and unmated connec- 
tors shall be tested in accordance with BIL-STD-202, Vethod 301. 
Test voltages, as shown in Table XII shall be applied between the 
closest 3 pair of adjacent contacts that were subjected to mainte- 
nance aging and bet:qcen the shell and the 3 contacts closest to 
the shell that wzre subjected to maintenance aging (See 3.6.6 and 
4.7.4). 

*4.7.8.1 Potential to breakdown - variables data. Utilizing mated 
pairs of connectors, voltage shall be applied to adjacent contacts 
(See Figure la) until breakdown. Test voltage alternating current, 
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60 cycle, shall be raised from zero to the breakdown voltage unl- 
formly at a rate not exceeding 100 volts per second. Each test 
shall be performed on 'two adjacent COntaCtS. The data shall be 
analyzed in accordance with 6.4 and meet the requirements of 
3.6.6.i. 

TABLE XII 

TEST VOLTAGES (AC-RMS) 

Altitude 
(feet) 

Unmated Mated 
Style S I Style P 

I 
Sea Level 1500 1500 

10,000 1250 1250 
30,000 750 700 
50,000 500 450 
70,000 350 275 
90,000 250 200 

llZ\,QOO 250 200 

1500 
1250 I 
1000 
1000 
IOU0 
1000 
1000 

4.7.8.2 Dielectric withstanding voltage, altitude. The connectors 
shall be placed in a suitable chamber at room temperature and 
tested at 20,000 foot intervals, starti-ng at lO,OOO feet and con- 
cluding at 110,000 feet. The tests, for both mated and unmated 
connectors, shall be in accordance with MIL-STD-202, Method 301. 
Test voltages, as shown in Table XII, shall be applied between the 
closest 3 pairs of contacts as well as between the shell and the 
3 contacts closest to the shell. Exposed wire ends in the chamber 
shall be widely separated or sealed to reduce corona. The connec- 
tors shall meet the requirements of 3.6.6.2 when tested unmated, 
or 3.6.6.4 when tested mated. 

4.7.8.3 Potential to breakdown, mated at altitude - variables data. 
With the connectors mated, and in a simulated altitude of 110,000 
feet, voltage shall be applied in accordance with 4.7.8.1, and the 
connectors shall meet requirements of 3.6.6.3. 

f4.7.9 Fluid immersion (Class R, G, and E). The unmated connec- 
tors shall be immersed in the following fluids, for the time 
indicated: 

a. Half of the samples of Groups IV and V of Table VI, 
in hydraulic fluid, petroleum base, conforming to 
MIL-H-5606, for 20 hours. 

b. Half of the samples of Groups IV and V of Table VI, 

Information Handling Services, 
i7npr\mher 7n 1 aaa 11.11.14 



YIL-C-26500D (USAF) 

in aviation lubricatina oil, conforming to YITL-L- 
9236, for 20 hours. 

Upon removal from the fluid, the connectors shall be placed in a 
position to allow the fluid to drain from the mating insert face 
and remain in free air at room temperature for one hour. The 
connectors shall then be mated by hand. 

4.7.9.1 Fluid immersion (Class F). Connectors in Group IV of 
Table VI shall be divided equally into seven sub-groups and tested 
as shown in Table XIII. Each sub-group shall contain connectors 
wired with the smallest and larqest insulation diameter wires as 
described in 4.4.2. After testing in accordance with Table XIII, 
the connectors shall be visually (no magnffication) inspected for 
cracks or tears and be mated by hand per 3.6.7. 

4.7.10 Durability, The connector assemblies shall be subjected to 
200 cycles of mating and unmatinq for Type T and 500 cycles for 
Type R. The mating and unmating shall be accompl i shed in a manner 
similar to subjection in service. After 200 or 5110 cycles, as 
appl icable, the plug and receptacle assembl i es shall pass the 
.remaini ng sequence of tests. 

4.7.10.1 Durability - variables data. The connector assemblies 
shall be subjected to 200 cycles of matinq and unmatinq for Type T 
and 500 cycles for Type R. The matinq and unmating shall be accom- 
plished in a manner similar to subjection in service. After 200 
or 500 cycles , as applicable, the plug and receptacle assemblies 
shall pass the mating and unmating force test of 3.6.2.1. 

4.7.11 Contact resistance. Contacts of mated connectors shall be 
tested i n accordance wi th paragraph enti tl ed “Contact Resistance” 
of MIL-C-26636, and shall meet the requirements of 3.6.10. 

4.7.11.1 Contact resistance - variables data. Contacts of mated 
connectors shall be tested in accordance with the paraqraph en- 
titled “Contact Resistance” of MIL-C-26636. The potential drop 
shall be recorded for individual contacts. The data shall be 
analyzed and shall meet the requirements of 3.6.10.1. 

*4.7.12 Vibration. The connector assembly shall be mounted as 
specified herein and be vibrated in accordance with MIL-STD-202, 
Method 204, Condition D. In addition, the vibration shall be 
conducted at a low temperature ambient of -550C and hiqh ambient 
of 2OOoC, for Classes R, H, G, and E, and 175OC for Class F. All 
contacts shall be wired in series, with at least 100 milliamperes 
of current allowed to flow. A suitable instrument shall be 
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SAMPLE 
SUB-GROUP 

1 

2 

TABLE XIII 

TEST FLUID 
SPECIFICATION TEST PROCEDURE 

MIL-L-7808 Inmerse unmated connectors in fluid 
at 1200 + 3OC for five minutes. 

MIL-L-23699 Remove connectors and allow to drain 
for one hour at room temperature. 

Fluid shall be drained from all re- 
cesses. 

Mate connectors and expose to 175O 
+ 3OC in air circulating own for 22 
hours. Repeat procedure for a total 
of seven cycles. 

MIL-H-5606 Same as above except inmerse in 
fluid at 85OC for five minutes and 
expose mated connectors to 1040 + 
3OC in an air circulating oven f% 
22 hours. 

MIL-J-5624 
(Grade JP-5) 

Same as for MIL-L-7808 except fluid 
temperature shall be at room tem- 
perature. 

Glycol Same as MIL-L-7808 except fluid tem- 
perature shall be 65O + 3OC and 
connectors shall be mated during 
fluid inmersion. 

Alkaline 
cleaning 
solution 
pHlO-12 

MIL-H-5606 The unmated connectors shall be 
imersed in the fluid at room tem- 
perature for 20 hours. Remove con- 
nectors and allow to drain for 1 hour 
at room temperature. Fluid shall be 
drained from all recesses. 
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employed to monitor the current flow and to indicate any discon- 
tinuity of contact or interruption of current flow exceeding one 
microsecond. Duration of vibration at extreme temperatures shall 
be 25 percent of the duration specified for the standard tempera- 
ture condition. 

4.7.12.1 Connector mounting. The vibration mounting shall be in 
accordance with Figure 2. The receptacle shall be mounted on an 
adapter plate using the connector's normal mounting provisions 
and suitable hardware. The adapter plate for the receptacle shall 
be attached to the mounting bracket. The plug shall be mated with 
the receptacle as in service. No safety wire or supplementary 
locking device shall be used. 

4.7.12.2 Vibration (mated). With no contacts, the connector 
assembly shall be mounted as specified herein, (no cable clamp 
required) and vibrated in accordance with MIL-STD-202, Method 204, 
Condition D. Requirements of 3.6.8 apply, except the electrical 
requirements are not applicable. 

4.7.13 Physical Shock. The wired and mated connectors shall be 
subjected to a transient deceleration force as specified. The 
forces shall be produced by securing the connectors to a sufficient 
mass and dropping the assembly through such a height that when 
decelerated by resilient impact, a force of 50 gravity units is 
obtained as outlined in MIL-STD-202, Method 213, Test Condition C. 
At least one blow shall be applied in each major axis of the con- 
nector so that the resultant force tends to disengage the connec- 
tors. Receptacles shall be mounted by a method similar to the 
vibration test on the shock device or carriage. Plugs shall be 
engaged with the receptacles. The connectors shall be wired in 
series with at least 100 milliamperes allowed to flow. A suitable 
instrument shall be employed to monitor the current flow and to 
indicate any discontinuity of contact or interruption of current 
flow exceeding one microsecond. The wire bundle or cable shall be 
clamped to points that move with the connector. A minimum of 8 
inches of wire or cable shall be unsupported behind each connector. 
The connector shall meet the requirements of 3.6.9. 

4.7.14 Moisture resistance. The mated and wired connectors shall 
be subjected to a moisture resistance test in accordance with MIL- 
STD-202, Hethod 106, with the following exceptions and details. 

a. Step 7b, vibration not required. 

b. There shall be no drip loops in the wires. 
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C. Plires shall be brought out of the chamber through 
vaportight seals. 

d. There shall be no wire splices in the chamber. 

e. Upon completion of Step 6 of teh final cycle, while 
the connectors are still subjected to high humidity, 
the insulation resistance shall be measured and re- 
quirements of 3.6.12 shall be met. 

f. The Class H receptacles shall not be enclosed for 
this test, but be blown dry before the insulation 
resistance measurements. 

4.7.15 Corrosion. Wired connectors shall be subjected to a salt 
spray test in accordance with MIL-STD-202, Method 101, Test Con- 
dition 0. Itmnediately after exposure, the exterior surface of the 
connectors shall be thoroughly washed with tap water. The speci- 
mens shall then be dried in a circulating air oven at temperature 
of 380 + 3oc f or a maximum period of 12 hours. The specimens shall 
then be-removed and inspected to the requirements of 3.6.13. 

*4.7.16 Temperature life. The mated connectors shall be subjected 
to an ambient tern erature of 200° + 3O -O°C for Classes R, H, G. 
and E and 175O +3 g -O°C for Class F, as monitored adjacent to 
connector shells, for a period of 1000 hours. The wired contacts 
shall carry sufficient current , not exceedin 
to maintain a contact temperature of 238' +3 8 

the rated current 
-O°C for Classes R, 

H, G, and E and 200° +3o -0% for Class F. The temperature shall 
be monitored on a contact closest to the center of the connectors. 
After exposure to temperature for the time specified, the connec- 
tors shall meet requirements of 3.6.14. 

4.7.17 Ozone exposure. The unmated connectors shall be subjected 
to ozone having a concentration from 0.010 to 0.015 percent by 
volume for 2 hours at room temperature. At the end of the speci- 
fied period, the samples shall be examined for signs of ozone 
deterioration in accordance with 3.6.15. 

4.7.18 Magnetic permeability. Permeability shall be checked with 
an instrument conforming to MIL-I-17214. The connectors may be 
wired or unwired, as convenient, but shall not be carrying current. 
The connector shall meet the requirements of 3.6.16. 

4.7.19 Insert retention. Unmated connectors shall be subjected 
to axial loads applied separately to insert face and insert rear. 
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The loading shall be increased gradually at an approximate rate of 
10 pound per second until the specified load is reached. The load 
shall be maintained for the specified time. The 1 oad-applying 
device may be shaped as necessary to reduce the pressure at indi- 
vidual points. The requirements of 3.6.17 shall be met. 

*4.7.19.1 Insert retention, Class H. Test specimens shall be 
mounted in a fixture which simulates mountinq in actual service. 
Such fixture shall accommodate an adapter suitable for connection 
to a pressure source (air or hydraulic). Pressure shall be gradu- 
ally applied at a rate such that the specified pressure is uni- 
formly arrived at in a time not to exceed two minutes. Pressure 
shall be maintained for the specified time, and the requirements 
of 3.6.17.1 shall apply. 

4.7.20 Air leakage. Wired receptacles shall be mounted in a test 
apparatus, arranged to permit application of a 30 PSI pressure 
differential across the receptacle. The test shall be performed 
in both directions separately after 30 minutes of exposure to a 
temperature of -55oC, and while samples are at the low temperature. 
The exposed ends of the wires shall not be sealed during the 
measurement of air leakage; leakage through the unsealed wire in- 
sulation shall be included in the air leakage measurements. Means 
shall be provided for determining leakage of air through the con- 
nector, and requirements of 3.6.18 shall apply. 

4.7.20.1 Air leakage, Class H. Receptacles shall be mounted in 
a test apparatus arranged to permit application of 15 PSI pressure 
differential across the connector. Prior to test, at least lo%, 
with a minimum of 3, of the contacts, shall have short wires sol- 
dered into normal service positions. Means shall be provided for 
determining leakage of air or of pressurized gas, containing not 
less than 10% nelium by volume, through the connector while 15 PSI 
is applied. Requirements of 3.6.18.1 shall apply. 

*4~7.21 Altitude immersion. Mated connectors shall be immersed in 
a container of water at approximately 20°C and placed in a chamber. 
Wire ends, opposite the connector, shall be terminated within the 
altitude chamber, exposed to the chamber atmosphere but not sub- 
merged. The exposed wire ends shall not be sealed. A quantity of 
salt, 5% by weight, shall be added to make the water conductive. 
The chamber pressure shall be reduced to approximately 1 inch of 
mercury and maintained for 30 minutes. The chamber pressure shall 
then be returned to atmospheric pressure in not more than one (1) 
minute. While the connectors are still submerged, insulation 
resistance measurements shall be made, and the requirements of 3.6.5 
shall be met. This shall constitute one cycle. Two additional 
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environmental cycles shall be run. At the end of the third cycle, 
the insulation resistance measurements made at the end of the first 
cycle shall be repeated, and the requirements of 3.6.5 shall be met. 
A dielectric withstanding test voltage as specified on 3.6.19 shall 
be applied between the same points as those used for insulation 
resistance measurements. The voltage shall be applied while the 
connectors are still submerged, and at atmospheric pressure. 

4.7.22 Arc resistance (except Class H). Disc specimens of insert 
material conforming to specimen designation 2 of NIL-N-14 shall be 
tested fn accordance with FED-STD-406, Test Method 4011, and shall 
meet the requirements of 3.6.20. The circuit employed is as shown 
in Figure 3, Details of the test are as follows: 

a. A transformer of 12 kv. minimum voltage shall be 
used. 

b. Kva rating of the transformer is not speciffed, but 
10 milliamperes (ms) shall be obtainable. 

c. Sufficient external resistance may be added In the 
les of the circuit that is not qrounded if necessary 
to-obtain the required 10 mIlli;mperes across the 

-electrodes in air (not reading on test specimens). 

d. 

e. 

f. 

h. 

i. 

j. 

The cable on the resfstance side shall 
in air. 

be supported 

The floor of chamber shall have a one- inch thick 
insulating sheet for support of the specimen under 
test. 

A milliannneter shalt be placed in the circuit be- 
tween the ground and the arc electrodes. 

The specimens shall be cleaned with a clean cloth 
dampened with alcohol and dried with a soft, clean, 
dry cloth before each test. 

The arc electrodes shall be cleaned with a soft, 
clean cloth dampened with alcohol and dried with a 
soft, clean, dry cloth before each test. 

The primary voltage shall be controlled with a 
variable tap auto transformer. 

Relative humidity shall be between 30 and 40%. 
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k. The interrupter shall cause an arc to flow 7/4 
second and cease t-3/4 seconds repeatedly during the 
first minute and to flow 1/4 second and cease 3/4 
seconds repeatediy during the second minute. 

1. The electrodes shall consist of 2 steel rods, 0.168 
inch diameter, equipped with tungsten wire tips, 
O.OGO inch in diameter, which have conical points 
with a 60° included angle. The electrodes shall be 
mounted to an insulated block at 4S" to the vertical 
and shall be adjusted to give a gap of 0.320 inch. 
Both electrodes shall be in the same horizontal and 
vertical planes. The specimen shall meet the re- 
quirements of 3.6.20. 

4.7.23 Ground resistance. The receptacle of Class G connectors 
shall be mounted by its normal mounting means to a copper plate 
of l/4 inch minimum thickness. With a plug properly mated to the 
receptacle, a resistance measurement shall be made from a cable 
clamp screw on the plug to the copper plate, using a milliohnmeter 
of the four-terminal type. The connectors shall meet the require- 
ments of 3.6.21. 

5. PREPARATION FOR DELIVERY 

5.1 Preservation and packaging. 

X5.1.1 The requirements of Section 5 apply only to direct pur- 
chases by or direct shipments to the government or purchases of 
connectors qualified to this specification by non-government 
agencies. 

5.1.2 Level A. Each plug or receptacle shall be packaged in 
accordance with Method IA-8 of MIL-P-116 except that the unit 
wrapping specified in 5.1.2.1 shal'i be substituted for the neutral 
material required as an intimate wrap internal to the barrier 
material. Contact preservative is not required. Plugs or recep- 
tacles having dimensions exceeding 3 inches and weight exceeding 
2 pounds shall be further packaged in folding cartons or setup 
boxes conforming to PPP-B-566 or PPP-B-676. 

5.1.2.1 Unit wrapping. Each plug or receptacle shall be wrapped 
in a transparent bag of equal characteristics to or better than a 
.003 inch wall thickness polyethylene conforming to L-P-378. The 
bag shall be sealed to preclude the entry of dust and foreign 
matter. Materials not conforming to L-P-378 shall have a pH fac- 
tor equal to that specified in MIL-P-T16. Contacts shall be 
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furnished in a rigid transparent container and supported to re- 
strict rmvement of the contacts within the ccntainer. 

a. Sufficient contacts shall be supplied within the 
container to complete the insert arrangement, plus 
a minimum of 2 spares. 

b. Sealing plugs (See 3.2.3) for at least 153 of the 
contacts in the insert arrangement with a minimum of 
three, shall be included in the container with the 
contacts. 

5.1.2.2 tinit marking. The following information shall be perma- 
nently marked on a low-sulfur-content card in or on the unit wrap 
container or by a combination of marking on a card or container. 

Part Number 

Xanufacturer's Name 

Month and year of manufacture 

Purge control symbol 

5.1.2.3 Intermediate packaging. Connectors packaged In accordance 
with 5.1.2 shall be further packaged in quantities of 5 unit pack- 
ages or multiples thereof in intermediate containers conforming to 
FPP-B-566, PPP-B-676, or PPP-B-636. The gross weight for inter- 
mediate packages shall not exceed 20 pounds, or the weight limita- 
tion of the box specification. 

5.1.3 Level C. Connectors shall be preserved and packaged in 
accordance with the manufacturer's commercial practice. 

5.2 Packing. 

5.2.1 Level A. Connectors, packaged in accordance with Level A or 
C as specified, shall be packed in wood-cleated fiberboard, nailed 
wood, wirebound wood, Style 3 for type 2 load, corrugated or solid 
fiberboard, or wood-cleated plywood (overseas type) boxes conform- 
ir!g to PPP-B-591, PPP-8-627, PPP-B-585, PPP-B-636, or P?P-B-601, 
respectively. Shipping containers shall have case liners conform- 
ing to !e!IL-L-10547 and appendix hereto. Case 1 iners for boxes con- 
forming to PPP-C-636 may be omitted provided all joints of the boxes 
are sealed \qith tape as specified in the appendix of the applicable 
box specifications. The gross weight of wood boxes shall not ex- 
ceed 200 pounds; fiberboard boxes shall not exceed the weight 
limitations of the applicable box specification. 
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5.2.2 Level B. Connectors, packaged in accordance wit17 Level A 
or C as specified, shall be packed in wood-cleated fiberboard, 
nailed wood, wirebound wood (for type 2 load) corrugated or sol id 
fiberboard, or wood-cleated plywood (domestic type) boxes conform- 
ing to PPP-B-591, PPP-B-621, PPP-B-585, PPP-B-626, or PPP-B-601, 
respectively. Closures shall be as specified in the applicable 
box specification, or appendix thereto. Fiberboard boxes shall 
conform to the special requirements of the applicable box speci- 
fication. The gross weight of wood boxes shall not exceed 200 
pounds; fiberboard boxes shall not exceed the weight limitations 
of the applicable box specification. 

5.2.3 Level C. Connectors, packaged in accordance with Level A 
or C as specified, shall be packed in containers in a manner to 
insure safe delivery and acceptance .at destination. Containers 
shall comply with the Consolidated Freight Classification Rules or 
other carrier regulations applicable to the mode of transportation. 

5.3 Marking of shipments. Each unit and intermediate package and 
shipping container shall be marked in accordance with HIL-STD-129. 

6.0 NOTES 

6.1 Intended use. The connectors covered by this specification 
are Intended for use in electrical control and power circuits of 
ground, rocket, missile , aircraft and space environments. 

6.2 Ordering data. Procurement documents should specify the 
following: 

a. Procurement of items to this specification will be 
only from sources that, prior to closing data of 
bids, have received qualification of the product 
within terms of the Armed Sercices Procurement 
Regulations, ASPR, Paragraph l-1101 through l-111 
(See Paragraph 6.3). 

b. Title, number, and date of this specification. 

C. The part number in accordance with the applicable 
military standards. 

d. Accessories. 

e. Levels of preservation, packaging, packing, and 
applicable marking. 
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f. Special handling, if applicable. 

6.3 Qualification. With respect to products requiring qualifica- 
tion, awards will be made only for such products as have, prior to 
the time set for opening bids, been tested and approved for inclu- 
sion in the applicable Qualified Product List whether or not such 
products have actually been so listed by that date. The attentfon 
of suppliers is called to this requirement, and manufacturers are 
urged to arrange to have the 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 actjvity responsible for the Qualified Product Llst is 

Rome Air Development Center 
AI-TN: RCRC 
Griffiss AFB, NY 13440 

6.4 Data handling. 

6.4.1 Variables data reduction. Reduction of variables data shal7 
be accomplished by: 

a. Determining if data is normal or non-normal through 
the application of the ChI-Square or the Kolmogorov- 
Smirnov Test. 

b. If the data is normal, proceed to: 

(1) Compute the data mean (average) by 

c,-, N x -_ r’= i , where 

N 

3is the mean or average of the data 
Xi is the value of an individual measurement 
N is the total number of measurements. 
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(2) Compute the standard deviation as: 

S is the standard deviation, and other symbols 
are as in (1). 

(3) Consult Table XIV for the proper multiplying 
factor (k) and compute: 

(a) The upper limit as L - F+ ks where a 
maximum requirement Y s given in this 
specification. 

(b) The lower limit as L 
minimum requirement t 

+ Ti: - ks where a 
s given in this 

specification. 

(c) Both limits where requirements of this 
specification establish both a minimum 
and maximum value. 

C. If the data is not normal, proceed to: 

(1) Normalize the distribution by the application 
of statistically sound methods such as: 

(a) Taking the logarithm of the data. 

(b) Taking reciprocals of the data. 

(2) After normalizing by transformation, reduce 
data per the above and retransform for compari- 
son to specification lfmi ts. 

(3) Solve directly by plotting on Ueibull Paper. 

*6.5 The margins of this specification are marked with an asterisk 
to indicate where changes (additions, modifications, corrections 
deletions) from the previous issue were made. This has been done 
as a convenience only and the government assumes no liability 
whatsoever for any inaccuracies in these notations. Bidders and 
contractors are cautioned to evaluate the requirements of this 
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docurmnt based on the entire content irrespective of the mrginal 
notations and relationship to the last previous issue. 
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APPENDIX  IV

Sample Photographs



 Photograph A1: DC-10 Sample 6 Photograph A2: DC-10 Sample 8
Connectors Connectors

Photograph A3: White 747 Sample 1 Photograph A4: White 747 Sample 4
Connectors Connectors

Photograph A5: White 747 Sample 5 Photograph A6: European 747 Sample 1
Connectors Connectors



APPENDIX  V

Photographs of Sample Problems
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