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Wire, Electrical, Stranded, Uninsulated Copper

General Specification For

Copper Alloy, or Aluminum, or Thermocouple Extension,

RATIONALE

SAE version of MIL-DTL-29606, which includes enhancements for quality assurance provisions and establishes
qualification requirements for the coated copper and copper-alloy conductors furnished under the specification.

1. SCOPE

This specification cover$ concentric lay stranded and rope-lay stranded round electrical ganductof
copper alloy or aluminum. This specification also covers thermocouple extension con
nickel/chromium or nickel/aluminum/manganese. The conductors in this specification” are suita|
wires used in aerospace and other applications.

1.1 Classification
Stranded conductors ar¢ classified herein. The classifications are as follows:

Conductor Material
Conductor Coating
Conductor Stranding
Conductor Dimensions

1.1.1 Part or Identifying Number (PIN)
PINS to be used for the wire acquired to this specification are created as in the following example:
M29606 -20 -SC¢ -GP

Conductor Diameter Tolerance (See 1.1.1.4)
Conductor Material and Coating (See 1.1.1.3)
Conductor Size (See 1.1.1.2)

Basic Part Number (See 1.1.1.1)

fabricated from copper,
ductor fabricated from
ble for use in insulated

The above conductor is a size 20 conductor of silver coated annealed copper conductor with general purpose diameter

control.
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1.1.1.1 Basic Part Nu

mber

The conductor part number consists of the letter “M,” the basic number of the applicable specification and the applicable
alpha-numeric characters formulated in the example (see 1.1.1).

1.11.2

Conductor Size

A one- or two-digit designator from Table 4 is used to designate the conductor size.

1.113

Conductor Material and Coating Designator

An alphabetic designator from Table 3 is used to designate the conductor material and conductor coating.

1.11.4

Conductor Diameter Tolerance

The conductor diameter

GP - General Purpose (
SD - Small Diameter (s§

NOTE: The GP conduc
distinct diamete

2. REFERENCES

2.1 Applicable Docun
The following publicatio
shall apply. The applica
event of conflict betwsq
precedence. Nothing in
has been obtained.

2.1.1 U.S. Governme
Available from DLA Dod
6396, http://quicksearchi

dimensional tolerance is designated as follows:

see Table 4)
e Table 4)

tors are inactive for new design for copper and copper alloy’ conductors.

ents

ns form a part of this document to the extent specified herein. The latest is
ble issue of other publications shall bethe issue in effect on the date of th
en the text of this document and references cited herein, the text

this document, however, supetsedes applicable laws and regulations unle

ht Publications

ument Services,Building 4/D, 700 Robbins Avenue, Philadelphia, PA 19
Ldla.mil/.

2.1.1.1 Federal Stang

FED-STD-228 Cable a

ard

nd Wife; Insulated; Methods of Testing

All conductors without a

[ tolerance (GP or SD) are designated as general purpose (GP) diameter {olerance conductors.

sue of SAE publications
e purchase order. In the
bf this document takes
eSS a specific exemption

111-5094, Tel: 215-697-

2.1.1.2 Department o

Deferrse Starndards

MIL-STD-202 Electronic and Electrical Component Parts

MIL-STD-2223 Test Methods for Insulated Electric Wire

SD-6
2113

MIL-C-3993  Copper

Provisions for Governing Qualification

Department of Defense Specifications

and Copper-Base Alloy Mill Products; Packaging of
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212

2121

Non-Government Publications

SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside
USA and Canada) or 724-776-4970 (outside USA), www.Sae.org.

AIR4487 Investig
ARP6400

Shields
AS9100
2.1.2.2 ASQ Publicaty

ation of Silver Plated Conductor Corrosion (Red Plague)

Recommended Practice for Processing and Handling Wire and Cable with Silver Plated Conductors and

Quality Management Systems - Requirements for Aviation, Space and Defense Organizations

UlS

Available from American Society for Quality, 600 North Plankinton Avenue, Milwaukee, \W1-53

(United States or Canad
ASQ Z1.4 Samplin
2.1.2.3 ASTM Publica

Available from ASTM In

a)), 001-800-514-1564 (Mexico) or +1-414-272-8575 (all other locations),
g Procedures and Tables for Inspection by Attributes
itions

ternational, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocke

610-832-9585, www.astim.org.

ASTM B230/B230M A

uminum 1350 - H19 Wire for Electrical Purposes (DoD adopted)
etermination of Cross-Sectional Area'of Stranded Conductors (DoD adopt
opper Conductors for Use In Hookup Wire for Electronic Equipment (DoD
ire, Copper, Silver-Coated.Soft or Annealed (DoD adopted)

ckel-Coated Soft or-Ainnealed Copper Wire (DoD adopted)

ire Copper Allay,-High Strength, High Conductivity, for Electronic Applicat

ectronie-Space Application

P03, Tel: 800-248-1946
Www.asd.org.

n, PA 19428-2959, Tel:

ed)

adopted)

on (DoD adopted)

fandard Specification for Silver Coated Copper and Copper Alloy Stranded Conductors for

fandard Specification for High Performance Tin-Coated Annealed Co

bper Wire Intended for

ASTM B263 D
ASTM B286 C
ASTM B298 W
ASTM B355 N
ASTM B624 W
ASTM B961 S

E
ASTM B965 S

E

ASTM E230/E203M

ectricat-and Efectronic Apptication for Sofderabitity

Thermocouples

2.1.2.4 TechAmerica

Available from TechAmerica, 1001 19th St.

www.techamerica.org.

EIA-557

Publications

North, 20th Floor, Arlington,

Statistical Process Control Systems (DoD adopted)

VA 22209, Tel

Standard Specification and Temperature — Electromotive Force (EMF) Tables for Standardized

202-682-9110,
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2125

NCSL Publications

Available from NCSL International, 2995 Wilderness Place, Suite 107, Boulder, CO 80301, Tel: 303-440-3339,

www.ncsli.org.

NCSL-Z540

2126

Laboratories, Calibration, and Measuring and Test Equipment. (DoD adopted)

IPC Publications

Available from IPC 3000 Lakeside Drive, Suite 309S, Bannockburn, lllinois 60015-1249, Tel 847-615-7100, www.ipc.org

IPC/JEDEC J-STD-002
2.2 Definitions

2.2.1 CONCENTRIC

Concentric lay is defined as a central strand surrounded by one or more layers of helicallyjwound

222 LOT

All the stranded condud

continuous basis, and o

2.2.3 SAMPLE

The sample is the groug

2.24 SAMPLE UNIT

The sample unit consis
and tests. Not more tha

2.2.5

A unit is one continuous

2.2.6  QUALIFICATIO
Qualification inspection
requirements defined in
associated data which

UNIT OF PROLC

Solderability Tests for Component Leads, Terminations, Lugs, Terminal

s and Wires

| AY

tors of one part number made under the same essential conditions, prod
fered for inspection at one time are considered a lotfor’purposes of samp

of sample units selected from the lot for the-purpose of inspection.

s of a single piece of finished\conductor of sufficient length to permit all
h one sample unit for each group of tests should be taken from a single un

UCT

length of conductor:

N INSPECTION

is a process that demonstrates that a component is capable of full

a standard. Qualification inspection includes definition of the measurems
proyides consistent rationale for acceptance of a particular supplier's

strands.

uced on a substantially
ing.

hpplicable examinations
t of product.

conforming to all the
nts, tests, analysis, and
design as meeting the

standard requirements

2.27 QUALIFIED PR

ypicatty prior to acquisition by the Purchaser-

ODUCTS LIST

A Qualified Products List is a list of suppliers whose products have been evaluated to a defined standard using a defined
process and who are authorized to provide those products to a purchaser upon request. When a Qualified Products List is
specified only approved suppliers are authorized to provide products under the part number defined in the component
standard. A Qualified Products List is established and maintained by a Qualifying Activity.

2.2.8

QUALIFYING ACTIVITY

A Qualifying Activity is a function established by an SAE specification that has a defined process used to consistently

evaluate all suppliers pr

oducts in accordance with the component standard.
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2.29 QUALITY CONFORMANCE INSPECTION

Quality Conformance Inspection is a process which includes measurements, non-destructive test, analysis, and
associated data that will provide verification that a particular individual component continually conforms to the
requirements defined in the standard.

2.2.10 QUALIFICATION BY SIMILARITY

An alternate Qualification Inspection process accomplished without completing all of the measurements, test, and
analysis requirements defined in the standard. Acceptance and the extent of similarity, is determined by the Qualifying
activity. Similarity is established through a rationale that certain designs, materials, and/or processes are identical to
those already approved through qualification of the components. Verification testing for the new product is not required or
reduced for designs, materials, and/or processes already approved.

2.2.11 PURCHASER

A purchaser is an activity that can issue a purchase order or contract.
2.2.12 SUPPLIER
A supplier is an original component manufacturer or a value added component manufacturer (ile. distributer, assembly
plant, etc.) which has dgsign and production control of the processes used topréduce the final cgmponent in accordance
with the standard.

2.2.13 QPL SOURCE

In order to be considerdd for listing on a Qualified Products List (QRL), a supplier has to comply With the conditions listed
below.

1. The potential sourceg has to have control of the engineesing drawings for manufacturing the products.
2. The potential sourcg has to do final inspection and-shipping from the location to be listed on the QPL.

3. The potential sourcp had to be responsible for all the initial and periodic qualification requifements identified in the
specification.

3. REQUIREMENTS
3.1 Qualification (see|4.4)
The coated copper and |coppet-alloy conductors furnished under this specification shall be produgts, which are authorized

by the qualifying activity| farlisting on the applicable qualified products list at the time set for openjng of contract bids (see

4.1 and 7.5.6) or purch seorders—Quatification |cqui|c|||c| ts—are-inaccordance-with4-4-therei:

3.1.1 Conformity to Qualified Sample

It is understood that conductors supplied under contract shall be the same material formulations, material sources, and
manufacturing processes as approved by the qualifying activity. Any unapproved changes made after the qualification
approval date, unless accepted by the qualifying activity, may constitute cause for rejection.

3.2 Detail Specification
The individual item requirements shall be as specified herein and in accordance with the ASTM document when

applicable. In the event of any conflict between requirements of this specification and the ASTM standards (see 2.1.2),
this specification shall govern.
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3.3 Conductor Strand

Material

All strands used in conductors specified herein shall conform to the applicable ASTM standards for the proper material
listed in Table 3. After stranding conductor, strands shall be free from lumps, kinks, splits, scraped or corroded surfaces,
and skin impurities. In addition, the strands shall conform to the following requirements as applicable.

3.3.1 Tin Coated Cop

per Strands (Type TCC)

Tin coating shall be in accordance with ASTM B965, except steam conditioning is not required for solderability testing.

3.3.2 Silver Coated C

3.3.21 Type SCC

opper Strands

The strands shall have
ASTM B298.

3.3.2.2 Type SCC1
The strands shall have
ASTM B298. After stran
40 micro-inches of silve
3.3.3 Nickel Coated @
The strands shall have
ASTM B355.

3.3.4 Heavy Nickel C
The copper strands sha
with ASTM B355.

3.3.5 Silver Coated C

3.35.1 Type SCA

The copper alloy strand
less than 40 micro-inchg

3.35.2 Type SCAl

- | £ | ") 40, H . 1 | L
A LUAUTTY UTICRTTCSS UT'TIULTTCOSS AT SU TIICTURTTIUTITS UT SIIVET WIITTT TTIC A S|

A coating thickness of not less than 80 micro-inches of silvér when meas
ding, the coating thickness on each of the individual conductor strands sh
when inspected using micro-section analysis in accordance with ASTM B
opper Strands (Type NCC)

A coating thickness of not less than 50 micre-ifiches of nickel when meas

pated Copper Strands (Type NHC)

| have a coating thickness of not less than 27% by weight of nickel when 1

ppper Alloy Strands

base material shall conform to ASTM B624. The strands shall have a
s of silvef When measured in accordance with ASTM B298.

red in accordance with

ured in accordance with
all nowhere be less than
961.

ured in accordance with

neasured in accordance

coating thickness of not

The copper alloy strandbase TmateriastattonformmtoAS TV B 624 T e Strands statttavea
less than 80 micro-inches of silver when measured in accordance with ASTM B298. After stranding, the coating thickness
on each of the individual conductor strands shall nowhere be less than 40 micro-inches of silver when inspected using
micro-section analysis in accordance with ASTM B961.

3.3.6

Nickel Coated Copper Alloy Strands (Type NCA)

coating thickness of not

The copper alloy strand base material shall conform to ASTM B624. The strands shall have a coating thickness of not
less than 50 micro-inches of nickel when measured in accordance with ASTM B355.

3.3.7

Heavy Nickel Coated Copper Alloy Strands (Type NHA)

The copper alloy strand base material shall conform to ASTM B624. The copper strands shall have a coating thickness of
not less than 27% by weight of nickel when measured in accordance with ASTM B355.
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3.3.8 Silver Coated U

Itra-High Strength Copper Alloy Strands (Type SCU)

The ultra-high strength copper alloy strands shall be made of a copper alloy material capable of meeting all requirements
herein. The strands shall have a coating thickness of not less than 40 micro-inches of silver when measured in

accordance with ASTM

3.3.9

B298.

Nickel Coated Ultra-High Strength Copper Alloy Strands (Type NCU)

The ultra-high strength copper alloy strands shall be made of a copper alloy material capable of meeting all requirements
herein. The strands shall have a coating thickness of not less than 50 micro-inches of nickel when measured in

accordance with ASTM

B355.

3.3.10 Aluminum Strands (Type ALU)

faYaVimYaYe)

The aluminum strand m
3.3.11 Type K Thermo

Type KPH and KPS str
shall be made from an|
materials and shall conf

3.3.12 Silver Coated E

The extra-high strength
herein. The strands sk
accordance with ASTM

3.3.13 Silver Coated E

The extra-high strength
herein. The strands sH
accordance with ASTM
nowhere be less than
ASTM B961.

3.3.14 Nickel Coated H
The extra-high strength

herein. The strands s
accordance with ASTM

+ H | laall £ + A ONA
wcriar sridinr CUTTNmuUtTTIm tu /A OUID L OVUIVIL

couple Extension Conductor (Type KPH, KPS, KNH, and KNS)

ands shall be made from an alloy of 90% nickel - 10% chromium. Type
alloy of 95% nickel - 2% aluminum - 2% manganese - 1%-silicon an
brm to ASTM E230/230M.

ktra-High Strength Copper Alloy Strands (Type SCS)

copper alloy strands shall be made of a copper-alloy material capable of
all have a coating thickness of not less than 40 micro-inches of sil
B298.

ktra-High Strength Copper Alloy Strands (Type SCS1)

copper alloy strands shall be made of a copper alloy material capable of
all have a coating thickness’of not less than 80 micro-inches of sil
B298. After stranding, the jcoating thickness on each of the individual
40 micro-inches of silver when inspected using micro-section analy

xtra-High Strength’Copper Alloy Strands (Type NCS)

copper alloy'strands shall be made of a copper alloy material capable of
all have~a coating thickness of not less than 50 micro-inches of nid
B355.

KNH and KNS strands
d minor traces of other

neeting all requirements
ver when measured in

neeting all requirements
ver when measured in
conductor strands shall
5is in accordance with

neeting all requirements
kel when measured in

29

3.3.15 Heavy Nickel C

facl- It ] (aty ta O ALl (aty Al LT
ALCTU LAUTA™1 IIHII \.)I.ICIIHI.II UU'J'JCI I‘"\IIUy LUAariuos \Iy'JC LA

The extra-high strength copper alloy strands shall be made of a copper alloy material capable of meeting all requirements
herein. The copper strands shall have a coating thickness of not less than 27% by weight of nickel when measured in

accordance with ASTM

3.4 Conductor Strand

B355.

ing

Conductor stranding shall be in accordance with Tables 4A through 4G. No metallic coatings or platings are permitted
over the stranded conductor after stranding.
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3.4.1 Concentric Stranding

The conductors with 7, 19, or 37 strands shall be concentric-lay stranded as specified in Table 4A through 4G. The
direction of lay shall be alternately reversed (true concentric lay) or in the same direction (unidirectional lay). The strands
shall be assembled in a geometric arrangement of concentric layers, producing a smooth and uniform conductor, circular
in cross-section and free of any crossovers of adjacent strands, high strands, or other irregularities. The direction of lay of
the individual strands in the outer layer of the concentrically stranded conductors of the finished wire shall be left hand.
The lay length of the outer layer shall be 8 to 16 times the maximum conductor diameter as specified in Table 4.

3.4.2 Rope-Lay Stranding

The conductors with more than 37 strands shall be rope-lay stranded as specified in Table 4A, 4B, and 4D. Rope-lay
stranded conductors shall be laid up concentrically with a central member surrounded by one or more layers of helically
wound members. The direction of lay of successive layers shall be alternately reversed (true concentric lay), or in the

+1 al 1o T lanath alansaof tha o XV td na-lay deca
=

nductor shall be 8 to 14

same direction (unidireg
times the outside diame
hand.
3.4.2.1 Rope-Lay Me
The individual memberg
lay of the stranded mernj
3.5 Splices

For conductor types TQ
splices in individual stra|
outer coating integrity. 1
conductor or in any twg
entire member shall b

construction shall be fin
whole conductor be spli

For conductor type ALY
members of rope-lay co
one point.

For conductor types KP
brazed with silver sold
configuration, conducto
affected.

on hao aofth Htar arof ro L otranda
ooty T I e e gt O trie oty Ot e ottty S O Tope—Tty —Strartat o

ter of the completed conductor. The direction of lay of the outside layefs

mbers

of the rope-lay stranded conductors may be either bunchedor concentrig
bers shall not be greater than 16 times the outside diamgter of the membe

C, SCC, SCC1, NCC, NHC, SCA, SCA1, NCA, NHA, SCS, SCS1, NCS
nds or members shall be butt brazed, or a Similar process shall be used th
[here shall not be more than one strand-splice in any two lay lengths of a
lay lengths of any member in a rope-lay conductor, except that not mor
b permitted in any two lay lengths of rope-lay conductor. Splices in
shed such that the conductor diameter is not increased at the point of join
Ced at any one point.

, Splices in individual strands shall not be closer than two lay lengths of
nstructions shall not.be\closer than 10 feet. In no case shall the whole con

H, KPS, KNHand KNS, splices in individual strands or groups of individ
br. Splices~shall be so constructed and disposed throughout the cond
[ resistance, flexibility, and mechanical strength of the completed cond

nall be either left or right

stranded. The length of

p

=

, NHS, SCU, and NCU,
at does not damage the
stranded concentric-lay
e than one splice of the
members of a rope-lay
ing. In no case shall the

any member. Splices in
ductor be spliced at any

lal strands shall be butt
ictor that the diameter,
uctor are not adversely

3.6 Properties of Indi\

idual Strands hefaore eranrling

The individual strands must comply with the ASTM requirements, when applicable (see Table 3), and the plating
thickness requirements for the specific conductor.

3.7 Properties of Stranded Conductors

3.7.1 Conductor Diameter

The diameter of the conductor shall be as specified in Table 4A through 4G. Applicability of the “general purpose” or of
the “small diameter” Table 4 requirements for the maximum conductor diameter shall be as indicated by the part number.
All measurements shall fall within the specified range. The diameter shall be measured in accordance with 5.2. All
conductors without a distinct diameter tolerance (GP or SD) shall be designated as general purpose (GP) diameter
tolerance conductors (see 1.1.1).
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3.7.2  Solderability

The stranded conductor shall have a minimum coverage of 95% when examined after testing to the method specified in
5.3. Solderability requirements are not applicable to aluminum, thermocouple extension, or nickel coated conductors.
3.7.3 Elongation

The elongation of the entire conductor shall be measured on all sizes of copper alloy and on size 22 and smaller
annealed copper. Elongation measurements on single strands removed from the stranded constructions shall be
measured on larger sizes of annealed copper and all sizes of aluminum. The minimum elongation shall be not less than

the values in Tables 4A through 4E and 4G as measured in accordance with 5.4. Elongation requirements are not
applicable to thermocouple extension conductors.

3.7.4 Tensile Strength

The break strength of a|
the values in Table 4C,
There are no requiren
conductors. The tensile
3.7.5 Conductor Resi
The DC resistance of

accordance with 5.5. In
greater than the minimu
3.7.5.1 Electromotive|
The temperature-electr|
thermocouple shall conf
with 5.5.1.

3.7.6  Continuity of Cq
For all coated conduc
requirements of ASTM

exposed base metal is
exposed base metal shg

3.7.7 Cross-Sectiona

The minimum cross-se

| copper alloy conductors shall be measured. The minimum break streng
4E, and 4G. Tensile strength values of aluminum conductors shall/be a
hents for tensile strength on the annealed copper conductors—and t
strength or break strength shall be measured in accordance with-574.
Stance

fhe conductor shall be not greater than the valu€s in Table 4A throu
addition, for thermocouple extension conductors only, the DC resistance ¢
In values in Table 4F as measured in accordance-with 5.5.

Force (Thermocouple Extension Conductor.Only)

bmotive force relationship of the type K positive and negative legs
orm to requirements of ASTM E230/230M for type K compositions when 1

ating

fors, the coating onsithe strands shall be continuous in accordance

th shall not be less than
s specified in Table 4B.
hermocouple extension

gh 4G as measured in
f the conductor shall be

formed together as a
neasured in accordance

with the workmanship

B286 and when tested in accordance with 5.6 herein. The specimen is cofsidered to have failed if

revealed duetto-the stranding operation or as a pre-existing condition

prior to stranding. No

Ul be identifiediduring magnification-aided visual inspection of the stranded conductor.

Area

it 7.
LAALIE B P B

Ctional area of the stranded conductor shall conform to Table 4A throuth 4G requirements, as

measured in accordance

3.7.8

Conductor Strand Adhesion

For conductor types SCA, SCA1, NCA, SCS, SCS1, NCS, SCU, and NCU, the conductor shall be tested for strand
adhesion in accordance with 5.8. When 19-wire conductors are examined, the total number of un-bonded single strands
plus the number of metallic bonded pairs and metallic bonded groups of strands in the specimen shall not be less than 13.
For all other conductors, (7 strands, etc.), the total count of unbonded single strands, metallic bonded pairs of strands,
and metallic bonded groups of strands shall not be less than 0.70 times the number of strands in the conductor.

NOTE: Adherence occurs between individual strands of conductors that are heat treated after the stranding process. The
requirements (3.7.8) and test method (5.8) can be applied to other conductor types if processed in this manner.
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4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for Inspections

Unless otherwise specified herein, the contract or purchase order, the supplier is responsible for the performance of all
contract inspection requirements. Except as otherwise specified herein, the contract or purchase order, the supplier may
use any facilities suitable for the performance of the inspection requirements. The Qualifying Activity has the right to
perform any of the inspections set forth in the standard where such inspections are deemed necessary to assure supplies
and services conform to prescribed requirements.

4.1.1 Responsibility for Compliance

All items must meet all technical requirements of the product standard. The inspection set forth in this standard shall
become a part of the supplier’s overall inspection system or quality program. The absence of any inspection requirements
in the standard shall no i ply with all requirements

o

raliavae-th. gl oy ~Ff th ¥ PO SH HIWEPSX 2PN a-that ol arad ot Py
TCTCVCtMC SUPPNCT UT TTCTC S PUTISTUTTY " UT ASS oA PTrogactsS CoTT

of the contract or purch sion of known defective
nterial.

material, either indicated or actual, nor does it commit the purchaser to acceptance of defective’m

4.1.2 Test Equipment
Test and measuring eq
of the required inspecti
calibration system to cg
Z540-1 or equivalent stg
4.1.3 Quality Assuran
The supplier’s reliability]
Aerospace standard fo
assurance standards th
used, it is the responsi
authority reserves the ri

4.2 Classification of In

a. Strand Inspection (g
b. Qualification Inspec
C.

Quality Conformang

4.2.1 Inspection Cond

ase order. Sampling in quality conformance does not authorize submis

and Inspection Facilities

ipment and inspection facilities of sufficient accuracy, quality and quantit
n shall be established and maintained by the suppliersThe establishmer

ntrol the accuracy of the measuring and test equipthent shall be in acco
ndards.

ce Compliance

assurance program for conductors and-manufacturing procedures shall
Quality Management System requirements. Other established and ind

ht assure all products produced conform to the contract requirements are

bility of the supplier to provide evidence of compliance to AS9100. The

hht to monitor, measure, and.Yalidate compliance at their discretion.
spections

ee 4.3)

ions (see 4.4)

e Inspeetions (see 4.5)

ition's

y to permit performance
t and maintenance of a
dance with ANSI/NCSL

omply with the AS9100
stry recognized quality
acceptable. However, if

Qualifying Activity (QA)

Unless otherwise specified herein, all inspections shall be performed in accordance with the test conditions specified in

the general requirement

s of FED-STD-228.


https://saenorm.com/api/?name=db126eb35b326d92bdd0337c88343b9b

SAE INTERNATIONAL

AS29606

Page 11 of 35

TABLE 1A - QUALITY CONFORMANCE INSPECTIONS

Inspection Test

Requirement

Test Method

Conductor Strand Material 1/ 33&36 51
Conductor Stranding 3.4 51
Conductor Splices 3.5 51
Conductor Diameter 3.7.1 5.2
Solderability 2/ 372 5.3
Elongation 3.7.3 54
Tensile Strength 3.7.4 5.4
Conductor Resistance 375 5.5
Electromotive Force 3/ 3751 551
Cgating Workmanshﬁa Examination 3.76 5.6
Crpss-Sectional Area 377 5.7
Cdnductor Strand Adhesion 3.7.8 5.8

1/ Cpating Thickess test (see 5.1.1.1) is prior to stranding. See 4.3¢
2/ For silver coated conductors, only initial and qualification inspegtion is

rejquired. Quality conformance inspection is not required:
3/ Thermocouple extension conductors only.

TIBLE 1B - INITIAL AND RETENTION OF QUALMN-ICATION INSPECTIONS
Inspection Test 1/ Requirement Test Method
Conductor Strand Material 2/ 33&386 5.1
Conductor Stranding 3.4 51
Conductor Splices 35 5.1
Conductor Diameter 371 52
Solderability 372 53
Elongation 373 54
Tensile Strength 3.7.4 54
Conductor Resistance 375 55
Coating Workmanship Examination 376 56
Cross-Sectional Area 377 57
Conductor Strand Adhesion 3.7.8 5.8

I—

otherwise specified (see 5.1).

Quatificatiomtest stattomy be performmed by thequatifymgactivity untess

2/ Coating Thickess test (see 5.1.1.1) is prior to stranding. See 4.3.
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4.3  Strand Inspection

When required by the procuring or qualifying activity, strand inspection shall consist of certification to the ASTM standard
when applicable (see Table 3), verification of coating thickness (if applicable), and any additional inspections required to
ensure the strands meet the requirements of the individual strand specification (if applicable).

4.3.1 Statistical Process Control

An SPC program shall be established and maintained in accordance with EIA-557 to monitor the silver coating
electroplating process for process control conditions. When required by the procuring activity, evidence of SPC

methodologies in use and traceable to the completed conductor shall be provided for review.

4.4  Qualification Inspections

Qualification inspection
inspection (4.4.1) and i
qualifying activity unlesg
4.4.1 Initial Qualificati
Initial qualification inspe
packaging. The sample
with Table 1B. Sequenti
4.4.1.1 Sampling for
A finished conductor I8
qualification by similarit]
qualification is desired.

4.4.1.2 Samples for |

aha“ II:IC ;II cu.,\.,U|dou|L,c vv;th Tab:c 18. Qua:lfluatlun ;IID'JC\.;‘I‘.;UIID illb:ud
nspection for retention of qualification (4.4.2). Qualification test shall.on
otherwise specified (see 5.1).
pn Inspection

ction shall consist of all the test and examinations of this specification ex
5 shall be from current production and shall be inspegeted by the qualifyin
Al testing is not required except as specified by a testmethod.

nitial Qualification

ngth shall be obtained from the continuous length qualification lot. Ex
y, a finished wire sample of approximately 40 feet shall be selected for

hitial Qualification by Similarity

Qualification by similafity is applicable where @ jgroup of two or more conductors are ide

construction. In such e
similarity group listed in
the sample similarity gr
qualified by similarity th
the more rigorous requ
defined in Table 2 shall

vent, the qualification,applicant may select the sample from any size

bup as the qualifying’ sample. Also, where a requirement is more rigorou
an for the conductor undergoing complete test, the sample undergoing G
rement of thessimilar conductor in order to qualify the similar conductd
be coordinated with the qualifying activity prior to testing.

e the initial qualification
ly be performed by the

cept the examination of
g activity in accordance

cept as provided under
each sample for which

ntical in materials and
range or ranges in the

Table 2. Approval ofithe qualification sample shall also qualify any size fange or ranges listed in

s for a conductor being
omplete test must meet
r. Similarity groups not
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TABLE 2 - CONDUCTOR QUALIFICATION SIMILARITY GROUPS

curely attached durable

nd/or qualifying activity

Group Material/coating Construction

1 Annealed copper/Silver 7 wires

2 Annealed copper/Silver 19 wires

3 Annealed copper/Silver 37 wires

4 Annealed copper/Silver 133 wires

5 Annealed copper/Silver Over 133 wires

6 Annealed copper/Tin 7 wires

7 Annealed copper/Tin 19 wires

8 Annealed copper/Tin 37 wires

9 Annealed copper/Tin 133 wires

10 Annealed copper/Tin Over 133 wires

11 Annealed copper/Nickel 7 wires

12 Annealed copper/Nickel 19 wires

13 Annealed copper/Nickel 37 wires

14 Annealed copper/Nickel 133 wires

15 Annealed copper/Nickel Over 133 wires

16 High strength copper-alloy/Silver 7 wires

17 High strength copper-alloy/Silver 19 wires

18 High strength copper-alloy/Nickel 7 wires

19 High strength copper-alloy/Nickel 19 wires

20 Extra-high strength copper-alloy/Silver 7 wires

21 Extra-high strength copper=alloy/Silver 19 wires

22 Extra-high strength cepper-alloy/Nickel 7 wires

23 Extra-high strength €opper-alloy/Nickel 19 wires

24 Ultra-high strergth copper-alloy/Silver 19 wires

25 Ultra-high strength copper-alloy/Nickel 19 wires
4.4.1.3 Submission of Qualification Samples
A duplicate group of qualification samples shall be taken from the same lot or lots as tested by the supplier and submitted
to the qualifying activity| for qualification inspection. The samples shall be plainly identified by se
tags marked with the ipformation listed below. The tags must be stamped by the supplier's &
designated Quality Asspiranee-Representative (QAR) inspector as representative samples of the

production capability. Sapmples submitted without the stamp will not be accepted.

manufacturer’'s normal

a. Sample for Qualification test: WIRE, ELECTRIAL, STRANDED, UNINSULATED COPPER, COPPER ALLOY, OR
ALUMINUM, OR THERMOCOUPLE EXTENSION, GENERAL SPECIFICATION FOR

b. Detail specification part number

c. Manufacturer’s identification (manufacturer's name and/or CAGE code)

d. Manufacturer’'s part number

e. Place and date of manufacture of sample
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Submission information: Submitted by (name) (date) for qualification tests in accordance with the requirements of
AS29606 under authorization (reference authorizing letter).

g. Material composition: When specifically requested, a comprehensive description and prime manufacturer’'s name and
formulation number of the base materials from which the product is made shall be provided (this information will not
be divulged by the qualifying activity)

4.4.2 Retention of Qualification

Inspections of product for retention of qualification shall be made at three year intervals after the supplier’s initial
acceptance date for qualification approval. The qualifying activity may establish a different retention of qualification due
date to accommodate testing schedules, but no later than 18 months from the retention of qualification due date. Failure
of the supplier to submit retention of qualification samples or certification within 30 days after the end of the three-year

reporting period may result in the removal of the product or products from the qualified products list (QPL).

4421 Retention of ¢
One conductor size frg
otherwise specified by t
qualifying activity in acc
4.4.2.2 Procedure for
It is the supplier's resy
qualifying activity. Unle
provided for initial qua
qualification submittal.

4.4.2.3 Effect of Failu
If a failure occurs in t
conductor manufacture
conformance inspection
with by the qualifying ac
4.4.2.4 Retention of ¢
If there has been no pr¢

completed DD Form 17|
the periodic qualificatior

Dualification Test and Samples

m each initial qualification approved similarity group listed in [fable 2
he qualifying activity. The samples shall be from current produgction and s
prdance with Table 1B.

Retention of Qualification Inspection

onsibility to submit retention qualification samplés at the required inte
bS otherwise notified by the qualifying activity, the' samples shall be proyv
ification. The qualifying activity will provide/an authorization notice to

re in Retention of Qualification Inspection

e test for retention of qualification, no conductor represented by the
I with the same materials.;and processes, which has not already bee
, shall be offered for accéptance until the cause for failure has been de
Livity as not affecting the ‘ability of the wire to meet qualification inspection

Dualification by Certification
duction sinee‘the last retention of qualification interval, retention of qualif

18, “Certification of Qualified Products”. The form shall be submitted to
due date"When production resumes following a certification submission

obtain retention of q

u
gualification requiremerFs.

shall be tested, unless
hall be inspected by the

rval established by the
ided in same format as
begin the retention of

sample, nor any other
n submitted for quality
ermined and concurred
requirements.

cation shall consist of a
he qualifying activity by
, the manufacturer shall

lification samples from the production lot and submit in accordancg with the retention of

4.5 Quality Conformance Inspection

Quality conformance inspection shall be in accordance with Table 1A. Inspection shall be performed on every lot of
conductors purchased in accordance with this specification.

45.1 Sampling for Visual and Dimensional Inspection

From each lot (see 7.5.2), sample units (see 7.5.4) shall be selected at random in accordance with ASQ Z1.4. The
inspection level shall be S-2 unless otherwise specified in the ordering data (see 7.2). No allowance will be made for
defects.
4.5.2 Sampling for Conformance Inspection

From each lot, sample units shall be selected at random in accordance with ASQ Z1.4. The inspection level shall be S-2
unless otherwise specified in the ordering data (see 7.2).
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4.5.3 Inspection of Packaging

The sampling and inspection of the preservation, packaging, and container marking shall be in accordance with the
requirements of MIL-C-3993.

5. TEST METHODS
5.1 Process Control Inspection Test Methods

This inspection comprises tests and examinations that are impractical to perform on the finished conductor or any other
requirements not covered by a specified test method. Process control inspection is, therefore, conducted at the most
appropriate stage of the manufacturing operations.

5.1.1 Conductor Strand Material

Test data or control prqcesses used to demonstrate compliance to the conductor strand materizlil requirements shall be
provided to the qualifying activity or purchaser upon request. Certification data from the manufactyirer may be used by the
qualifying activity as an plternative to performing the tests.
5.1.1.1 Coating Thickness

ASTM B355 and ASTM
qualifying activity as an

Coating thickness of nigkel and silver coated strands shall be measured in aceordance with the
B298 test procedures rgspectively. Certification data from the manufacturef_may be used by the
alternative to performing the tests.

5.1.1.2

Coating Thickness of Material Types SCC1, SCA1, and SCS1

For silver coated matgq 5
accordance with ASTM
thicknesses specified h
photographs shall be ¢

identified.

rial types SCC1, SCA1l, and SCS1 micro-section inspection samples shall be prepared in
B961. Micro-section inspections shall'bé in accordance with ASTM B961| except that the coating
brein shall be in effect (see 3.3.2.2;,3.3.5.2, and 3.3.13). When required by the procuring activity,
aptured and saved as proof. of ‘inspection. The magnification scale gf photographs shall be

5.1.2 Conductor Strapding

Test data or control pfocesses used tor demonstrate compliance to the conductor stranding
provided to the qualifying activity or purchaser upon request. Certification data from the manufact
qualifying activity as an plternative teyperforming the tests.

5.1.3 Conductor Spliges

Control processes used to-demonstrate compliance to conductor splice requirements shall be p

requirements shall be
irer may be used by the

ovided to the qualifying

activity or purchaser upontegtest

5.2 Diameter

The diameter shall be measured at three locations along the length of each sample. Each measurement shall be the
average of two readings taken 90 degrees apart on the conductor. Micrometers, calipers, or optical measurement devices
capable of reading to the nearest 0.0001 inch for sizes 12 and smaller or to the nearest 0.001 inch for sizes 10 and larger
shall be used.

5.3  Solderability

Samples shall be tested per MIL-STD-202, Method 208 except as noted below, according to the plating/coating material
and base material, as applicable.
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5.3.1 Silver Coated C
Exceptions to MIL-STD-

a. Wrapping wire in ac

onductor
202, Method 208:

cordance with IPC/JEDEC J-STD-002 Test C is not necessary.

b. For qualification inspection, the test shall require steam aging as specified in MIL-STD-202, Method 208. For
conformance testing, no steam aging is required.

5.3.2 Tin Coated Con
Exceptions to MIL-STD-

a. Wrapping wire in ac

ductor
202, Method 208:

cordance with IPC/JEDEC J-STD-002 Test C is not necessary.

b. Steam aging shall n
5.3.3 Nickel Coated C
No solderability testing i
5.3.4  Aluminum Cond
No solderability testing i
5.3.5 Thermocouple K
No solderability testing i
5.4  Conductor Elongg
5.4.1 Soft or Anneale

Elongation tests of soft
5002, except that the

pt be required.

onductor

5 required for nickel coated conductors.
uctor

5 required for aluminum conductors.
Fxtension Conductor

5 required for thermocouple conductors;
tion, Tensile Strength, and Break, Strength
I Copper

or annealed copper conductors shall be performed in accordance with
plongation at break-~of the individual strand or of the first strand of t

applicable, shall be det|
measuring the specime

and the elongation meassured whenthe first strand of the conductor breaks. For conductors larg
be carefully removed fjom the gonductor and tested for elongation. Tensile or break strength
required for annealed c@pper canductors.

5.4.2 High Strength,

ermined by means;of a recording chart, or other means, on the testing
after the break. For sizes 22 and smaller, the tests shall be performed u

xtra-High Strength, and Ultra-High Strength Copper Alloy

¢

MIL-STD-2223, Method
e whole conductor, as
machine rather than by
on the whole conductor
r than 22, strands shall
measurements are not

Elongation and tensile strength tests of high strength, extra-high strength, and ultra-high strength copper alloy conductors
shall be performed in accordance with MIL-STD-2223, Method 5002, except that the grip separation speed shall be
2 inches per minute. The tensile strength (reported as the tensile breaking strength of the conductor rather than in pounds
per square inch) and elongation shall be determined by the means of a recording chart, or other means, on the testing
machine. Tests shall be performed upon the whole conductor and the break strength and elongation measured when the
first strand of the conductor breaks.

5.4.3 Aluminum Conductors

Elongation and tensile strength tests of aluminum conductors shall be performed in accordance with MIL-STD-2223,
Method 5002. A sample of single strands shall be carefully removed from the conductor and tested for tensile strength

and elongation.
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55

Conductor Resistance

The DC resistance of the conductor shall be measured in accordance with MIL-STD-2223, Method 5003.

55.1

Electromotive Force (Thermocouple Extension Only)

A thermocouple shall be formed between the positive and negative leg conductors from a sample taken from each coil or
reel to be supplied in the contract or purchase order. The electromotive force characteristics of the wire shall be

determined at 0 °C, 200

The electromotive force

°C, 400 °C, 600 °C, 800 °C, and 1000 °C.
characteristics shall meet the following tolerances:

LIMITS OF ERROR FOR THERMOCOUPLE

Thermoco JI.J:C StarctarcHimits Spcui Limits

Range °¢ (Whichever is greater) (Whichever is greater)
010 12501°C +22°Corx0.75%xT TN 1PCorx0.4% x T
Where T H Test temperature

5.6

Continuity of coating in

Continuity of Coaling

spection shall be in accordance with ASTM B286:examination for work

insulated stranded condluctor. Optical magnification employed during inspection shall be at lea

referee suspect expose
copper shall be perforni
stranded conductors sh
necessary to open up th
members from each lay
stranding process such
constitutes rejection. Cg
5.7 Cross Sectional A
The stranded conducto
K-value is given, then u

5.8 Conductor Strand

The conductor strand ad

d copper locations. A white background shall<be used for the inspection
ed using stranded conductor material not less than 12 inches in length.
hll be examined. For stranded conductofs of more than one layer (i.e., 19
e conductor and perform the optical.examination on each inner layer. For
er of the conductor shall be examined. Detection of excessive exposed
as indications along one side of the sample due to excessive localized a
ntinuous lines or patterns of.exposed base metal constitute rejection.

rea

shall be testedaceording to ASTM B263. Use K-values given in Tablg
be K=0.

Adhesion

hesiof/shall be tested in accordance with MIL-STD 2223 (Method 5005).

manship of finished un-
5t 10x and up to 20x to
Inspection for exposed
The outer surface of all
and 37 strand, etc.), itis
rope constructions, two
base metal due to the
brasion during stranding

s 4A through 4G. If no

6. PACKAGING

The conductor shall be delivered on spools or reels in a regular and uniform manner. Packaging material(s) shall be
sufficient to provide appropriate protection during shipment and not affect the material delivered. Special packaging
requirements shall be agreed upon between the manufacturer and purchaser.

7. NOTES

7.1 Intended Use

These conductors are used primarily in insulated wires for aerospace, electrical, electronic and other high performance

applications.
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7.1.1 Metric Cross-Reference Tables

Soft metric conversions provided in Tables 5A, 5B, 5C, 5D, 5E, 5F, and 5G provides a cross reference for corresponding
titted Tables 4A, 4B, 4C, 4D, 4E, 4F, and 4G for information.

7.1.2 Red Plague

Silver plated copper wire is susceptible to red plague; a galvanic corrosion reaction between silver and copper that occurs
when the copper substrate (conductor) is exposed to oxygen and moisture. Refer to AIR4487 and ARP6400 for mitigation
techniques.

7.2 Acquisition Requirements

Acquisition documents must specify the following:

a. Title, number, and date of this specification.

b. Part number (see 11.1).

c. Quantity of conductgr required.

d. Inspection conditions and classification of inspection, if other than specified(see 4.2).
e. Additional strand ingpection/requirements (see 4.3).

f. If evidence of SPC nethodology or photographs are required (se€“4.3.1.1 and 4.3.1.2).
g. Inspection level (se¢ 4.5)

h. Packaging requiremnents (see Section 6)

7.3 Qualification Compliance

With respect to product
the time set for opening
products have actually
requirements, and man
Federal Government te

5 requiring qualification, by the government, awards will be made only fo
of bids, qualified for-inclusion in the applicable Qualified Products List (QF
been so listed by that date. The attention of the contractors (purcha
Ifacturers (suppliers) are urged to arrange to have the products that they
sted for qualification in order that they may be eligible to be awarded cg

r products, which are at
PL), whether or not such
sers) is called to these

propose to offer to the
ntracts for the products

delineated in this specification. Qualification is required by U.S. Government procurement.

7.3.1 Qualified Produgts List.Evaluating Activity

The QPL Evaluating Activity (quatifyingactivity), for .S Department of Deferseprocurement purposes, is the Naval Air
System Command (Code 4.4.5.3), 48298 Shaw Road, Building 1461, Patuxent River, MD 20670. Application for
gualification tests shall be made in accordance with provisions governing qualification in SD-6 (see 2.1).

7.3.2 QPL Publication

The qualifying activity is required to provide a summarized list of all qualified sources on a public accessible electronic
site. The summary shall include but is not limited to the supplier approved part number and related specification part
number, a dedicated approval reference number, a supplier location where purchases maybe requested and the

manufacturing location of the component. The suppliers and products qualified to this specification are available on the
qualifying activity website (http://www.navair.navy.mil/qpl/).
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7.4 Conductor Cross-Sectional Area

The conductor cross-sectional area is expressed as a Circular Mill Area (CMA) value. One circular mill is equal to the
area of a circle with a diameter of 0.001 inch (1 mm). The nominal CMA was determined by calculating the CMA of a
single strand and multiplying it by the number of strands in the conductor. The minimum CMAs were determined by
different methods depending on the wire size. For sizes 8 and larger, the minimum strand size from the ASTM for the
strand was determined and the minimum strand CMA calculated. The minimum strand CMA was multiplied by the number
of strands excluding allowable missing strands, to obtain the minimum CMA of the stranded conductor. The values for
sizes 10 and smaller were set lower than that required by the ASTM minimum strand size and higher than that required
by the maximum conductor resistance requirements. Other factors considered included military specification insulated
wire weight and conductor diameter requirements. The K-values needed to calculate the CMAs from the stranded
conductor weights were calculated by the Naval Air Warfare Center Aircraft Division, Indianapolis, based on the conductor
stranding requirements, including length of lay, in this specification.

7.5 Preparing Activity

The SAE AE Division i$ the responsible Preparing Activity for all AE-8 Committee specifications. The AE Division has
posted on each AE-8 ¢ommittee work forum the Preparing Activity processes required-to be [followed by each AE-8
committee. The SAE AIEE-8 Committee responsible for this specification is listed belowcFor changes to this specification
submit all requests tg SAE International Headquarters, 400 Commonwealth Drive, Warrendale, PA 15096-4841

(attn: Standards Division).

PREPARED BY SAE SUBCOMMITTEE AE-8D); WIRE & CABLE OF
COMMIT|TEE AE-8, AEROSPACE ELECTRICAL/ELECTRONIC DISTRIBUTION SlYSTEMS
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TABLE 3 - CONDUCTOR STRAND MATERIAL AND COATING

Application ASTM
Designator Strand material Coating standard
SCC Annealed copper Silver ASTM B298
SCC1 Annealed copper Silver ASTM B298
ASTM B961
SCA High strength copper alloy 1/ Silver ASTM B298
ASTM B624
SCA1 High strength copper alloy 1/ Silver ASTM B298
ASTM B624
ASTM B961
SCS Extra-high strength copper alloy 2/ Silver ASTM B298
SCSs1 Extra-high strength copper alloy 2/ Silver ASTM B298
ASTM B961
SCuU Ultra-high strength copper alloy 1/ Silver ASTM B298
(QGoating only)
NCC Annealed copper Nickel ASTM B355
NCA High strength copper alloy 1/ Nickel ASTM B355
ASTM B624
NCS Extra-high strength copper alloy 2/ Nickel ASTM B355
NCU Ultra-high strength copper alloy 1/ Nickel ASTM B355
(Goating only)
NHC Annealed copper Nickel (27%) ASTM B355
NHA High strength copper alloy\1/ Nickel (27%) ASTM B355
ASTM B624
NHS Extra-high strength copper alloy 2/ Nickel (27%) ASTM B355
TCC Annealed copper. Tin ASTM B965
ALU Aluminum 1350-H19 (extra hard) None ASTM B230/230M
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TABLE 3 - CONDUCTOR STRAND MATERIAL AND COATING (CONTINUED)

Application ASTM
Designator Strand material Coating standard
KPH Special limits None ASTM E230/E230M
Type K - thermocouple extension
nickel/chromium (positive leg)
KPS Standard limits None ASTM E230/E230M
Type K - thermocouple extension
nickel/chromium (positive leg)
KNH Special limits None ASTM E230/E230M
Type K - thermocouple extension
nickel/aluminum (negative leq)
KNS Standard limits None ASTME230/E230M
Type K - thermocouple extension
nickel/aluminum (negative leg)

High strength and
conductivity) than 3
Extra-high strength
copper of the samg
strength copper all

innealed copper conductors of the same size.

DY.

Iltra-high strength copper alloy conductors have a higher conductor resistance (lower

copper alloy conductors have a higher conductor resistance (lower condyctivity) than annealed
size, but equal conductor resistance to high strength’copper alloy and greater strength than high
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