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1. Scopé¢
This standafd covers ultra thin wall low voltage primary cable intended for use at a nonfinal system
voltage of V DC (25 V AC) or less in surface vehicle electrical systems. The tests are| intended to
qualify cablgs for normal applications with limited exposure to fluids and physical abuse. This standard
covers SAE [conductor sizes'which usually differ from 1SO conductor sizes.
2. References
2.1 Applicable-Publications

The following publications form a part of this specification to the extent specified herein. The latest issue
of SAE publications shall apply.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.
Copyright © 2004 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER:  Tel: 877-606-7323 (inside USA and Canada)
Tel:  724-776-4970 (outside USA)
Fax: 724-776-0790
Email: custsvc@sae.org

SAE WEB ADDRESS: http://www.sae.org
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SAE PUBLICATIONS

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE EA-1128—Wire Color Charts
SAE J311—Fluid for Passenger Car Type Automatic Transmission
Dictionary of Materials and Testing

2.1.2 AS'llM DOCUMENTS

Available frg

ASTM B33-
ASTM B193
ASTM B298
ASTM B354
ASTM B355
ASTM D471
ASTM E145
ASTM F125

213 |IEC

Available frg

60811-2-1—
Part 2:
Hot set
IEC, Electrig

k

m ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959

-Standard Specification for Tinned Soft or Annealed Copper Wire

—Standard Test Method for Resistivity of Electrical Conductor Materials
—Standard Specification for Silver-Coated Soft or Annealed, Copper Wire
—Definitions of Terms Relating to Uninsulated metallic Elegtrical Conductors
—Standard Specification for Nickel-Coated Soft or Annealed Copper Wire
—Standard Test Method for Rubber Property — Effect'of Liquids

—Standard Specification for Gravity-Convection and‘Forced-Ventilation Ovens
1—Standard Terminology Relating to Polymeric Biomaterials in Medical and Surg

DOCUMENTS

m ANSI, 11 West 42nd Street, New York, NY 10036-8002

Common test methods for insulating and sheathing materials of electrical cables
ethods specific to elastomeric compounds — Section 1: Ozone resistance test —

st — Mineral oil immersion test.
ity, Electronics and Telecommunications, Multilingual Dictionary

2.2 Related Specifications

The followin

221 SAE

PUBLICATIONS

ical Device

0 publicationstare provided for information purposes only and are not a required part of this
specification.

4 o0 a-Anod

Available fr

SAE J156—Fusible Links

SAE J1067—Seven Conductor Jacketed Cable for Truck Trailer Connections

SAE J1127—Low Voltage Battery Cable

SAE J1128—Low Voltage Primary Cable

SAE J1292—Automobile, Truck, Truck-Tractor, Trailer, And Motor Coach Wiring

SAE J1654—High Voltage Primary Cable

SAE J1673—High Voltage Automotive Wiring

SAE J2183—60 V and 600 V single core cables - Test methods, dimensions and requirements

SAE J2501—Round, unscreened, 60 V and 600 V multicore sheathed cables - Basic and high
performance test methods and requirements
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2.2.2 ASTM DOCUMENTS

Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959

ASTM B1—Standard Specification for Hard-Drawn Copper Wire

ASTM B3—Standard Specification for Soft or Annealed Copper Wire

ASTM B8—Concentric-Lay-Stranded Copper conductors, Hard, Medium-Hard, or Soft
ASTM B174—Standard Specification for Bunch-Stranded Copper Conductors for Electrical Conductors
ASTM B263—Method for Determination of Cross-Sectional Area of Standard Conductors

Qiondo Qiaal \AL £

ASTM B452
ASTM B787

2.2.3 ISO
Available frg

ISO 6722—

ISO 14572
high per

3. Defin

3.1 3000

A letter des
successfully|

3.2 Addit
The mass W

mass and t
applied to th

S paanifiagtian for Doy Olod Liy rielaotrania Analiaodi o
oiariiargopTomiatUT TUT TOPPTT oAUl otCTT vV T o TOT CreT oo mppnoatron

—19 Wire Combination Unilay-Stranded Copper Conductors for Subsequent lnsu
DOCUMENTS

m ANSI, 11 West 42nd Street, New York, NY 10036-8002

-Road vehicles - Round, unscreened, 60 V and 600 V multicore sheathed cables
formance test methods and requirements

tions
n Temperature Class Rating (TCR)

gnation (class) based on the maximum test temperature (rating) at which a p
passes the minimum requirements.of 3000 h of heat aging.

onal Mass (ref. “Resistanceto Sandpaper Abrasion” test)
hich is applied to the support rod. The combination of the forces exerted by th

ne 0.63 N exerted by-the remaining apparatus (bracket, support rod, and pivg
e cable.

3.3 Coat

Wire compriged of a-given metal covered with a relatively thin application of a different metal.

(ASTM B 3

d Wire

)

3.4 Cable
See primary

3.5 Cable

cable.

Family

lation

Road vehicles - 60 V and 600 V single core cables - Test methods, dimgnsions and
requirements

- Basic and

imary cable

e additional
ting arm) is

A group with multiple conductor sizes having the same conductor strand coating, insulation formulation,
and wall thickness type.
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3.6 Conductor

A wire or combination of wires not insulated from one another, suitable for carrying an electrical current.
(ASTM B354)

3.7 Conductor Size

See “SAE C
3.8 Core

One of the
conductor, &

3.9 Fluid
The ability o
3.10 Low\
Usually cons
3.11 Minin
The lowest g
3.12 Nomi

Name or id
identified, ar

3.13 Plasti
Any of num

weight and
powders, bej

onductor Size”.

components in an assembly. A component may be an uninsulated conductor,
twisted pair, a shielded assembly, a coaxial cable, or any finshed cable,

Compatibility

f a cable to resist the effects of various fluids found in surfage-vehicles.
[oltage (Low Tension)

idered to be <60 V DC (25 V AC).

um Wall (Thickness)

lllowable insulation thickness at any peint.

nal

bntifying value of a measurable property by which a conductor or component
d to which tolerances may be applied.

cs
brous polymeric' materials that are usually thermoplastic or thermosetting, of hig

hat can béymolded, cast, extruded, drawn, laminated, or otherwise fabricated
ads, films; filaments, fibers, or other shapes. (ASTM F-1251)

an insulated

or property

h molecular
nto objects,

3.14 Primqry Cable

The single or multi-stranded, single conductor, insulated cable used to carry electric current, by
attachment to the low voltage side of an ignition coil in surface vehicles.

3.15 Resis

tance to Ozone

The ability of a material to withstand the deteriorating effect of ozone (surface cracking). (Dictionary of
Materials and Testing)
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3.16 SAE Conductor Size

A system that indicates the cross sectional area of the conductor. The “SAE Conductor Size” is the
approximate area of the conductor.

3.17 Separator

A thin layer used as a barrier to prevent mutually detrimental effects between different components of a

a—beahraan-thae-—caondtatar—andinarlatiaon —hbabhvaan—th nakHation—and—-th Q
O T TVWOCTTT trC CUMOUTCTOUT— arta— T iouratroTT O OCTW e TTT I M iouratorT alr o aic— O]

eath. (IEC,

cable such
Electricity, B

3.18 Strip
The peak ax
3.19 Stran
See “Wire”.
3.20 TCR

See “3000 h

lectronics and Telecommunications, Multilingual Dictionary)
Force
ial force required to overcome the adhesion between the conductof-and’the insul

¢

Temperature Class Rating”.

3.21 Thermoplastic

A plastic ca
characteristi
articles by
Multilingual

pable of being softened by heating and hardened by cooling through a tempe
Cc of the plastic and, in the softened state, capable of being repeatedly shaped
molding, extrusion or forming. (IEC, Electricity, Electronics and Telecom
Dictionary)

3.22 Thermoset

A plastic wh
product. No
Electricity,
3.23 Wire

A rod or fila

e. — Thermosets are often called thermosetting before curing and thermoset afte
lectronicsand Telecommunications, Multilingual Dictionary)

Strand)

cross section. (ASTM B354)

htion.

fature range
by flow into
munications,

ch, when cured by heat or other means, changes into a substantially infusible gnd insoluble

r cure. (IEC,

jor axis of its

4. General
4.1 Cable Types
See Figure 1
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3.000 h Temperature Class Rating (TCR)

85°C
100°C
125°C
150°C
175°C
200°C
225°C
250°C

IOMMmMOO >

Type

T Thermoplastic:
X Thermoset

Insulation Wall Thickness

c

0.20 mm
w 0.25 mm

FIGURE 1—CABLE TYPES (REF. 4.1)

In this example, UXC, the cable has an {Insulation Wall Thickness” of 0.20 mm, “Thermgset”, with a
“83,000 h Temperature Class Rating” of 1255C.

4.2 General Test Conditions

Test samplgs for all tests except' 6.3 shall be preconditioned for at least 16 h at a room temperature of
23°C + 5°C.|Unless otherwise Specified, all tests shall be conducted at this same temperaturg.

4.3 Ovens
Unless othefwise specified, when an oven is required, it shall be a hot air oven in accordanc¢ with ASTM

E145 Type |.GFhe air contained in the oven shall be completely changed at least 8 times Qut not more
than 20 timesper h at the specified temperature.

4.4 Tolerances

Unless otherwise specified, all values are considered to be approximate.
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4.5 Representative Conductor Sizes for Testing

When a test is required, all combinations of conductor size, wall thickness, and insulation formulation
shall meet the appropriate requirements. However, if testing “Representative Conductor Sizes” is
permitted, compliance for a cable family may be demonstrated by testing examples of large and small
conductor sizes only. Permission to show compliance for a cable family by testing “Representative
Conductor Sizes” will be established by agreement between customer and supplier.

5. General-Speeifieations
The finished cable shall meet the requirements for all tests specified in Figure 2 for each'cablé type.
If
Clause Description Required Required

5 General Specifications
5.1 Conductor
5.2 Conductor Resistance *
5.3 Insulation
5.4 Outside Cable Diameter *
5.5 Wall Thickness *
5.6 Winding
6 Tests
6.1 Strand Coating Note 1
6.2 Solderability *
6.3 Heat Aging Note 2
6.4 Thermal Excursions Note 2
6.5 Withstand Voltage *
6.6 Cold Bend *
6.7 Resistance to.Flame Propagation *
6.8 Fluid Compatibility Note 2
6.9 Resistance to Ozone Notes 2 & 5
6.10 Resistanee to Pinch *
6.11 Resistance to Sandpaper Abrasion *
6.12 Strip Force Note 3
6.13 Resistance to Hot Water Nptes 2 & 5
6.14 Insulation Volume Resistivity Note 4
6.15 Temperature and Humidity Cycling Nptes 2 & 5
Notes:
1)This test is only required for coated copper wires.
2) Compliance for a cable family my be demonstrated by using “Representative Conductor Siges for Testing”,
see 4.5.
3) The requirements for the “Strip Force” test, if any, will be established by agreement between the supplier
and the customer.
4) This test is only used as part of the “Resistance to Hot Water” test
5) This test is for initial qualification only.

FIGURE 2—GENERAL SPECIFICATIONS (REF. CLAUSE 5)



https://saenorm.com/api/?name=5b22f33d3d58b99016bc7f5b428c2643

SAE J1678 Revised APR2004

5.1

Conductor

The conductor construction is established by agreement between the supplier and the customer. Typical
constructions include but are not limited to annealed copper, compacted copper, coated copper, hard
drawn copper, alloys, or copper clad steel.

5.2 Conductor Resistance

The resistar
than the “Cq
conductor,
customer.

521 TEs

Prepare a t¢st sample of 1 m length plus the length necessary for connections. Other len

used provid
test sample

522 ApPP

Use a resis
thermomete
5.2.3 Pro

Measure thd
that connect

using the méthod in ASTM B193. Othéer methods may be used; however, in case of a dispute

shall be the

524 Reqg

The correct
Figure 3.

5.3 Insulg

cao—of an tad ailvuar aoatad o o tad _aond il Lo tad conduatorachall o
VOTUT Uliuvualivy, olfivoT LUAIUY, T LUAITU, ATTU TTTUNRTT LUAQTIUU UUTTUULIUTO olTtAdll 119
nductor Resistance Maximum” specified in Figure 3. When another material is
he maximum resistance shall be established by agreement between_ |the

q

4

I SAMPLE
ng that the resistance reading is adjusted using the method,shown in 5.2.3. The
may be soldered.
ARATUS

tance measuring device with an accuracyyof + 0.5 % of the measured Vv
- with an accuracy of + 0.5°C.

CEDURE

temperature of the test sample and the unsoldered length. Care should be tak
ions are secure. Measure the'resistance of the test sample. Calculate the resistg

Fesistance method.
UIREMENT

bd value shall>not exceed the appropriate “Conductor Resistance Maximum”

tion

t be greater
used as the
upplier and

jths may be
ends of the

alue and a

en to insure
nce at 20°C
, the referee

specified in

The insulation shall be homogeneous and shall be placed concentrically within commercial tolerances
about the conductor. The insulation shall adhere closely to, but strip readily from, the conductors leaving
them in suitable condition for terminating. A separator shall be used between uncoated conductors and
insulations with a sulfur cure. Separators are optional for other constructions.
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c S»:E‘” Conductor Resistance Maximum
onductor
mQ/m @ 20°C
Size Silver Coated & Tin Coated Nickel® Coated
mm® Uncoated Copper Copper Copper
0.13 136 146 142
0.22 84.9 91.2 88.5
035 539 578 45 1
0.5 34.3 36.4 35.7
0.8 23.0 24.7 23.9
1 15.5 16.6 16.1
2 9.44 10.0 9.83
3 6.00 6.37 6.25
Notes:
1) The conductor size is the approximate nominal area of the conductor.
2) Class 2, Nickel Coated Copper

FIGURE 3—CONDUCTOR RESISTANCE (REF. 5.2)
5.4 Outsige Cable Diameter

5.4.1 TESJ SAMPLES

The test samples shall consist of three separaté)cross sections spaced 1 m apart.
5.4.2 APPPRATUS

The apparajus shall be a measufing device that does not cause deformation. Other devices may be
used; howeper, in case of dispute, the referee shall be the measuring device that does not cause
deformation

5.4.3 PRJCEDURE

The outside| cablé,diameter shall be determined by taking a minimum of two readings afl each cross

section. Thg sample should be rotated to obtain equal spacing between readings. The mean of the
diameter reemmmﬂmtmwmmuwmmummﬁ determine

the outside cable diameter of each test sample to + 0.01 mm.

5.4.4 REQUIREMENT

The mean of the diameter readings shall not exceed the “Outside Cable Diameter Maximum” specified in
Figure 4.
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Wall Thickness, U Wall Thickness, W
SAE Wall Thickness Outside Cable Wall Thickness Outside Cable
Conductor Diameter Diameter
Size Nominal Minimum Maximum Nominal Minimum Maximum
mm’ (mm) (mm) (mm) (mm) (mm) (mm)
0.13 0.20 0.16 1.10 0.25 0.20 1.20
0.22 6-26 816 +-26 625 626 1.30
0.35 0.20 0.16 1.40 0.25 0.20 1.50
0.5 0.20 0.16 1.60 0.25 020 1.70
0.8 0.20 0.16 1.90 0.25 0,20 2.00
1 0.20 0.16 2.20 0.25 0.20 2.30
2 0.20 0.16 2.60 0.25 0.20 2.70
3 0.25 0.20 3.20 0.30 0.24 3.30
FIGURE 4—QUTSIDE CABLE DIAMETER AND WALL THICKNESS (REF. 5.4 & 5|5)
5.5 Wall Thickness
5.5.1  TESJ SAMPLES
Prepare thrge test samples from a cable sample 8@m in length. Take the test samples at 1|m intervals.
Strip the insplation from the cable. A test sample-consists of a thin cross section of insulatiop. Take care

not to deform the test sample during the preparation process. If cable marking causes inder
ke the first test sample through'this indentation.

insulation, t3
55.2 ApPP
Use a meas
may be use
deformation
5.5.3 PRro

Place the tdg

ARATUS

CEDURE

optical axis.

5.5.4

REQUIREMENT

uring device with_an accuracy of + 0.01 mm that does not cause deformation. O
i; however, in case’of dispute, the referee shall be the measuring device that dog¢s not cause

st.sample under the measuring equipment with the plane of the cut perpend

Determine-the-minimum—Afal-hickress”
VvAaIl TTITUNTTC OO .

tation of the

ther devices

cular to the

No single value shall be less than the appropriate “Wall Thickness, Minimum” specified in Figure 4.

-10 -
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5.6 Winding
“Winding” is not a separate test. It is included as a part of several other tests.
5.6.1 TEST SAMPLES

See individual test.

5.6.2 APPRRATUS

See Figure 5 for mandrel sizes

5.6.3 PRQCEDURE

Wind the tegt sample around the mandrel using the “Mandrel Size”, “Winding Speed”, and
Turns, Minimum” shown in Figure 5. Either a revolving or stationary mandrel may be used.
taken to ensure that there is continuous contact between the test samplés and the mandrel.

5.6.4 REQUIREMENT

See individugal test.

Mandrel Diameter

Reference Clauses Reference Clauses Winding Minimum
speed Number
6.3,6.4, & 6.15 6:6, 6.8, Of
69, & 6.13 s’ Turns

N

< 1.5 X Outside Cable < 5 X Outside Cable
Diameter Diameter 0.2 3
Maximum Maximum

FIGURE 5—WINDING (REF. 6.3, 6.4, 6.6, 6.8, 6.9, 6.13 & 6.15)

6. Tests|

“Number of
are shall be

6.1 Strand Coating

This test is not required for uncoated strands.

6.1.1  TEST SAMPLES

The continuity of coating test shall be conducted on individual strands prior to stranding and shall be

conducted per the applicable section of ASTM B33, B298, or B355.

-11 -
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6.1.2 APPARATUS

See the applicable section of ASTM B33, B298, or B355.

6.1.3 Pro

CEDURE

See the applicable section of ASTM B33, B298, or B355.

6.1.4 REegQ

See the app

6.2 Solderability

UIREMENT

icable section of ASTM B33, B298, or B355.

referee shall

br Sizes for

This test is not required for coated strands.

6.2.1 TESF SAMPLES

25 mm of ingulation shall be removed from a 300 mm sample of finished cable.

6.2.2 APPARATUS

A component lead tinning flux such as Kester #2164 flux and solder [30 % to 40 % Sn, remainder Pb] at
400°C to 425°C. Other fluxes and solders may be used; however, in case of a dispute, the

be the Kestgr #2164 and solder shown in this specification.

6.2.3 PRQCEDURE

Immerse the test sample in the solderfor 3 s to 5 s. Make a visual inspection of the area which was
immersed inthe solder.

6.2.4 REQUIREMENT

A visual inspection shallreveal no area in the immersed section which is not covered by soldg

6.3 Heat Aging

Compliance| for’ a_cable family may be demonstrated by using “Representative Conduct

Testing”, see clause 4.5.

6.3.1

6.3.1.1

INITIAL CERTIFICATION OF THE “TEMPERATURE CLASS RATING”

Long term aging, 3000 h

This test is intended to confirm the “Temperature class rating” during “Initial certification”.

-12-
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6.3.1.1.1

Test samples

Prepare two test samples, each of a minimum length of 350 mm, and remove 25 mm of insulation from

each end.

6.3.1.1.2

Perform the

Apparatus

long term aging test using an oven at the temperature specified in Figure 6.

6.3.1.1.3

Place the te
between thg
each other 3
be tested at

maintain them at (23 + 5)°C for at least 16 h. After conditioning at room temperature,

Procedure

5t samples in the oven for 3000 h. Fix the test samples by the conductorte’avoid

insulation and the supports. The test samples shall be separated by|at least
nd from the inner surface of the oven. Cable insulations made of different mater,
the same time in the same oven. After aging, withdraw the test-samples from t

any contact
PO mm from
als shall not
ne oven and
perform the
no exposed
bpplied after

vn shall not

"Winding” tgst in clause 5.6. After winding, make a visual examination,of’the insulation. If
conductor ig visible, perform the "Withstand voltage" test in 6.5 exCept the voltage will be
immersion in the salt solution for a minimum of 10 min.
6.3.1.1.4  Requirements
After winding, no conductor shall be visible. During the' "Withstand voltage” test, breakdo
occur.
Temperature Test Temperature (°C)
Class Rating Ref. Clauses Ref. Clause
(TCR) 6.3 & 6.15 6.4
A 85+2 135+ 3
B 100 + 2 150 + 3
c 125+ 3 175+ 3
D 150 + 3 200 + 3
E 175+ 3 225+ 3
F 200 + 3 250 + 3
G 225+ 3 275+ 3
H 250 = 3 300 = 3

FIGURE 6—LONG-TERM AGING, SHORT-TERM AGING, AND TEMPERATURE AND HUMIDITY

CYCLING TEST CONDITIONS (REF. 6.3, 6.4, & 6.15)

-13-
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6.3.1.2  Accelerated aging, test development

This section is intended to develop a test temperature for “Periodic certification”. This development is only
performed during the “Initial certification” testing”.

6.3.1.2.1 Test samples

Prepare four test samples for each test temperature, each of a minimum length of 350 mm, and remove
25 mm of ingttetionfremeach-end-

6.3.1.3 Apparatus
Perform the jJaccelerated aging test using an oven at the temperature specified in 6.3,1.2.3.

6.3.1.4  Procedure

Set the oven temperature at the TCR + 25°C. Follow the procedure in 8,8.1.1.3; however, the aging time
shall be 24Q h. If all test samples meet the requirement in 6.3.1.14, increase the oven tenpperature by
5°C and repeat the procedure. Continue to increase the test temperature in 5°C incrementsljntil at least
one test sample fails the requirements in 6.3.1.1.4. The highest temperature at which all fest samples
pass the refjuirements will become the test temperature cused for periodic certification. However, the
“Accelerated aging” test temperature shall not be less than;the TCR + 25°C.
6.3.1.4.1 Requirement

See clause $.3.1.1.4

6.3.2 PER|oDIC CERTIFICATION OF THE “TEMPERATURE CLASS RATING”

This sectiof is intended to confirm the “Temperature class rating” during “Periodic ¢ertification”.
Compliance|may be demonstrated-by completion of 6.3.2.1 or 6.3.2.2.

6.3.2.1 Acgcelerated aging method

This method shall be used if an accelerated aging temperature was established in 6.3.1. If no test
temperature|was established in 6.3.1.2, the “Long term aging method” in 6.3.2.2 must be used.

6.3.2.1.1 [Testilsamples

Prepare two test samples, each of a minimum length of 350 mm, and remove 25 mm of insulation from
each end.

6.3.2.1.2  Apparatus

Perform the accelerated aging test using an oven at the temperature developed in 6.3.1.2. The mandrels
are specified in Figure 5.

-14 -
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6.3.2.1.3

Procedure

Follow the same procedure as 6.3.1.1.3; however, the aging time shall be 240 h.

6.3.2.1.4

Requirement

See clause 6.3.1.1.4

6.322 Lg

If an acceler

6.4 Thermal Excursions

This test is i
by using “Re
6.41 TES

Prepare two
each end.

6.4.2 APP

Perform the
mandrels ar
6.4.3 PRg
Place the t¢g
between the

each other 4
be tested at

maintain them at (23 £25)°C for at least 16 h. After conditioning at room temperature,

"Winding” te
conductor ig
immersion ir

no-tarma. aoino oot oo
g e aygimyg1mciimod

htended to simulate thermal excursions. Compliance for a cable family may be d
presentative Conductor Sizes for Testing”, see clause 4.5.

r SAMPLES

test samples, each of a minimum length of 350.mm, and remove 25 mm of ing

ARATUS

“Thermal excursions” test using amvoven at the temperature specified in Fi
b specified in Figure 5.

CEDURE

st samples in the oven for 6 h. Fix the test samples by the conductor to avoid
insulation and the-supports. The test samples shall be separated by at least
nd from the innef sufface of the oven. Cable insulations made of different mater,
the same timetin the same oven. After aging, withdraw the test samples from t

st in clause 5.6. After winding, make a visual examination of the insulation. If
visiblej perform the "Withstand voltage" test in 6.5 except the voltage will be
the-salt solution for a minimum of 10 min.

ated aging temperature was not developed in 6.3.1.2, use 6.3.1.1, Long term<aging, 3000 h.

bmonstrated

ulation from

jure 6. The

any contact
PO mm from
als shall not
ne oven and
perform the
no exposed
bpplied after

6.4.4

REQUIREMENT

After winding no conductor shall be visible. During the "Withstand voltage” test, breakdown shall

notoccur.

6.5 Withstand Voltage

6.5.1

TEST SAMPLE

Prepare a test sample of a minimum length of 350 mm, strip 25 mm of insulation from each end and twist
them together to form a loop.
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6.5.2 APPARATUS

Partially fill an electrically non-conductive vessel with a salt solution [3% of NaCl by weight in water] with
the ends of the test sample emerging above the solution. A 50 or 60 Hz voltage source shall be used.
6.5.3 PROCEDURE

Immerse the test sample for 4 h in the salt solution and then apply a test voltage of 1 kV (rms) for 1 min
between conductor and the solution.

6.5.4 REQUIREMENT

Breakdown ghall not occur.

6.6 Cold Bend

6.6.1 TEST SAMPLES

Prepare two|test samples of 600 mm and remove 25 mm of insulatiord from each end.

6.6.2 APPARATUS

A freezing chamber at -40°C + 2°C. The mandrel size is specified in Figure 5.

6.6.3 PRQCEDURE

The test samples and mandrel shall be conditioned for a minimum of 4 h in the freezipg chamber.
Perform the|“Winding” test in clause 5.6. After the cold winding, allow the test sample to refurn to room
temperature} and make a visual inspection’ of the insulation. If no exposed conductor is visible, perform
the "Withstgnd Voltage" test (see 6.5)/except the voltage will be applied after immersion in the salt

solution for & minimum of 10 min.

6.6.4 REeqg

After windin
During the "

UIREMENT

J, a visual.inspection of the insulation shall show neither cracks, fractures nor o
Withstand\Voltage” test, breakdown shall not occur.

6.7 Resisrance to Flame Propagation

her defects.

6.7.1

TEST SAMPLE

Prepare a test sample with at least 600 mm of insulation.

6.7.2 APPARATUS

A gas burner having a 13 mm inlet, a nominal core of 10 mm, and a length of 100 mm above the primary
inlets. The gas burner shall be adjusted to produce a 100 mm gas flame with an inner cone % of its

height.
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6.7.3 PROCEDURE

Suspend the test sample in a draught free chamber and expose the test sample to the tip of the inner
cone of the flame, as shown in Figure 7. The time of exposure to the test flame shall be 15 s. However,
the exposure time shall not be longer than the time at which the conductor becomes visible.

6.7.4 REQUIREMENT

Any combugtiormftameof msutatimgmateriatshattextinguistrwithim70—s—armd—=ammimuomr9f 50 mm of
insulation at|the top of the test sample shall remain unburned.

500 * 5 mm

100 mm /\

50 mm
100 mv/

FIG == —6.7)

Key:
1 Test sample
2 Gas burner

6.8 Fluid Compatibility

The tests are intended to qualify cables for limited exposure to fluids. Additional tests will be necessary o
qualify cables for continuous immersion. Compliance for a cable family may be demonstrated by sing
“Representative Conductor Sizes for Testing”, see clause 4.5.
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6.8.1

TEST SAMPLES

Prepare a test sample for each fluid to be tested. Each test sample shall be 600 mm long with 25 mm of

insulation re

6.8.2 APP

moved from each end.

ARATUS

The apparatus for measuring the cable diameter shall be the same as that shown in 5.4. Vessels shall be

filled with th

Figure 8 for
Allow it to d
“Outside Ca
taken after

a of the sample to be subjected to the bend test shall be immersed in the flU
a period of 20 (+1, -0) h. After removal from the fluid, remove éxcess fluid from
[y at room temperature for 4 h. Within the 5 min after the end of drying period,
ble Diameter” at the same place as before the immersion. The mean of the diamg
conditioning shall be compared to the mean of the original diameter rea

described in
id shown in
the sample.
measure the
ter readings
dings. After

conditioning| at room temperature, perform the "Winding” test jnyclause 5.6.I1f no exposed fonductor is
visible, perfgrm the "Withstand Voltage" test (see 6.5) except.the voltage will be applied aftgr immersion
in the salt sqglution for a minimum of 10 min.
. Test Outside Cable Diameter
Test Fluid X
Tempperature Maximym Change
Name Fluid °C %
Engine Oil ASTM D471, IRM-902 50+3 15
Gasoline ASTM D471, Ref. Fuel C 23+5 15
Ethanol 85% Ethanol + 15% ASTM D471,-Ref. Fuel C 23+5 15
Diesel Fuel ASTM D471, 90% IRM, 903+ 10% p-xylene 23+5 15
Power Steering ASTM D471, IRM-903 503 30
Auto Trans Dexron Ill, SAE J311 50+ 3 25
Engine Coolant 50% Distilled Water + 50% Ethylene Glycol 50+3 15
Battery Acid H,S0O, Speeific Gravity = 1.260 + .005 23+5 5
Note:

Solutions are deter

ined as % by volume
Y

6.8.4

FIGURE 8—FLUID COMPATIBILITY (REF. 6.8)

REQUIREMENT

The maximum diameter change shall meet the requirements shown in Figure 8. After the winding test, a
visual inspection of the insulation shall show neither cracks, fractures nor other defects. During the
"Withstand Voltage" test, breakdown shall not occur.
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6.9 Resistance to Ozone

This test is for initial qualification only. The usage of this test will be established by agreement between
customer and supplier. Compliance for a cable family may be demonstrated by using “Representative
Conductor Sizes for Testing”, see clause 4.5.

6.9.1 TEST SAMPLE

Prepare a Salllp:c of-366-mm:

6.9.2 APPPARATUS

An ozone chamber in accordance with IEC 60811-2-1, with an atmosphere containing 10
(parts per htindred million) of ozone at 65°C + 3°C. See Figure 5 for mandrehsizes. Alumind
are preferredl since other materials may affect the ozone concentration.

6.9.3 PROCEDURE

Wind at leagt the minimum number of turns specified in Figure 5-and secure the ends. Cond
sample for 192 (+1, -0) h in the ozone chamber. While still onsxthe mandrel, remove the test
the ozone g¢hamber, and allow it to cool to room tempetature, and make a visual inspq
insulation. Ignore any damage caused by the clamps, which secure the ends.

6.9.4 REQUIREMENT

A visual inspection of the insulation shall showneither cracks, fractures, nor other defects.
6.10 Resistance to Pinch

6.10.1 TESF SAMPLE

25 mm of ingulation shall be removed from one end of a 900 mm sample of finished cable.
6.10.2 APPPARATUS

The apparatus shall\be as shown in Figure 9. The counter balance shall be adjusted so that
be exerted ¢n the-sample until a mass is applied to the end of the lever with a mechanical 2
10.

D =+ 5 pphm
m mandrels

tion the test
sample from
ction of the

no force will
dvantage of
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Key:

1 Counter Balg
2 Pivot

3 Anvil

4 Rod

5 Applied Mas
6 Test Sample

6.10.3 Prg

The sample
Figure 9. T
increasing t
the test sh
moved 50 n
mean of the

6.10.4 REeg

The “Resistd

6.11 Resistance to Sandpaper Abrasion

6.11.1 TEs

1
<«<——10 X >
—)IXK—
2 ! 3
/ Q{ e
:]:::: ,—IL.!. — @
[ ]
/ ~_
L 4 5 —e
6

nce

FIGURE 9—APPARATUS FOR “RESISTANCE TO-INCH” TEST (REF. 6.10)
CEDURE

shall then be placed taut without stretching-across a 3 mm diameter steel rod
he sample shall then be subjected to anrincreasing force applied through the s
e applied mass at a rate of 2.3 kg per'min. At the moment the insulation is pinc
Il stop. The applied mass shall then be recorded. After each reading the sam
m and rotated clockwise 90 .deg: Four readings shall be obtained for each s
four readings shall determing'the pinch resistance of the cable under test.
UIREMENT

ince to Pinch, Minintum” for each cable type and size is shown in Figure10.

r SAMPLE

as shown in
teel anvil by
ned through,
ple shall be
ample. The

Prepare a te

stsample of 1 m and remove 25 mm of insulation from each end.
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6.11.2 APPARATUS

Measure the “Resistance to sandpaper abrasion” using 150J garnet sandpaper tape with 10 mm
conductive strips perpendicular to the edge of the sandpaper spaced a maximum of every 75 mm. The
DC resistance of the conductive strips shall be 15,000 Q (when measured across the width of the
sandpaper) or low enough to allow the apparatus to detect exposed conductor. Mount a suitable bracket
to the pivoting arm (see Figure 11) to maintain the test sample position over an unused portion of the
sandpaper abrasion tape. Exert a force of 0.63 N + 0.05 N on the test sample by the combination of the

bracket, sup

combination| of the force exerted by the bracket, pivoting arm, support rod and additiona

Figure 12 for the additional mass.

SAE Wall Thickness
Conductor Size U w
mm® kg kg
0.13 0.3 0.7
0.22 0.4 1.0
0.35 0.5 0
0.5 0.7 1.0
0.8 0.9 15
1 1.1 15
2 1.3 15
3 1.5 1.5

FIGURE 10—RESISTANCE TO PINCH, MINIMUM (REF. 6.10)

III 2
11

y | of
i 5

4 f

\ 2
-
= 3 ¥
29+ 2 deg 29 + 2 deg
\

Key:

Support Rod

Additional Mass

Pivoting Arm

Test Sample

Bracket

Tape Supporting Pin
Sandpaper Abrasion Tape

NOoO o~ WN =

will be the
mass. See

FIGURE 11—APPARATUS FOR “RESISTANCE TO SANDPAPER ABRASION” (REF. 6.11)
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6.11.3 PROCEDURE

Mount the specimen taut, without stretching, in a horizontal position using an area of the abrasion tape
not previously used. Place the additional mass and bracket on top of the cable. Draw the sandpaper
under the specimen at a rate of 1500 mm/min + 75 mm/min and record the length of sandpaper
necessary to expose the conductor. Move the test sample 50 mm and rotate the test sample clockwise 90
degrees. Repeat the procedure for a total of four readings. The mean of the readings will determine the

“Resistance

to Sandpaper Abrasion”.

6.11.4 REeQ

The “Resist
requirement

UIREMENT

ance to Sandpaper Abrasion” shall meet or exceed the “Minimum Length of
5 in Figure 13.

Sandpaper”

$AE Additional Mass Minimum Length Of Sarjdpaper
Condnll::tor Size g mm

m’ Type U Type W Type U Type W
13 50 100 150 200
.22 50 100 175 300
.35 50 100 200 350

0.5 100 220 175 200

0.8 100 220 200 300
1 100 220 225 350
2 100 220 250 400
3 220 450 150 250

6.12 Strip

The usage
requirement
the custome

FIGURE 12— RESISTANCE TO SANDPAPER ABRASION (REF. 6.11)

Force

5 for the “Strip Force” test, if any, will be established by agreement between the
r.

of this_test will be established by agreement between customer and siipplier. The

supplier and

6.12.1 TEs

T SAMPLES

Prepare three test samples which are 50 mm in length. 25 mm of insulation shall be cleanly cut and
carefully stripped from one end of the conductor. When stripping the insulation, care must be taken not to
disturb the remaining 25 mm section of insulation. No burrs are permitted on the ends of the metallic

conductor.

6.12.2 APPARATUS

A plate with an appropriate diameter hole. A tensile machine with a speed of 500 mm/min.

-22 -



https://saenorm.com/api/?name=5b22f33d3d58b99016bc7f5b428c2643

SAE J1678 Revised APR2004

6.12.3 PROCEDURE

Insert the stripped end through the plate. The conductor shall be pulled through the plate and the
maximum force shall be recorded. Repeat the procedure for the remaining test samples. The mean of all
readings shall determine the strip force of the cable under test.

6.12.4 REQUIREMENT

The strip for
6.13 Resis
This test is

customer ar
Conductor S

6.13.1 TEs

Prepare a t\

tance to Hot Water

or initial qualification only. The usage of this test will be established by agreem
d supplier. Compliance for a cable family may be demonstrated by -Gsing “Re
izes for Testing”, see clause 4.5.

r SAMPLE

o test samples of 2.5 m + 0.1 m and remove 25 mmrofinsulation from each end.

ent between
presentative

6.13.2 APPPARATUS

The apparatus consists of an electrically nonconductive.vessel containing an unused salt waler bath with
10 g/l of Na[l in water at 85°C + 5°C for each test;-a'48 V DC power source. See Figure 5| for mandrel
sizes.

6.13.3 PRJCEDURE

Closely wingl at least three complete‘turns of a test sample on the mandrel and secure the wraps as
shown in Figure 13. Immerse the test sample in the bath with both ends projecting 250 mim above the

bath. To avqg
same bath.
days, discor

changes to the procedute-in 6.15.

id interaction between materials, do not test samples with different insulating magerials in the
Connect one end of the test sample and the positive electrode of the power soprce. After 7
nect the powersupply, and measure the “Insulation volume resistivity”. Make the following

Measure thé “Insulation volume resistivity” in the salt water bath and at the temperature fescribed in

6.14.2.

This completes one cycle. Repeat this procedure for a total of 5 cycles, i.e. 35 days. After conditioning,
remove the test sample from the bath, allow it to cool to room temperature, and make a visual
examination of the insulation. Ignore any damage caused by the ties which secure the coils. If no
exposed conductor is visible, perform the "Withstand voltage" test (see 6.5) except the voltage will be
applied after immersion in the salt solution for a minimum of 10 min. Perform the entire procedure for the

second test

sample with the polarity of the DC power source reversed.
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O

I 1 I

Key:
1 48 V DC power source
2 Test sample
3 Closely wounpd turns of test sample
4 Copper electfode

5 Non-conductjve vessel

FIGURE 13—APPARATUS FOR “RESISTANCE TO HOT WATER” (REF. 6.13)
6.13.4 REQUIREMENT

The “Insulatjon Volume Resistivity” shallnhot be less than 10° Q emm. A visual inspection of the insulation
shall show no cracks. During the "Withstand Voltage” test, breakdown shall not occur.

6.14 Insulgtion Volume Resistivity
This test is gnly used as patt-of the “Resistance to Hot Water” test
6.14.1 TEST SAMPLE

See 6.14.1.

6.14.2 APPARATUS

See 6.13.2 for the salt water bath. Use a resistance measuring device with a DC voltage of 500 V.
Voltages between 100 V and 500 V are allowed, if measured results conform with the results obtained
using 500 V.
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