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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 technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

ISO 6722 deals with single-core cables, with copper conductor cables covered in ISO 6722-1 and
aluminium conductor cables covered in this part of ISO 6722. The performance of aluminium conductor
cables is, in general, not to be expected to be the same as the performance of copper conductor cables in
a one-to-one comparison basis.

© IS0 2013 - All rights reserved v


https://standardsiso.com/api/?name=4bf5a8dba51282bdea98a6f990ff4ae7



https://standardsiso.com/api/?name=4bf5a8dba51282bdea98a6f990ff4ae7

INTERNATIONAL STANDARD

ISO 6722-2:2013(E)

Road vehicles — 60 V and 600 V single-core cables —

Part 2:
Dimensions, test methods and requirements for
aluminium conductor cables

WAﬂlNING — The use of this part of ISO 6722 may involve hazardous materials, opex

equ
assd
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use.
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pment. This part of ISO 6722 does not purport to address all of the safety cance
ciated with its use. It is the responsibility of the user of this part of 1IS0.6722 t
ropriate safety practices and determine the applicability of regulatory limitatio|

Scope

part of ISO 6722 specifies the dimensions, test methods, andtequirements for singl
bs intended for use in road vehicle applications where the neminal system voltage is <

ad vehicle applications, where the nominal system voltage is from > 60 V d.c. or 25V a.
part of ISO 6722 specifies requirements for aluminium conductor cables.

Normative references

following documents, in whole or in-part, are normatively referenced in this docum
pensable for its application. Forudated references, only the edition cited applies. B
ences, the latest edition of the referenced document (including any amendments) appli

h722-1, Road vehicles — 60\V*and 600 V single-core cables — Part 1: Dimensions, test 1
irements for copper conductor cables

h892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperaturé

73-1, Aluminiusiyand aluminium alloys - Chemical composition and form of wrought prody
erical desigriqtion system

73-3:2009, Aluminium and aluminium alloys - Chemical composition and form of wrough
3: Chemrical composition and form of products

ations, and

rns, if any,

O establish
Ins prior to

p-core 60 V
60 Vd.c.or

a.c. It also specifies additional test methods and/or requitements for 600 V cables intended for use

r.to< 600V

ent and are
or undated
bS.

nethods and

b

cts—- Part 1:

t products -

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 6722-1 apply.

NOTE

4

4.1

General

Safety concerns

See “WARNING” at the beginning of this part of ISO 6722.

© IS0 2013 - All rights reserved
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4.2 Temperature classes

Temperature classes are defined in Table 1.

Table 1 — Temperature class rating

Class Temperature
A -40°Cto 85°C
-40°Cto 100 °C
-40°Cto 125°C
-40°Cto 150°C
-40°Cto 175°C
-40°Cto 200°C

™ m O |60 W

4.3 Conductors

The condugdtors shall consist of annealed or annealed compressed/compactedaluminium, aluminium
alloy, or cogper-cladded aluminium strands. The specifications for the conductors shall be according to
Table 2 and|shall be completed by material specifications. Elongation reguirements shall be established
by the agrepment between the customer and the supplier. The finish€d)cable shall meet the resistpnce
requirements of Table 5 for all conductors.

The individpal strands of the aluminium conductor shall be manufactured per 1 000 series aluminfium,
pursuant to EN 573-1. The chemical composition shall followEN 573-3:2009, Table 1.

NOTE Ekamples of strandings are shown in Table A.1. These strandings highlight examples of conceptual

configuratiops and are not intended to reflect any preferred.constructions. Other stranding configurationg may
be used proviided they meet the requirements specified and are agreed upon by the customer and the supplier.

Table 2 — Characteristics of individual single strand wire after annealing

Tensile strengthab Elongation at breaka Conductivity
Rm Ac K20
MPa % Sm/mm?
70 to 120 216 235,5
90 to 1405d >8cd >33,5d

a  Determined plirsuant to ISO 6892-1, (Reference [2]).
b Measuredat clamping length of 200 mm.

¢ Notapplicable for compressed conductors. The tensile strength, elongation, and chemical
composition requirements shall be established by the agreement between the customer and
the supplier.

4/ Additional aluminium alloys may be used. The conductivity, tensile strength, elongation
requirements, and chemical composition shall be established by the agreement between the
customer and the supplier.

4.4 Tests
The cables shall be submitted to tests as specified in Table 3.

Unintended direct contact of aluminium wire with any other metal shall not occur with any of the test
methods.

2 © IS0 2013 - All rights reserved
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4.5 General test conditions
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If not otherwise specified, 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 otherwise
specified, all tests other than “in-process” tests shall be conducted at these conditions.

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

When a.c. tests are performed, these shall be carried out at 50 Hz or 60 Hz. Applications at higher

frequencies may require additional testing.

4.6 [ Ovens

An gven with air exchange, either natural or by pressure, should be used. The air shall'enter
such a way that it flows over the surface of the test pieces and leaves near the top of the ovs
shal] have not less than 8 and not more than 20 complete air changes per hourrat the spec

temperature.

the oven in
n. The oven
ified ageing

Forded air circulation, e.g. by a fan, inside the oven may be used. However, in case of dispiite, an oven

without forced air circulation shall be used.

Table 3 — Tests

Mandatory If reqpiredc
Suhclause Test description
In-processa{ > Initial | Periodict | Initial | Periodicb
Dimensions
5.1 Outside cable diameter 5 X X - -
2 Insulation thickness - X X - -
5.3 Conductorldiameter and B X X X X
cross-sectional area
Electrical characteristics
5.4 Conductor resistance - X X - -
5.5 Withstand voltage - Xd Xd - -
5.6 Insulation faults Xd - - - -
5.7 Insulation veliime resistivity - - - X X
Mechanical characteristics
5.8 Presstire test at high temperature - X X - -
5.9 Stoip force - - - X X
Low temperature characteris-
tics
forsuss Witrding = vy vy = -
5.11 Impact - - - X X
5.12 Resistance to abrasion - Xe Xe - -
Heat ageing
5.13 Long term ageing, 3 000 h - X - - -
5.14 Short-term ageing, 240 h - X X - -
5.15 Thermal overload - - - X X
5.16 Shrinkage by heat - X X - -
Resistance to chemicals
517 Fluid compatibility - Xfg - Xfg -

© IS0 2013 - All rights reserved
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Table 3 (continued)

tor sizes onl

Subclause Test description Mandatory Ifrequired
In-processa| Initial | Periodicb | Initial | Periodicb

5.18 Durability of cable marking - - - X8 Xg
5.19 Resistance to ozone - - - X8 -
5.20 Resistance to hot water - X8 - - -
5.21 Temperature and humidity cycling - - - Xg -
5.22 Resistance to flame propagation - X X - -

X applicable test

- not ppplicable

a A telst made on entire cable length during or after manufacture.

b The|frequency of periodic testing shall be established by the agreement between the’dustomer and|the

supplier.

c The|usage of “if required” tests shall be established by the agreement between the customer and the

supplier.

d Sonje cables are rated at 60 V and others at 600 V. See ISO 6722-1 for details.

e See[lSO 6722-1 for details.

f Sonje fluids are for “certification” and others are “if required”. See1SO 6722-1 for details.

g Conppliance for a cable family may be demonstrated by testingthe examples of large and small condluc-

(see 4.7).

4.7 Repr

When a tes
shall meet
permitted

of large andl small conductor sizes only. Permission to show compliance for a cable family by tes

“representd
supplier.

4.8 Reco

For a list of

5 Tests

5.1 Outs

immended colours

esentative conductor sizes for testing

is required, all combinations of condu¢tor size, wall thickness, and insulation formuls
he appropriate requirements. However, if the testing of representative conductor siz
see Table 3), compliance for a cable’family may be demonstrated by testing the exan|

tive conductor sizes” shall be\established by the agreement between the customer anc

recommended-colours, see ISO 6722-1.

ition
es is
ples
ting
| the

de,cable diameter

5.1.1 Pur

pose, test sample, and test

ISO 6722-1 applies.

5.1.2 Requirement

No single value shall be larger than the appropriate values specified in Table 4.

NOTE

See Table A.2 for the minimum outside cable diameters.

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=4bf5a8dba51282bdea98a6f990ff4ae7

IS0 6722-2:2013(E)

5.2 Insulation thickness

5.2.1 Purpose, test sample, and test

ISO 6722-1 applies.

5.2.2 Requirement

No single value shall be less than the appropriate minimum insulation thickness specified in Table 4.

Tablte4—Dimrensions
ISP conductora Thick wall Thin wall Ultrathin|wall
. Outside . Outside v Outside
SiZe | Diameter lns_ulatlon cable lns_ulatlon cable Ins_ulatlon cable
mljx2 mm thickness diameter thickness diameter thiekness diameter
mm mm mm mm mm mm
max. nominal | min. max. nominal | min. max. nominal | min. max.
0,75 1,30 0,60 0,48 2,50 0,30 0,24 1,90 0,20 0,16 1,60
1 1,50 0,60 0,48 2,70 0,30 0,24 2,10 0,20 0,16 1,75
1,25 1,70 0,60 0,48 2,95 0,30 0,24 2,30 0,20 0,16 2,00
1% 1,80 0,60 0,48 3,00 0,30 0,24 2,40 0,20 0,16 2,10
2 2,00 0,60 0,48 3,30 0,35 0,28 2,80 0,25 0,20 2,40
2,5 2,20 0,70 0,56 3,60 0,35 0,28 3,00 0,25 0,20 2,70
3 2,40 0,70 0,56 4,10 0,40 0,32 3,40
4 2,80 0,80 0,64 4,40 0,40 0,32 3,70
5 3,10 0,80 0,64 4,90 0,40 0,32 4,20
6 3,40 0,80 0,64 5,00 0,40 0,32 4,30
8 4,30 0,80 0,64 5,90 0,40 0,32 5,00
1 4,50 1,00 0,80 6,50 0,60 0,48 6,00
13 5,40 1,00 0,80 7,40 0,60 0,48 6,50
16 5,80 1,00 0,80 8,30 0,65 0,52 7,20
2 6,90 1,10 0,88 9,10 0,65 0,52 7,80
2] 7,20 1,30 1,04 10,40 0,65 0,52 8,70
3 8,30 1,30 1,04 10,90 0,80 0,64 9,60
35 8,50 1,30 1,04 11,60 0,80 0,64 10,40
40 9,60 1,40 1,12 12,40 0,90 0,71 11,10
5(11 10,50 1,50 1,20 13,50 0,90 0,71 12,20
60 11,60 1,50 1,20 14,60 1,00 0,80 13,30
70 12,50 1,50 1,20 15,50 1,00 0,80 14,40
85 13,60 1,60 1,28 16,80 1,10 0,90 15,80
95 14,80 1,60 1,28 18,00 1,10 0,90 16,70
120 16,50 1,60 1,28 19,70
160 19,00 1,60 1,28 22,50

a  The maximum cable diameter listed in the table is calculated for bunched conductors. Different maximum conductor
diameters for rope and other strandings may be allowed as agreed upon by the customer and the supplier. This change may
affect the maximum outside cable diameters dimensions in the table.

© IS0 2013 - All rights reserved 5
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5.3 Conductor diameter and cross-sectional area

5.3.1 Conductor diameter

5.3.1.1 Purpose, test sample, and test

[SO 6722-1 applies.

5.3.1.2 Requirement

No single v

NOTE S

5.3.2 Cro

5.3.2.1 Purpose

This test is

5.3.2.2 T¢

5.3.2.2.1
In case of d

By using th

A

_ 1000 (1+ f;)

tue shratt exceed the maximuim vaiue specified i Tabie 4-

be Table A.2 for the minimum outside cable diameters.

ks-sectional area (CSA)

ntended to verify that the cable conductor CSA fulfils the specifiedrequirements.
st of cross-sectional area

Method 1
spute, Method 2 (weight method) will be the referee method to determine the CSA.

e obtained resistance value Ry, 20 according to$$.4.3, the CSA is calculated using Formul3

where

A

Ru1,20

IC X RL,20

s the cross-sectional area inyam?;

s the conductor resistance at 20 °C (Q);

s the conductivity'ofthe used conductor material in Sm/mm?2,
for aluminium,wse a conductivity of 35,5 Sm/mm?2,

for aluminium alloy, use a conductivity of 33,5 Sm/mm?2,

for,other aluminium alloys with different conductivity, values can be used based on the
hgreement between the customer and the supplier;

fb

is the bunching loss, depends on strand construction.

().
(1)

© ISO 2013 - All rights reserved
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5.3.2.2.2 Method 2

1 m £ 5 mm of the cable under test is carefully stripped of all insulation. The conductor is weighed with a
scale capable of measurement to 1 mg accuracy. From the result, the CSA is calculated using Formula (2).

A== (2)

A isthe cross-sectional area in mm2;

m is the conductor mass in g;
is the density of the used conductor material in g/mm3,
for aluminium, use a density of 2,70 g/mm3,

a different density may be used for aluminium alloy.

5.3.2.3 Requirement

The falue, measured according to Method 1 or 2, shall fulfil the'requirements specified in Thble 5.

Table 5 — Conductor resistance and cross-sectional area

ISO conductor Cross-sectional area Maximum conductor resistance
size mm? m{/m at 20 °Ca
mm?2 max.b min. Aluminiume¢ Aluminiyim alloyd
0,75 0,754 0,698 41,2 43,6
1 1,01 0,932 30,8 32,7
1,25 1,25 1,16 24,8 26,3
1,5 1,47 1,36 21,2 22,4
2 198 1,83 15,7 16,6
2,5 2,45 2,27 12,7 13,4
3 3,03 2,80 10,2 10,9
4 3,95 3,66 7,85 8,32
5 4,73 4,38 6,57 6,06
6 593 5,49 5,23 555
8 7,82 7,24 397 4,20
16 16;2 047 3563 3521
12 12,3 11,3 2,53 2,68
16 16,1 14,9 1,93 2,05
20 19,5 18,1 1,59 1,69
25 25,1 23,2 1,24 1,31

a  For other alloys, other values for the maximum resistance may be used. Maximum resistance requirements shall be
established by the agreement between the customer and the supplier.

b Additional maximum cross-sectional areas may be used. Maximum cross-sectional area requirements shall be
established by the agreement between the customer and the supplier.

¢ Calculated from minimum CSA with a conductivity of 35,5 Sm/mm?2.

d  Calculated from minimum CSA with a conductivity of 33,5 Sm/mm?2.

© IS0 2013 - All rights reserved 7
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Table 5 (continued)

ISO conductor Cross-sectional area Maximum conductor resistance
size mm?2 m{/m at 20 °Ca
mm? max.b min. Aluminiume Aluminium alloyd
30 28,8 26,6 1,08 1,14
35 35,3 32,7 0,878 0,931
40 39,4 36,5 0,788 0,835
50 50,6 46,9 0,613 0,650
60 59,1 54,7 0,525 0,556
70 71,9 66,6 0,432 0,457
85 85,0 78,7 0,365 0,387
95 95,0 88,0 0,327 0,346
120 122 113 0,255 0,270
160 159 147 0,195 0,207
a  For othef alloys, other values for the maximum resistance may be used. Maximum resistance requirements shdll be
established bl the agreement between the customer and the supplier.
b Additionfl maximum cross-sectional areas may be used. Maximum cross-seetional area requirements shall be
established b the agreement between the customer and the supplier.
¢ Calculatdd from minimum CSA with a conductivity of 35,5 Sm/mm?2.
d  Calculatdd from minimum CSA with a conductivity of 33,5 Sm/mm?2.
5.4 Conductor resistance
5.4.1 Gerleral
This test is [ntended to verify that cable conductor resistance does not exceed the maximum permitted
value.
5.4.2 Testsample
54.2.1 General
Prepare a tgst sample of 1,4 length, including the length necessary for connections. The currenf has
to be suppljed to the device under test with extra terminals situated outside the voltage probes,|The
thickness of the blades'for the voltage measurement shall be smaller than 0,5 mm. The distance betyeen
the inner edges of thevoltage probes shall be (1 000 = 5) mm.
The oxide film/6n'the aluminium surface is removed before carrying out the measurement following one
of the two methods mentioned below.
5.4.2.2 Method for removing the oxide film on the aluminium surface by soldering

Remove the insulation from the wire, apply a soldering fluid on the aluminium surface, and dip the
aluminium wire into the solder bath.

In case of doubt, for example, the resistance requirements are not met, the soldering fluid might not be
applicable and the following referee soldering fluid shall be used.

The referee

soldering fluid consists of the following components:

diethanolamine, 45 % to 65 %;

fluoroboric acid, 11 % to 13 %;

© ISO 2013 - All rights res
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— diethylenetriamine, 14 % to 17 %.

The solder bath consists of the following components:

— tin, 80 % to 90 %j;

— zinc, 10 % to 20 %;

— other metals, 1 %.

5.4.2.3 Method for removing the oxide film on the aluminium surface by pickling

2:2013(E)

watgr for 1 min. Remove the wire from the hydrochloric acid solution, rinse the immerse

dist

5.4.]

The

5.4.4
The

RelTve the insulation and immerse the aluminium conductor in 3,5 % hydrochloric acid
|

led water, and dry. Perform the conductor measurement immediately after drying.

b Conductor measurement

measurement shall be carried out according to ISO 6722-1.

Il Calculation method for conductor resistance at 20 °C

calculation method for the conductor resistance at 20 °€s as given in ISO 6722-1,

temperature coefficient factor of 4,03 x 10-3 1/K.

The
vary
is 4,
bed

The
matg

supq
5.4.!

The

5.5
ISO

5.6
ISO

temperature coefficient factor for converting the méasured resistance to the value a

depending on the composition of the aluminium.Eor soft aluminium, the temperaturg
D3 x 10-3 1/K. For other types of aluminium conductor, e.g. alloyed aluminium, CCA, ef
fferent.

applied temperature coefficient shall be-measured according to Annex B and be report
brial-specific temperature coefficient may also be used if agreed upon by the custor
lier.

b Requirement

Withstand voltage

h722-1 applies.

Insulation faults

h7.22<1 applies.

solution in
d part with

but using a

L 20 °C may
b coefficient
c., this may

ed. Another
ner and the

corrected value shall ngt ¢xceed the appropriate maximum resistance specified in Table 5

5.7

Insulation volume resistivity

5.7.1 Purpose

This test is intended to ensure limitation of leakage current by verifying that the volume resistivity
meets the requirements as specified.

5.7.2 Testsample

The sample preparation shall be carried out according to the method specified in 5.4.2. Prepare a test
sample of 5 m length and remove 25 mm of insulation from each end.

© IS0 2013 - All rights reserved
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5.7.3 Test

ISO 6722-1 applies.

5.7.4 Requirement
[SO 6722-1 applies.

5.8 Pressure test at high temperature

ISO 6722-1 applies.

5.9 Strip/force
ISO 6722-1 ppplies.

5.10 Low temperature winding

The test shpll be carried out as specified in ISO 6722-1 but using the mandrel diameter A (<53 the
required maximum outside cable diameter).

5.11 Cold|impact
ISO 6722-1 ppplies.

5.12 Abralsion test
[SO 6722-1 ppplies.

5.13 Long-term heat ageing, 3 000 h
[SO 6722-1 ppplies.

5.14 Short-term heat ageing, 240h
ISO 6722-1 applies.

5.15 Thermal overload

ISO 6722-1 ppplies.

5.16 Shrinkage'by heat

ISO 6722-1 applies

5.17 Resistance to chemicals

[SO 6722-1 applies.

5.18 Durability of cable marking
ISO 6722-1 applies.

5.19 Resistance to ozone

ISO 6722-1 applies.

10 © IS0 2013 - All rights reserved
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5.20 Resistance to hot water

5.20.1 Purpose

This test is intended to verify that the cable maintains electrical integrity after exposure to hot water.

5.20.2 Test samples

The sample preparation shall be carried out according to the method specified in 5.4.2. Prepare two test
samples, each of (2,5 # 0,1) m length and remove 25 mm of insulation from each end.

5.20
ISO

5.20
ISO

5.21
ISO

5.27

Accd

.3 Test

h722-1 applies.

4 Requirement

h722-1 applies.

| Temperature and humidity cycling

h722-1 applies.

Resistance to flame propagation

rding to ISO 6722-1, for the test procedure and the requirement and in addition, if th

breaks during the test, the flame exposure time should be reduced in steps of 1 s until th

does

not break.

b conductor
b conductor

© IS0 2013 - All rights reserved
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Annex A
(informative)

Conductor sizes and cable dimensions

A.1 1ISO conductor sizes, strand diameters, and number of strands

Table A.1 — ISO conductor sizes, diameters, and number of strands
Structure A Structure B Structure C
ISO condugtor Strand Strand Strand
size Number of diameter Number of diameter Numbér, of diameter
mm? strands max. strands max. strands max.
mm mm mm
0,75 7 0,38 11a 0,302 19 0,23
1 7 0,43 162 0,292 19 0,27
1,25 19 0,30 162 0,32a 12 0,37
1,5 19 0,32 162 0,352 37 0,23
2 19 0,37 15 0,42 37 0,27
2,5 19 0,43 37 0,30
3 19 0,46 23 0,42 37 0,33
4 37 0,38 30 0,42 47 0,33
5 37 0,41 36 0,42 58 0,33
6 37 0,46 45 0,42 70 0,33
8 59 0,42 98 0,33
10 50 0,52 126 0,33
12 60 0,52 154 0,33
16 78 0,52 209 0,33
20 95 0,52 247 0,33
25 122 0,52 323 0,33
30 141 0,52 361 0,33
35 121 0,62 172 0,52 456 0,33
40 134 0,62 193 0,52 494 0,33
50 172 0,62 247 0,52 646 0,33
60 201 0,62 289 0,52 741 0,33
70 180 0,72 351 0,52 855 0,33
85 213 0,72 420 0,52 1064 0,33
95 238 0,72 463 0,52 1178 0,33
120 234 0,82 305 0,72
160 243 0,92 398 0,72
a  Possible structure for smooth body, compressed conductor. The strand diameter specified is for non-compressed
conductors. No strand diameter is specified for compressed conductors.
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A.2 Minimum outside cable diameter

Table A.2 — Minimum outside cable diameter

ISO Minimum outside cable diameter
conductor size mm
mm? Thick wall Thin wall Ultrathin wall
0,75 2,20 1,70 1,452
1 2,40 1,90 1,552
125 240 210 1,703
L5 2,70 2,20 Lo
2 3,00 2,50 A\D2,2¢
2,5 3,30 2,70 . L7 250
3 3,80 3,10 ) q/l/
4 4,00 3,40 Q®
5 4,50 3900~
6 4,60 4,00 ¢ N7
8 5,00 4,@
10 5,90 5,30
12 6,60 \\\‘ 5,80
16 7,70 N7 640
20 8,10 R 7,00
25 9,40 ) 7,90
30 970 -\ 8,70
35 9,60 xO 9,40
40 11,200 10,00
50 4450 11,00
60 <\ 1340 12,00
70 ~O 1350 13,00
85 O 14,80 14,40
95 el 16,00 15,30
120 17,70
NOTE 1 The mini %ﬁvoutside cable diameter values in this table may be used for certification requirements
NOTE 2 The mum outside cable diameter values are shown in Table 4.
a  The ithum outside cable diameters do not apply to smooth body, compressed conductors according to $tructure B in
Tang A1
7
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