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1. SCOPE:

1.1 Scope:
This SAE Aerosplace Standard (AS) covers the requirements for thermocouple extension cable.
Manufacturers of|primary thermocouple wire in accordance with this specification must be qualified
to the similar wirg type specified in Table 1.

1.2 Classification:

The cable shall be of the following types and shall be furniished in the basic wire size and basic wire
type and shield ahd jacket styles, as specified.

Unjacketed - Twd wires spirally laid or duplex paralleled without an overall outer jacket
Jacketed - Two wires spirally laid or duplex.paralleled with an overall outer jacket
Shielded - Two wjres spirally laid or dipléx paralleled with one or two overall shield$

Shielded and Jagketed - Two wires spirally laid or duplex paralleled with one or twolshields and one
or two jackets
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1.2.1

1.2.1.1

1.2.1.1

1.2.1.2

1.21.3

Cable Designation: Cable shall be identified by a combination of digits and letters in accordance

with the following (see 3.4.1):

When a njinimum shield coveragé of 90% is required, specify:

“C” for sp
“D” for du

ral laid cable configuration
plex parallel cable Configuration

Conductor
the same s

Bize: Thebasic wire size shall be identified. All wires used in the
ze.

Basic Wire
specificatio

Construction: A letter symbol shall be used to designate the insul

h 1y neooardanca awith tha annbinahis olant chant 1n TAahia 4

AS5419 A 22 JF KXS N 06
Aerospace (see1.21.1.1) Conductor Basic wire EMF Designator Shield Jacket
standard size construction  (see 1.2.1.4) style and material

(see 1.2.1.1) (see 1.21.2) (see 1.2.1.3) material (see 1.2.1.6)
(see 1.2.1.9)
Example: ASS5A19A22 JFKXSNOG
FIGURE 1

Cable Spedification Number: The finished cable shall be idéntified by the number of this
specificatiof.

.1 Cable Copfiguration and Braid Shield Coverage: -WHen a minimum shield cpverage of 85% is
required, ppecify:
“A* for spiral laid cable configuration
“B” for duplex parallel cable configuration

cable shall be of

htion type

T oCCoTOTI oo Vv it T oo P pPmcaooTc oAt oo T T aoTic—

TABLE 1 - Component Wire Construction

Symbol sequence AS Designation

JF Similar to MIL-DTL-25038/3 AS5419/1
TA  Similar to AS-227359/8 ASS419/2
RC  Similar to AS-227359/11 ASH419/3
ML  Similar to AS-81044/12 ASH419/4
SP  Similar to AS-22759/43 ASS419/5
WP Similar to AS-22739/91 ASH419/6
WJ___ Similar to AS-29759/86 ASSA19/7
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1.2.1.4 EMF Designator: A letter symbol shall be used to designate the EMF type as defined per the
individual wire specification.

1.2.1.5 Shield Style and Material: The shield style and material of the overall shields shall be designated
by a single letter as follows:

TABLE 2 - Shield Style and Material

Symbo| Sing|e Q\]Ir‘nhr\l daoubls Shiald matarial Masd m temperature
shield style shield style limitfer shield material
(infdrmation only)

U --- No shield ---

T vV Tin coated copper, round 15( °C (302 °F)
S W Silver coated copper, round 20d °C (392 °F)
N Y Nickel coated copper, round 260 °C (500 °F)
F z Stainless steel, round 404 °C (752 °F)
C R Nickel clad copper (27%), round 400 °C (752 °F)
M K Silver coated high strength copper alloy, round 204 °C (392 °F)
P L Nickel coated high strength copper alloy, round 260 °C (500 °F)
G A Silver coated copper;.-flat 20d °C (392 °F)
H B Silver coated high strength copper alloy, flat 20d °C (392 °F)
J D Tin coated.copper, flat 15( °C (302 °F
E X Nickel coated high strength copper alloy, flat 26( °C (500 °F)
I Q Nickelehromium alloy. flat 404 °C {752 °F)

1.2.1.6 Jacket Matg¢rial and Temperature Rating: The single jacket symbol shall be uged for cables with
an outer jagket only. Thedouble jacket symbol shall be used in conjunction wlith a double shield
symbol to describe constructions with a jacket in between two shields with anpther jacket over
the outer shield. /The single jacket symbol shall be used in conjunction with the double shield
symbol to describe constructions with two overlaid shields with a single outer jacket. Unless
otherwise spectified (see 6.2.1f), jacket colors shall be as specified under the jacket materials as
follows:
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TABLE 3 - Jacket Style and Material

Single Double Jacket material Temperature limit
jacket jacket for jacket material
symbol  symbol (information only)
00 00 No jacket -
04 54 Polyester braid impregnated with high temperature 150 °C (302 °F)
finishers over polyester tape
05 55 Extruded clear fluorinated ethylene propylene (FEP) 200 °C (392 °F)
08 56 Extruded or taped and fused white polytetrafluorcethylene P60 °C (500 °F)
(PTFE)
07 57 White polytetrafluoroethylene (PTFE) treated glass braid P80 °C (500 °F)

impregnated and coated with polytetrafluorcethylene
finisher over presintered polytetrafluoroethylene tape

08’ 58" Crosslinked white extruded polyvinylidene fluorided{PVF2) 50 °C (302 °F)
09 59 Extruded white fluorinated ethylene propylene (FEP) P00 °C (392 °F)
11 61 Tape of natural polyimide combined with clear fluorinated P00 °C (392 °F)

ethylene propylene (FEP) wrapped and heat sealed with (FEP)
outer surface

12 62 Tape of natural polyimide combined\with fluorinated ethylene P00 °C (392 °F)
propylene (FEP) wrapped and heat sealed with polyimide
outer surface

14 64 Extruded white ethylene-tetrafluoroethylene (ETFE) copolymer 50 °C (302 °F)

15 65 Extruded clear ethylene-tetrafluoroethylene (ETFE) copolymer 50 °C (302 °F)

16 66 Braid of aromatic polyamide with high temperature finisher P00 °C (392 °F)
over presintered polytetrafluorcethylene (PTFE) tape

20 70 Extruded white”perfluoroalkoxy (PFA) $60 °C (500 °F)

21 71 Extruded'slear perfluoroalkoxy (PFA) $60 °C (500 °F)

22 72 Tape ¢f.opaque polyimide combined with clear fluorinated P00 °C (392 °F)

ethylene propylene (FEP) wrapped and heat sealed with
palyimide outer surface

23 73 White crosslinked extruded modified ethylene- P00 °C (392 °F)
—(etraftuorosthyfene copolymer (XCETFE)
24 74 Tape layer of white polytetrafluoroethylene (PTFE) wrapped 260 °C (500 °F)
over a tape layer of natural polyimide combined with FEP and
heat sealed

' Jacket material 08 is not to be used for cables having a diameter of 0.401 inch {10.19 mm) or greater.
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2. APPLICABLE DOCUMENTS:

The following publications form a part of this document to the extent specified herein. The latest issue
of SAE publications shall apply. The applicable issue of other publications shall be the issue in effect
on the date of the purchase order. In the event of conflict between the text of this document and
references cited herein, the text of this document takes precedence. Nothing in this document,
however, supersedes applicable laws unless a specific exemption has been obtained.

2.1 SAE Publicatiofrs:

Available from BAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001\

AS4373 Test Methods for Insulated Electric Wire
AS22759 Wire, Electrical, Fluoropolymer-Insulated, Copper‘or Copper |Alloy
AS81044 Wire, Electrical, Crosslinked Polyalkene, Crosslinked Alkanetlmide Polymer, or

Polyarylene Insulated, Copper or Copper. Alloy
2.2 U.S. Governmgnt Publications:

Available from PODSSP, Subscription Services Desk;'Building 4D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094.

MIL-DTL-25038% Wire Electrical, High Temperature, Fire Resistant, and Flight Critical
MIL-DTL-81381 Wire, Electric, Polyimide-Insulated, Copper or Copper Alloy

MIL-W-29606 Wire, Electric, Stranded, Uninsulated Copper, Copper Alloy gr Aluminum, or
Thermocouple.Extension

WC 27500 Cable, Power, Electrical and Cable Special Purpose, Electrical Shielded and
Unshielded

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

MIL-STD-104 Limitfor Electrical Insulation Color

MIL-STD-202 Test Methods for Electronic and Electrical Component Parts

MIL-STD-686 Cable and Cord, Electrical; Identification Marking and Color Coding of
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2.3 ANSI Publications:

24

2.5

Available from ANSI, 25 West 43rd Street, New York, NY 10036-8002.

ANSI-MC96.1

ANSI/ASQC Z1.4

ANSI/ASTM B
ANSI/ASTM B

ANSI/ASTM B
ANSI/ASTM B

ASTM Publicat
Available from
ASTM A 313
ASTM B 170
ASTM B 272
ASTM B 624
ASTM D 3032
ASTM D 4591

National Burea

Available from
20402.

H4-1

3
33

Temperature Measurement Thermocouples
Sampling Procedures and Tables for Inspection by Attributes
Soft or Annealed Copper Wire

Standard Specification for Tinned Soft or Annealed Copper Wire for Electrical

98
355

Superintendent of Documents, U.S. Government Printing Office, W

ons:

A\STM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-29

) of Standards Publications:

Purposes
Silver Coated Soft or Annealed Copper Wire
Nickel Coated Soft or Annealed Copper Wire

Wire, Steel, Corrosion-Resisting

Oxygen Free Electrolyte Copper Refinery Shapes
Copper Flat Copper Products With\Finished (Rolled or Drawn
and Strip)

High Strength, High Conductivity Copper Alloy Wire for Elect
Standard Specification for

Hookup Wire Insulation;-Standard Methods of Testing
Determining Temperatures and Heats of Transitions of Fluorg
Differential Scanning Calorimetry

Federal Supply Code for Manufacturers, United States and C

) Edges (Flat Wire

onic Application

polymers by

ashington, DC

anada, Name to

Code

H4-2

NBS HDBK 100

Federal Supply Code for Manufacturers, United States and Canada, Code to

Name
International Annealed Copper Standard (IACS)
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3. REQUIREMENTS:

3.1 Materials:

3.1.1  Copper Shield Round Strand Material: Before shielding, the copper strands used in shields shall
be annealed or soft-drawn copper wire from commercially pure copper and shall conform to ASTM
B 3. Nickel plated strands shall conform to ASTM B 3 or ASTM B 170. It shall be possible to
solder or crimp the material to approved terminals. Wire shall be free from lumps, kinks, splints,

abrasions, s¢

3.1.2 Stainless Ste
ASTM A 313
from kinks, al

3.1.3 High Strength
alloy strands
55,000 Ibf/in?
as stated in N

3.2 Construction:

Construction sH
material, basic
unless otherwis

3.2.1 Basic Wire:
otherwise sp¢
requirements

3.2.2 Cable Layup:
cable designa
less than 6 n
cable as calc

The basic wire (primary) shall meet all the requirements as defined

apedor corroded surfacesand skimmpurities:

It shall be possible to crimp the wire to approved terminals. The
brasions, or scraped surfaces.

Copper Alloy Shield Round Strands: Before shiglding, the high s
shall conform to ASTM B 624 except that the mifimum tensile stre
the minimum elongation shall be 6%, and the'conductivity shall b
BS Handbook 100.

wire specification and jacket\materials shall be restricted to those

e approved by the prepating activity of this standard.

cified the cable-manufacturer is responsible for assuring that the |
are as specified:

ition shiall be cabled with a left-hand lay. The lay of the individual
br more than 16 times the outside major axis diameter of the unshi

bl Shield Material: Before shielding, the stainless steel strands:shall conform to

vire shall be free

rength copper
ngth shall be
e 80% (minimum)

all comply with the classificatiofbgiven in 1.2. Combinations of shjeld style and

bllowed in Table 5

herein. Unless
pasic wire

The required number of wires for multiconductor construction determined by the

vires shall be not
elded, unjacketed

Ulated in 4.5. The basic wire shall not be spliced. When cables are cut, wires will

maintain proper sequence and shall not splay more than twice the diameter of the cable.

3.2.2.1 Fillers and Binder Tapes: Fillers and binder tapes, if used, shall be of a fungus resistant material
with a temperature equivalent to the cable rating without fillers and tape. Fillers and binders shall
also be easily removable from the finished cable without adherence to the underlying insulation.


https://saenorm.com/api/?name=027412cc47a923ae8ef20a0c61f72991

SAE INTERNATIONAL

AS5419

Page 8 of 28

3.2.3 Shield: When the cable designation specifies that a shield is to be incorporated in the cable
construction, either a closely woven braid using round strand or a closely woven braid of flat strand
shall be applied over the basic cable.

3.2.3.1 Braided Round Shields:

3.2.3.1.1

3.2.3.1.2

3.2.3.1.3

3.2.3.1.3.1

3.2.3.1.3.2

3.2.3.1.3.3

Braided Round Wire: Before application to the cable, individual tin, silver, or nickel coated
copper strands shall have a minimum elongation of 6%.

Round Cq
or round (
to in Grod
cable equ
wires Typ
All other &

Coating:

opper alloy strands shall conform to Shield Group A or B. The’core
p A or B shall be the nominal outside core diameter of the‘unshiel
al to the basic wire diameter multiplied by a factor of 1.64." The fo
e RC, Type ML, Type SW, Type WC and Type WJ shall' conform tg

TABLE 4 - Shield Size

Group A Group:B Shield
Cable O.D. Cable:®© . D. Size
0.000-0.060 in 0.000:0.250 in 38 AWG
0.0681-0.310in 0251-0.400 in 36 AWG
0.311-0.750 in 0:401-1.000 in 34 AWG
0.751 inand larger 1.001 in and larger 32 AWG

Tin Coatted Copper Strands: When the cable designation specifies a tin c

individu
pure tin
thicknes

pper or Copper Alloy Strand Size: Cables with braided shields uslng round copper

diameter referred
Hed, unjacketed
lowing component
Shield Group B.

raided shields with round shield strands shall conform to Shield Group A.

pated shield, the

pl strands-shall be coated uniformly with a smooth, continuous lay
Prior tebraiding, the strands shall meet the requirements of AS
s of the tin coating shall be 250 pin maximum.

Silver C

er of commercially

specifies a silver coated copper shield, the individual strands shall be coated uniformly with a
smooth continuous layer of commercially pure silver. Prior to braiding, silver coated copper
strands shall meet the requirements of ASTM B 298. Silver coated high strength copper alloy
strands shall meet the requirements of 3.1.3 and the adhesion and continuity of coating
requirements of ASTM B 298. The thickness of the silver shall be not less than 40 pin.

Nickel Coated Copper and High Strength Alloy Strands: When the cable designation
specifies a nickel coated shield, the individual strands shall be coated uniformly with a
smooth, continuous layer of commercially pure nickel having a coating thickness of not less
than 50 pin nor greater than 250 pin. The wire shall meet the coating requirements of ASTM

B355p

rior to braiding.
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3.2.3.1.3.4 Nickel Clad Copper Strands: When the cable designation specifies a nickel clad copper
shield, the individual strands shall have a nickel coating having a cross-sectional area that is
27% minimum of the total cross-sectional area of the drawn strand. The wire shall meet the

coating

requirements of ASTM B 355 prior to braiding.

3.2.3.1.4 Stainless Steel Shield:

3.2.3.1.41

3.2.3.2 Braided Flattened Wire Strands: Flat wire shields shall be braided of.€opper,
copper allo
mm + 0.01(C

3.2.3.2.1

3.2.3.2.2

3.2.3.2.3

3.2.3.2.31

3.2.3.2.3.2

3.2.3.2.3.3

Stainless Steel Strand Size: On cable with outside diameter (under the shield) of less than
0.060 in (1.52 mm), the strand size shall be AWG 40. On cable with an outside diameter of

0.060 tg
diamete

Copper W
except thg

Flattened

r of 0.121 in (3.07 mm) and larger, the strand size shall be ANWG<3

, or nickel chromium alloy. The flattened wire shall be 0.0015 in %
mm) in thickness.

ire, Flattened: Copper flattened wire shall meet‘the requirements
e wire shall be made by flattening round wire.

High Strength Copper Alloy Flat Wire: *Elattened high strength co

shall be

than 55,0P0 Ibf/in? and the elongation shall.be 1% minimum after flattening.

Coating

Tin Co
conform
ASTM B

Silver G
coated

298 aftes
Min and

ade by flattening round wire. The flattened wire tensile strength s

Flattened Wire Strands:

vith outside
6.

high strength
0.0004 in (0.040

of ASTM B 272

bper alloy wire
hall be not less

ed Copper Flattened Wire: Tin coated copper strands before flattening shall

to ASTM B 33. Flattened wire strands shall meet the continuity 9
b 33. The thickness of coating shall be 250 pyin maximum.

oated Copper or Silver Coated High Strength Copper Alloy Flatten

f coating test of

ed Wire: Silver

copper of silver coated high strength copper alloy strands shall copform to ASTM B

r flattening. The flattened wire strands shall have a minimum coat

ng thickness of 40

shall-meet the continuity of coating requirements of ASTM B 298 Tfter flattening.

Nickel Coated Copper or Nickel Coated High Strength Copper Alloy Flattened Wire: Nickel
coated copper or nickel coated high strength copper alloy strands shall conform to ASTM B
355 after flattening. The flattened wire strands shall have a minimum coating thickness of 50
din and shall meet the continuity of coating requirements of ASTM B 355 after flattening.

3.2.3.3 Braid Angle: The shield braid shall be a push-back type. The angle of the carriers of the braid
with the axis of the cable in woven wire shields shall be not less than 18° nor more than 40°.
When the major diameter of the cable beneath the braid is greater than 0.31 in (7.9 mm), the
above braid angle restriction shall not apply. In this case, the shield shall be suitably applied to
provide good push-back characteristic. For determination of braid angle, see 4.4.5.
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3.2.3.4 Shield Coverage: The shield braid shall be applied in such a manner as to provide 85 or 90%
minimum coverage for each individual shield (see 4.4.5) as specified by the part number (see
1.2.1.1.1).

3.2.4 Jacket: When a jacket is applied over a cable or shield, all jackets shall meet the following
requirements. The jacket shall be easily removable from the finished cable without adherence to
the underlying shield or cable. Stripping time (for jacketing styles 11, 12, and 22 only) shall be 5 s
maximum when testing in accordance with 4.4.18 and shall not open more than 0.125 in (3.18
mm). The w i j ifred icable material. The
thickness of the jacket between the shields in the double shield and double jacKet shall be 75% of
the values spgcified in Table 6. The jacket of specimens prepared for jacket thickness
measurements shall not flare or raise up by more than 0.016 in (0.41 mf).

3.2.4.1 Jacket Material:

3.2.4.1.1 Polyester|Fiber Braid with High Temperature Finishers:.Bfaided polyester fiber jackets shall be
construct¢d with the fibers woven in such a manner as.to provide complete ¢overage and shall
be imprednated with a high temperature finisher. The color of the finished braids shall be white
or tan. After subjection to the heat aging test (see4.4.10), the finisher shall{show no
indicationp of decomposition.

3.2.4.1.2 Extruded jor Taped Polytetrafluoroethylene: Concentrically extruded or tapefd
polytetrafluoroethylene jackets shall have wall thicknesses in accordance with Table 6 (see
4.4.12). If polytetrafluoroethylenetapes are used, they shall be unsupported and shall be a
minimum [of two contrahelically wrapped tapes each applied with a 25% minimum overlap. The
tapes shall subsequently be sintered to form a homogeneous wall. The polytetrafluoroethylene
jackets shall be white.

3.2.4.1.3 Extruded [Fluorinated Ethylene Propylene: Jackets shall be constructed of g clear or white
fluorinated ethylenge propylene as indicated by the style and shall be conceritrically extruded
with wall fhicknesses in accordance with Table 6. The tensile strength and ¢longation of the
jacket shall be-3;000 Ibf/in? minimum and 200% minimum, respectively, and|shall be tested in
accordangeWwith 4.4.12.1.

3.2.4.1.4 Glass Braid with Polytetrafluoroethylene Finishers: Braided polytetrafluoroethylene coated
glass fiber jackets shall be constructed with treated glass fiber containing not less than 15% by
weight of polytetrafluoroethylene and woven in a manner that will provide complete coverage.
The braid shall be impregnated and coated with a polytetrafluoroethylene finisher.

3.2.4.1.5 Extruded Crosslinked Polyvinylidene Fluoride: Jackets of extruded and crosslinked
polyvinylidene fluoride shall be in accordance with Table 6. The tensile strength and elongation
of the jacket shall be 4,000 Ibf/in? minimum and 200% minimum, respectively, and shall be
tested in accordance with 4.4.12.1.
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3.24.1.6

3.241.7

3.24.1.8

3.24.1.9

3.2.4.1.10

Taped Polyimide/Fluorinated Ethylene Propylene: The jackets of polyimide/fluorinated
ethylene propylene tapes shall consist of two or more tapes. The first tape shall be a one-side
polyimide/FEP coated tape applied with not less than 20% overlap and with the polyimide side
facing inward, toward the shield or component wires. Succeeding tapes shall be applied in
alternating directions and with not less than 30% overlap. The tapes shall be fused together to

provide a

jacket with a wall thickness in accordance with Table 6.

Ethylene-tetrafluoroethylene Copolymer: The jackets shall be extruded ethylene-

tetrafluor
strength
respectiv

Extruded
specified
150% min

Extruded,
crosslinkg
Table 6. ]
minimum

Taped Po
shall cong
inner tape
thickness
polytetraf|
and with

thickness
The tapes
be formul
UV laser

nd elongation of the jacket shall be 5,000 Ibf/in? minimum and~15
ly, and shall be tested in accordance with 4.4.12.1.

Perfluoroalkoxy: Jackets of extruded perfluoroalkoxy shall have a
n Table 6. The tensile strength and elongation shall.be 3,000 Ibf/i
imum, respectively, and shall be tested in accordance with 4.4.12

Crosslinked, Modified, Ethylene-tetrafluoroethylene: Jackets of e
d modified ethylene-tetrafluoroethylene shall have a wall thicknes
[he color shall be white. The tensile strength and elongation shall
and 50% minimum, respectively, and-shall be tested in accordanc

yimide/Polytetrafluoroethylene:CThe jackets of polyimide/polytetrg
ist of two tapes. For constructions requiring an 0.006 to 0.010 in ja
shall be a fluoropolymer/polyimide/fluoropolymer coated tape (1 1
applied with a minimum-50% overlap. The outer tape shall be an
uoroethylene tape (2:mil thickness) applied in the opposite directid
minimum of 50%._overlap. For constructions requiring an 0.008 t
the 2 mil outer polytetrafluoroethylene tape shall have a minimuni
shall be heat'sealed after wrapping. The polytetrafluoroethylene
ated in such a manner to achieve a minimum 62% contrast level W
sourcetintaccordance with 3.3.14.

ble 6. The tensile
% minimum,

wall thickness as
2 minimum and
1.

Kktruded and

5 as specified in
be 5,000 Ibf/in?
b with 4.4.12.1.

fluoroethylene
cket thickness, the
nil minimum
unsintered

n to the first tape
p 0.012 in jacket
overlap of 67%.
tape material shall
hen marked by a
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TABLE 5 - Recommended Shield and Jacket Materials for Each Basic Type Wire

Cable type
Shielded Jacketed Shielded and Jacketed
Basic wire Shield Jacket Shield Jacket Shield Jacket
specification  material  material material material material material
I
TA, RC T,S N 00 U 04, 03, 06, T,8 N 04, 05, 06,
07, 09, 07, 09,
14482021 1448, 20, 21
SP T,S N 00 U 04, 03, 08, T,8 N 04, 0p, 08,
09, 1418, 09, 19-18,
20, 21,23, 24 20,211, 23, 24
JF F.C 00 U 08, 07 RAC 06, of
ML T,8 00 U 04, 08, 09, T,8 04, 0B, 09,
14,16, 23 14, 1B, 23
WP, WJ T,S N 00 U 04,0506,07 T,S N 04, 0p, 08, 07
0911, 12, 14-18 09, 11, 12, 14-18
09, 11,12, 14-18 09 101,12 14-18

MNote: Assgciated double jacket types have same shield and jacket designations.

TABLE 6 - Jacket Wall Thickness'

Diameter of 06 05, 09 08 11 12, 22 23 24
cable beneath 14, 15,

Jacket (in) 20,21

inches min max

Up to 0.150 0J010-0.015. 0.007-0.016 0.005-0.010 0.0035-0.0055 0.003 -0.0055 0.005-0.0f10 0.008-0.010
0.161-0.200 0J010-0.095" 0.010-0.020 0.006-0.012 0.0035-0.0055 0.003 -0.0055 0.006-0.0f1 0.006-0.010
0.201-0.250 0j010-0:015 0.010-0.020 0.007-0.014 0.0035-0.0055 0.003 -0.0055 0.007-0.0f12 0.006-0.010
0.251-0.300 0Olo48-0-645—06-0468-0-020—0-007-0-044—0-0635-0-0055—0-803—0-00656—0-06746-813 0.006-0.010
0.301-0.400 0.015-0.025 0.013-0.020 0.007-0.014 0.006 -0.009 0.0045-0.0075 0.008-0.014 0.006-0.010
0.401-0.500 0.015-0.025 0.013-0.020 0.006 -0.009 0.0045-0.0075 0.002-0.017 0.006-0.010
0.501-0.600 0.020-0.030 0.020-0.030 0.0095-0.0136 0.007 -0.011 0.010-0.018 0.008-0.012
0.601-0.700 0.020-0.030 0.020-0.030 0.0095-0.0136 0.007 -0.011 0.012-0.022 0.008-0.012
0.701-0.750 0.020-0.030 0.020-0.030 0.0095-0.014 0.007 -0.011 0.014-0.024 0.008-0.012
0.751-0.800 0.020-0.030 0.020-0.035 0.0095-0.014 0.007 -0.011 0.014-0.024 0.008-0.012
0.801-1.000 0.020-0.030 0.020-0.035 0.0095-0.014 0.007 -0.011 0.016-0.030 0.008-0.012
Over 1.000 0.020-0.030 0.020-0.035 0.020-0.040 0.008-0.012

| Jacket materials not shown shall have a minimum wall thickness of 0.010 inch.
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3.3 Functional Characteristics:

3.3.1

3.3.1.1

3.3.2

3.3.3

3.34

3.3.5

3.3.5.1

Dielectric Withstand: One hundred percent of all finished cable shall be tested in accordance with
4.4.3,4.4.3.1, and 4.4.3.2. Following these tests, there shall be no evidence of electrical
breakdown or arcing.

Impulse Dielectric (for Unshielded/Unjacketed Configuration): One hundred percent of all
finished unshielded and unjacketed, multiconductor cable (except component wire Type JF),

both condu
443.3. Th

Jacket Flaws
shall be teste
requirements

Conductor Cq
continuity tes

Cold Bend (J
and jacketed
of jackets. S
voltage withs

Thermal Sho
shock test of

Aging Stabi
stability tes

ctors;sizes 41022 AWG shathpasstheimputse dietectrictestin
ere shall be no evidence of dielectric failure.

(Shielded and Jacketed Cables Only): One hundred percent of al
d in accordance with 4.4.4. All flaws shall be removed ‘er marked
for packaging (see 5.1).

ntinuity: All conductors in all lengths of finished‘cable shall withst
| of 4.4.8 without indication of discontinuity.

hcketed and Shielded and Jacketed Cables Only): All finished jac
types of cable shall withstand the cold'bend test of 4.4.6 without eV
nielded and jacketed cable with jacket material listed in 4.4.6 shall
and test of 4.4.7 without electriCal breakdown (see 4.3).

ck: Al finished cable withjacket materials listed in Table 7 shall wit
4.4.9 without cracking of'the jacket (see 4.3).

ity: All finished,cable with jacket materials listed in Table 7 shall v
of 4.4.10 without cracking of the jacket (see 4.3).

TABLE 7 - Thermal Shock and Aging Stability

pccordance with

finished cable
consistent with the

and the conductor

keted and shielded
idence of cracking
then pass the

hstand the thermal

ithstand the aging

Jacket Thermal shock and aging
materials stability temperature
04 150 °C
14,15 180 °C
05, 09, 11,12, 16, 22, 24 230°C
06, 07,20, 21 285 °C

Note: Associated double jacket style uses same test temperature

3.3.6 Blocking: Adjacent layers of cable with all jacket materials shall not stick together nor to the metal
mandrel when subjected to the test for blocking in 4.4.16 at rated temperature of the jacket or basic
wire, whichever is lower, for 6 h.
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3.3.7 Flammability: Cable specimens with all jacket materials loaded with sufficient weight to remain
taut throughout test shall not burn for more than 30 s, nor more than 3.0 in (76.2 mm) when tested
in accordance with 4.7.

3.3.8

3.3.9

3.3.10

3.3.11

3.3.12

3.3.13

3.3.14

3.4

3.4.1

3.4.11

34.1.2

Immersion: Cable specimens with jacket materials 08, 11, 12, 22, 23, and 24 shall not increase in
diameter more than 5% and shall not crack when tested in accordance with 4.4.13 or 4.4.14, as

applicable.

Lamination S
72, or 74 sha

in accordance with 4.4.15.

Crosslinked
test of 4.4.11

applicable (s¢e 4.3). Normal oxidation of the conductor coating shall not be cal

Temperature
the basic spe

Concentricity
70% when te

Shield Solder
and Wire” pa
accordance W
shield symbo

Laser Markalh
manner to ac
operating at g
difference be
the reflectana

catimg—Cabte-specimens withtaped-wrappedjacket materiats—t+;
| exhibit no separation of layers either along the insulation or at-{he

erification: All finished cable with jacket material 08, 23, 58 or 73
without cracking of the jacket, dielectric breakdown or-pitting of m

Rating: The temperature rating of the cable shall be defined as th
cification wire, shield material, or jacket material as defined in 1.2.

of Extruded Jackets: The concentricity of extruded jackets shall b
sted in accordance with 4.4.17.

agraph of MIL-STD-202-Method 208 after the braided shields are
ith 4.4.19. The requirement is applicable to tin and silver coated s
s T, S, M, G H, J, and double shield symbols V, W, K, A, B, D).

ility (Optional); “When required, applicable materials shall be form
nieve a 62% minimum contrast level when marked by an ultraviole
delivered)power not to exceed 1.5 Jicm2. The contrast level is d¢
ween the reflectances of the background insulation and the laser
e of:thé background insulation.

12, 22, 24, 61, 62,
ends when tested

shall withstand the
etallic coatings, as
se for rejection.

b lowest rating of
1.50r 1.2.1.6.

e not less than

ability: Solderability shall béevaluated using the “Evaluation of Wiapped Lugs, Tabs,

tested in
hields only (single

ulated in such a
(UV) laser source
efined as the

mark, divided by

Identification of Product:

Cable Product Identification: The cable product identification shall consist of the cable designation
as determined by 1.2.1 and the cable manufacturer’s code designation in accordance with
publications H4-1 and H4-2.

Unshielded, Unjacketed Cable: Cable product identification shall be imprinted on the insulation
of Wire No. 1 or the chromel wire of a paired cable (see 3.4.2). The cable product identification
shall conform to 3.4.3. The cable product identification shall not be required when the product

identification is not required by the basic wire specification for that size wire.

Shielded Cable: The cable product identification shall be imprinted on a marker tape placed
beneath the shield (see 3.4.4).
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3.4.1.3 Jacketed Cable: The cable product identification shall be imprinted on the outer surface of the
following jacket styles (08, 23, 58, and 73). All other jacket styles shall have cable product

3.4.1.4

identificatio

n imprinted on a marker tape placed beneath the jacket.

Shielded and Jacketed Cable: The cable product identification shall be imprinted on the outer
surface of the following jacket styles (08, 23, 58, and 73). All other jacket styles shall have cable
product identification imprinted on a marker tape placed beneath the shield or jacket.

3.4.2 Wire Product Identification: The wire product identification may be omitted on Wire No. 1 when

3.4.3

3.4.4

3.4.5

this wire carri

Printed Marki
size of the pri
printed. The

a. Six to eig
b. A maximy
c. A maximu

The printed nparking shall be applied with the verticalkaxes of the printed charac

cable (or wire
printed chara
0.051 in (1.3(

Identification
tape shall be
rating equival

or larger. The¢ color of the tape.shall be white in accordance with MIL-STD-104

when polyimi

Jacket Color:
jacket color s
color tracer is

ng: The printed marking shall be durable, legible, and shallkbe bla
hted characters shall be consistent with the magnitude of the surfa
distance between the end of one mark and the beginning of the nq

hteen inches if printed on the jacket (3.4.1.1, 3.4.4.3,and 3.4.1.4)
m of 3 in if on a marker tape (3.4.1.2, 3.4.1.3,.and 3.4.1.4)
m of 12 in if on Wire No. 1 (3.4.1.1)

) whose nominal diameter is 0.050 in{(1.27 mm) or smaller. The V
cters may be crosswise or lengthwise on cable (or wire) whose no
mm), or larger, or whenever tape is used (see 3.4.4).

Tape: When tape is used\for carrying the imprinted cable product
one continuous length.ofelectrically non-adhesive type material W
ent to the cable rating'without the tape. The tape shall be 0.062 in

e tape is used, in which case the natural color of the polyimide is
Unless otherwise specified in the contract or purchase order (se€

hall betin*accordance with the jacket material descriptions of 1.2.1
specified, it shall conform to MIL-STD-104.

ck in color. The
ce upon which it is
xt shall be:

ters lengthwise on
ertical axes of the
minal diameter is

identification, the
ith a temperature
1.57 mm) nominal
Class 1, except
acceptable.

6.2), the cable
6. When a color or

3.5 Workmanship:

The finished cable shall exhibit uniform quality throughout without visible irregularities when viewed
with the unaided eye.

3.6

Cable Diameter:

The major diameter of the cable shall be determined as specified in 4.5 and shall not exceed the
maximum diameter calculated in accordance with 4.5.
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3.7

3.8

4. QUALITY ASSUI

4.1

411

Cable Weight:

The maximum weight of the cable shall be determined as specified in 4.6. The measured weight
shall not exceed the calculated weight.

Length Require

ment:

The individual continuous lengths of finished cable in each inspection lot shall conform to the

continuous leng

85% of the ler
100% of the len

Unless otherwi
each spool or r
unwound by thg

Responsibility f

Unless otherwi
responsible for
otherwise spec
his own or any
herein.

Responsibility
inspection se
inspection sy
specification
products or s

threquirermentstistedbetow:

gths shall be greater than 100 ft
gths shall be greater than 50 ft

be specified in the contract or order, the footage of the individual co
bel shall be marked on the spool or reel in the sequence in which {
> USer.

RANCE PROVISIONS:
or Inspection:
be specified in the acquisition décument or purchase order, the cal

the performance of all inspection requirements as specified herein
fied in the acquisition document or purchase order, the cable man

for Compliance+ All items must meet all requirements of Section
[ forth in this Specification shall become a part of the cable manuf:

ntinuous lengths in

he lengths will be

le manufacturer is
. Except as
ufacturer may use

other facilities suitable.for'the performance of the inspection requifements specified

£ 3and 5. The
cturer’s overall

5tem or quality program. The absence of any inspection requirements in the
shall not relieve the cable manufacturer of the responsibility of assuring that all
Lpplies’comply with all requirements of the acquisition document dr purchase order.

4.2 Classification of Inspection:

4.3

The inspection

a. Quality con
b. Process co

Inspection Con

requirements specified herein are classified as follows:

formance inspection (see 4.3.1)
ntrol tests (see 4.3.2)

ditions:

Unless otherwise specified herein, all inspections shall be performed in accordance with the test
conditions specified in AS4373.
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4.3.1 Quality Conformance Inspection: Quality conformance inspection shall consist of the tests listed in
Table 8.
TABLE 8 - Quality Conformance Inspection
Test Reqguirement Test method
Shield coverage 3234 445
Braid angle 3.2.33 445
$hield solderability 3.3.13 4419
Identification of product 3.4 441
Jacket wall thickness 324 44402
Jacket concentricity 3.3.12 4.4A7
Uamination sealing 339 4415
Cable jacket removability 324 4418
Cable diameter 385 45
Cable weight 3.7 46
Cold bend 334 4486
Thermal shock 335 449
Aging stability 3.3.51 4410
Jacket, tensile strength 3.2.41 44121
and elongation
Blocking 336 44186
fFlammability 3.3.7 47
IMmpulse dielectric 3311 4433
Crosslink verification 3.3.10 4411
4.3.1.1 Lot: Alotshall consist of all cable of a single cable designation offered for inspection at one time
except that the lot shall not exceed 1,000,000 ft or one week’s production, whighever is less. The
lot shall be expressed in units of thousands of feet (total footage in lot divided|by 1,000).
4.3.1.2 Sample: Alsample shall consist of individual lengths of cable chosen at randomn from any one lot
for the purpose offinspection or test. The sample size or number of lengths tq be chosen from
each lot shTII be-determined by the sampling plan.
4.3.1.3 Sample Unit (Tests of Table 8): The sample unit shall consist of a single piece of finished wire
chosen at random from the inspection lot and of sufficient length to permit all applicable
examinations and tests. Unless otherwise specified, the length of the sample unit shall be 25 ft.
Not more than one sample unit shall be taken from a single unit of product.
4.3.1.4 Specimen: A specimen shall consist of a piece of one sample unit upon which a particular
inspection or test is to be made.
4.3.1.5 Sampling: A random sample of the size specified shall first be selected from the lot. A specimen

of sufficient length shall then be selected from each sample unit for the specified tests. Sampling
inspection shall be in accordance with ANSI/ASQC Z1.4.
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4.3.2 Process Control Tests: The process control tests are either of such nature that they cannot be
performed on finished cable submitted for inspection and, therefore, must be conducted at the
most appropriate stage of manufacturing operations, or tests can be conducted on 100% of the
finished cable. The process control tests shall consist of the tests listed in Table 9.

43.21

43211

43.21.2

43213

43214

TABLE 9 - Process Control Tests

Reguirement Test
Copper shield round strand material 311 4472
Stainless steel shield material 3.1.2 442
High strength copper alloy shield 313 442
round strand
Thickness of coating 32313 44221
Continuity of coating 32313 442272
Strand elongation 3.23.11 4421
Adhesion of nickel coating 323133 44223
Jacket flaws 332 4.4.4
Dielectric withstand 3.3.1 443 or

4431
(if applicable

Conductor continuity 333 448
Basic wire acceptance 3.21 Basic wire

specification

Sampling fa

Shield Str

r Process Control Tests:

and Material:~From each week’s production of individual shield str:

Ands or from every

100 Ib of Individual shield strand, whichever is less, three 10-ft lengths of egch style of shield

strand rey

Coating:

resentative of the material to be used in the finished cable shall b

IA-sample shall consist of at least 3.5 ft of strand, before braiding,

b selected.

hat is

representative of the strand to be used in each lot of finished cable (see 4.3.1.1).

Coated Copper Strand Elongation: A sample shall consist of at least 3.5 ft of strand, before
braiding, that is representative of the strand to be used in each lot of finished cable (see

4.3.1.1).

Basic Wire: Sampling of the basic wire shall be in accordance with the sampling plan of the
similar wire type defined in Table 1. Additional impulse dielectric testing in accordance with the
basic wire specification shall be performed when potentially degrading operations, either
thermal, mechanical, or chemical have been performed subsequent to the original test.
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4.3.3 Rejection and Retest: When the sample selected from a production run fails to meet the specified
tests, no items still on hand or later produced shall be accepted until the extent and cause of failure
have been determined. After investigation, the cable manufacturer shall advise the acquiring
activity of the action taken and after corrections have been made, all process control tests shall be
repeated.

4.3.31

Tests May Continue: For production reasons, testing may be continued pending the
investigation of the process control sample failure, but final acceptance of the material shall not

be made ur

4.4 Methods of Ins

441

Inspection of

requirements
specification.

442

4421

4422

44221

44222

44223

44224

Shield Strand

Elongation:
FED-STD-2
separation.

Coating:

Thickness
method o

Continuity
conducte
evidence

Adhesion
strand. G

tiHtisdeterminedthat thetotmeetsattthe requirementsof thesp
pection:
Product: All samples of cable shall be carefully inspected for pack]
of this specification not covered by tests to ascertain conformance
S:

Elongation tests on the coated copper“strand shall be conducted

28, Method 3211, using a 12-in specimen, 10-in bench marks, an(
Soft annealed copper shall be pulled at a rate between 5 and 10

: The thickness of the coating shall be determined by the electror
f AS4373.

of Silver and\Niekel Coating: Continuity of silver and nickel coati
i in accordance with ASTM B 298 or ASTM B 355, as applicable. ]
of exposed ‘copper.

of Nickel Coating: Two 6-in specimens shall be cut from the samg
ne_specimen shall be wrapped over its own diameter for eight clos

acification.

aging and all other
to this

n accordance with
i a 10-in initial jaw
n per minute.

ic determination

ng tests shall be
['here shall be no

le of nickel coated
e turns. The

second specimen shall remain in its straight form. Both specimens shall then be subjected to
ten continuous cycles of temperature change. Each cycle shall consist of 4 h at

250 °C £ 5 °C followed by 4 h at room temperature. Upon completion of the thermal cycling,
the straight specimen shall be wrapped over its own diameter for eight close turns in a manner
identical to that of the first specimen. Both wrapped specimens shall then be subjected to the
test specified in 4.4.2.2.2. There shall be no indication of exposed copper.

Continuity of Tin Coating: The continuity of coating test shall be conducted in accordance with
the test procedure in ASTM B 33. There shall be no evidence of exposed copper.
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4.4.3 Dielectric Withstand:

4.4.3.1 Dielectric Withstand-Component Wires: The finished cable shall be tested in accordance with
Method 6111 of FED-STD-228, except that immersion is not required. Each conductor, in turn,
shall be tested against all others tied together with the (inner) shield (if any). The test voltage
shall be 1,500 Vrms for 600-V rated basic wire and 2,500 Vrms for 1,000-V rated basic wire. The

time of electrification shall be not less than 15 nor more than 30 s.

4.4.3.2 Dielectric Wmmﬁmmmwshau be subjected
to a dry dielectric test. A potential of 500 Vrms shall be applied to the inner shield with the outer

shield groupded. The time of electrification shall be not less than 15 s norma

4.4.3.3 Impulse Diglectric Test (for Unshielded/Unjacketed Cable Configuration): Thg

re than 30 s.

electrode head

through which the cable is passed in the impulse dielectric testshall be of a spitable bead chain

construction such that the electrode will give intimate metalli¢.contact with pra
cable insulgtion surface. The characteristics of the impulse test and of the equ
the electrode head shall be as specified in the basic wire specification with tes
(peak).

444 Jacket Flaws| One-hundred percent of all finished-shielded and jacketed cable
a suitable spark test device that will give intimate-metallic contact with practicall
surface and impress a potential of 1,500 V AC at commercial frequency betwee
the spark tes{ device and the cable shield:'Electrode length and speed of cable
electrode shdll be such that the jacket-will'be subjected to the test potential for

ctically all of the
ipment auxiliary to
bt voltage at 6 kV

shall pass through

y all of the jacket

n the electrode of

through the
minimum of 0.2 s.
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4.4.5 Braid Angle and Shield Coverage: The braid angle and the percent coverage of the braid shall be
determined by the following formula:

Tan o = 29 (D+2d,) P/C

f"F" is less than 1, coverage is determined by K = 100 (2F-F2)
If "F" is greater than 1, then K = 100%

where:

o]}

S5 © T M

TS 0OUQOoMmMR UTX=A
non m o n
3 Qo o

O S
Q

Slide the test
diameter (D)
as close to th

picks over a ¢

carrier. Dete

by measuring

the braid ang

¢rcent coverage

umber of strands per carrier

(3.14)

Pd,/sin a
cks per inch of cable length
gle of braid with axis of cable

iameter of one of the round shield strands.-orthickness of flattened
imber of carriers

mber of basic wires (2)
sic wire diameter

e o using-Equation 1. Using the braid angle, calculate the value

the value of H, calédlate the value of the shield coverage using either Equation

(Eq. 1)

(Eq. 2)
(Eq. 3)

strand

iameter of one of the round shield strands or width of flattened strand
flameter of cable under shield

specimen of braid over'a.mandrel which has a diameter equal to the nominal

bf the braid (if no mandrel exists then take care to ensure the braid fdiameter is formed
e nominal diameteras possible.) Determine the quantity P by courting the number of
jiven length of braid. Determine n/C by counting the number of ends on a single
mine C by ceunting the number of carriers on the braid. Find the yjalue of d4 and d,
the strands with a micrometer. These will be equivalent for round gtrands. Calculate

F. Depending on
or 3.
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4.4.6 ColdBend: The ends of previously untested samples of finished cable shall be secured to a
mandrel in a cold chamber. The other end of each specimen shall be secured to separate load
weights sufficient to keep the cable vertical and tangent to the mandrel during the bending
operation. The mandrel size shall be as specified in Table 10. The temperature of the chamber
shall be lowered to -55 °C £ 5 °C at a rate not to exceed 50 °C per minute. The specimens and the
mandrel shall be conditioned at this temperature for 4 h. At the end of this period, and while both
mandrel and specimen are still at this low temperature, the cable shall be wrapped around the
mandrel for 180° without opening the chamber. The time required for bending around 180° of the

447

448

449

4.4.10

mandrel shall
the chamber
inspected, wi
with jacket m
double jacket
subjected to

hout magnification, for cracks. Specimens of shielded and jackete
pterials 05, 06, and 08 through 12, 14 through 16, 20, 22,.and 23 (|
types) shall be subjected to the voltage withstand test specified in

e cold bend test or voltage withstand test of the jacket, all specin

h
dissected. T:Le individual wires shall then be immersed within.3.in of their ends

solution. Att
applied for 1

Voltage Withs
be electrically
specimens sH

ne end of this period, a potential of 1,000 Vrms_at commercial freq
min from each conductor in the salt solution;,

tand, Jacket: Specimens shall be formed into the shape ofa U. A
connected together with the shields:-(if any) on both ends of the s
all be tested in accordance with AS4373, Method 510, except the

shall be 1 h mpinimum. The test voltage shall®e 1,000 Vrms, and the time of ele

1 min. The td
liquid.

Conductor Cq
be tested for
be no indicati

Thermal Sho
wrapped arol
mandrel. The
shall be subije

st voltage shall be applied bétween the conductors (plus shield) a

ntinuity: Each basic\wire in 100% of all finished cable in shipment
conductor continuity with an ohmmeter or other suitable testing de
on of discontinuity.

ck: Specimens of finished cable with jacket materials listed in Tab

cted to a temperature within £5 °C of the values specified in Tabl

mmﬂmmww externally from
shall be used. The specimens shall then be removed from therxmandrel and visually

d types of cable
and associated
4.4.7. After being
ens shall be

for 1 hin a 5% salt
uency shall be

Il conductors shall
becimen. The
time of immersion
ctrification shall be
hd the immersion

reels or coils shall
vice. There shall

7 shall be

nd a,mandrel for at least six close turns with the ends of the specimens tied to the
e mandrel diameter shall be as specified in Table 10. The specimgns on the mandrel

7 for 4 h. Atthe

end of this period, the specimen shall be inspected visually for cracks.

Aging Stability: Specimens of finished cable with jacket styles listed in Table 7 shall be aged for 96
h at temperatures within £5 °C of the values specified in Table 7 in a forced draft air oven. These
specimens shall then be removed from the oven, allowed to cool at room temperature for 30 min
and wrapped at a uniform rate of 15 rpm £ 3 rpm at room temperature around a mandrel as
specified in Table 10. At the end of this period, the specimens shall be removed from the mandrel
as a helical coil and be inspected visually for cracks, without the aid of magnification (see 3.3.5.1).
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