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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
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ad vehicles — 60 V and 600 V single-core cables —

Part 1:
Dimensions, test methods and requirements for copper
conductor cables
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RNING — The use of this International Standard may involve hazardous materials,
equipment. This International Standard does not purport to address all of the safety
associated with its use. It is the responsibility of the user of this International $
blish appropriate safety practices and determine the applicability of regulatory limitati

Scope

part of ISO 6722 specifies the dimensions, test methods; and requirements for single-core
ded for use in road vehicle applications where the nominal system voltage is < (60 V d.c. or
specifies additional test methods and/or requirements-for 600 V cables intended for use in
cations where the nominal system voltage is greater than > (60 V d.c. or 25V a.c.) to < (6
/ a.c.). It also applies to individual cores in multi-core cables.

part of ISO 6722 specifies requirements for copper conductor cables.

Normative references

ences, only the edition\cited applies. For undated references, the latest edition of the
ment (including any amendments) applies.

1817, Rubber, vulcanized or thermoplastic — Determination of the effect of liquids

5931-1, Staipless steels for springs — Part 1: Wire

50811=2-1, Common test methods for insulating and sheathing materials of electric and opfi
2-1\Methods specific to elastomeric compounds — Ozone resistance, hot set and mineral d

tests

following referenced documgents are indispensable for the application of this documeni.

operations,
concerns, if
btandard to
pns prior to

60 V cables
25V a.c.). It
road vehicle
00V d.c. or

For dated
referenced

ral cables —
il immersion

ASTM B1, Standard Specification for Hard Drawn Copper Wire

ASTM B3, Standard Specification for Soft or Annealed Copper Wire

ASTM B33, Standard Specification for Tin Coated Soft or Annealed Copper Wire for Electrical Purposes

ASTM B298, Standard Specification for Silver Coated Soft or Annealed Copper Wire

ASTM B355, Standard Specification for Nickel Coated Soft or Annealed Copper Wire

EN 13602, Copper and copper alloys — Drawn, round copper wire for the manufacture of electrical
conductors
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

NOTE

3.1

Whenever a.c. voltage is specified throughout this part of ISO 6722, a.c. rms value shall be used.

60 volt (V) cable
cable intended for use in road vehicle applications where the nominal system voltage is equal to or less than

(60 Vd.c. or

25V a.c.)

3.2

600 volt (V)
cable intend
or25V a.c.)

3.3

cable family
group with
thickness ty

3.4

cable
bd for use in road vehicle applications where the nominal system voltage is greater than.(60
and less than or equal to (600 V d.c. or 600V a.c.)

y

ultiple conductor sizes having the same conductor strand coating, insulation formulation, ang
e

nominal (value)

suitable app

4 Gener

4.1 Safet

See the “Wa

4.2 Temp

Eight tempe

roximate value used to designate or identify a component

al

y concerns

rning” notice at the beginning of this International Standard.

erature classes

ature classes are defined in-T'able 1.

Table 1 — Temperature class rating

Class Temperature

A -40°Cto85°C
-40°C to 100 °C

-40°Cto125°C

-40°C to 150 °C

-40°Cto 175 °C
—40 °C to 200 °C
—40 °C to 225 °C
—40 °C to 250 °C

I |lm mM ol @

d.c.

wall
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4.3 Conductors

The conductors shall consist of plain or coated copper strands as shown in Table 2. Conductor sizes
> 0,5 mmZ shall consist of soft annealed copper or annealed compressed/compacted wires. Conductor sizes
<0,5mm?2 shall consist of soft annealed copper, soft annealed compressed/compacted copper, hard
unannealed copper, or a copper alloy. The specifications for the conductors shall be completed by material
specifications. Elongation requirements shall be established by agreement between customer and supplier.
The finished cable shall meet the resistance requirements of Table 5 for all conductors except alloys. When
an alloy is used, the resistance requirement shall be established by agreement between customer and
supplier.

NOTE Examples of strandings are shown in Table B.1. These strandings highlight exampftes ¢f conceptual
configurations and are not intended to reflect any preferred constructions. Other strandings configurations|may be used
provifled they meet the requirements specified above and are agreed between customer and sapplier.

Table 2 — Conductor specifications

ASTM B1 Hard-drawn copper wire

ASTM B3 or EN 13602 Soft or annealed copper wire

ASTM B33 or EN 13602 Tin-coated soft or ann€aled copper wire
ASTM B298 Silver-coated soft'ar annealed copper wire
ASTM B355 Nickel-coated soft or annealed copper wire

NOTE  Silver and Nickel coated condugetors are intended for use with high
“temperature class ratings”.

4.4 | Tests
The tables shall be submitted to the tests\as specified in Table 3.

NOTE A special set of requirements for trucks is intended to be added to the next revision of thig International
Standard.

© 1SO 2011 — All rights reserved 3
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Table 3 — Tests

Sub. N Mandatory If required®
clause Test description " | mitial | Periodic® | Initial | Periodic
progress
5.1 Outside cable diameter — X X — —
5.2 Insulation thickness — X X — —
5.3 Conductor diameter — — — X X
54 Conductor resistance — X X — —
55 Withstand voltage — Note 1 Note 1 — =~
5.6 Insulation faults Note 1 — — — —
5.7 Insulation volume resistivity — — — X X
5.8 Pressure test at high temperature — X X — —
59 Strip force — — — X X
5.10 Lpw temperature winding — X X — —
511 Cold impact — — — X X
5.12 Aprasion test — Note 2 Note 2 — —
5.13 Lpng term heat ageing, 3 000 h — X — — —
5.14 Short term heat ageing, 240 h — X X — —
5.15 Thermal overload — — — X X
5.16 Shrinkage by heat — X X — —
517 | Fluid compatibility — Plotes 3 — otes S —
5.18 Durability of cable marking — — — Note 4 Note #
5.19 Resistance to ozone — — — Note 4 —
5.20 Resistance to hot water — — — Note 4 —
5.21 Temperature and humidity cycling — — — Note 4 —
5.22 Resistance to flame propagation — X X — —
NOTE 1  Spme cables are rated at 60.\V-and others at 600 V. See 5.5.3 and 5.6.3 for details.
NOTE2  Sge5.12.
NOTE 3  Spme fluids are for Certification” and others are “If required”. See 5.17 for details.
NOTE4  Cpmpliance feralcable family may be demonstrated by testing examples of large and small conductor sizes only. Seq 4.7
for details.
2 A test made onfanfentire cable length during or after the manufacture.
b The frequdncy“af perindic testing shall he established by agreement hetween ciistomer and sipplier

¢ The usage of “If required” tests shall be established by agreement between customer and supplier.

4 © 1S0O 2011 — All rights reserved
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General test conditions

Unless specified otherwise, the device under test (DUT) shall be preconditioned for at least 16 h at a room
temperature (RT) of (23 + 5) °C and a relative humidity (RH) of 45 % to 75 %. Unless specified otherwise, all
tests other than “In process” tests shall be conducted at these conditions.

Whe

re no tolerance is specified, all values shall be considered to be approximate.

When a.c. tests are performed, they shall be at 50 Hz or 60 Hz. Applications at higher frequencies may
require additional testing.

4.6

An o
a w3
not |

Forc
forcs

4.7

Whe
mee
Tabl

cond
sizeq

4.8

A list

This
harn

5.1.2

Ovens

ven with air exchange, either natural or by pressure, should be used. The air shall enterthe
y that it flows over the surface of the test pieces and exits near the top of the oven:\The ove
bss than 8 and not more than 20 complete air changes per hour at the specified-ageing tempg

bd air circulation, e.g. by a fan inside the oven may be used. However, in case of dispute, an
d air circulation shall be used.

Representative conductor sizes for testing

h a test is required, all combinations of conductor size, walb thickness, and insulation form
the appropriate requirements. However, if testing of representative conductor sizes is pg
b 3), compliance for a cable family may be demonstrated by testing examples of larg

uctor sizes only. Permission to show compliance for @cable family by testing “representati
” shall be established by agreement between customer and supplier.

Recommended colours

of recommended colours is shown in Table C.1.

Tests and requirements
Outside cable diameter

Purpose

test is intended to verify that the cable outside diameter is within the required tolerances tg
bss dimension requirements.

Test Sample

bven in such
n shall have
rature.

bven without

ulation shall
rmitted (see
e and small
e conductor

fit seal and

Prep

are a test sample of 3 m in length.

5.1.3 Test

Use a measuring device which shall not cause deformation. Take three sets of measurements at positions

sepa

rated by 1 m and record the highest and lowest outside cable diameter at each position.

© 1SO 2011 — All rights reserved
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5.1.4 Requirement

All measurements shall be within the limits of the appropriate maximum and minimum “outside cable
diameter” specified in Table 4 and Table B.2. The values in Table 4 are normative. Since the values in
Table B.2 are informative, they are not required; however, they may be applied by agreement between

customer an

d supplier.

5.2 Insulation thickness

5.2.1 Purpose

This test is i
electrical, m

5.2.2 Test

Prepare thre
the insulatio]

ntended to verify that the cable insulation thickness is within the required tolerances to withs
bchanical and chemical abuse.

samples

e test samples from a cable sample 3 m in length. Take the test samples@t\1 m intervals.
h from the cable. A test sample consists of a thin cross-section of insulation. Take care n

deform the test sample during the preparation process. If cable marking causes indentation of the insulg

take the first

5.2.3 Test

Use a meas

Place the te|
axis. Determ

test sample through this indentation.

Lring device which shall not cause deformation.

st sample under the measuring equipment with the-plane of the cut perpendicular to the o
ine the minimum “insulation thickness”.

5.2.4 Requirement

No single val

ue shall be less than the appropriate minimum insulation thickness specified in Table 4.

tand

Strip
ot to
tion,

ptical
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Table 4 — Dimensions

ISO conductor Thick wall Thin wall Ultra-thin wall
. . Outside . Outside . Outside
Size . Insulation Insulation Insulation
Diameter X cable X cable . cable
thickness . thickness . thickness .
diameter diameter diameter
mm? mm mm mm mm mm mm mm
max. nominal min. max. nominal min. max. nominal min. max.
0,13 0,55 1,05 0,95
0,22 0,70 0,25 0,20 120 1,05
0,85 0,90 1,402 1,20
0,50 1,10 2,30 0,28 0,22 1,60 1,40
0,20 0,16
0,Y5 1,30 2,50 1,90 1,60
1,50 2,70 2,10 1,75
0,60 0,48 0,30 0,24
1,25 1,70 2,95 2,30 2,00
15 1,80 3,00 2,40 2,10
4 2,00 3,30 2,80 2,40
0,35 0,28 0,25 0,20
215 2,20 3,60 3,00 2,70
0,70 0,56
K 2,40 4,10 3,40
4 2,80 4,40 3,70
L 3,10 4,90 0,40 0,32 4,20
0,80 0,64
q 3,40 5,00 4,30
g 4,30 5,90 5,00
1P 4,50 6,50 6,00
0,60 0,48
1R 5,40 1,00 0,80 7,40 6,50
1P 5,80 8,30 7,20
2D 6,90 1,10 0,88 9,10 0,65 0,52 7,80
2b 7,20 10,40 8,70
3P 8,30 1,30 1,04 10,90 9,60
0,80 0,64
3b 8,50 11,60 10,40
ap 9,60 1,40 1,12 12,40 11,10
0,90 0,71
50 10,50 13,50 12,20
60 11 60 150 1.20 14 60 13,30
1,00 0,80
70 12,50 15,50 14,40
95 14,80 18,00 1,10 0,90 16,70
1,60 1,28
120 16,50 19,70
NOTE Outside cable diameter minimum values for high volume cable constructions are shown in Table B.2. Since the values in

Table B.2 are informative, they are not required; however, they may be applied by agreement between customer and supplier.

2 The outside cable diameter for conductor size 0,35 mm?2 with 7 strands shall be max. 1,30 mm.

© 1SO 2011 — All rights reserved 7
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uctor diameter

Purpose

This test is intended to verify that the cable conductor diameter is within the required tolerances to fit terminal
crimps and mechanical demands.

5.3.2 Test
Use the test
Prepare thr

consists of
casting resin

5.3.3 Test
Use a meas

Determine t
maximum in

samples

samples as specified in 5.2. In case of disputed results, a referee method is provided below.

ie test samples from a cable sample 3 m in length. Take these samples at 1 m intervals. A'sa

20 mm length of cable. Take care not to deform the test sample. Immerse the samples
. After hardening, take a section perpendicular to the axis of the test sample.

Lring device which shall not cause deformation.

ne conductor diameter by measuring the inside diameter of the test samples and record
Side diameter for each test sample.

5.3.4 Requirement

mple
in a

the

No single vajue shall exceed the maximum value as specified in Table™.

5.4 Conductor resistance

5.4.1 Purpose

This test is |ntended to verify that the cable conductor resistance does not exceed the maximum pernjitted
value.

5.4.2 Testsamples

Prepare a tgst sample of 1 m length'plus the length necessary for connections. Other lengths may be used
providing that the resistance readingis adjusted using the method shown in 5.4.3. The ends of the test sample
may be soldgred.

543 Tes

Use a resistance measuring device with an accuracy of + 0,5 % of the measured value and a thermometer

with an accu

Measure th

racy of+ 0,5 °C.

temperature of the test sample and the unsoldered length. Take care to ensure that conne

tions

are secure. Measure the resistance of the test sample. Correct the measured value using Equation (1):

R,

Ron =
20=7

where

[1+0,00 393(r - 20) ]

Ry is the corrected conductor resistance at the reference temperature of 20 °C, expressed in mQ/m;

R,

is the conductor resistance measured at the conductor temperature in mQ;

(1)

© 1S0O 2011 — All rights reserved
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L is the unsoldered conductor length, expressed in m;
t is the conductor temperature at the time of measuring, expressed in °C.

NOTE The value of 0,00393 is the temperature coefficient for copper with 100 % conductivity at temperatures at
20 °C. For coated wires or alloys, the correction factor shall be established by agreement between customer and supplier.

5.4.4 Requirement

The corrected value shall not exceed the appropriate maximum resistance specified in Table 5.

Table 5 — Conductor resistance
SO conductor size Maximum conductor resistance per length
mQ/m at 20 °C?2
mm? Plain copper Sn plated copper Ni plated copper
0,13 136 140 143
0,22 84,8 86,5 87,9
0,35 54,4 55,5 56,
0,50 37,1 38,2 38,6
0,75 24,7 25,4 25,71
1 18,5 19,1 19,8
1,25 14,9 15,9 16,
1,5 12,7 13,0 13,2
2 9,42 9,69 9,82
2,5 7,60 7,82 7,92
3 6,15 6,36 6,4
4 4,71 4,85 4,9
5 3,94 4,02 41
6 3,14 3,23 3,27
8 2,38 2,52 2,60
10 1,82 185 1,90
12 1,52 1,60 1,66
16 1,16 1,18 1,2
20 0,955 0,999 1,0
25 0,743 0,757 0,774
30 0,647 0,684 0,706
35 0,527 0,538 0,549
40 0,473 0,500 0,516
50 0,368 0,375 0,383
60 0,315 0,333 0,344
70 0,259 0,264 0,270
95 0,196 0,200 0,204
120 0,153 0,156 0,159
Conductors produced from silver coated strands shall not exceed the maximum conductor resistance per length for
plain copper.
@ Minimum conductor resistance values for high volume cable constructions are shown in Table B.3. Since the values in Table B.3
are informative, they are not required; however, they may be applied by agreement between customer and supplier.

©1S0O 2011 - All rights reserved 9
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5.5 Withstand voltage

5.5.1 Purpose

This test is intended to verify that the cable insulation is capable of withstanding the required rated voltage. It
is also used to detect defects caused by mechanical, chemical and/or other environmental stress.

5.5.2 Test

sample

Prepare a test sample of a minimum length of 350 mm. Strip 25 mm of insulation from each end and twist the
ends togethnr toforma loop

5.5.3 Test

5531 G

Partially fill 3
ends of the
source.

eneral

5.5.3.2 60V cable

Immerse thg
for 30 min b
value is read
— 3kV(a.

— 5KV (a.

.) for cables > 0,5 mm?2

5.5.3.3 600V cable

After complg

ting the procedure for a 60 V cable, hold the 3 kV or 5 kV for 5 min.

5.5.4 Requirement

Breakdown

thall not occur.

n electrically non-conductive vessel with salt water with 3 % by weight of NaCl in water with the
test sample emerging above the bath as shown in Figure 1. Use a 50 Hz or 60 Hz a.c. vo|tage

test sample in the bath as shown in Figure 1 for 4 h and.then apply a test voltage of 1 kV (a.c.)
btween conductor and the bath. Then increase the voltageat a rate of 500 V/s until the follgwing
hed:

.) for cables < 0,5 mm?2

10

© 1S0O 2011 — All rights reserved
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Key

a b~ WON -

5.6

5.6.1

This

5.6.2

test voltage (terminals)
non-conductive vessel
electrode

test sample

salt-water bath

Insulation faults

Purpose

Test sample

Figure 1 — Apparatus/for withstand voltage test

All cables produced are used.

5.6.3

Use
ball

Test

freq

test is intended to verify thatthe cable insulation has no defects which can cause electrical fa

a sinusoidal voltage source set at the value shown in Table 6. The test electrode may con
chains, metal brushes, or any other type of suitable electrodes. Choose the electrode

ilures.

sist of metal
length and

eney considering the speed of the cable running through the field of the electrode so that

ach point of

the cable is loaded by at least nine voltage cycles.

Table 6 — Insulation faults

ISO conductor size

Voltage rating (a.c.)

kV
mm?2
60 V cables 600 V cables
<0,5 3 6
>0,5 5 8

©1S0O 2011 - All rights reserved
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This test shall be carried out under production conditions. Subject all cables to this test. Other methods of test
may be used provided that insulation faults are detected with the same certainty.

5.6.4 Requirement

No breakdown shall occur when the earthed cable is drawn through the test electrode.

5.7

5.71

Insulation volume resistivity

Purpose

This test is
requirement

5.7.2 Test

Prepare a te

ntended to ensure limitation of leakage current by verifying that the volume resistivity meet
5 as specified.

sample

5t sample of 5 m length and remove 25 mm of insulation from each end.

5.7.3 Apparatus

Partially fill
resistance
however, if
of 500 V.

5.74 Test

Immerse thd
between the
Calculate the

where

Po

an electrically non-conductive vessel with tap water at a temperature of (70 +2)°C. U

dispute arises, the referee apparatus shall be a resistance measuring device with a d.c. vo

test sample for 2 h with each end emerging.ffom the bath by 250 mm. Apply the d.c. vo
conductor and the bath. Measure the insulation resistance 1 min after application of the vol
e insulation volume resistivity using Equation (2):

is tihe insulationvolume resistivity, expressed in Qmm;

is the immersed length of the test sample in mm;

12

easuring device with a d.c. voltage of 500 V. Voltages between 100 V and 500 V are allo

5 the

se a
wed;
tage

tage
age.

is theemeasured insulation resistance in Q:

is the outside cable diameter in mm according to 5.1;
is the conductor diameter in mm according to 5.3;

is logarithm to the base 10.
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5.7.5 Requirement
The insulation volume resistivity shall not be less than 109 Qmm.
5.8 Pressure test at high temperature

5.8.1 Purpose

This test is intended to verify that the electrical integrity of the cable is maintained after thermal and
mechanical stress.

5.8.91 Test samples

Prepare three test samples, each of 600 mm in length.

5.8.3 Test

The [test temperature is specified in Table 7 and the test apparatus is shown in Figure 2. Engure that the
appdratus is free from vibrations. Apply the force F by the blade to the test.sample as given by Eqpation (3):

F =0,8,/i(2xD-i) (3)
where
i is the total vertical force exerted on the test sampl€’in N;

D is the appropriate “outside cable diameter maximum” in mm according to Table 4;

is the appropriate nominal value of the_“insulation thickness” in mm according to Table 4.
D,8 is a coefficient in (N/mm).

The galculated force may be rounded off at the lower digit, but not beyond 3 %.

Table 7 — Pressure test at high temperature

Class Test temperature?
°C
A 85+ 2
B 100 + 2
¢ 125+3
D 150 + 3
E 175+3
F 200 + 3
G 225+ 4
H 250 + 4
a8 Upper value of temperature class rating (see Table 1).
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Place a test sample in the apparatus as shown in Figure 2. Attach the test sample to the support so as not to
bend under the pressure of the blade. The load and the blade of the apparatus shall be perpendicular to the
test sample axis applied in the middle of the test sample. Place the test sample under load, not preheated, for
4 h in the oven. Then cool the test sample within 10 s by immersion in cold water. Repeat the procedure for
the other test samples. After immersion, subject the test samples to the withstand voltage test and make the
following changes to the procedure in 5.5.

— Immerse the test samples in the salt water bath for a minimum of 10 min prior to the application of the
voltage.

— Apply the 1 kV (a.c.) voltage for 1 min.

— Do not framp up” the voltage after the application of the 1 kV (a.c.) voltage.

Dimensions in millinetres

_ X
14 i X
— |
2 k) 7
—&r —-E—-—\j{;/—-— - e %
I N 7 ] M
341, ' a
aV f ] 0,7+0,01
S

Loy
(Y
PR
E____

Vr V-

Key

1 test frame

2  testsample

3 support

F  Applied fprce.

@  Sharp edg@e with a max.“adius of 0,05 mm.

Figure 2 — Apparatus for pressure test at high temperature

5.8.4 Reqlllirement

Breakdown shall not occur during the withstand voltage test.
5.9 Strip force

5.9.1 General

This test is applicable to cables with a conductor size of < 6 mm?2.
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5.9.2 Purpose

This test is intended to verify that the force required to remove the insulation from the conductor meets
customer requirements.

5.9.3 Test samples

Prepare three test samples of 100 mm from a cable sample 3 m in length. Take the test samples at 1 m
intervals. Cut at least 25 mm of insulation cleanly and strip it carefully from one end of the conductor (see
Figure 3, length AB). Then cut the test samples leaving a 50 mm section BC undisturbed. A different length for
the section BC may be agreed between customer and supplier.

5.9.4 Test
Use @ test fixture similar to the one shown in Figure 3. A metal plate is provided with a round holelequal to the
apprppriate conductor diameter. Use a tensile machine with a speed of 250 mgm/min. Enspre that the
appdratus is capable of pulling the test samples without friction between the conductor and the apparatus.

Dimensiong in millimetres

Figure*3 — Apparatus for strip force
Placg a test sample in the test fixture. Pull the test sample without friction between the condugtor and the
appdratus at a speed of 250 mm/min and record the force (F) in Newtons. Repeat the procedure [for the other

test samples. If the 50 mm section of insulation BC buckles when sliding, prepare new test samples with the
length BC equal to 25 mm and repeat this procedure.

5.9.3 Requirement

The measured.force shall be within the values as agreed between customer and supplier.

5.10 Lowtemperature winding

5.10.T Purpose
This test is intended to verify that the cable can withstand bending at low temperature without cracking and

still maintain insulation properties. This test is also intended to verify the low temperature class rating
according to Table 1. A modification of this test is used to detect defects caused by environmental stresses.

5.10.2 Test samples

Prepare two test samples of 600 mm in length and remove 25 mm of insulation from each end.
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5.10.3 Test

Use a freezing chamber at (—40 + 2) °C. Either a rotatable or a stationary mandrel may be used. See Table 8
for the mandrel diameter, winding speed and the number of turns.

When a rotatable mandrel is used, it shall be in accordance to Figure 4. See Table 8 for the mass.

When a stationary mandrel is used, no mass is applied.

Table 8 — Winding

ISo cc_)ndL ctor Mandrel diameter Mass Winding Number of.turns
size a speed
mm
mm? Kg s-—! min.
A? B2
a<0,7p 0,5
3
0,75<ad1,5 2,5 1
15<a46 Mandrel diameter Mandrel diameter S 2
6<a<10 < 5 X requireq < 1,_5 X requirgd 8
maximum outside maximum outside
10<a<bs cable diameter cable diameter 10 0,5
0,5
25<a<Ps 20
35<a<120 30 0,2
a8 Referencpes to Column A are made in 5.17.4.2, 5.17.5.4 and 5.20.3. References to Column B are made in 5.21.3

B

—r

Key

1 mandrel

2  test sample(s)
3  mass(es)

Figure 4 — Apparatus for winding
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The test samples and mandrel shall be conditioned for a minimum of 4 h in the freezing chamber.

5.10.3.1 Rotatable mandrel

When a rotatable mandrel is used, the test samples shall be fixed on the mandrel as shown in Figure 4. The
free ends are loaded with the mass. Position the mandrel with the test samples hanging vertically.

5.10.3.2 Stationary mandrel

When a stationary mandrel is used, a test sample shall be wrapped around the mandrel by hand. Repeat the
procedure for the other test sample

Wind the test sample for at least the “minimum number of turns” around the mandrel within [the freezing
chamber and at winding speed as specified in Table 8. Ensure that there is continuous ¢ontact petween the
test samples and the mandrel.
After] the cold winding, allow the test samples to return to RT, and make a visual examination of the insulation.
If nojexposed conductor is visible, perform the withstand voltage test, however, make the following changes to
the grocedure in 5.5.

— |mmerse the test sample in the salt water bath for a minimum of(140 min prior to the appli¢ation of the
voltage.

— RApply the 1 kV (a.c.) voltage for 1 min.
— Po not ramp up the voltage after the application of the¢t, kV (a.c.) voltage.
5.10/4 Requirement

Afterl winding, no conductor shall be visible. During the withstand voltage test, breakdown shall not occur.
5.11] Cold impact

5.11]1 Purpose

This[test is intended to verify that the cable can withstand impact at low temperature without cracking and still
maintain insulation properties.

5.11]2 Test samples

Prepare three test'samples, each of a minimum length of 350 mm and remove 25 mm of insulatign from each
end.

5.11]3 Test

The apparatus shown in Figure 5 is positioned on a foam rubber pad of 40 mm thickness. The mass of the
hammer is specified in Table 9. Set the freezing chamber temperature to (-15 + 2) °C.

Perform the “impact test” in the middle of the test sample. Place the apparatus, positioned on the foam rubber
pad, together with the test samples in the freezing chamber for at least 16 h. If the apparatus is pre-cooled, a
freezing time of 4 h is sufficient, providing that the test samples have reached the specified temperature. At
the end of this period, place a test sample parallel to the steel base. The hammer is then allowed to fall from a
height of 100 mm. Repeat the procedure for the remaining test samples. After the impact, allow the test
samples to return to RT, and make a visual examination of the insulation. If no exposed conductor is visible,
perform the withstand voltage, however, make the following changes to the procedure in 5.5.
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— Immerse the test samples in the salt water bath for a minimum of 10 min prior to the application of the
voltage.

— Apply the 1 kV (a.c.) voltage for 1 min.
— Do not ramp up the voltage after the application of the 1 kV (a.c.) voltage.
5.11.4 Requirement

After impact, no conductor shall be visible. During the withstand voltage test according to 5.5, breakdown shall
not occur.

Dimensions in-millinetres

| [153€

1—]

10,5

NE

100

20

IS

/I\J
e ST o 1 ot e &

/

40

hammer

steel intermediate piece, 100 g
test sample

steel base, mass 10 kg

foam rubber pad

a b WN -

Figure 5 — Apparatus for impact test
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Table 9 — Impact

ISO conductor size Mass of the hammer
a g
mm? Thick wall cable Thin wall cable Ultra thin wall cable
a<0,35
100
0,35<a<2,5 100
100
25<a<4
4<a<10 200 200
10<a<25
300 300
25<a<50
50<a<95 400
400
95 <a<120

NOJE “X” = cable type does not exist.

5.12 Abrasion test

5.12{1 General
This|test is only applicable to cables with a conductor.size <6 mm2, for which either 5.12.4.1| (Sandpaper

abrapion) or 5.12.4.2 (Scrape abrasion) shall be usediThe customer and supplier shall define whjch test shall
be u$ed. No abrasion test is required for conductor'sizes > 6 mm2,

5.12]2 Purpose

This|test is intended to verify that the resistance of the cable insulation to abrasion meegts customer
requjrements.

5.12]3 Test sample

Prepare a test sample ofUm in length and remove 25 mm of insulation from each end.
5.12/4 Test

5.12]4.1 Sandpaper abrasion

Measure the “resistance to sandpaper abrasion” using 150J garnet sandpaper tape with 5 mp to 10 mm
conduetive-strips—perpendictlartothe-edgeof-the sandpaperspaced-amaximum-efeverr#5mm. Mount a
suitable bracket to the pivoting arm (see Figure 6) to maintain the test sample position over an unused portion
of the sandpaper abrasion tape. Exert a force of (0,63 + 0,05) N on the test sample by the combination of the
bracket, support rod, and pivoting arm. The total vertical force exerted on the test sample shall be the
combination of the force exerted by the bracket, pivoting arm, support rod and additional mass. The additional
mass shall be according to Table 10.

Mount the test sample taut, without stretching, in a horizontal position using an area of the sandpaper
abrasion tape not previously used. Place the additional mass and bracket on top of the test sample. Draw the
sandpaper abrasion tape under the test sample at a rate of (1 500 + 75) mm/min and record the length of
sandpaper abrasion tape necessary to expose the conductor. Move the test sample 50 mm and rotate the test
sample clockwise 90°. Repeat the procedure for a total of four readings. The mean of the readings shall
determine the resistance to sandpaper abrasion.
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4
| 4 ] | ]
> &
o +i
- o
N &
Key
1 support od
2 additiongl mass
3 pivoting orm
4  test sample
5 bracket
6  tape supporting pin, diameter = 6,9 mm
7 150J, gafnet sandpaper abrasion tape
Figure 6 — Apparatus for sandpaper abrasion test
Table 10 — Sandpaper-abrasion
ISO 60 V thick wall 60 V thin wall 60 V ultra-thin wall 600V
conductor . - s % " - . -
size Additional Minimum Additional Minimhum Additional Minimum Additional Minimpm
mass length of mass length of mass length of mass length of
sandpaper sandpaper sandpaper sandpgper
mm?2 kg mm kg mm kg mm kg mmj
0,13 200 150
0,22 0,1 225 0,05 175
400
0,35 250 200
0,5 400 300 175
0,75 410 350 200 0,5 410
1 420 400 225 420
0.5 0,2 0,1
1,25 425 425 240 425
1,5 430 450 2560 436
2 450 500 275 450
2,5 280 250 0,2 125 280
3 330 300 330
4 1,5 400 0,5 350 1,5 400
5 450 430 450
6 500 500 500
NOTE The total vertical force exerted on the test sample shall be the combination of the force exerted by the bracket, pivoting

arm, support rod and additional mass.

20
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5.12.4.2 Scrape abrasion

Use a “resistance to scrape abrasion” apparatus according to Figure 7. It consists of a device designed to
abrade the surface of the insulation in both directions along the longitudinal axis of the test sample and a
counter for recording the numbers of cycles to failure. It shall be controlled in such a way that when the needle
abrades through the insulation and makes contact with the conductor, the machine shall stop operating. The
characteristics of a suitable apparatus shall be as follows:

— Diameter of needle: (0,45 + 0,01) mm;

— Type of needle: spring wire (polished) material according to ISO 6931-1;

— Frequency: (55 + 5) cycles/min (one cycle consists of one reciprocating movement);
— PDisplacement of the needle: (20 £ 1) mm;

— Length of abrasion: (15,5 + 1) mm;

— Mass: the vertical force on the test sample shall be constant under dynamic conditions;

— [Fest sample mounting force: the test sample shall not move duringdest. If fixing is necessary, the tension
hpplied on the conductor shall not exceed 100 MPa (N/mm2).

Apply a total vertical force as specified in Table 11 to the test sample. Determine the number |of cycles by
taking four measurements at a temperature of (23 + 1) °C. After each reading, move the test sample 100 mm
and fotate it clockwise 90°. Change the needle after each reading. The minimum value shall be nqted.
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450
\
0,025
N

mass
travel
needle hplder
test sample

clamp

test sample holder

abrasion length, (15,5 £ 1) mm
needle diameter, (0,45 + 0,01) mm
Clearance during abrasion.

Groove depth

0,4 mm, Conductor size < 0,35 mm?2
0,8 mm, Conductor size > 0,35 mm?2.

Figure 7 — Apparatus for scrape abrasion
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Table 11 — Scrape abrasion

Lsigcmd“cmr mm2 | 013022 |035| 05 [075]| 1 |125| 15| 2 | 25| 3 4..6
Vertical force N 4,00 7,00

Tolerance N + 0,05

Cycles min 100 | 125 | 150 | 300 | 350 400 450 | 500 | 550 | 600 700
5.12 '5_R‘E'Q'U'i‘l‘e1lleuf.

5.12|5.1 Sandpaper abrasion

The fresistance to sandpaper abrasion shall meet or exceed the minimum length ofsandpaper fequirements

acco

5.12

The
to T4

5.13
5.13
This
5.13

Prep
end.

5.13

Use

rding to Table 10.

5.2 Scrape abrasion

resistance to scrape abrasion shall meet or exceed the minimum number of cycle requiremer
ble 11.

Long term heat ageing, 3 000 h

1 Purpose

test is intended to verify the upper value of the “temperature class rating” according to Table

2 Test samples

are two test samples, each of a minimum length of 350 mm, and remove 25 mm of insulatig

3 Apparatus

an oven at the temperature specified in Table 12. See 5.10, Table 8, Column B, for the mand

Table 12 — Long term ageing and environmental cycling

ts according

n from each

el diameter.

Class Test temperature
°C

A 85+2

B 100 £ 2

C 125+ 3

D 150+ 3

E 175+ 3

F 200+ 3

G 225+ 4

H 250+ 4
NOTE Upper value of temperature class rating (see Table 1).
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5.13.4 Test

Place the test samples in the oven for 3 000 h. Fix the test samples by the conductor to avoid any contact
between the insulation and the supports. The test samples shall be separated by at least 20 mm from each
other and from the inner surface of the oven. Cable insulations made of different materials shall not be tested
at the same time. After ageing, withdraw the test samples from the oven and maintain them at RT for at least
16 h. After conditioning, perform the “winding test” at RT according to 5.10 using a mandrel diameter
according to Table 8, Column B. After winding, make a visual examination of the insulation. If no exposed
conductor is visible, perform the withstand voltage test; however, make the following changes to the
procedure in 5.5:

— Immersgthetest SdAmplies In e salt water DAt 101 a minirmurm or TU min prior to e applicatior the
voltage;

— Apply tHe 1 kV (a.c.) voltage for 1 min;
— Do not famp up the voltage after the application of the 1 kV (a.c.) voltage.

5.13.5 Requiirement

After winding, no conductor shall be visible. During the withstand voltage test, breakdown shall not occur.
5.14 Shorf term heat ageing, 240 h

5.14.1 Purpose
This test is iftended to simulate thermal excursions.

5.14.2 Test{samples

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

5.14.3 Apparatus

Perform the|short term ageing test using an oven at the temperature as specified in Table 13 and a fre¢zing
chamber at (25 + 2) °C. See 5.10; Table 8, Column A, for mandrel diameter.

Table 13 — Short term heat ageing

Class Test teTperature
C
A 1102
5 4126+3
C 150 + 3
D 175+3
E 200 +3
F 22514
G 250 + 4
H 27544
NOTE Upper value of temperature class rating (see Table 1) + 25 °C.
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5.14.4 Test

Follow the same procedure as 5.13.4; however, make the following changes:

— Use an ageing time of 240 h;

— Perform the winding test according to 5.10 using the freezing chamber at (-25 + 2) °C;

— Allow the test samples to return to RT before making the visual examination.

5.14.5 Requirement

Aftenwinding, no conductor shall be visible. During the withstand voltage test, breakdown shall*'not occur.
5.15 Thermal overload

5.15|1 Purpose
This|test is intended to verify resistance to thermal overload conditions of the"cable.
5.15]2 Test samples

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

5.15/3 Apparatus

Perform the thermal overload test using an oven at‘the temperature as specified in Table 14. See 5.10,
Table 8, column B, for mandrel diameter.

Table 14 — Thermal overload

Class Test ter?perature
C
{0 13543
B 150 + 3
c 17543
D 200 +3
E 225+ 4
F 250 +4
G 275+ 4
H 30044
NOTE Upper value of temperature class rating (see Table 1) + 50 °C.

5.15.4 Test

Follow the same procedure as specified in 5.13.4; however, use an ageing time of 6 h.

5.15.5 Requirement

After winding, no conductor shall be visible. During the withstand voltage test, breakdown shall not occur.
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kage by heat

5.16.1 Purpose

This test is intended to verify the longitudinal dimensional stability of the insulation, at the end of cable, at
elevated temperature to avoid exposure of the conductor.

5.16.2 Test

Prepare thre

samples

e test samples, each of 100 mm length.

5.16.3 Test
Perform the
Measure thdg

the oven, in
measure the

5.16.4 Requirement

The maximu

5.17 Fluid

5.17.1 Gene¢ral

When any rq
representati

This test is
other fluids s

The terms “q
Test Method
formulation

Standard.

Test Method
this Internati

Either test m

test using an oven at (150 + 3) °C.
exact length of the insulation of the test samples at RT prior to the test. Put,the*test sampl

a horizontal position, so that air may circulate freely from all sides for 15 min, ‘After cooling t
length of the insulation again.

M shrinkage shall not exceed 2 mm from either end.

compatibility

sistance to chemicals is specified, compliancéfor a cable family may be demonstrated by te
e conductor sizes according to 4.7.

equired for gasoline, diesel fuel, ethanol, engine oil, windscreen washer fluid and salt wate
hall be tested by agreement betwéen' customer and supplier.

hemicals” and “fluids” may bé&wsed interchangeably throughout 5.17.

1 (5.17.3) shall be used for cables insulated with new materials or existing materials wher

2 (5.17.4) may-be used for cables insulated with materials existing prior to the publication dg
bnal Standard.

ethod may be used on any of the materials if agreed between customer and supplier.

5.17.2 Purpose

es in
b RT

sting

r. All

e the

nas been changed and-introduced to the industry after the publication date of this International

te of

This test is intended to verify resistance of the insulation to chemical loads in automotive environments where
exposure is limited.
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5.17.3 Test Method 1 — Resistance to liquid chemicals

5.17.3.1 Test setup

The test shall consist of one or several exposures to chemicals with intermediate exposure to heat ageing
conditions. Two different test media groups in accordance with Table 15 shall be tested, Media Group 1 with a
heat ageing period of 1 000 h at the actual cable class temperature and Media Group 2 with a heat ageing
period of 240 h at the actual cable class temperature (see 5.17.3.4).

Table 15 — Resistance to liquid chemicals — Test method 1

Media Specificati Samples Storage time in
Grpup Fluid pecification (pcs) oven.at class temp.
( Engine coolant 50 % ethylene glycol + 50 % distilled water 8
Engine oil ISO 1817, Oil No 2 8 240 H + 240 h
Salt water (road) 5% NaCl , 95 % water (mass %) 8 +240h +280 h
Windscreen washer fluid | 50 % Iso-propanol, 50 % water 8
P Gasoline ISO 1817, liquid C 2
Diesel 90 % ISO 1817, Oil No 3 + 10 % p-Xylene 2
Ethanol 85 % Ethanol + 15 % ISO 1817diguid C 2
Power steering fluid ISO 1817, Oil No 3 2 240 h
Auto. transmission fluid Dexron VI 2
Brake fluid SAE RM-66-06 2
Battery acid 25 % H,80, and“5 % H,0, density 1,28 2

NOTE 1  Solutions are determined as % by volume if'hot otherwise specified.
NOTE 2 Changes in the specified fluids may be €onsidered in future revisions of this International Standard.

NOTE 3  Sources for reference materials are_shown in Table D.1. This information is given for the convenience of users of this
Intefnational Standard and does not constitute.an endorsement by ISO of the source. Equivalent products may be used |if they can be
shoyn to lead to the same results.

5.17]3.2 Test samples

Prepare individual test-samples, each 600 mm long with 25 mm of insulation removed from ea¢h end, bent
aroupd a 50 mm diameter mandrel to a U-shape. The stripped ends should be formed as hooks,|allowing the
test pbjects to-bé-hung on to the grids in the oven. The number of test objects to be prepared for each
chemical shall'be according to Table 15.

5.17]3:3, *Apparatus

Use an oven in accordance with 4.6 at the specified maximum temperature class rating according to Table 1.
The oven shall be equipped with grids, making it possible to hang the test objects on them. A collecting tray
shall be placed in the bottom of the oven to gather chemical spills. See 5.10, Table 8, Column A, for the
mandrel diameter.

5.17.3.4 Test performance

For each fluid to be tested, immerse 2/3 of the test objects 10 s in the fluid, then remove from the fluid and
allow to drain off for 3 min before storage in the oven. Care should be taken that the stripped ends are not
exposed to the fluid. Test objects from one and the same type of tested cable, but exposed to the different test
fluids, can be stored in the same oven. Test objects from different types of cables are not allowed to be stored
in the same oven.
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For Media Group 1 objects, the immersing in the respective fluid shall be repeated at 240 h, 480 h and 720 h
of the 1 000 h test in the following way: initially immerse 8 objects for each fluid and store in the oven. At
240 h, take out two objects and pass them on to final test according to below. The remaining 6 objects should
be re-immersed and stored in the oven for another 240 h exposure. At 480 h, take out another two objects for
final test, and re-immerse the remaining 4 objects. At 720 h, again take out two objects for final testing and re-

immerse the

remaining 2 objects for storing up to 1 000 h.

Media Group 2 objects should only be immersed once before the exposure in the actual cable class

temperature

After fulfilled exposure, remove the test samples from the oven and maintain them at RT (23 £ 5 °C) for

30 min. The
performed in
exposed cor
procedure in

Immers
voltage,

Apply th

51735 R

After winding, no conductor shall be visible. During the withstand veltage test, breakdown shall not occur.

Do not famp up the voltage after the application of the 1 kV (a.c.).

the middle of the test objects. After winding, make a visual examination of the insulation:
ductor is visible, perform the withstand voltage test; however, make the following changes t
5.5:

b the test samples in the salt water bath for a minimum of 10 min prior to thé Japplication g

e 1kV (a.c.) for 1 min.

pquirement

st is
If no
b the

f the

each

€ as

5.17.4 Test|Method 2 — Resistance to liquid chemicals

5.17.41 Test samples

Prepare indiyidual test samples, each 600 mm langwith 25 mm of insulation removed from each end, for
fluid to be tepted.

5.17.4.2 Test

The fluid compatibility is determinéd -via a measurement of the outside cable diameter with the appa
specified in p.1. Fill the vessels with the fluids at the temperatures according to Table 16. See 5.10, Tal
Column A, for mandrel diameter;

Determine the outside eable diameter of each test sample by taking three measurements distributed
around the ¢ircumferénce of the cable in the middle of the test sample. Calculate an average of the
measurements. Immerse the area of each test sample which shall be needed for the winding test for 20 |
fluid specified in(Table 16 with the test sample ends emerging above the surface of the fluid. Remove the
sample fron the fluid and wipe the surface to remove any remaining liquid. Allow it to dry at RT for 30
Within 5 mi i fod; i i

before the immersion and perform the “winding test”; however, make the following changes to the procedure
in 5.10.

— Perform the winding test at RT.

28

Calculate the percentage of change in outside cable diameter.
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Table 16 — Chemical load — Test Method 2

Fluid Specification Test Test oul\:lsai)t(:li;n::ale
(see ISO 16750-5) temperature | Duration .
diameter change
°C h %
Gasoline ISO 1817, liquid C RT 20 15
o .
Diesel fuel 90 A;oISO 1817, Oil No. 3 RT 20 15
+ 10 % p-xylene
Engine oil ISO 1817, Qil No. 2 50+3 20 15
0, 0,
Ethanol §5 /o Ethanol + 15 % I1ISO 1817 RT 20 15
liquid C
Power steering fluid ISO 1817, Oil No. 3 50+ 3 20 30
Automatic Dexron VI 50+3 20 25
transmission fluid
. 50 % ethylene glycol +
Engine coolant 50 % distilled water 50+3 20 15
NOTE 1  Solutions are determined as % by volume.
NOTE 2  Sources for reference materials are shown in Table D.1. This infermation is given for the convenience pof users
of this International Standard and does not constitute an endorsement by 1SO of the source. Equivalent products|may be
used if they can be shown to lead to the same results.

5.17/4.3 Requirement

The maximum outside cable diameter change shall meet the requirements shown in Table 16. After winding,
no cpnductor shall be visible. During the withstand voltage test, breakdown shall not occur.

5.17|5 Battery acid
5.17)5.1 General
If thg chemical resistance TestMethod 1 is performed, this test is not applicable.

5.17|5.2 Purpose

See p.17.2.

5.17]5.3 Test'sample

Prepafeone test sample according to 5.17.4.2.

5.17.5.4 Apparatus

Battery acid (H,SO, with a specific gravity of 1,260 + 0,005) and an oven at (90 + 2) °C. See 5.10, Table 8,
Column A, for the mandrel diameter.

5.17.5.5 Test

Place drops of battery acid on the cable such that the drops of acid do not touch each other. Condition the test
sample in the oven for 8 h. Cable insulations made of different materials shall not be tested at the same time.
Remove the test sample from the oven and re-apply drops of acid. Condition the test sample for 16 h (24 h
total). Remove the test sample from the oven. This completes one cycle. Repeat the procedure for a total of
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two cycles. Maintain the test sample at RT for 30 min. After conditioning at RT, perform the “winding test”
according to 5.10 at RT. After winding, make a visual examination of the insulation. If no exposed conductor is
visible, perform the withstand voltage test; however, make the following changes to the procedure in 5.5:

voltage.

— Apply the 1 kV (a.c.) for 1 min.

Do not ramp up the voltage after the application of the 1 kV (a.c.).

Immerse the test samples in the salt water bath for a minimum of 10 min prior to the application of the

5.17.5.6 R

pquirements

After winding, no conductor shall be visible. During the withstand voltage test, breakdown shall not occur.

5.18 Durability of cable marking

5.18.1 Purpose

This test is iftended to verify that marking is still legible after combined chemical‘and mechanical loads.

5.18.2 Test

Prepare thre

samples

e test samples, each of 600 mm in length.

5.18.3 Apparatus

Use an appa
density of (0
No. 2 at (50

5.18.4 Test

ratus consisting of two pieces of felt, having aminimum wool content of 75 %, and with a pa
171 to 0,191) g/cm? (dimensions 50 mm x-50' mm x 3 mm) and a vessel containing ISO 181
i+ 3) °C.

Immerse a test sample for 20 h with the-test sample ends emerging 50 mm above the surface of the li

Remove the
two pieces g
sample from
samples aftq

test sample from the oil @nd’allow it to drain at RT for 30 min. Position the test sample bet
f felt using an area of the felt not previously used. Apply a force of (10 £ 1) N while pulling the
between the felt. Repeat the procedure for the other test samples. Visually examine thg
r the test.

5.18.5 Requdiirement

All cable ma

rkings._shall remain legible.

cking
r, Oil

quid.
veen
test
test

5.19 Residtance to ozone

5.19.1 Purpose

This test is intended to verify the resistance of the cable insulation to ozone exposure.

5.19.2 Test

Prepare thre

30

samples

e test samples, each of 300 mm in length.
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5.19.3 Apparatus

Use an ozone chamber in accordance with IEC 60811-2-1 applying an atmosphere containing a mass fraction
of (1 + 0,05)x10-8 of ozone at (65 + 3) °C. Attention is drawn to the highly toxic nature of ozone. Efforts should
be made to minimize the exposure of workers at all times. See 5.10, Table 8, Column B, for the mandrel
diameter. Aluminium mandrels are preferred since other materials may affect the ozone concentration.

5.19.4 Test

Wind at least the minimum number of turns according to Table 8 and secure the ends. Condition the test

sam

les for 192 h in the ozone chamber. While still on the mandrel, remove the test samples fro

m the ozone

chan
caus|

5.19

The

5.20
5.20
This
5.20
Prep

5.20

The
10¢g
resis

hber, allow them to cool to RT, and make a visual examination of the insulation. Ignore
ed by the clamps which secure the ends.

5 Requirement

visual examination of the insulation shall show no cracks.

| of NaCl in water at (85 + 5) °C\for each test, a 48 V d.c. power source, a copper elec

any damage

Resistance to hot water
1 Purpose
test is intended to verify that the cable maintains electrical.intégrity after exposure to hot watdr.
2 Test samples
are two test samples, each of (2,5 + 0,1) m in length and remove 25 mm of insulation from each end.
3 Test
apparatus consists of an electrically.‘non-conductive vessel containing an unused salt wafer bath with

rode, and a

tance measuring device as specified in 5.7. See 5.10, Table 8, Column A, for mandrel diameter.
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-0

Key

1 48Vd.c
2 testsam
3  closely w
4  copper e
5 non-con
Closely wing
Figure 8. Aft

J

power source

D
-

ound turns of test sample
ectrode
uctive vessel

Figure 8 — Apparatus for resistance to hot water

at least three complete turns of a test sample on the mandrel and secure the wraps as sho
er removing the mandrel, immerse the test sample in the bath with both ends projecting 25(

vn in
mm

above the bath. To avoid interaction between materials, do not test samples with different insulating materials

in the same
7 days, disc

following changes to the procedure.in 5.7:

Measur
above.

bath. Connect one end jf\the test sample to the positive electrode of the power source.
bnnect the power supply, and measure the insulation volume resistivity according to 5.7. Mak

b the insulation™volume resistivity in the salt water bath and at the temperature as desc

This complg

Ignore any
withstand v

remove the :J

tes one™cycle. Repeat this procedure for a total of 5 cycles, i.e. 35 days. After conditio|
est sample from the bath, allow it to cool to RT, and make a visual examination of the insul3
amage caused by the ties which secure the coils. If no exposed conductor is visible, perforn

After
b the

ribed

ning,
tion.
h the

Ifggp test: however _make the fnllnwing (‘h;mgpe ta the Inrnr‘pdurp ins 5

— Apply the 1 kV (a.c.) for 1 min.

Do not ramp up the voltage after the application of the 1 kV (a.c.).

Immerse the test sample in the salt solution for a minimum of 10 min prior to the application of the voltage.

Repeat the entire test procedure using the second test sample but with the polarity of the 48 V d.c. power
supply reversed.

32
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4 Requirement

The insulation volume resistivity shall not be less than 109 Q - mm. A visual examination of the insulation shall
show no cracks. During the withstand voltage test, breakdown shall not occur.

5.21

5.21.

Temperature and humidity cycling

1 Purpose

This test is intended to verify that the cable maintains mechanical and electrical integrity after temperature and

hum

5.21

Prep
end.

5.21

s ovelina
ty-Syonmge

2 Test samples

are two samples, each of approximately 600 mm in length and remove 25 mm~of insulatig

3 Test

Perfi

temgerature as specified in Table 12. The chamber shall also be capable of controlling the rela

bet

Wind at least the minimum number of turns as specified in Table 8 around the mandrel and secu

Con
begi
time

rm the test in a temperature chamber which is capable of cycling.between (—40 + 2) °C
en 80 % and 100 %. See 5.10, Table 8, Column B, for the mandrel diameter.
ition the test samples according to the temperature and relative humidity as shown in Figure

ns and ends with the chamber at (-40 + 2) °C and™uncontrolled relative humidity. Extend
5 may be used as long as the dwell times at temperature are maintained. This shall constitu

n from each

and the test
ive humidity

re the ends.
9. The cycle
bd transition
e one cycle.

Repg¢at the cycle for a total of 40 cycles. While still onthe mandrel, remove the test sample from the chamber,

allow
proc
by th

howgver, make the following changes to‘the’procedure in 5.5:

5.21

After

it to condition at relative humidity for approximately 30 min, and unwind it from the mandrel
e clamps which secure the ends. If ndexposed conductor is visible, perform the withstand
mmerse the test samples in_the salt water bath for a minimum of 10 min without the 4h of
brior to the application of the voltage.

Apply the 1 kV (a.c.) far 1 'min.

Do not ramp up,thevoltage after the application of the 1 kV (a.c.).

4 Requirement

unwinding, no conductor shall be visible. During the withstand voltage test, breakdown shall

. Repeat the

bdure for the other test sample. Make a visual examination of the insulation. Ignore any damage caused

voltage test;

conditioning

not occur.
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Y1

150

100

50

100

Key
(-40 £p) °C XN timeinh
80°Ctp90°C Y1 test temperature in °C
test temperature (see Table 12) Y2 relative humidity in %
relativg humidity, uncontrolled

80 % t¢ 100% relative humidity

a b WON -

NOTE 1  This figure is for temperature class,C.

NOTE 2  For higher than 175 °C temperature class materials, the test temperature will be limited to 175 °C due {o the
test equipment limitations.

Figure{9)— Procedure for temperature and humidity cycling test

5.22 Residtance to flame propagation

5.22.1 Purqose

This test is intended to verify that a cable should not sustain combustion.
5.22.2 Test sample

Prepare five test samples with at least 600 mm of insulation.

5.22.3 Test

Determine the resistance to flame propagation using a Bunsen burner fed with appropriate gas, having a
combustion tube of 9 mm internal diameter, where the flame temperature at the tip of the inner blue cone shall
be (950 + 50) °C.
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