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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-govern
Internationg

Internationg

The main t
adopted by
Internationg

Attention is
rights. ISO

ISO 23273
Electrically

ISO 23273
specificatio
Part 1:

Part 2:

Part 3:

mentar,

hsk of technical committees is to prepare International Standards. Draft International Stand

shall not be held responsible for identifying any or all such patent rights.

3 was prepared by Technical Committee ISO/TC 22, Road) vehicles, Subcommittee SC
propelled road vehicles.

1S:

in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.

the technical committees are circulated to the member bodies for voting., Publication as
| Standard requires approval by at least 75 % of the member bodies casting avote.

drawn to the possibility that some of the elements of this document miay be the subject of p3

consists of the following parts, under the general ‘itle Fuel cell road vehicles — Sa

Vehicle functional safety
Protection against hydrogen hazards for Vehicles fuelled with compressed hydrogen

Protection of persons against electric-shock

the

ards

an

tent

21,

fety

© 1SO 2006 — All rights res

erved


https://standardsiso.com/api/?name=0a27a216aba30d6195c88e89e098e264

INTERNATIONAL STANDARD ISO 23273

-3:2006(E)

Fuel cell road vehicles — Safety specifications —

Part 3:

Pr

otection of persons against electric shock

1

This
pers

It a
60

Thig

2

The]
refe
doc

ISO
safd

ISO

ISO
fore

ISO

Scope

part of ISO 23273 specifies the essential requirements of fuel cell vehicles (FCV) for the ¢
ons and the environment inside and outside the vehicles against electric shock.

pbplies only to on-board electric circuits with working voltages between~25V a.c. and 1 0C
d.c. and 1 500 V d.c. respectively (for details on voltage class B, see Clause 5).

International Standard does not apply to:
FCV connected to an external electric power supply;
component protection; or

manufacturing, maintenance and repair.

Normative references

following referenced documents—are indispensable for the application of this document,
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

3864-2, Graphical symbols — Safety colours and safety signs — Part 2: Design principles
ty labels

6469-1, Electric-road vehicles — Safety specifications — Part 1: On-board electrical energy st

20653, Road vehicles — Degree of protection (IP-Code) — Protection of electrical equipm
jgn objects,)water and access

23273-1, Fuel cell road vehicles — Safety specifications — Part 1: Vehicle functional safety

rotection of

OVa.c., or

For dated
referenced

for product

brage

ent against

IEC

IEC

IEC

60417, Graphical symbols used on equipment — Annex K
60479-1, Effects of current on human beings and livestock — Part 1: General aspects

60664-1, Insulation coordination for equipment within low-voltage systems— Part 1:

requirements and tests
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3 Terms and definitions

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

3.1

air processing system
system that processes (e.g. that filters, meters, conditions and pressurizes) the incoming air for the fuel cell

system

3.2
auxiliary el

ectric circuit

electrical ci
wiper moto

3.3

balance of
remaining {
stacks, batt|

3.4
barrier
part providi

3.5

uuit buppiyilly VU;IibiU funutim [bS) Ut;IUI t; Idrl fUI plupu:aiun, Dubil ad :alllpb, VV;IIL;DL;IUGII (VViIIUIbil
s and radios

fuel cell power system
ortion of the electric circuit of the fuel cell power system when the power sources (i.e. fuel
bries, etc.) are disconnected

ng protection against direct contact from any usual direction of access

basic insulation

insulation a

NOTE b

3.6

bplied to live parts for protection against direct contact under fault-free conditions

asic insulation does not necessarily include insulation used exclusively for functional purposes.

basic protection

protection g

3.7
battery cel

gainst direct contact with live parts under fault-free conditions

basic rechargeable energy storage device, (consisting of electrodes, electrolyte, container, terminals

usually sep

3.8
battery pac

prators, that is a source of electric.energy obtained by direct conversion of chemical energy

k

single mechanical assembly comprising battery cells and retaining frames or trays and possibly compon

for battery 1
3.9

nanagement

chassis-bdnded

electric con

3.10

hection of one point of an electric circuit with the electric chassis

conductiv

part

eld)

cell

and

ents

part capablc ofconductit ) etectric-current

3.11

direct contact
contact of persons with live parts

3.12

double insulation
insulation comprising both basic insulation and supplementary insulation

3.13

electric chassis
conductive mechanical structure of the vehicle including all associated electric and electronic components,
whose parts are electrically connected and whose potential is taken as reference
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3.14
electric circuit
collection of connected devices through which electric current is intended to flow

3.15

dc/dc converter
set of equipment for the conversion of direct current of one voltage to direct current of another voltage and/or
for isolating purposes

3.16
electric shock

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

31

enclosure
part providing protection of equipment against certain external influences and against'direct contg
direftion

NOTE External influences can include the ingress of dust or water, prevention of mechanical damage.

3.1
ex

sed conductive part

ct from any

specified in

ny physical

processing

confluctive part that can be touched by a test probe according/to~a protection degree as
ISO[20653

3.1¢

fuel cell

eledtrochemical device that generates electricity by thescanversion of fuel and an oxidant without §
or chemical consumption of the electrodes or electrolyte

3.2(

fuel cell power system

conbination of the fuel cell system, dc/dc converter(s), power unit and RESS, if any

3.21

fuel cell stack

assembly of two or more fuel cellsywhich are electrically connected

3.24

fuel cell system

sysfem, typically containing the following subsystems: fuel cell stack, air processing system, fuel
sysfem, thermal management, water management, and their control system

3.23

fuel cell vehicle

FCVY

veh|clé-that receives propulsion power from an on-board fuel cell power system

NOTE The general term FCV includes also vehicles with an additional other source of propulsion power.
3.24

fuel processing system

system that converts (if necessary), and/or conditions the fuel as stored in the on-board fuel storage into fuel
suitable for operation in the fuel cell stack

3.25

insulation resistance monitoring system
system, which periodically or continuously monitors the insulation resistance between live parts and the
electric chassis

© I1SO 2006 — All rights reserved
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3.26
live part

conductor or conductive part intended to be electrically energized in normal use

NOTE

electric chassis.

3.27

maximum working voltage
highest value of a.c. voltage (rms) or of d.c. voltage which may occur in an electric system under any normal
operating conditions, according to manufacturer’s specifications, disregarding transients

“electrically energized” means such conductor or conductive part can have an electric potential against the

3.28
potential e
electric con

3.29

protection
protection p
finger (IPX>

3.30
power unit
combinatio
vehicle pro

3.31

RESS
system tha

controls, if gny

EXAMPLES

3.32
reinforced
insulation o

NOTE [f
insulation ma3

3.33
supplemen
independen
of a failure

3.34

!

rechargeable energy storage system

fualization
hection of exposed conductive parts of the electric equipment to minimize differences.in potent

degree
rovided by a barrier/enclosure related to the contact with live parts by a test)probe, such as a
B), a test rod (IPXXC) or a test wire (IPXXD), as defined in ISO 20653

of electric motor, associated power electronics, and their asSociated controls for the purpos
ulsion

stores energy and is rechargeable by on boafd and/or external energy sources and associ

These include batteries, capacitors and electromechanical flywheels.

insulation
f live parts for protection against'electric shock equivalent to double insulation

Reinforced insulation does ‘not imply that the insulation must be a homogeneous piece. The reinfo
y comprise several layers which cannot be tested individually as supplementary or basic insulation.

tary insulation
t insulationsapplied in addition to basic insulation for protection against electric shock in the e
bf the basic)insulation

traction b

collection of a

test

hted

rced

vent

tery

attery packs, wnich are electrically connected 1or the supply Of energy to the power uni

possibly auxiliary systems

3.35
voltage cla

ss A electric circuit

electric circuit with a maximum working voltage of < 25 V a.c. or < 60 V d.c. respectively

3.36
voltage cla

ss B electric circuit

and

electric circuit with a maximum working voltage of (>25 and < 1 000) V a.c. or (>60 and < 1500)V d.c.
respectively

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=0a27a216aba30d6195c88e89e098e264

ISO 23273-3:2006(E)

4 Environmental and operational conditions

The requirements given in this part of ISO 23273 shall be met across the range of environmental and
operational conditions for which the vehicle is designed to operate, as specified by the vehicle manufacturer.
5 Voltage classes of electric circuits

Depending on its maximum working voltage, U, an electric circuit belongs to one of the voltage classes
specified in Table 1.

Table 1 — Voltage classes of electric circuits

Maximum working voltage
Voltage class d.c. systems a.c. systems (15 Hz td 150 Hz)
Y V (rms)
A 0<U<x<®60 0<Ux25
B 60 <U < 1500 25<U <1000

NOJTE 1 The values 60 V d.c./25 V a.c. are selected taking into account humid weather conditions. For jnon a.c. but
repgtitive pulse voltages, if peak duration is above 10 ms, the considered working voltage is then the makimum peak
valde. If the peak duration is less than 10 ms, the working voltage is then.the rms value. The reported a.c. vdltage values
are(the most critical within the specified frequency range.

NO[FE2  The d.c. voltage is < 10 % ripple voltage (rms). The\upper voltage of class B can be lower faccording to
national requirements.

6 [Marking

6.1| Electric equipment

The|l symbol shown in Figure 1 shall~appear near voltage class B voltage sources, e.g. fuel [cell stacks,
batteries, super-capacitors. The_same symbol shall be visible on barriers and enclosures which, when
remjoved, expose live parts of class B circuits and/or basic insulation.

The symbol (background: yellow; bordering and symbol: black) shall be according to IEC 60417 and
ISO 3864-2.

Figure 1 — Marking of voltage class B voltage equipment

6.2 Identification of voltage class B wiring

Harnesses containing voltage class B cables shall be visually identified with a permanent orange harness
covering material.

© I1SO 2006 — All rights reserved 5
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7 Measures for the protection of persons against electric shock

71

General

Hazards of electric shock can occur when electric current passes through the human body (see IEC 60479-1).
Such body current shall not exceed 10 mA continuously.

Protection against electric shock therefore means:

either preventing a person from simultaneously coming into contact with two or more live parts having

differer
limiting

Protection §

basic [

under mormal operating (fault free) conditions); and

protect

The protecf
specified in

g
N

NOTE 1

NOTE 2 F
class A elect

7.2 Basi

Persons sh
Protection 1

barrier

The barriers

Vehicle ma
compartme

7.3 Protection'under first failure conditions

basic imsulation of the live parts;

tefectric potentiats oravottage betweemntherm,or
the current and its duration in case of such contact.
gainst electric shock shall be comprised of:

rotection (protection against direct contact with live parts of any voltage class B electric ci

on under any first failure condition with respect to electric shock.

ion measures described in 7.2 and 7.3 shall meet the requiréments according to test meth
Clause 8.

ee |[EC 60664-1 for guidance.

or functional reasons, measures similar to those against €lectric shock may be also provided for vo
Fic circuits. Such measures are not covered by this part of 1ISO 23273.

C protection measures

all be protected against direct contact;with the live parts of any voltage class B electric cir
neasures against direct contact shall:be provided by either one or both of the following:

5/enclosures, preventing aecess to the live parts.
/enclosures may be.electrically conductive or non-conductive.

hufacturers should pay special attention to protection of basic insulation of live parts in passe
nts and loading compartments.

rcuit

ods

tage

cuit.

hger

7.31

General

Protection under any first failure condition with respect to electric shock shall be achieved by the measures in
either 7.3.2 or 7.3.3, depending on whether the voltage class B electric circuits are isolated from the chassis
or chassis-bonded.

These measures can be different for the various live parts of one voltage class B electric circuit.

In any case, exposed conductive parts including exposed conductive barriers/enclosures shall be bonded to

the electric

chassis (for potential equalization).
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7.3.2 Protection measures for isolated voltage class B electric circuits

Sufficient protection is provided with any of the basic protection measures (see 7.2), if they meet a 100 Q/V
minimum resistance requirement, based on the maximum working voltage of the electric circuit.

NOTE 100 ©/V minimum insulation resistance corresponds to the required 10 mA maximum body current (see 7.1).

If the 100 Q/V requirement cannot be maintained, then protection under any first failure condition shall be
achieved by any of the following:

— double insulation or reinforced insulation;

— |an additional layer of barriers/enclosures over the basic protection;
— | monitoring periodically or continuously the resistance between the chassis and the live parts of any
voltage class B electric circuit during operation of the vehicle (An appropriate warning shall bg provided if
loss of resistance is detected. Additionally, the ability to restart or use the véhicle may be limited if the
loss of resistance recurs);

— | providing an appropriate leakage current detection and shutdown system.
When the leakage current and time reaches a hazardous level (as ‘defined in IEC 60479-1), the affected
voltage class B circuit shall be shut off such that permanent or severe injury does not occur, congidering the

expected type and degree of human contact and the operational state of the vehicle as described in
ISO[23273-1.

7.3.8 Protection measures for chassis-bonded voltage class B electric circuits

Profection shall be provided by any of the following, meeting the 100 Q/V resistance requiremgnt (see 7.1
and|7.3.2):

— | double or reinforced insulation, of any-class B equipment;
— | an additional layer of barriers/enclosures over the basic class B protection.

If a conductive cover is used far basic protection, then the additional layer of barriers/enclosures shall be non-
confluctive.

NOTE Chassis-bonded.voltage class B systems are currently not supported by the SAE in the USA.

7.4 Complementary or alternative approach to protection measures against electric shock

Complementarily to the selection of the protection measures as prescribed in 7.2 and 7.3, the following
appfoachimay be applied to establish sufficient protection for persons against electric shock. This approach
may also.be applied to develop alternative protection measures more specific to the conditions of ja given fuel
cell lvehicle design

The vehicle manufacturer shall conduct an appropriate hazard analysis in respect to electric shock and
establish a set of measures which give sufficient protection against electric shock. This analysis may use a
FMEA (failure mode and effect analysis), a FTA (fault tree analysis), or another appropriate method, and shall
consider normal (fault free) and any first failure conditions relevant for electric shock hazards. The failure
conditions shall not only comprise the normal operational and environmental conditions of the vehicle, but also
specific conditions as exposure to water.

This approach also makes it possible to determine the requirements for components and systems being

integrated into the vehicle during assembly as units, so that such components and systems can be designed,
manufactured and tested accordingly.

© I1SO 2006 — All rights reserved 7
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8 Test methods and requirements for the protection measures against electric shock

8.1 General

The verification of the protection measures according to Clause 7 shall be performed on each voltage class B
electrical circuit on the vehicle.

If the safety aspects in relation to the whole vehicle are not affected, the tests may be performed on
components or parts of the circuits individually instead.

8.2 Insulatien

8.2.1 General

If protection is provided by insulation, the live parts of the electric system shall be totally encapsulated by
insulation which can be removed only by destruction.

The insulating material shall be suitable to the maximum working voltage and temperature ratings of the FCV
and its systems (see also Clause 4).

The insulation shall have sufficient insulation resistance, if required, and ¢withstand voltage capabjility.
Compliancg is checked by tests in 8.2.2, 8.2.3 and 8.2.5.

8.2.2 Insylation resistance measurement of the balance of fuel cell’/power system

For the megasurement of the insulation resistance between the balance of power system of the voltage clags B
circuits and their conductive parts, the electric power sourcesof these circuits (fuel cell stacks, tragtion
batteries) shall be disconnected at their terminals, and the liveiparts shall be disconnected from the eleftric
chassis, if the circuits are chassis-bonded.

Prior to thg measurement, the equipment shall be subjected to a preconditioning period of at least 8 h at
(5 + 2) °C, followed by a conditioning period of 8 h at-a temperature of (23 + 5) °C, a humidity of (90 *'2)) %,
and an atmpspheric pressure between (86 to 106) kPa.

Alternative preconditioning and conditioning-parameters may be selected, provided transition across the dew
point occurg shortly after the beginning of.the conditioning period.

The insulatipn resistance shall be measured periodically throughout the conditioning period.
For each vqltage class B electric’Circuit, the test voltage shall be applied as follows:

— connedting the live paftsiof the balance of fuel cell power system to each other;

— connedting all condUctive parts, including the electric chassis, to each other;

— applying thetest voltage between the connected live parts and the connected conductive parts.

NOTE Measurements on exposed insulation layers are normally performed on the affected components outsidg the
vehicles, according to procedures as specified in e.g. ISO 6722 or in ISO 14572 for cables.

For the measurement of the insulation resistance between the balance of fuel cell power system of the voltage
class B circuits and the auxiliary electric circuits, the batteries of the auxiliary electric circuits shall be
disconnected, and the live parts of the auxiliary electric circuits shall be connected.

The test voltage shall be applied between the connected live parts of the voltage class B circuits and the
connected live parts of the auxiliary electric circuits.

The measurements shall be performed using suitable instruments.

The test voltage shall be at least the open circuit voltage of the fuel cell power system and be applied for a
time long enough to obtain stable reading.
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