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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-governmentak—in—Hai Mth—SO; alke—part—inA e—work—SQO ith the
International| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tgsk of technical committees is to prepare International Standards. Draft International Standards
adopted by [the technical committees are circulated to the member bodies for voting\Publication as an
International| Standard requires approval by at least 75 % of the member bodies casting a-vote.

Attention is firawn to the possibility that some of the elements of this document¢may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 6469-3 |was prepared by Technical Committee ISO/TC 22, Road\/vehicles, Subcommittee SC 21,
Electrically gropelled road vehicles.

This second edition cancels and replaces the first edition (ISO®%469-3:2001), which has been techn|cally
revised. Technical Corrigendum ISO 6469-3:2001/Cor.1:2003 has been incorporated.

ISO 6469 cdnsists of the following parts, under the generaltitle Electrically propelled road vehicles — Spfety
specificationis:

— Part 1: On-board rechargeable energy storage system (RESS)
— Part 2: Vehicle operational safety means and protection against failures

— Part 3: Protection of persons againstelectric shock

iv © 1S0O 2011 — All rights reserved
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Electrically propelled road vehicles — Safety specifications —

Part 3:
Protection of persons against electric shock
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Scope

part of ISO 6469 specifies requirements for the electric propulsion-systems and conductive
ary electric systems, if any, of electrically propelled road vehicles for the protection of persor
de the vehicle against electric shock.

es not apply to motorcycles and vehicles not primarilyyintended as road vehicles, such
ling trucks or forklifts.

bs not provide comprehensive safety information for manufacturing, maintenance and repair

- Requirements for the electric powersupply interface conductively connected to the external
for charging the RESS are also specifiedin IEC 61851-1 and IEC 61851-21.

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

5469-1, Efectrically propelled road vehicles — Safety specifications — Part 1: On-board 1
hy storagevsystem (RESS)

V010, Graphical symbols — Safety colours and safety signs — Registered safety signs

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

y connected
s inside and

as material

blies only to on-board electric circuits with maximum working voltages according to voltage class B.

ersonnel.

power supply

For dated
referenced

echargeable

ISO 20653, Road vehicles — Degrees of protection (IP-Code) — Protection of electrical equipment against
foreign objects, water and access

IEC 60664 (all parts), Insulation coordination for equipment within low-voltage systems

© 1SO 2011 — All rights reserved
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3 Terms and definitions

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

3.1

auxiliary electric system
on-board vehicle system, other than the propulsion system, that operates on electric energy

3.2

balance of electric power system
remaining portion of a voltage class B (3.31) electric circuit when all RESS and fuel cell stacks (3.18) are

disconnecte

3.3
barrier
part providin

3.4

i

g protection against direct contact from any usual direction of access

basic insulation

insulation ap
NOTE B

3.5
basic prote

plied to live parts (3.22) for protection against direct contact (3.10)

bsic insulation does not necessarily include isolations used exclusively for functional purposes.

ction

protection against direct contact (3.10) with live parts (3.22) underfault-free conditions

3.6
battery pac
mechanical

K
assembly comprising battery cells and retaining frames or trays, and possibly component

battery management

3.7
clearance
shortest dist

3.8
conductive
part capable

3.9

Ance in air between conductive parts (3.8)

part
of conducting electric.edrrent

creepage distance

shortest dist

3.10

hnce along.the surface of a solid insulating material between two conductive parts (3.8)

direct cont

ct
contact of plsens-w#h—lwe-pans

3.1

s for

double insulation
insulation system comprising both basic insulation (3.4) and supplementary insulation (3.28)

3.12
electric cha

ssis

conductive parts (3.8) of a vehicle that are electrically connected and whose potential is taken as reference

3.13

electric shock

physiologica

| effect resulting from an electric current passing through a human body

© 1S0O 2011 — All rights reserved
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3.14
electrically propelled vehicle
vehicle with one or more electric drive(s) (3.15) for vehicle propulsion

3.15

electric drive

combination of traction motor, power electronics and their associated controls for the conversion of electric to
mechanical power and vice versa

3.16
enclosure

part . ¢ . . f S0y trectt

3.17
expgsed conductive part
conductive part (3.8) of the electric equipment that can be touched by a test finger according to| IPXXB (see
ISO pP0653) after removing barriers/enclosures that can be removed without using’ tools and that is not
normally live, but which can become live under fault conditions

3.18
fuel cell stack
assembly of two or more fuel cells that are electrically connected

3.19
fuel cell system
system, typically containing the following subsystems: fuel cell stack (3.18), air processing, fuel| processing,
thermal management, water management, and their control

3.20
isolgtion resistance
resistance between live parts of voltage classB (3.31) electric circuit and the electric chassis (B.12) as well
as the voltage class A (3.30) system

3.21
isolgtion resistance monitoring system
systém that periodically or continuieusly monitors the isolation resistance (3.20) between live |parts (3.22)
and the electric chassis (3.12)

3.22
live part
conductor or conductive part (3.8) intended to be electrically energized in normal use

3.23
maxjmum working voltage
highg¢st value of a.c. voltage (rms) or of d.c. voltage that can occur in an electric system undef any normal
operpting.conditions according to the manufacturer's specifications, disregarding transients

3.24

potential equalization

electric connections of exposed conductive parts (3.8) of the electric equipment to minimize differences in
potential between these parts

3.25

protection degree

protection provided by a barrier (3.3)/enclosure (3.16) related to the contact with live parts (3.22) by a test
probe, such as a test finger (IPXXB), a test rod (IPXXC), or a test wire (IPXXD) in accordance with ISO 20653

© 1SO 2011 — All rights reserved 3
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3.26

rechargeable energy storage system

RESS

system that stores energy for delivery of electric energy and that is rechargeable

EXAMPLES

3.27

Batteries, capacitors.

reinforced insulation
insulation of live parts (3.22) for protection against electric shock (3.13) equivalent to double insulation (3.11)

NOTE

Reinforced insulation does not imply that the insulation shall be a homogeneous piece. The reinforced

insulation ma

3.28

supplement
independent
(3.13) in the

3.29
traction bat
collection of]

be composed of several layers that cannot be tested individually as supplementary or basic insulatign.

ary insulation
insulation applied in addition to basic insulation (3.4) for protection against\electric s
event of a failure of the basic insulation (3.4)

fery
all battery packs (3.6) that are electrically connected, for the supply of electric power t

electric drive (3.15) and to the conductively connected auxiliary electric system, if any

3.30
voltage clag
classification
or60Vd.c.
NOTE F

3.31

sA
of an electric component or circuit with a maximum waorking voltage of less than 30 V a.c.

br more details see Clause 5.

voltage clags B

classification
1000V a.c.

4 Envird

The require
operational
vehicle man

NOTE S

5 Voltag

of an electric component or circuit withta maximum working voltage between 30 V a.c. (rms
(rms) or between 60 V d.c. and 1 500.V d.c.

nmental and operational conditions

ments given in this part of 1SO 6469 shall be met across the range of environmental
conditions for which(theelectrically propelled vehicle is designed to operate, as specified b
ifacturer.

e 1ISO 16750 for-guidance.

e classes

hock

b the

rms)

and

and
y the

Depending

3 H | P 1+ LL [ ¢ £ H + bal 4 £ L1
T IO TTIAATITTIUTTT VWUIT I\IIIH VUILGHU, U, diT TICTUUTC CUTTIPUTITITTU UT CITUUTl DTTUT IHO WU Uruairc v

classes specified in Table 1.

NOTE

Table 1 — Voltage classes

Maximum working voltage
Voltage class d.c. a.c.
\Y, V (rms value)
A 0<U<60 0<U<30
B 60 < U< 1500 30<U<1000

The values 60 V d.c./30 V a.c. (rms) are selected taking into account humid weather conditions.

tage

© 1S0O 2011 — All rights reserved
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6 Marking

6.1 Marking of voltage class B electric components

The symbol W 012 in accordance with 1ISO 7010 shown in Figure 1 shall appear on (preferably) or near
voltage class B electric power sources as RESS and fuel cell stacks.

The same symbol shall be visible on barriers and enclosures, which, when removed, expose live parts of
voltage class B electric circuits. Accessibility and removability of barriers/enclosures should be considered
when evaluating the requirement for the symbol.

Figure 1 — Marking of voltage class B electric components

6.2 | Marking of voltage class B wiring

The puter covering of cables and harness for voltage class B-electric circuits not within enclosurgs or behind
barriers shall be marked with orange color.

Voltgge class B connectors may be identified by the harnesses to which the connector is attached

NOTE Specifications of the orange color are given e.g. in standards in the US (8.75R5.75/12.5) gnd in Japan
(8.8R5.8/12.5) according to the Munsell color systep.

7 Measures and requirements-for protection of persons against electric shock

7.1 | General

Protgction against electrie shock shall be composed of

— pasic protection'measures against direct contact with live parts;
— measures-for protection under single-failure conditions.

The protection measures shall meet the requirements as described in 7.2 and 7.3 and compliapce shall be
testdd/in accordance with the test methods specified in Clause 8.

7.2 Basic protection measures

Persons shall be protected against direct contact with the live parts of the voltage class B electric circuits.
The protection measures against direct contact shall be provided by either one or both of the following:
— basic insulation of the live parts;

— barriers/enclosures, preventing access to the live parts.

The barriers/enclosures may be electrically conductive or non-conductive.

© 1SO 2011 — All rights reserved 5


https://standardsiso.com/api/?name=2236b13d2588a177176387a91dbc8548

ISO 6469-3:2011(E)

7.3 Prote

7.3.1 Pote

ction under single-failure conditions

ntial equalization

As a general rule, exposed conductive parts of voltage class B electric equipment, including exposed
conductive barriers/enclosures, shall be bonded to the electric chassis for potential equalization in accordance
with the requirements in 7.9.

7.3.2

The voltage

Isolation resistance

lass B electric circuits intended to be not r"('\h{'llll"ﬁ\lnl\]l connected to the griri shall have suffi

cient

isolation res

If the minim
conditions a

monitor
provide
depend
be limitq

double
one or 1
rigid ba

Requiremen
connected tq

NOTE 1 Is
systems' cool

NOTE2 C
NOTE3 T
the grid.

NOTE4 A

voltage class

NOTES T
connector cag
both basic an

stance in accordance with the requirements in 7.7.

nd over the entire service life, one of the following measures shall be applied:

ng of the isolation resistance periodically or continuously; an appropriate<warning sha
| if loss of isolation resistance is detected; the voltage class B system™“may be deacti
ng on the operational state of the vehicle or the ability to activate the voltage class B system
d;

br reinforced insulation instead of basic insulation;

nore layers of insulation, barriers and/or enclosures in addition to the basic protection;

riers/enclosures with sufficient mechanical robustnesszand durability, over the vehicle serviceg

fs on isolation resistance for voltage class Bi‘electric circuits intended to be conduc
the grid are given in 7.10.2.

plation resistances below the required minimum values can occur due to deterioration of fuel cell
ng liquids or of certain battery types.

bordination between multiple isolation monitoring systems can be necessary, e.g. during charging.

he isolation resistance is approximately zero for a voltage class B electric circuit conductively connect

Hditional layer(s) of instlation and double or reinforced insulation include, but are not limited to, thos
B wiring.

e rigid barriefs/enclosures include, but are not limited to, power control enclosures, motor houg
ings and housings, etc. They can be used as single measure instead of basic barriers/enclosures to
j single<failtire protection requirements.

7.3.3 Capefcitive couplings

m isolation resistance requirement of such circuits cannot be maintained under all pperatjonal

| be
ated
may

life.

ively

(FC)

ed to

e for

ings,
meet

7.3.31
Y capacitors

7.3.3.2

Capacitive couplings between a voltage class B potential and electric chassis usually result
, used for electromagnetic compatibility (EMC) reasons, or parasitic capacitive couplings.

For d.c. body currents caused by discharge of such capacitive couplings when touching

class B voltage, one of the following options shall be fulfilled:

from

d.c.

energy of the total capacitance between any energized voltage class B live part and the electric chassis

shall be <0,2J at its maximum working voltage; total capacitance should be calculated based on

designe

alternati

d values of related parts and components;

ve mechanical or electrical measures for d.c. voltage class B electric circuits; see 7.3.3.4.

© 1S0O 2011 — All rights reserved
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7.3.3.3 For a.c. body currents caused by such capacitive couplings when touching a.c. class B voltage
one of the following options shall be fulfilled:

— a.c. body current shall not exceed 5 mA when measured in accordance with IEC 60950-1;
— alternative mechanical or electrical measures for a.c. voltage class B electric circuits; see 7.3.3.4.
7.3.34 Alternative electrical or mechanical measures include the following:

— double or reinforced insulation instead of basic insulation;

— pne or more layers of Insulation, barriers and/or enclosures Iin addition to the basiC protection

— ligid barriers/enclosures with sufficient mechanical robustness and durability, over thevehicle| service life.

7.3.4 De-energization
The poltage class B electric circuit in question may be de-energized as a protection measure. The monitoring
of faplts within the circuit or the detection of events may be used to trigger(the de-energization One of the
following conditions shall be met for the de-energized circuit.
— [The voltage shall be reduced to less than 30 V a.c. (rms) for a.c.circuits and 60 V d.c. for d.c] circuits.

— [The total stored energy of the circuit shall be <0,2 J.

The fransition time to reach the de-energized state shall be specified by the manufacturer in accprdance with
exp€cted failures and operating conditions.

7.4 | Alternative approach for protection against electric shock

As ap alternative to 7.3, the vehicle manufacturer shall conduct an appropriate hazard analysis gnd establish
a se{ of measures which give sufficient protection against electric shock under single-failure conditions.

7.5 | Requirements for insulation

If protection is provided by insulation, the live parts of the electric system shall be totally encapsulated by
insulption that can be remoyved-only by destruction.

The [insulating material“shall be suitable to the maximum working voltage and temperature ratings of the
vehi¢le and its systems-(see also Clause 4).

The [insulation_shall have sufficient capability to withstand the usual voltage. Compliance shall |be tested in
accordance with' 8.3.

7.6 | Requirements for barriers/enclosures

7.6.1 General

If protection is provided by barriers/enclosures, live parts shall be placed inside enclosures or behind barriers,
preventing access to the live parts from any usual direction of access.

The barriers/enclosures shall provide sufficient mechanical resistance under normal operating conditions, as
specified by the manufacturer.

If barriers/enclosures are accessible directly, they shall be opened or removed only by use of tools or
maintenance keys or they shall have means to deactivate live parts with class B voltage, e.g. an interlock.

See 6.1 for marking of barriers/enclosures.

© 1SO 2011 — All rights reserved 7
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7.6.2 Protection degrees

7.6.2.1

Protection degrees for barriers/enclosures

Barriers/enclosures shall comply with the protection degree IPXXB at a minimum.

Barriers/enclosures in passenger and load compartments shall comply with the protection degree IPXXD at a

minimum.

7.6.2.2

Protection degrees for connectors

If connector
the connectq

Requiremen
7.7

7.71

The minimu
circuits. The

NOTE H
human body.
IEC/TS 60479
and frequenci
a.c. allow bod

To meet the)
each compg
belong.

If d.c. and a
two options

Option

Option 4
one of t

7.7.2 Additional protection measures for the a.c. circuit

One or a co
described in

Isolafion resistance requirements

Gengral

parts can be disconnected without tools and can have class B voltage in the unmated cond
r shall comply with IPXXB at a minimum in the unmated condition.

s for the vehicle power inlet are defined in 7.10.

M isolation resistance shall be at least 100 Q/V for d.c. circuits and at least 500 Q/V fof
reference shall be the maximum working voltage.

hzard of electric shock occurs when electric currents depending on value and duration pass throug
Harmful effects can be avoided if the current is within zone-DC-2 for d.c. or zone AC-2 for a.c. as sho
-1:2005, Figure 20 and Figure 22, respectively. The relation of harmful body currents and other wave
es is described in IEC/TS 60479-2. The isolation resistance requirements of 100 Q/V for d.c. or 500 Q
y currents of 10 mA and 2 mA, respectively.

above requirement for the entire circuit,xitlis necessary to have a higher isolation resistang
nent, depending on the number of the.components and the structure of the circuit to which
c. voltage class B electric circtits*are conductively connected (see Figure 2), one of the follg
Ehall be fulfilled.

: Meet at least the 500°Q/V requirement for the combined circuit.

P: Meet at least the)100 Q/V requirements for the entire conductively connected circuit, if at
ne additional protection measures as defined in 7.7.2 is applied to the a.c. circuit.

mbination of the following measures in addition to or instead of the basic protection measurg
7.2 shall be applied to provide protection against single failures to address the failures, for v

ition,

a.c.

h the
wn in
orms
[V for

e for
they

wing

least

S as
hich

it is intended:

double or reinforced insulation instead of basic insulation;

one or more layers of insulation, barriers and/or enclosures in addition to the basic protection;

rigid barriers/enclosures with sufficient mechanical robustness and durability, over the vehicle service life.

© 1S0O 2011 — All rights reserved
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BY%Y B%Y
easiEl=0) iasiiFN=C)
—O 00— —O0 00— \
2 2 )
R, > 500 Q/V 4 Ris, > 100 Q/V 4
iso / 1s0 /
a) Option 1 b) Option 2
Key
1 fyel cell system
2 tfaction battery
3 ipverter
4 ehicle electric chassis
a8  g.c. circuit.
NOTE Figure 2 is based on fuel cell hybrid electric vehicle (FCHEV) as an example.
Figure 2 — Isolation resistance requirements for-voltage class B systems
with conductively connected a.c. and’d.c. circuits
7.8 | Requirements for insulation coordination
The |voltage class B components and wiring shall fulfinthe applicable sections of IEC 60664 oh clearance,

cree
volta

7.9

All ¢
max

The
clasy

7.10

7.10

The

ge testin 8.3.

Requirements of potential equalization

bmponents forming the potential equalization current path (conductors, connections) shall y
mum current in a single-failuresituation.

resistance of the potential ‘equalization path between any two exposed conductive parts o
B electric circuit that can*be touched simultaneously by a person shall not exceed 0,1 Q.

Requirements for vehicle power inlet

1 Protectivedmeasures
behicle.pawer inlet shall comply with at least one of the following requirements:

He-energize the circuit within 1 s;

bage distance and solid insulation or meet the;withstand voltage capability according to the withstand

ithstand the

the voltage

— de-energize in a time specified by the manufacturer and IPXXB.

7.10.2 Grounding and isolation resistance requirement for the vehicle power inlet

7.10.2.1 Vehicle power inlet conductively connected to the grid

The vehicle power inlet intended to be conductively connected to the grid shall have a terminal for connecting
the vehicle electric chassis to the ground of the grid.

The total isolation resistance at the vehicle power inlet, which includes circuits conductively connected to the
grid during charging, shall be at least 1 MQ when the charge coupler is disconnected.

NOTE See also IEC 61851.

© 1SO 2011 — All rights reserved
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7.10.2.2 Vehicle power inlet not conductively connected to the grid

The total isolation resistance of the vehicle power inlet, which includes circuits conductively connected to the
inlet during charging, shall comply with the requirements in 7.7 when the charge coupler is disconnected.

A terminal connecting the vehicle chassis to the external power supply shall be provided if potential

equalization

8 Testp

8.1 Gene

The tests tg
voltage clas

If the safety
vehicle on th

8.2

8.2.1 Prec

Prior to the
least 8 h at

is required.

rocedures for the protection measures against electric shock

ral

verify the protection measures according to Clause 7 shall in principle be performed-on
5 B electric circuit on the vehicle, when the charge coupler is disconnected.

aspects in relation to the whole vehicle are not affected, the tests may be perfoarmed outsid
e components or parts of the voltage class B electric circuits individually instead.

Isolafion resistance measurements for voltage class B electric circuits

pnditioning and conditioning

measurement, the device under test (DUT) shall be subjected to a preconditioning period
5+ 2) °C, followed by a conditioning period of 8 h at a.temperature of (23 + 5) °C, a humid

90 3150 %, andl an atmospheric pressure of between 86 kPa and 106:kPa.

Alternative g
point occurs

The isolatio
value can bqg

8.2.2 Isol

reconditioning and conditioning parameters may..be selected provided transition across the
shortly after the beginning of the conditioning period.

h resistance shall be measured during the’ conditioning period at a rate from which the Ig
determined.

tion resistance measurements. of the balance of electric power systems

The test volfage shall be a d.c. voltage(ofjat least the maximum working voltage of the voltage class B p
system and pe applied for a time long.enough to obtain stable reading.

If the syste

has several voltage“ranges (e.g. because of boost converter) in conductively connected ¢

and some of the components ‘eannot withstand the maximum working voltage of the entire circuit, the isol
resistances pf components can be measured separately by applying their own maximum working volt

after those

The followin

mponentstare disconnected.

test procedure combines the measurement of the isolation resistance of the live parts g

voltage clasp B+balance of electric power systems against the vehicle electric chassis and against the
parts of the yaltage class A balance of auxiliary electric systems.

pach

e the

of at
ty of

dew

west

pwer

ircuit
ation
ages

f the
live

Traction batteries shall be disconnected at their terminals from the power system.

Electric power sources of the voltage class B power systems other than the traction batteries (fuel cell

stacks, capacitors) may be disconnected at their terminals from the power system; if they remain
connected, power generation shall be deactivated.

chassis

10

Barriers and enclosures shall be included unless evaluations prove otherwise.

All live parts of the balance of electric power systems (voltage class B) shall be connected to each other.

All exposed conductive parts of the balance of electric power system shall be connected to the electric

© 1S0O 2011 — All rights reserved
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Batteries of the auxiliary electric systems (voltage class A) shall be disconnected at their te
the auxiliary circuits.

electric chassis.

rminals from

All live parts of the balance of auxiliary electric systems (voltage class A) shall be connected to the

Then the test voltage shall be applied between the connected live parts of the voltage class B balance of

electric power systems and the electric chassis.

The measurements shall be performed using suitable
(e.g. megohmmeter, provided they deliver the required test voltage).

instruments that can apply d.c.

voltage

Alter
RES
sour

hatively the isolation resistance may be measured using the test procedure for the measur
S as given in ISO 6469-1 with the balance of electric power system connected to-an ex
Ce.

8.2.3 Isolation resistance measurement of the voltage class B electric power.sources
The

The
ISO

measurement of the isolation resistance of a fuel cell stack, if<any, shall be in accd
5469-1 with the fuel cell stack in operation.

Alter
strug

hatively for the measurement of the isolation resistance <of ‘a fuel cell stack, the entire
ture of the fuel cell system (including the cooling systemwith its cooling medium) shall be|
Prion to the measurement, stop power generation after operation at maximum output acco
manyfacturer's specification. The voltage across the fuelicell stack power terminals shall be dig
cablgs shall be disconnected from the fuel-cell stack power terminals, and all other cables from

term|nals of the fuel-cell stack. All cooling pipes, fuel;pipes, and air pipes shall remain connected.
test

conditions, the procedure shall be performed as-given in 8.2.2.

8.2.4 Isolation resistance measurement’of entire voltage class B electric circuits
The [solation resistance of entire conductively connected voltage class B electric circuits may b
using the test procedure for the-measurement of the RESS given in 1ISO 6469-1 with the balang
power system connected to the€ voltage class B power sources.

Alterpatively, the isolation-resistance of entire conductively connected voltage class B electric cir
measured using an iselation resistance monitoring system, if installed on the vehicle, prov
accuracy is sufficiently high.

In cgse electricor electronic switches exist in the circuit (e. g. transistors in power electronics), thg

shalll be activated. If these switches cannot be activated, the relevant part of the circuit may b
rately\in"accordance with 8.2.2.

sep

ement of the
ernal power

measurement of the isolation resistance of an RESS, if any, shall be in accordance with ISO §469-1.

rdance with

mechanical
considered.
rding to the
charged. All
pther electric
The applied

oltage shall be at least the maximum open circuit voltage of the fuel cell stack. Apart from these specific

e measured
e of electric

cuits may be
ded that its

bse switches
e measured

ircuit may be

calculated usrng the measured resrstances of the power sources and the balance of electrlc power system.

8.3 Withstand voltage test

8.3.1 General

This test is intended to demonstrate the adequacy of the protection measures to isolate live parts of voltage

class B electric circuits.
This test shall be applied for the balance of the electric power system.

The test may be performed at the component level at the discretion of the manufacturer.
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Surge protective devices (SPDs) that can affect the test result shall be disconnected before testing.
Components such as RFI filters shall be included in the impulse test, but it can be necessary to disconnect
them during a.c. tests.

NOTE Test procedures and criteria of high voltage cables conductively connected to grid are specified in applicable
sections of appropriate IEC standards (e.g. IEC 60227, IEC 60245, etc.).

8.3.2 Preconditioning and conditioning

If not otherwise specified by the vehicle manufacturer, the following procedure shall apply.

— Preconditioning at a temperature of 30 "C £ Z “C and a duration that ensures a constant temperature

— Conditigning: for 48 h at a temperature of 23 °C £+ 2 °C, a humidity of 93 % + 5 %, and an atmospheric
pressure of 86 kPa to 106 kPa.

8.3.3 Test|procedure

8.3.3.1  Ggneral

8.3.3.1.1  [This test shall include barriers/enclosures, unless evaluations prove otherwise.
8.3.3.1.2 [The following test procedure shall be applied.

— All voltage class B live parts of the DUT shall be connected to each other.

— For components with conductive housing, all live parts of*the voltage class A electric circuit of the [DUT
and all ¢xposed conductive parts of the DUT shall be corinected to each other.

— For conmpponents with non-conductive housing, all-ive parts of the voltage class A electric circuit of the
DUT anfd an electrode wrapped around the housing shall be connected to each other.

8.3.3.1.3 [At the end of the conditioning, the test voltage specified in 8.3.3.2 or 8.3.3.3 shall be applied:

— between connected live parts of yoltage class B electric circuits and a housing with an electr|cally
conductive surface;

— between connected live parts-of voltage class B electric circuits and an electrode wrapped around the
housinglin the case of non=conductive housing.

8.3.3.2 Test voltage for components not conductively connected to the grid

ge, ae-or d.c., shall be more than the highest voltage that can actually occur to the compopent.
ge¢shall be derived from the relevant over-voltages of the electric circuit to which the compgnent
.CFransient over-voltages that can be expected, including influences from other connections to

. . A o R Lable

grid, if any, : ;
parts and sections of IEC 60664 by the vehicle manufacturer.

These test requirements also apply for voltage class B components connected to d.c. charging systems that
are not conductively connected to the a.c. grid.

8.3.3.3 Test voltage for components conductively connected to the grid

8.3.3.3.1 General

These test requirements also apply for voltage class B components connected to d.c. charging systems that
are conductively connected to the a.c. grid.
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