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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

elect

rotechnical standardization.
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main task of technical committees is to prepare International Standards. Draft 1
lards adopted by the technical committees are circulated to the member.bodieg

1t rights. ISO shall not be held responsible for identifying any or all’such patent rights.

3063 was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcommittee S(

ives, Part 2.
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for voting.

cation as an International Standard requires approval by at least 75 % ©f-the member bodies
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tion is drawn to the possibility that some of the elements of this document may be the subject of
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Electrically propelled mopeds and motorcycles — Safety
specifications

IMPORTANT — The colours represented in the electronic file of this document can be neither
viewed on screen nor printed as true representations. Although the copies of this document
printed by ISO have been produced to correspond (with an acceptable tolerance as judged by the
naked eye) to the requirements of ISO 3864-4, itis not intended that these printed copies be used
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olour matching. Instead, consult 150 5664-4, which provides colorimetric and photometric

erties together with, as a guideline, references from colour order systems.

bcope

International Standard specifies requirements for functional safety 'means, protec
ric shock and the on-board rechargeable energy storage systems inténded for the propt
of electrically propelled mopeds and motorcycles when used in nermal conditions.

applicable only if maximum working voltage of the on-board-electrical circuit doeg
Va.c.or 1500 Vd.c.

International Standard does not provide comprehensive safety information for ma
tenance and repair personnel.

Normative references

following referenced documents are indispensable for the application of this documer
ences, only the edition cited applies. For undated references, the latest edition of the

document (including any amendments)dpplies.

ISO 3
and §

ISO ¢
agaif

ISO 2
foreli

IEC 4
Gene|

IEC 4

864-1, Graphical symbols — Safety colours and safety signs — Part 1: Design principles fo
afety markings

b469-3, Electrically propelled road vehicles — Safety specifications — Part 3: Protectid
st electric shock

0653, Road vehicles — Degrees of protection (IP-code) — Protection of electrical equipj
Jn objects, water’and access

0227-1,Polyvinyl chloride insulated cables of rated voltages up to and including 450/75(
ral reqtiirements

tion against
hlsion of any

not exceed

hufacturing,

t. For dated
b referenced

- safety signs

n of persons

nent against

V — Part 1:

0245-1, Rubber insulated cables — Rated voltages up to and including 450/750 V — Pa

rt 1: General

requ

remerts

IEC 60479-1:2005, Effects of current on human beings and livestock — Part 1: General aspects

IEC 60664-1, Insulation coordination for equipment within low-voltage systems — Part 1: Principles,
requirements and tests

IEC 60950-1, Information technology equipment — Safety — Part 1: General requirements

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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auxiliary electric system
on-board vehicle system, other than for vehicle propulsion, which operates on electric energy

3.2

balance of electric power system
remaining portion of an electric power system when the power sources (e.g. fuel cell stacks, batteries)
are disconnected

3.3
barrier

part providing-proteett

34
basic insuld
insulation a

NOTE Basici

3.5
basic prote
protection 4

3.6
battery-ele|
BEV
electric veh

NOTE The ab|

3.7

battery pad
single mecH
componentd

3.8

BEV operat
in operating
possibly au

39
conductive
conductor
part capabld

3.10
creepage d

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

hsulation does not necessarily include isolations used exclusively for functional purposes.

ction
gainst direct contact with live parts under fault-free conditions

ctric vehicle

cle with only a traction battery as the power sourcg,for vehicle propulsion

breviation BEV is often shortened to EV.

k
anical assembly comprising battery-cells and retaining frames or trays and pog
for battery management

ing mode

sibly

mode of an HEV, in whi€hjonly the RESS is used for energy supply for vehicle propulsion and

iliary electric systems

part

of conddcting electric current

stance

shortest dis

3.11

ANCE atong a SUrtace of a sotid Msutating matertat betwWeen two CONauctive parts

direct contact
contact of persons with live parts

3.12

double insulation
insulation system comprising both basic insulation and supplementary insulation

© ISO 2012 - All rights reserved
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3.13

drive direction control

device physically actuated by the rider for selecting the driving direction of the road vehicle (forward
or backward)

EXAMPLE Lever or push-button switch.

3.14
driving-enabled mode
only operating mode in which the vehicle can be moved by its own propulsion system

3.15
electric chassis
condluctive parts of a vehicle that are electrically connected and whose potential is taken a$ reference

3.16
electric drive
combination of an electric motor and associated power electronics for the conversion gf electric to
mechanical power and vice versa

3.17
electric power system
electric circuit, containing electric power sources (e.g. fuel cell stacks, batteries)

3.18
electric shock
physjological effect resulting from an electric current passing through a human body

3.19
electrically propelled vehicle
EPV
vehig¢le with one or more electric drive(s) for.vehicle propulsion

3.20
enclpsure
partproviding protection of equipment against direct contact from any direction

3.21
expgsed conductive part
conductive part of the €lectric equipment that can be touched by a test finger according to|{IPXXB after
remgving barriers/enclosures that can be removed without using tools and that is not normjally live, but
which may become live under fault conditions

NOTE Protectionydegrees (e.g. IPXXB) are defined in ISO 20653.

3.22
hybrjid’electric vehicle
HEV
vehicle with at least one RESS and one fuelled power source for vehicle propulsion

EXAMPLE ICE or fuel-cell systems are typically types of fuelled power sources.

3.23

isolation-resistance monitoring system

system which periodically or continuously monitors the isolation resistance between live parts and the
electric chassis or exposed conductive parts

3.24

isolation resistance

resistance between live parts of voltage class B electric circuit and the electric chassis or exposed
conductive parts as well as the voltage class A system

© IS0 2012 - All rights reserved 3
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3.25
live part
conductor o

3.26

:2012(E)

r conductive part intended to be electrically energized in normal use

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 manufacturers’ specifications, disregarding transients

3.27

potential equalization

electric con
potential bej

3.28

protection
protection g
a test finger

NOTE Protec

3.29
rechargeal
RESS
system that

3 £ < | o i £l 1 deaas H £ i Ly H i €L
ICCLIVUIIS Ul CAPUDCL[ CUIITUUCLLIvVye l.lCll Lo Ul LIIT TITTLLIU Cl.iulylllclll. LU TIIIIIITIITZAZC UITICT TIIY

tween these parts

degree
rovided by a barrier/enclosure related to the contact with live parts by a testprobe, sul
(IPXXB), a test rod (IPXXC), or a test wire (IPXXD)

fion degrees (e.g. IPXXB, IPXXC or IPXXD) are defined in ISO 20653.

le energy storage system

stores energy for delivery of electric energy and whichiis rechargeable

EXAMPLE Batteries, capacitors.

3.30
reinforced
insulation o

NOTE Reinfo
insulation m4

3.31

supplemen
independen
event of a fa

3.32
traction ba
propulsion
battery
collection of
electric driv

3.33

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

rced insulation does not imply that thetinsulation shall be a homogeneous piece. The reinf
ly comprise several layers which caphotbe tested individually as supplementary or basic insul

tary insulation
finsulation applied in addition to basic insulation for protection against electric shock i
filure of the basic insulation

ftery
battery

all battery packs, which are electrically connected, for the supply of electric power t
e andconductively connected auxiliary system, if any

es in

ch as

brced
htion.

n the

b the

voltage class A
classification of an electric component or circuit as belonging to voltage class 4, if its maximum working

voltage is <

3.34

30 Va.c.or £ 60 Vd.c., respectively

voltage class B
classification of an electric component or circuit as belonging to voltage class B, if its maximum working

voltage is (>

3.35
wiring

30 and < 1000) V a.c. or (> 60 and < 1500) V d.c., respectively

a system of wires providing electric circuits and including cables and connectors

© ISO 2012 - All rights reserved
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4 Environmental and operational conditions

The requirements given in this International Standard shall be met across the range of environmental
and operational conditions for which the electrically propelled vehicle is designed to operate, as specified
by the vehicle manufacturer.

NOTE See ISO 16750 for guidance.

5 Voltage classes

Depending on i ximum waorki i i i o one of the
ge classes specified in Table 1.

Table 1 — Voltage classes

Dimensions in volts

Maximum working voltage

Voltage class
d.c. a.c.
A 0<U<60 0<U=<30
B 60<U<1500 30<U<1000
NOTE The values 60 V d.c. and 30 V a.c. are selected taking into account humid weather
conditions.
6 Marking

6.1 | Marking of voltage class B electric components

The §ymbol shown in Figure 1 shall appearjonr (preferably) or near voltage class B electric energy storage
systems 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 circuits. Accessibility and removability of
barrjers/enclosures should be considered for the necessity of the symbol. The symbol background shall
be ygllow, the bordering and thearrow shall be black in accordance with ISO 3864-1.

Figure 1 — Symbol of voltage class B electric components

A | - £ A 'S 1 n 2 3a3
6-2 MdAdI R UL VUILAGT UldsS D Wil lllg

The outer covering of cables and harness for voltage class B circuits, not within enclosures or behind
barriers shall be marked with orange colour.

NOTE1 Voltage class B connectors can be identified by the harnesses to which the connector is attached.

NOTE 2  Specifications of orange colour are given, e.g., in standards in the US (8.75R5.75/12.5) and in Japan
(8.8R5.8/12.5), according to the Munsell colour system.

© IS0 2012 - All rights reserved 5
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7 Requirements and measures of voltage class A electric components

7.1 Requirements of voltage class A electric components

7.1.1 General requirements of voltage class A electric components

The electrical control system shall be designed so that, should it malfunction in a hazardous manner, it

shall switch

off power to the electric motor.

Safety and compatibility of the combination between RESS and any auxiliary electric energy supplies

shall be ens

wed accordinag tothe manufacturer’s snecifications
H-C-6- aHg L L P

7.1.2 Genpral requirements of barrier/enclosures of voltage class A electric components

If protectiop may be provided by barriers/enclosures, live parts may be placed inside-enclosurgs or

behind barriers, preventing access to the live parts from any usual direction of access.

The barrierg/enclosures provide sufficient mechanical resistance under normal gperating conditions,

as specified|by the manufacturer.

7.1.3 Reqpirements of voltage class A electric cables and connections

Cable and pJug temperature shall be lower than that specified by.the manufacturer of the cables and

plugs. Therg shall be no corrosion on plug pins and no damage to cable and plug insulation.

Compliance(shall be checked by the test described in 7.2.1.

7.1.4 Reqpirements of voltage class A wiring

The following provisions apply to voltage class A wiring:

a) Wire ways shall be smooth and free from'shdrp edges.

b) Wires shall be protected so that they do not come into contact with burrs, cooling fins or similar
sharp edges that may cause damage' to their insulation. Holes in metal through which insujated
wires pass shall have smooth well=rounded surfaces or be provided with bushings.

c) Wiring ghall be effectively prevented from coming into contact with moving parts.

Separate pafrts of the RESS~that can move in normal use or during user maintenance relative to|each

other, shall hot cause undué stress to electrical connections and internal conductors, including those

providing earthing continuity.

Compliancewithsaj;b), c) shall be checked by inspection.

d) If an oplen’eoil spring is used, it shall be correctly installed and insulated. Flexible metallic fubes

shall no

t cause damage to the insulation of the conductors contained within them.

Compliance with d) shall be checked by inspection. If flexing occurs in normal use, the appliance is

placed in its

normal operational position and is supplied at rated voltage under normal operation.

e) The movable part is moved backwards and forwards, so that the conductor is flexed through the
largest angle permitted by its construction.

Compliance

with e) shall be checked by the test described in 7.2.2.

f) The insulation of internal wiring shall withstand the electrical stress likely to occur in normal use.

Compliance with f) shall be checked by the test described in 7.2.2. The wiring shall not reduce the basic
insulation adopted by the manufacturer or the basic insulation shall be electrically equivalent to the
basic insulation of cords complying with [EC 60227-1 or IEC 60245-1.

6 © IS0 2012 - All rights reserved
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7.1.5 Requirements of voltage class A power cables and conduits

Conduit entries, cable entries and knockouts shall be constructed or located so that the introduction of
the conduit or cable does not reduce the protection measures adopted by the manufacturer. Compliance
is checked by inspection.

7.2 Test procedures for the protection measures of voltage class A electric components

7.2.1 Test method of voltage class A electric cables and connections

CablI_aud_ﬂug_mmpmM&shdanmd_mLthMlmmugi&mﬂmd—
Discharge the fully charged RESS to the discharging limit at the maximum allowable clirre

by th

Meas
mant

7.2.2

7.2.2
The {

The
cons

The
cons

Aftel

7.2.2
The ¥

The {
party

NOTH

Or, tl
ensu|

To pd

e vehicle manufacturer and record the current.

ure the cable and plug temperatures and ensure that they are lower than thedevels spe
ifacturer.

Test method of voltage class A wiring

.1 Test method for the movable part of the voltage class A wiring

lexibility of movable part of the wires shall be checked by the following test method.
wires shall maintain to flex the largest angle specified by manufacturer or perm
fruction after the test.

Fruction for 10.000 cycles with the test frequency of 0,5 Hz at (20 + 5) °C.

the above flexibility test, the wire shall\be tested for the electrical strength as describ

.2 Test method for the voltage withstanding electrical strength

viring and the connectors.shall be checked by the electrical strength test.

and other metal parts only.
Vris the rated/voltage.

ne safety and compatibility of the wires for the voltage withstanding electrical stren
red by thie vehicle manufacturer.

nt specified

cified by the

tted by the

wires shall be flexed with the largest angle-Specified by the manufacturer or permjitted by the

bd in 7.2.2.2.

est voltage, expressed in/volts, shall be equal to (500 + 2 x V) for 2 min and applied hetween live

bth, shall be

rforimthe test of the voltage withstanding electrical strength, the vehicle need to be prepar¢d as follows:

4 A N - 111 1. FIDRD RN RS- IR : letf. 41 4
a) LIAdULIUIT UAtLClITS SIIdIT DT UISCLUIITITULCU dU LTI LCTIIITIALIS TTOIIDN ULIT DUWTET Sy SLCL,

b) electric power sources of the voltage class A 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;

c) alllive parts of the balance of the voltage class A power systems shall be connected to each other;

d) all exposed conductive parts of the voltage class A power systems shall be connected to the
electric chassis.

© ISO

2012 - All rights reserved


https://standardsiso.com/api/?name=3db02b61b99fbd4e86ed6ea8c0cc55dc

ISO 13063

:2012(E)

8 Measures and requirements for protection of persons against electric shock of
voltage class B electric components

8.1 General requirements of voltage class B electric components and RESS

Protection against electric shock shall be comprised of

a) Dbasic protection measures against direct contact with live parts (basic protection), and

b) measures for protection under first failure conditions.

The protect
be tested ac

8.2 Basig
Persons shal
The protect
a) basicin
b) barrier;s

The barrier

8.3 Prote
RESS

8.3.1 Gen
The voltage

If the minin
conditions 4

a) monitof
provide
depend
may be

b) doublei

c) anaddit

NOTE Is

on measures shall meet the requirements as described 1n 8.2 and 8.3 and compliance
rording to test methods specified in Clause 9.

protection measures of voltage class B electric components and RESS

| be protected against direct contact with the live parts of the voltage classBélectrical cir
ons measures against direct contact shall be provided by either one-or-both of the follov
ulation of the live parts;

/enclosures, preventing access to the live parts.

5 /enclosures may be electrically conductive or non-conductive.

shall

Cuits.

ving:

ction under first failure conditions of voltage class B electric components and

eral
class B circuits shall have sufficientisolation resistance according to requirements in

um isolation resistance requirement (see 8.7) cannot be maintained under all operat|
nd over the entire service life,'one of the following measures shall be applied:

ing of the isolation resistance periodically or continuously. An appropriate warning sh
d if loss of isolation.tesistance is detected. The voltage class B system may be deactiy
ng on the operational state of the vehicle or the ability to activate the voltage class B sy
[imited;

nsulation 6rreinforced insulation;
ional layer of barriers/enclosures over the basic protection.

blation resistances below the required minimum values may occur due to deterioration of FC syj4

B.7.

ional

hll be
rated
stem

tems

cooling liquidsorofcertaimbattery types:

Exposed conductive parts of voltage class B electric equipment including exposed conductive
barriers/enclosures shall be bonded to the electric chassis and/or exposed conductive parts for potential
equalization.

8.3.2 Voltage class B d.c. circuits

If a credible first failure condition which may be specified by the vehicle manufacturer may render
direct contact to live parts of voltage class B d.c. circuits, protection shall be achieved for capacitances

© ISO 2012 - All rights reserved
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which are directly or indirectly connected between terminal of class B voltage and chassis by fulfilling
at least one of the following options:

8.3.

If a

dired
whid
at led

8.3.
Alter

8.4

components and RESS

As af
forp

The T
and ¢

the energy of the total capacitance between any energized voltage class B live part and the electric
chassis and/or exposed conductive parts shall be < 0,2 ] at its maximum working voltage. Total
capacitance should be calculated based on designed values of related parts and components;

the potential d.c. body current shall meet zone DC-2 in Figure 22 of [EC 60479-1:2005 including the

requirement of 10 mA;

alternative electrical or mechanical measures for d.c. voltage class B electric circuits; s

ee 8.3.4.

3 Voltage class B a.c. circuits

redible first failure condition which may be specified by the vehicle manufacturer
t contact to live parts of voltage class B a.c. circuits, protection shall be achieved for ¢
h are directly or indirectly connected between terminal of class B voltage\and chassis
st one of the following options:

q

the potential a.c. body current shall not exceed 5 mA when measuredin accordance with

jlternative electrical or mechanical measures for a.c. voltage class B electric circuits; s

q

4 Alternative electrical or mechanical measures

native electrical or mechanical measures include thé.following:

Iouble or reinforced insulation instead of basic iisulation;
ne or more layers of insulation, barriers aid/or enclosures in addition to the basic prg

figid barriers/enclosures with sufficient’'mechanical robustness and durability, over
q

service life.

Alternative approach for protection against electric shock of voltage class

| alternative to 8.2 and.8:3, the following approach may be applied to establish sufficier
ersons against electrie’shock.

stablish a sét'ef measures which give sufficient protection against electric shock

Creepage distance of voltage class B electric components and RESS

along

may render
apacitances
by fulfilling

EC 60950-1;
be 8.3.4.

tection;

the vehicle

B electric

t protection

ehicle manufacturer shall conduct an appropriate hazard analysis with respect to electric shock

etween the

clause deals with an additional leakage current hazard

with the surface |
0 0 0 i [

D (0 REC UAINE [1V

attached to them and any conductive parts, due to the risk of electrolyte or dielectric med
from leakage under normal operating conditions

tive fittings
ium spillage

If electrolytic leakage does not occur, the RESS should be designed according to IEC 60664-1. The
pollution degree shall be suitable for the range of application. If electrolyte leakage can occur it is
recommended that the creepage distance be as follows (see Figure 2):

a)

b)

In the case of a creepage distance between two connection terminals of the electric ci
the RESS connection terminals:

d=0,25U +5

In the case of a creepage distance between live parts and the electric chassis:

© IS0 2012 - All rights reserved
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d=0,125U +5

where
d
U

Key
conducti

BwWw N R

clearanc

8.6 C(lean

This clause
the connect
attached to
from leakag]

Ifelectrolyt
degree shall
that the cleg

connectd

creepage

is the creepage distance measured on the tested RESS, in millimetres;

is the maximum working voltage between the two RESS connection terminals, in volts.

(2)

ve surface
r terminal (RESS pack or RESS)

distance

b

Figure 2 — Creepage distance‘and clearance

ance of voltage class B electric comiponents and RESS

on terminals of voltage class B elettrical circuit and RESS, including any conductive fit

e under normal operatingconditions.

cleakage may not occur the RESS should be designed according to IEC 60664-1. The poll
be suitable for thexange of application. If electrolyte leakage may occur it is recomme
rance d be shown-in Table 2.

Table 2 — Minimum clearance of voltage class B electric components and RESS

Minimum clearance, d 2

Maximum working voltage, U mm

Current< 63 A Current> 63 A

deals with an additional leakage cirrent hazard through the minimum distance bet}

them and any conductive parts, due to the risk of electrolyte or dielectric medium spi

veen
tings
llage

1ition
nded

10

L-Lb L-Ac
5 6
6
8
10
10
14
20

L-Lb L-Ac
3 5

d.c. a.c.
60<U<125 30<U<125
125<U <250
250 <U <380
380<U<500
500 < U <660
660 < U <800 660 <U<750
800<U<1500 750 < U <1000

N ||| W
|||
|||

See Figure 2.
Distance between two of electric circuit and/or RESS connection terminals.
Distance between the live part and the electric chassis.
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8.7 Requirements of barrier/enclosures of voltage class B electric components

8.7.1 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 barrlers/enclosures are acce551ble dlrectly they shall be opened or removed only by use of tools or
, . . interlock.

8.7.2 Protection degrees

8.7.2.1 Protection degrees for barriers/enclosures
Barrjers/enclosures shall comply with the protection degree IPXXB at miinimum (see 3.28)

In cape the barriers/enclosures can be intentionally or unintentionally accessed under normgl conditions
of uge and without any tool by the rider, barrier/enclosures,/shall comply with the prote¢tion degree
[PXXD at minimum. (see 3.28).

8.7.2.2 Protection degrees for connectors

If connector parts can be disconnected without tools;the connector shall comply with IPXXBjat minimum
in unmated condition, for the contacts that can have class B voltage.

Reqyirements for charging inlet are definedin 8.13.

8.8 | Requirements for insulationof voltage class B electric components and RESS

If protection is provided by instilation, the live parts of the electric system, electric circyit and RESS
shall|be totally encapsulatedby-insulation which can be removed only by destruction.

The Insulating material-shall be suitable to the maximum working voltage and temperatufe ratings of
the vlehicle and its systenis

Insulating varnishj)-dope, enamel, and other similar materials are not acceptable as basic insulation of
the violtage class/B components and RESS

The ipsulation shall have sufficient withstand voltage capability. Compliance shall be tested accprding to 9.4.

8.9 UnsulatienrequirementsofthevoltageelassBRESS— |

For a RESS not embedded in a whole circuit, the minimum requirement for the isolation resistance,
Rj, divided by its maximum working voltage shall be at least 100 /V, if not containing a.c., or at least
500 Q/V, if containing a.c. without additional a.c. protection throughout the entire lifetime of the RESS.

When the RESS is integrated in a whole electric circuit, a higher resistance value for the RESS may
be necessary.

NOTE1 For details on the integration of RESS and for additional a.c. protection. See 8.10.2.

NOTE 2  Resistances lower than the required minimum isolation resistances can occur due to the deterioration
of certain battery types.

© IS0 2012 - All rights reserved 11


https://standardsiso.com/api/?name=3db02b61b99fbd4e86ed6ea8c0cc55dc

ISO 13063:2012(E)

If the isolation resistance of the whole power circuit, measured with an on-board isolation resistance
monitoring system, meets the requirements in ISO 6469-3, the isolation resistance measurement of the
RESS as a single component in 8.9 is not required.

8.10 Isolation resistance requirements of the electric system and electric circuit

8.10.1 General

If the protection measures chosen (see 8.3) require a minimum isolation resistance, it shall be at least
100 Q/V for d.c. circuits and at least 500 Q/V for a.c. circuits. The reference shall be the maximum
working vol

faWa 72

o5t

NOTE D¢
the human b

bpending on value and duration, hazard of electric shock occurs when electric currents pass'thj
bdy. Harmful effects can be avoided if the current is within zone DC-2 in Figure 22 for|d:c. oj

ough
zone

AC-2 in Figur

forms and frq
500 Q/V for {

To meet the

each compotj

If d.c. and 4
options shall be fulfilled:

a) Option
b) Option

e 20 for a.c. of IEC 60479-1:2005, respectively. The relation of harmful body currents‘and other
bquencies is described in [EC 60479-2. The isolation resistance requirements of @00’ )/V for
.c. allow body currents of 10 mA and 2 mA respectively.

hbove requirement for the entire circuit it is necessary to have a higher.isolation resistan
lent, depending on the number of the components and the structure of the circuit they belo

.c. voltage class B electric circuits are conductively connected one of the following

|: meet at least the 500 Q/V requirement for the combined circuit, or

P: meet at least the 100 1/V requirements for the entire conductively connected circuit

wave
.C. or

re for
hg to.

two

,if at

least onle of the additional protection measures as defined in 8.10.2 is applied to the a.c. circuit.

8.10.2 Addjtional protection measures for the a.c. circuit conductively connected to the d.c. cifcuit

One or a conjbination of the following measures inladdition to or instead of the basic protection mea;
as described in 8.2 shall be applied to provide-protection against first failures to address the failure
which it is iptended:

a)
b)
‘)

ures
s, for

Addition of one or more layers of insulation, barriers, and/or enclosures;

Double pr reinforced insulatjen instead of basic insulation;

Rigid b hicle

service

hrriers/enclosuresswith sufficient mechanical robustness and durability, over the vd
life.

NOTE Therigid barriérs/enclosuresinclude (butare notlimited to) power control enclosures, motor hou
connector cafings and hgusings, etc. They may be used as single measure instead of basic barriers/enclosu
meet both bafsic and first failure protection requirements.

5ings,
es to

8.11 Requi

The voltage class B components and wiring shall fulfil the withstand voltage capability according to the
withstand voltage test in 9.4.

8.12 Requirements of potential equalization of voltage class B electric components and
RESS

All components forming the potential equalization current path (conductors, connections) shall
withstand the maximum first failure current in a maximum fault clearance time.

The resistance of the potential equalization path between any two exposed conductive parts of the
voltage class B electric circuit which can be touched simultaneously by a person shall not exceed 0,1 Q.
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8.13 Requirements for vehicle charging inlet of voltage class B electric components and
RESS

8.13.1 Voltage decrease requirement

One second after having disconnected the charge coupler, the voltage of the vehicle inlet shall be less
than or equal to 30 Va.c.or 60 V d.c.

This condition is not necessary if vehicle inlet complies with the requirement of at least IPXXB (see 3.28).

8.13.2 (h:mmding and isolation resistance requirement for vehicle power inlet

8.13}2.1 vehicle power inlet conductively connected to the grid

The Vehicle inlet intended to be connected conductively to the grounded external power supply (grid)
shalllhave a terminal for connecting the vehicle exposed conductive parts to the ground of the grid.

The fotal isolation resistance at the charging inlet, which includes circuitscanductively connected to the
grid during charging, shall be at least 1 MQ when the charge coupler is disconnected.

8.13}2.2 vehicle power inlet not conductively connected to thé grid

The fotal isolation resistance of the charging inlet, which ‘iicludes circuits conductively connected
to the inlet during charging, shall comply with the requirements in 8.10 when the charge coupler is
discqnnected.

The YVehicle inlet intended to be connected conductively to the grounded external power supply (grid)
shalll have a terminal connecting the vehicle.with the chassis of the external charger|if potential
equallization is required.

8.14 RESS of voltage class B over-current interruption

Ifa REESS system is not short-circuit proofin itself, a RESS over-current interruption device shall open the
RESS circuit under conditions specified by the vehicle and/or RESS manufacturer, to prevert dangerous
effedts for persons, the vehicle.ahd the environment.

9 Test proceduresfor the protection measures against electric shock for voltage
class B electric eomponents and RESS

9.1 | General

The tests to-verify the protection measures according to Clause 8 shall in principle be p¢rformed 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 outside
the vehicle on the components or parts of the voltage class B electric circuits individually instead.

It is recommended that the vehicle manufacturer perform the isolation resistance measurements (see
9.2 and 9.3) and the voltage withstand test (see 9.4) on each vehicle before its entrance into service.

9.2 Isolation resistance measurements for voltage class B electric circuits

9.2.1 Preconditioning and conditioning

Prior to the measurement the device under test shall be subjected to a preconditioning period of at
least 8 hours at (5 * 2) °C, followed by a conditioning period of 8 hours at a temperature of (23 £ 5) °C, a
humidity of (90 +10/-5) %, and an atmospheric pressure between 86 kPa and 106 kPa.
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Alternative preconditioning and conditioning parameters may be selected provided transition across
the dew point occurs shortly after the beginning of the conditioning period.

The isolation resistance shall be measured during the conditioning period in a rate from which the
lowest value can be determined.

9.2.2 Isolation resistance measurements of the balance of electric power systems

The test voltage shall be a d.c. voltage of at least the maximum working voltage of the voltage class B
power system and be applied for a time long enough to obtain stable reading.

circuitand sppme of the components cannot withstand the maximum working voltage of the entire dif

ing test procedure combines the measurement of the isolation resistanceof the live parts of
the voltage ¢lass B balance of electric power systems against the vehicle electric chdssis and againgt the
live parts of|the voltage class A balance of auxiliary electric systems:

a) traction batteries shall be disconnected at their terminals from the power system;

b) electric|power sources of the voltage class B power systems other-than the traction batteries|(fuel
cell stagks, capacitors) may be disconnected at their terminal® from the power system; if|they
remain connected power generation shall be deactivated;

c) barrier§ and enclosures shall be included unless evaluatiofis prove otherwise;
d) alllive pgarts of the balance of electric power systems (veltage class B) shall be connected to each dther;

e) all expgsed conductive parts of the balance of electric power systems shall be connected tp the
electric|chassis;

f) batterigs of the auxiliary electric systeéms’ shall be disconnected at their terminals from the
auxiliany circuits;

g) all live parts of the balance of auxiliary electric systems (voltage class A) shall be connected tp the
electric|chassis.

Then the tegt voltage shall be applied between the connected live parts of the voltage class B balarjce of
electric power systems and the-electric chassis.

The measugfements shall“be performed using suitable instruments that can apply d.c. voltage| (e.g.
megohmmeter, provided they deliver the required test voltage).

measuremept-ofithe RESS as in Clause 9.3 with the balance of electric power system connected fo an
external powersource

AlternativeiElr thepisolation resistance may be measured using the test procedure according t¢ the

9.2.3 Isolation resistance measurement of entire voltage class B circuits

The isolation resistance of entire conductively connected voltage class B circuits may be measured
using the test procedure for the measurement of the RESS from 9.3 with the balance of power system
connected to the voltage class B power sources.

Alternatively the isolation resistance of entire conductively connected voltage class B circuits may be
measured using an isolation resistance monitoring system, if installed on the vehicle, provided that its
accuracy is sufficiently high.

In case electric or electronic switches exist in the circuit (e.g. transistors in power electronics), those
switches shall be activated. If those switches cannot be activated, the isolation resistance of the entire
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conductively connected circuit may be calculated using the measured resistances of the power sources
and the balance of power system.

9.3

Isolation resistance measurement for the voltage class B electric power sources

9.3.1 General

The measurement of the isolation resistance of the RESS shall include auxiliary components located
inside the RESS housing, e.g. monitoring or temperature-conditioning devices and liquid fluids (if any).

agai
resis
char

9.3.2

Fort
oper
and 4

Tern
the |

connlected to the electric chassis of the vehicle, except foriterminals that are required to
(e.g. by connecting the battery packs inside a tractiomn’battery to the power terminals).

RESS

Fort
the ¢
be af]
RESS

Prior
ate
ahu

Alter
the d
the R

The ]
The ¥

9.3.3

ﬁ‘lperature of (5+2)

O 1€ d ] 2 2 8000
ectric chassis. For safety reasons, the lower one is regarded as the relevant®R}

ist the el

bed RESS as the test voltage.

Preconditioning and conditioning

he measurement of the RESS isolation resistance within the vehicle, tie\RESS installed 4
htion, both power terminals of the RESS shall be disconnected frentthe electric propu
iny other external circuit.

inals of the internal auxiliary systems of the RESS that are operated by power sou
RESS (e.g. the auxiliary 12 V battery) shall be disconnécted from the outside power

he measurement of the RESS isolation resistanceindependently from the vehicle (stand

tached with their standard mounting deviges, as to best representing the resistances
housing and the electric chassis of the ¢ehicle.

to the measurement, the RESS shall be subjected to a preconditioning period of at lea
°C, followed by a conditioning period of 8 hours at a temperature o
idity of (90 +10/-5) %, and an atmospheric pressure between 86 kPa and 106 kPa.

native preconditioning,and conditioning parameters may be selected provided trang
ew point occurs shortly-after the beginning of the conditioning period. The specific ¢
ESS type and usage shall be considered.

RESS shall be charged to a state of charge as stated by the manufacturer.

roltmeter orthe measuring device used in this test shall have an internal resistance ah

Procedure

n Figure 3)
1SS isolation

tance, which can be calculated using voltages measured in a procedure taking the-voltage of the

s for normal
Ision circuit

rces outside
source and
activate the

alone RESS)

lectric chassis shall be simulated by an electriciconductor, e.g. a metal plate, to which the RESS shall

between the

5t 8 hours at
[ (23 +5)°C,

ition across
onditions of

ove 10 MQ.

The

solation resistance shall be measured at a rate from which the lowest resistance y

alue can be

determined. The procedure for each measurement is the following [see Figure 3 and Formulae (3) and (4)]:

a)

b)

© IS0 2012 - All rights reserved

Measure the voltages between each terminal of the RESS and the vehicle electric chassis and name
the higher one Uy, the lower one U’ and the two corresponding isolation resistances Rj1 and Rj2 = R;;

NOTE 1 Rjyis the lower of both isolation resistances and is therefore the RESS isolation resistance R;j to
be determined.

Add a known measuring resistance Rg parallel to Rj; and measure the voltages U, and U’;
NOTE 2  Theoretically, the value of Rp has no influence on the calculated isolation resistance. However,
Ro should be selected so as to improve the accuracy of the measured voltages on the calculated isolation

resistances as much as possible. A value in the range of (100 to 500) Q0/V RESS working voltage is appropriate.
The value should be known with an uncertainty of maximum 2 %.
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c) Calculate the isolation resistance R;, using Rg and the three voltages Uy, U’1 and Uz with Formula (3):

U, -U U
R, =Ry ——2|1+-L 3)
U, Uy
d) Rjcan also be calculated, using Ry and all four voltages Uy, U’1, Uz and U’ with Formula (4):
U, U,
R,=R,| 2-—1L (4)
U, Uy
Uress

URESS
B E——

S

1 | Ak

Figure 3 — Measurement of isolation resistance

[

Key
1 electric ¢hassis

NOTE 3 Ry and Ry in Figure 3 rephesent the fictitious isolation resistances between the two terminals pf the
RESS and the{ chassis.

NOTE4  Rqin Figure 3 is . @measuring resistance.

Alternatively the isolation resistance may be determined by adequate procedures and measurement
equipment if the resivts will be equivalent to or have a clear correlation with the one measur¢d as
prescribed aboyej’e.g. by using an internal RESS isolation resistance monitoring system or an extgernal
isolation registance monitoring system.

9.4 Withstand voltage test for the voltage class B electric components

9.4.1 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

applicable sections of appropriate IEC standards (e.g. IEC 60227, IEC 60245, etc.)

9.4.2 Preconditioning and conditioning

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

Test procedures and criteria of high voltage cables conductively connected to grid are specified in

a) Preconditioningratatemperatureof3026+2Candaduration-thatensuresaconstanttgmperature;

b) (onditioning: 48 h at a temperature of 23 °C + 2 °C, a humidity of 93 % * 5 %, and . an atmospheric
pressure between 86 kPa and 106 kPa.

9.4.3 Testprocedure

This|test shall include barriers/enclosures unless evaluations prove othefwise.

The following test procedure shall be applied:

a) 3ll voltage class B live parts of the Device Under Test (DUT)-shall be connected to each pther;

b) flor components with conductive housing all live parts:ofthe voltage class A electric dircuit of the

UT and all exposed conductive parts of the DUT shall be connected to each other;
c) for components with non-conductive housing alllive parts of the voltage class A electfic circuit of

If some electronic components connected between the exposed conductive parts and the vo

1

he DUT and electrode wrapped around the housing shall be connected to each other.

Itage class B

live parts cannot withstand the test voltagé;they shall be disconnected from the DUT.

At thie end of the conditioning the test.voltage specified in 9.4.4 or 9.4.5 shall be applied:

d) Ibetween connected live parts of voltage class B circuits and housing with electrically condugtive surface;

e) Dbetween connected live-parts of voltage class B circuits and an electrode wrapped|around the
ousing in the case ofnon-conductive housing.

9.4.4 Testvoltage for components not conductively connected to the grid

The fest voltage,<@.c. or d.c,, shall be more than the highest voltage that can actually
component. The'test voltage shall be derived from the relevant over-voltages of the electi
which the component is connected. Transient over-voltages that can be expected, includi
fro

ccur to the
ic circuit to

influences

othier connections to grid, if any, shall be considered. The test voltage and its duration shall be
specified, considering the applicable 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.

9.4.5 Testvoltage for components conductively connected to the grid

The following a.c. test voltage of a frequency between 50 Hz and 60 Hz shall be applied for 1 min:

a) (2U+1000)V a.c. (rms) if basic insulation applies;

b) (2U +3250) V a.c. (rms) if double insulation and reinforced insulation applies;

where

© IS0 2012 - All rights reserved
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is the maximum working voltage of each component, in volts.

The equivalent d.c. test voltage is 1,41 times the a.c. (rms) value.

These test requirements also apply for voltage class B components connected to d.c. charging systems

that are con

ductively connected to the a.c. grid.

9.4.6 Test criteria

Neither dielectric breakdown, nor flashover shall occur during application of the test voltage.

9.5 Conti|nuity test for potential equalization

The potenti
voltage < 60

al equalization resistances shall be tested with a test current of at minimum) ' A 4
V d.c., which shall be passed through the potential current path between any*two exp

nd a
osed

conductive parts for at least 5 seconds. This path shall be isolated from other unintended potential paths

for measure|
to exposed (

A lower tes
equalization]

The voltage
in the vehicl
and this volt

10 Requi
ous situa

10.1 Requ

To prevent ¢
and other sy
and enviror
hazardous s

NOTE R{
maximum all

Appropriate

10.2 Requ
tions from

10.2.1 Hea

ment. These conducting parts shall include voltage class B component housings, connec
onductive parts and the vehicle electric chassis or barriers/enclosures respectively.

current and/or a shorter test time may be used, provided the acCuracy of the potsg
resistance test results remain on a sufficient accuracy level,

drop between any two exposed conductive parts which are placed at the furthest positig
e or in a distance of 2 m, shall be measured and the resistance calculated from the cu
age drop.

rements for safety means and protection of persons against hazarg
tions

xplosion, fire or toxicity hazards,the following requirements apply when hazardous §
bstances can be emitted by the°'RESS. These requirements shall consider normal oper
mental conditions. No potentially dangerous concentration of hazardous gases and
ubstances shall be allowedanywhere in rider and person around the vehicle.

fer to the latest vefsion of applicable national/International Standards or regulations fg
owed accumulated quantity of hazardous gases and other substances.

countermedsutes shall manage first failure situations.

irements for safety means and protection of persons against hazardous sit
RESS

tions

ntial

ning
rrent

irements for the emission of hazardous gases and other hazardous substances

rases
ating
bther

r the

la-

t generation

Heat generation under any first failure condition which could form a hazard to persons shall be prevented

by appropria

te measures, e.g. based on monitoring of current or voltage or temperature.

10.2.2 Electrolyte spills

No spilled electrolyte from the RESS and its components shall reach the rider nor any person around the
motorcycle and/or moped during normal condition of use and/or functional operation.

Electrolyte shall not spill from the vehicle when the vehicle is tilted to the ground and when the RESS is
put upside-down
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