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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
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Introduction

This International Standard prescribes basic safety requirements for electrically propelled mopeds
and motorcycles, which are called electric vehicles, for simplicity, in this International Standard, while
connected to an external electric power supply. The safety requirements for off-board chargers are
described in IEC 60335-2-29 and will be described in the IEC 61851-3 series (under consideration).

This International Standard does not consider discharging from vehicle to grid.

This International standard does not standardize specific charging method.

Moped and motorcycle are defined in ISO 3833:1977, 3.4 and 3.5.

vi © ISO 2015 - All rights reserved
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Electrically propelled mopeds and motorcycles — Safety
requirements for conductive connection to an external
electric power supply
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3864-1, Graphical symbols — Safety colours and safety signs — Part 1: Design principl

International Standard specifies safety requirements for conductive connection ¢e
ric power supply of electrically propelled mopeds and motorcycles.

hot applicable to vehicles not in normal conditions, such as damaged vehiclésyand ve
mechanical and/or electrical failure.

blies only to on-board charging systems between the plug or vehicle couplers and RESS
afety requirements for vehicles not connected to external power supply are specified i
This International Standard does not contain requirementsdor bidirectional power flow|
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3.2
basic protection
protection against electric shock under fault-free conditions

Note 1 to entry: For low-voltage installations, systems and equipment, basic protection generally corresponds to
protection against direct contact as used in IEC 60364-4-41.

[SOURCE: IEC 61140:2009, 3.1.1]

3.3
charger
power converter that performs the necessary functions for charging a battery

3.3.1
charger as§embly
power convérter that performs the necessary functions for charging a battery, including cables

34
degree of protection
protection provided by an enclosure against access, foreign objects and/or water and verifigd by
standardizeld test methods

[SOURCE: IS0 20653:2013, 3.2]

3.5
double insylation
insulation cpmprising both basic insulation and supplementary,insulation

[SOURCE: IHV 195-06-08]

3.6
electric veljicle
moped or mptorcycle with one or more electric drive(s) for propulsion (refer to Introduction)

[SOURCE: IS0 13063:2012, 3.19, modified — Terminological entry is changed from electrically propelled
vehicle, and|moped or motorcycle is changed from vehicle.]

3.7
equipotentjal bonding
provision of|electric connections'between conductive parts, intended to achieve equipotentiality

[SOURCE: IHV 195-01-10]

3.71
equipotentjal bonding terminal
terminal prpvided:on equipment or on a device and intended for the electric connection with the
equipotential bonding system

[SOURCE: IEV 195-02-32]

3.8

exposed conductive part

conductive part of the electric equipment which can be touched by a test finger according to IPXXB
(refer to ISO 20653) after removing barriers/enclosures that can be removed without using tools but
which may become live under failure conditions

[SOURCE: ISO 6469-3:2011, 3.17, modified]

2 © IS0 2015 - All rights reserved
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3.9

external electric power supply

electric power source which is outboard of the vehicle for supplying electric energy to electric vehicle
for electric propulsion

Note 1 to entry: The external electric power supplies include a.c. supply network (mains), grids and/or stationary
external power sources.

[SOURCE: ISO 17409:2015, 3.23, modified]

3.10
hazardous-live-part
live part which, under certain conditions, can give a harmful electric shock

[SOURCE: IEV 826-12-13]

3.11
indojr use
equipment designed to be exclusively used in weather protected locations

[SOURCE: IEC 61851-1:2010, 3.28]

3.12
live part
conductor or conductive part intended to be electrically energized in normal use

Note|l to entry: “Electrically energized” means that such a conductor or conductive part can haye an electric
potential.

[SOURCE: ISO 6469-1:2009, 3.14, modified]

3.13
maxjmum working voltage
highest value of a.c. voltage (r.m.s.) or.ofjd.c. voltage that can occur in an electric systerh under any
normal operating conditions accordifnigjto the manufacturers’ specifications, disregarding fransients

[SOURCE: ISO 13063:2012, 3.26}

3.14
outdoor use
equipment designed to-be’allowed to be used in non weather protected locations

[SOURCE: IEC 61851:1:2010, 3.29]

3.15

plug
accegsory having pins designed to engage with the contacts of a socket-outlet

=1 L 1 - £ 1 1 a 1 - g | 1 - 1 a :
Note H—to entry—tarsommcorporate-meanstor-tne—erectricarconnectionmranamecnaitcar retenton of flexible
cables or codes.

[SOURCE: IEV 442-03-02, modified]

3.16
primary circuit
circuit in the charger intended to be galvanically connected to a supply network (mains)

3.17

protection degree

protection provided by a barrier/enclosure related to the contact with live parts by a test probe, such as
a test finger (IPXXB), a test rod (IPXXC), or a test wire (IPXXD), in accordance with 1SO 20653

[SOURCE: ISO 6469-3:2011, 3.25]

© IS0 2015 - All rights reserved 3
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protective conductor

PE

conductor provided for the purposes of safety

EXAMPLE

Protection against electric shock.

Note 1 to entry: In an electrical installation, the conductor identified PE is normally also considered as protective
earthing conductor.

[SOURCE: IEV 826-13-22, modified]

3.19
reinforced
insulation
equivalent t

Note 1 to entry: Reinforced insulation may comprise several layers which cannot be tested singly as

insulation or
[SOURCE: IH

3.20
residual cu
RCD
mechanical
conditions 4
under speci

Note 1 to ent|
and evaluate

[SOURCE: IHV 442-05-02]

3.21

rechargealjle energy storage system

RESS

system that|stores energy for delivery.of electric energy and which is rechargeable
EXAMPLE Batteries, capacitors,

[SOURCE: IS0 13063:2012, 3:29]

3.22

RESS circuit

electric circ
the charger

rrent device

insulation
f hazardous-live-parts which provides a degree of protection against eleGtric s
p double insulation

supplementary insulation.

V 195-06-09]

switching device designed to make, carry and break currents under normal se
nd to cause the opening of the contacts when the residual current attains a given
fied conditions

ry: A residual current device can be a combinatjon of various separate elements designed to g
the residual current and to make and break current.

it which includes all live parts that are galvanically connected to the secondary circu
and(charging circuits of RESS, excluding propulsion circuits

hock

basic

rvice
yalue

etect

lits of

3.23

RESS coupler
means enabling the connection and disconnection of RESS to a flexible cable, an electric vehicle or a
charger assembly

Note 1 to entry: It consists of two parts: a RESS connector and a RESS inlet.

3.23.1

RESS connector
part of a RESS coupler integral with, or intended to be attached to, a flexible cable, an electric vehicle or

a charger as

3.23.2
RESS inlet

sembly

part of a RESS coupler incorporated in, or fixed to, RESS

4
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3.24
secondary circuit
circuit in the charger intended to be galvanically connected to the RESS

3.25

socket-outlet

accessory having socket-contacts designed to engage with the pins of a plug and having terminals for
the connection of cables or codes

[SOURCE: IEV 442-03-02]

3.26
supplementary insulation
independent insulation applied in addition to basic insulation, for failure protection

[SOURCE: IEV 195-06-07, modified — “fault” has been replaced with “failure”.]

3.27
ternjinal
condjuctive part provided for the connection of a conductor to an accessory

[SOURCE: IEC 62196-1:2014, 3.14]

3.28
vehicle coupler
means enabling the connection and disconnection at will, of'a flexible cable to an electric v¢hicle.

Note [l to entry: It consists of two parts: a vehicle connectorand a vehicle inlet.
[SOURCE: IEC 62196-1:2014, 3.3, modified — “anddisconnection” has been added.]

3.28{1
vehicle connector
partjof a vehicle coupler integral with,.of.intended to be attached to, one flexible cable

[SOURCE: IEC 62196-1:2014, 3.3.1]

3.28{2
vehicle inlet
part pf a vehicle coupler-incorporated in, or fixed to, the electric vehicle

[SOURCE: IEC 62196<1:2014, 3.3.2]

3.29
voltage class A
clasgjification of an electric component or circuit as belonging to voltage class 4, if its maximum working
voltageds <30 V a.c. or <60 V d.c., respectively

Note TTo entry: I'he values 60 V d.c. and 30 V a.c. are selected taklng mto account humid weather conditions.
[SOURCE: ISO 13063:2012, 3.33, modified — Note 1 to entry is added from ISO 13063:2012, Table 1.]

3.30

voltage class B

classification of an electric component or circuit as belonging to voltage class B, if its maximum working
voltage is >30 and <1 000 V a.c. or >60 and <1 500 V d.c., respectively

Note 1 to entry: The values 60 V d.c. and 30 V a.c. are selected taking into account humid weather conditions.

[SOURCE: ISO 13063:2012, 3.34, modified — Note 1 to entry is added from ISO 13063:2012, Table 1.]
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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 electric vehicles are designed to be charged, as specified by
the vehicle manufacturer.

5 General requirements

The on-board charging system shall be operated safely and properly in normal use.

The on-board charging system shall comprise safety means _such as protection against electric shqg

ck of

rider and/of
The fail-safd

The on-boat
manner, it s]

The inform|
componentg

instructiony.

Compliance

6 Conne

6.1 Gene

6.1.1 Connections among charger, RESS, and vehicle

There are f
are as folloy

surroundings even under single failure condition.
design shall be considered for the on-board charging system.

d charging assembly shall be designed so that, if it could lead to malfunctien.n a hazar
hall cut off power to the RESS or the traction battery for safety.

ption necessary for installation, operation, and maintenance of\the charger and
shall be supplied in appropriate forms such as drawings, diagrams, charts, tables

is checked with the relevant requirements and tests specified in this International Stan

ction between the plug or vehicle couplers-and RESS of the vehicle

ral connection

bur ways in conductive charging.Systems regarding the connection to the earth.
VS.

ion to the earth: It consists-of the charger assembly and the vehicle/RESS, both of

e
1ection to the earth:\It consists of the charger assembly and the vehicle/RESS, neith

d to the earth for protection. The requirements are specified in 6.1.3.2.

nnected to the earth’for protection. The requirements are specified in 6.1.3.3.

e connectionto'the earth: It consists of the charger assembly unconnected to the ¢
ection and\the vehicle/RESS connected to the earth for protection. The requirement
d in 6.1:3:4.

conmection to the earth: It consists of the charger assembly connected to the eart

dous

any
and

Hard.

They

them

er of

barth
S are

h for
5 are

orCand the vehicle/RESS unconnected to the earth for protection. The requirement

a) Connecf
connec
b) No con
them cd
c) Separat
for prot
specifie
d) Partial
protect
specifie
6

din6.1.3.5.
1 2 3
/ / /
@ a.c. de. e

PE

!

a) Connection to the earth
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/ / /

@ a.cC. dec. e
|

b) No connection to the earth

-

n
o~

3

qo

/ / /

@ a.c. J_
N d.c. .

c) Separate connection to the earth

1 2

/ / /

@ a.C.ld.C. e

PE

d) Partiakconnection to the earth
Key
d.c. supply network (mains)
¢harger

yehicle or detachable RESS

Figure 1 — Construction of the connection to the earth

Figure 1 shows TN-power supply systems. Other configurations including TT power supply systems

also gxist.

6.1.2 _General requirements for connection

6.1.2.1 Connection and disconnection

It shall not be possible to engage couplers/plug with different voltage rating or current rating.

Vehicle couplers and RESS couplers as the parts of the on-board charging system shall not be compatible.
In case of charging type B or C described in Annex A, vehicle connectors and RESS connectors may be
compatible in accordance with vehicle manufacturer’s guidance or relevant standards for connection.

When the vehicle connector is connected to charge the vehicle and/or disconnected, the means

preventing access to the live parts from any usual direction shall be provided.

Connection or disconnection of the vehicle coupler shall not cause the overturn of the vehicle in the

normal operating conditions.

© ISO 2015 - All rights reserved
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6.1.2.2 Protection against environmental pollution

Coupler shall be designed to be used under the micro ambient pollution degree 3 specified in Table 5.
Prohibition of coupler/plug disconnection under the macro ambient pollution degree 4 specified in
Table 5 shall be indicated in user’s manual, marking or other method.

6.1.2.3 Wiring

Any connections integral to the on-board charging system shall not cause overheating of the pins

and/or wire

s or impose undue strain on couplers/plugs.

Wire ways
relative to €
including th

Evenifthe n
is flexed thr]

If an open (
metallic tub)

Inlet openin

trattbesmoothranmd-free fromrstrarpedges-Separate partswhich camr move during cha
ach other shall not cause undue stress to electrical connections and internal conduc
pse providing equipotential bonding.

jovable part of the on-board equipment is moved backwards and forwards and.the cond

oil spring or cord guards are used, it shall be correctly installed and insulated. Fle
es shall not cause damage to the insulation of the conductors contained within them.

the sheath gf the wires and/or cable so as to afford complete mechanicalprotection.

Conduit ent|
that the inty

Fies, charging cable assemblies entries and knockout$\shall be constructed or locatg
oduction of the conduit or cable does not reduce cre€page distances or clearances wit

values specified in 8.5 and 8.6.

Conduit ent
that the inti
manufactur

Compliance

Fies, charging cable assemblies entries and kniockouts shall be constructed or locatg
oduction of the conduit or cable does notrgduce the protection measures adopted b
J¢

is checked by inspection.

6.1.3 Requirements for connection or no connection to the earth

6.1.3.1 R
The on-boar
NOTE R4

The insulat
each combiy]

The vehicle

bquirements for combination

d charging systeméhall be one of the combinations specified in Table 1 or Table 2.

fer to A.2 for the parts included in charging system.

on requirements described in Table 1 and Table 2 show the minimum requirement
jation.

nlétshall not be compatible with connectors which are not intended to accommodate.

ging
tors,

ictor

pugh the largest angle permitted by its construction, no damage shall oceur to the wiring.

xible

gs and/or charging cable assemblies entries shall allow the,introduction of the condyit or

bd so
h the

bd so

 the

s for
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Table 1 — Allowable combination of charger and vehicle (the case of charging type A)

On-board chargers (fixed on vehicle) Vehicles
Grade of Earthing of | Separation Grade of The .
insulation exposed between | .. . 1. | insulation | Earthingof construction
between the | conductive | the primary of gESS between the exposed of the.
enclosure parts of circuits and circuits accessible conductive | connection
and primary | primary secondary parts and parts to the earthd
circuitsc circuits circuits RESS circuits
Not galvani- A/B Basica b X Refer to a
cally separat- Double-or
ed A/B reinforceda o Rdfer to d
Galvanically A/B Basicb X Rdfer to a
separated
equivalent to Double or
Basi¢a b X basic insula- A/B reinforced 4 Refer to d
tion
Galvanically A — — Refer to d
separated A/B Basicb — Réfer to d
equivalent
to double or Doublor
reinforced A/B . — Rdfer to d
. : reinferced
insulation
Not galvani- A/B Basica b X Rdfer to c
cally separat- Double or
ed A/B reinforceda o Refer tob
Galvanically A/B Basicb X Rdfer to c
separated
equivalent to Double or
Double or o basic insulad A/B reinforced — Rgfertob
reinforced tion
Galvanically A — — Rdfer to b
seRqated A/B Basicb — Refer to b
équivalent
to double or Double or
reinforced A/B . — Rgfer to b
. ) reinforced
insulation
NOTE Potential equalization is required for the exposed conductive parts of voltage class B circuits of the vehicle in
ISO 1B063:2012, 8.12)
a  [B0 13063 dees not prohibit users from accessing to the voltage class A live parts of the vehicle.
b AccordingteISO 13063, an additional protection shall be required for the vehicle with the voltage clas§ B component
with pasie inSulation as a protective measure against electrical shock, in case that enough insulation is not gnsured under
singleé failure condition.
¢ Theenclosure of cnargers can pe constructed or the exterior portion (e.g. enciosurej or tne venicie anda also a part of the

enclosure of a charger may be exposed.

d  Referto6.1.1.

© ISO 2015 - All rights reserved
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Key

a.c. supply network (mains)
separatipn between the primary circuit and secondary circuit of on-board chargers
RESS

e parts of the vehicle

on-boarg
accessib
earth for] protection of the vehicle
earth for] protection of on-board chargers

insulation between the enclosure and primary circuits of on-board chargers

enclosurg of on-board chargers (fixed)

O 0 N O U1 b W N -

insulation between the accessible parts and RESS circuits of the vehicle

Figure 2 — Sample of circuit diagram (the case of charging type A)

Table 2 — Allowable combination of charger'and vehicle (the case of charging type B) or

detachable RESS (the case of charging type C)

Off-board d.c. chargerc Vehicle or detachable RESS
Separatipn between a.c. Voltagk dlass | Grade of insulation Earthing of | The construction
supply neti:lork (mains) and o fIg{ESS between the exposed of the connection
the vehicle or detachable Arcuits accessible parts conductive to the earthd
RESSc and RESS circuits parts
Galvanically|separated equivay A/B Basicb X Refertoaorc
lent to basic fnsulation A/B Double or reinforced — Refer tob or d
Galvanically[separatéd-equiv- A — — Refer tob ord
alent to double or reinforced A/B Basicb — Refertob ord
insulation A/B Double or reinforced — Refertob ord

a

b

C

for a vehicle.
d

Refer to 6.1.1.

ISO 13063 does not prohibit users from accessing to the voltage class A live parts of the vehicle.

NOTE Potential equalization is required for the exposed conductive parts of voltage class B circuits of the vehicle in
IS0 13063:2012, 8.12.

According to ISO 13063, an additional protection shall be required for the vehicle with the voltage class B component
with basic insulation as a protective measure against electrical shock, in case that enough insulation is not ensured under
single failure condition.

The grades showed in these columns are conditions of off-board chargers, which are necessary to provide requirements

10
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6.1.3.2 Requirements of the “connection to the earth”

The

ISO 18246:2015(E)

d.c. supply network (mains)

deparation between the a.c. supply network (mains) and the vehicle
¢n-board RESS

dccessible parts of the vehicle

garth for protection of the vehicle

insulation between the accessible parts and RESS circuit of the vehi€le

Figure 3 — Sample of circuit diagram (the.case of charging type B)

fonstruction of the connection to the earth\is specified in 6.1.1.

In the case of charging type A, the following conditions shall be satisfied in order to make up this

connlection:

Int

ot galvanically separated or galvanically separated equivalent to basic insulation etween the
Erimary circuits and secondary circuits;

the insulation of on-boakd chargers between the enclosure and primary circuits being|categorized
3s basic insulation;

the insulation ,of¥ehicle between the accessible parts and RESS circuits being catiegorized as
basic insulation;

¢arthingofienclosure of on-board chargers;

¢arthing of exposed conductive parts of vehicle.

a fFacn f chavging +una P
€ €a5e- o+ EargiREtype o

er'to make up

ar
OT

this connection:

galvanically separated equivalent to basic insulation between a.c. supply network (mains) and
vehicle and/or detachable RESS;

the insulation of vehicle and/or detachable RESS between the accessible parts and RESS circuits
being categorized as basic insulation;

earthing of exposed conductive parts of vehicle and/or detachable RESS.

The protection measures shall meet the requirements as described in 7.2 and 7.3 and compliance shall
be tested according to Clause 8.
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6.1.3.3 Requirements of “no connection to the earth”

The construction of the connection is specified in 6.1.1.

In the case of charging type A, the following conditions shall be satisfied in order to make up this

connection:

— not galvanically separated or galvanically separated equivalent to basic insulation between the
primary circuits and secondary circuits;

— the insulation of on-board chargers between the enclosure and primary circuits being categorized

as doub

— theinsu
or reinf

or

— galvani
and sec

— theinsy

as doubje or reinforced insulation;

— theinsu
basic in

or

— galvani
and sec

— the insy

as doubje or reinforced insulation;

— voltage

In the case
this connec

— galvani
vehicle

— the insy
being c{

or

— galvani

le or reinforced insulation;

brced insulation;

fally separated equivalent to double or reinforced insulation between the primary cif
bndary circuits;

lation of on-board chargers between the enclosure and primary:circuits being catego

lation of vehicle between the accessible parts and RESS circtits being categorized as at
sulation;

rally separated equivalent to double or reinfar¢ed insulation between the primary cir
bndary circuits;

lation of on-board chargers between the’enclosure and primary circuits being catego

class of RESS circuits being A.

fion:

fally separated equivdlent to basic insulation between a.c. supply network (mains]}
hnd /or detachable,RESS;

lation of vehicle and/or detachable RESS between the accessible parts and RESS cin
tegorized-as double or reinforced insulation;

of charging type B or C,the following conditions shall be satisfied in order to mak

lation of vehicle between the accessible parts and RESS circuits being categorized as d(l)uble

cuits

rized

least

cuits

rized

e up

and

cuits

tally separated equivalent to double or reinforced insulation between a.c. supply net

work

(mains)

and vehicle and/or detachable RESS;

— the insulation of vehicle and/or detachable RESS between the accessible parts and RESS circuits
being categorized as at least basic insulation;

or

— galvanically separated equivalent to double or reinforced insulation between a.c. supply
network (mains) and vehicle and/or detachable RESS;

— voltage

class of RESS circuits being A.

The protection measures shall meet the requirements as described in 7.2 and 7.3 and compliance shall
be tested according to Clause 8.

12
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6.1.3.4 Requirements of a “separate connection to the earth”

The

construction of the connection to the earth is specified in 6.1.1.

In the case of charging type A, the following conditions shall be satisfied in order to make up this
connection:

not galvanically separated or galvanically separated equivalent to basic insulation between the
primary circuits and secondary circuits;

the insulation of on-board chargers between the enclosure and primary circuits being categorized
as double or reinforced insulation;

he insulation of vehicle between the accessible parts and RESS circuits beinghcategorized as
asic insulation;

¢arthing of exposed conductive parts of vehicle.

In the case of charging type B or C, the following conditions shall be satisfied in order|to make up

this

connection:

galvanically separated equivalent to basic insulation between*a.c. supply network [mains) and
yehicle and/or detachable RESS;

the insulation of vehicle and/or detachable RESS betweén ‘the accessible parts and RESS circuits
Ibeing categorized as basic insulation;

¢arthing of exposed conductive parts of vehicle and/or detachable RESS.

NOTH The requirements described in “connection to the earth” are applicable if off-boaifd charger is

equigped with earthing.

Wheh the equipotential bonding terminal of RESS/vehicle isolated with basic insulation is jonnected to
the protective conductor, the protectiveearthing connection between the a.c. supply network (mains)

and

The

be tested according to Clause 8.

6.1.3.5 Requirements ‘of “partial connection to the earth”

The

RESS and/or vehicle may be bypassed through the off-board charger assembly.

protection measures shall méetthe requirements as described in 7.2 and 7.3 and compliance shall

fonstruction of-the connection to the earth is specified in 6.1.1.

In tHe case of charging type A, the following conditions shall be satisfied in order to make up this

connjection:

or

otgalvanically separated or galvanically separated equivalent to basic insulation etween the
$rimary circuits and secondary circuits;

the insulation of on-board chargers between the enclosure and primary circuits being categorized
as basic insulation;

the insulation of vehicle between the accessible parts and RESS circuits being categorized as double
or reinforced insulation;

earthing for enclosure of on-board chargers;

galvanically separated equivalent to double or reinforced insulation between the primary circuits
and secondary circuits;
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— the insulation of on-board chargers between the enclosure and primary circuits being categorized

as basic

insulation;

— theinsulation of vehicle between the accessible parts and RESS circuits being categorized as at least
basic insulation;

— earthing for enclosure of on-board chargers;

— galvanically separated equivalent to double or reinforced insulation between the primary circuits
and secondary circuits;

— the insy
as basid

— voltage
— earthin

In the case
this connec

lation of on-board chargers between the enclosure and primary circuits being catege
insulation;

class of RESS circuits being A;

b for enclosure of on-board chargers.

fion:

of charging type B or C, the following conditions shall be satisfied in order to mak

rized

e up

and

cuits

cuits

iwork

S not

— galvanigally separated equivalent to basic insulation between a-€<supply network (mains]}
vehicle and/or detachable RESS;

— the insylation of vehicle and/or detachable RESS between the accessible parts and RESS cin
being categorized as double or reinforced insulation;

or

— galvanigally separated equivalent to double or reinforced insulation between a.c. supply
network (mains) and vehicle and/or detachable RESS;

— the insylation of vehicle and/or detachable"RESS between the accessible parts and RESS cin
being categorized as at least basic insulation;

or

— galvanigally separated equivalent to double or reinforced insulation between a.c. supply net
(mains)|and vehicle and /ordetachable RESS;

— voltage [class of RESS eircuits being A.

NOTE1 The requirements described in “no connection to the earth” are applicable if off-board charger

equipped with earthing,

The protect

ornvinéasures shall meet the requirements as described in 7.2 and 7.3 and compliance

shall

be tested ac

cording to Clause 8.

NOTE 2  When the off-board charger assembly is connected to the earth, the RCD or monitoring system to
detect leaking current to the earth can be installed onto the connection between the a.c. supply network (mains)

and RESS of t

he vehicle.

6.1.4 Service life of the vehicle inlet

The requirements of the vehicle inlet or RESS inlet are specified by the vehicle manufacturer.

6.1.5 Veh

icle behaviour during charging

If the plug is connected to the external electric power supply, vehicle movement by its own propulsion
system shall be impossible.

14
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For a vehicle with a permanently attached charging cable, this requirement is not applicable if using the
cable to charge the vehicle prevents the use of the vehicle (e.g. seat cannot be closed, the cable position
does not allow the rider to sit in or step into the vehicle).

In case that the device equipped on the vehicle provides the vehicle with maintaining standstill, the
propulsion motor may activate even if the plug is connected to the external electric power supply.

If the vehicle is disconnected from the external electric power supply, unintentional vehicle movement
by its own propulsion system shall not be induced.

6.2 A.C.connection

6.2.1 Requirements for the connection to a.c. supply network (mains)
Therf shall be only one means of connecting the charger to an external power supply.
Compliance is checked by inspection.

In thie case of charging type A described in Annex A, the connecting parits of charging calile assembly
that fomply with IEC 60884 shall not exceed the following ranges eithef-indoors or outdoofs:

dlternate rated working voltage 440 V;
— 3lternate rated current 32 A.

If pr¢-soldered flexible conductors are used for an a.c. conhéction with screw-type terminals, care shall
be taken that the pre-soldered area shall be outside of the clamp area when connected as forlnormal use.

6.2.2 Requirements of connection and/or disconnection process in a.c. contacts

6.2.2.1 Contact sequence
Earth contact, if any, shall close before line and neutral contacts.

The $equence of other contacts, if'any, shall be specified by the vehicle manufacturer.

6.2.1.2 Removal sequence
Earth contact, if any, shall open after line and neutral contacts.

The $equence of other contacts, if any, shall be specified by the vehicle manufacturer.

6.2.3 Protection from unintended voltage for a.c. connection

The plugor vehicle inlet shall comply with at least one of the following requirements:

— the energy shall be below 0,2 ] within 1 s after cut off of the external power supply;

— the voltage shall be below 60 V d.c. and 30 V a.c. (r.m.s.) within 1 s after cut off of the external
power supply.

NOTE Cut off of external power supply means loss of supply voltage, including disconnection and voltage
outage on the supply.

6.3 D.C. connection

6.3.1 Requirements of connection and/or disconnection process in d.c. contacts

For safety reasons, requirements of the connecting and disconnecting sequence shall be specified by
the vehicle manufacturer.
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6.3.2 Protection from unintended voltage for d.c. connection

The vehicle inlet shall comply with at least one of the following requirements:

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 lower than 0,2 ] at its maximum working voltage.
Total capacitance should be calculated based on designed values of related parts and components;

the voltage shall be below 60 V d.c. within 1 s after disconnection of the vehicle coupler.

These requirements shall be fulfilled in unmated portions of the vehicle inlet if other parts do not cover

poles.

6.3.3 Spe

Contacts sh{
correspond
of RESS cou

7 Proted

7.1 Gene

Protection 4
— basic pyf

measur

The basic g
hazardous-1
basic protec
or behind bg

Any expose
(operation a

NOTE
failure, those

W

7.2 Requ

In the case 0
supply netw
insulation a

it

cific requirements

1l be so designed as to ensure adequate contact pressure when completely engaged wit

er and/or vehicle coupler shall be self-adjusting to ensure adequate contaét pressure.

tion of persons against electric shock

ral requirements

gainst electric shock shall be comprised of the following:

otection measures against direct contact with hazardous-live-parts;
bs for protection under single failure conditions.

rotection measures against direct contact shall be provided by basic insulation o
ve-parts or any hazardous-live-parts while charged shall not be accessible in normal y

5 described in 7.3.4 and the equivalent potential equalization as described in 7.3.5.

h the

g connection between the charger device and vehicle couplers or RESS of thé véhicle. Contacts

f the
se. If

Lion is provided by barriers/enclosur€és, hazardous-live-parts shall be placed inside enclogures
rriers, preventing access to the hazardous-live-parts from any usual direction of access.
d conductive parts shallenot become hazardous-live-parts under normal conditions
s intended use and in the‘absence of a failure) and under single failure conditions.
hen one or more live(parts isolated from primary circuit and from earth become accessihle by
parts are not considered hazardous-live-parts if they are at the same potential.
Erements and'measures for voltage class A on-board components

no galvanic separation or galvanic separation equivalent to basic insulation between the a.c.
ork (mains) and voltage class A circuits, the voltage class A circuit shall have the equivalent

NOTE

the class A circuits can be hazardous-live-parts under single failure condition.

7.3 Requ

irements and measures for the voltage class B on-board charging system

7.3.1 Requirements for the on-board charging system

Protection against electric shock shall be comprised of the following:

If the insulations between the a.c. supply network (mains) and voltage class A circuits are only basic,

a) basic protection measures against direct contact with hazardous-live-parts (basic protection);

b) measures for protection under single failure conditions.

The protection measures shall meet the requirements as described in 7.3.2.

16
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7.3.2 Protection under single failure conditions
The voltage class B on-board equipment shall have sufficient isolation resistance according to 8.4.

If the minimum isolation resistance requirement cannot be maintained under all operational conditions
and over the entire service life, one of the following measures shall be applied:

a) monitoring of the isolation resistance periodically or continuously. An appropriate warning shall
be provided if loss of isolation resistance is detected. The voltage class B on-board charging system
may be deactivated depending on the operational state of the vehicle or the ability to activate the
voltage class B on-board charging system may be limited;

b) dlouble insulation or reinforced insulation;
c) 4n additional layer of barriers/enclosures over the basic protection.

Expgsed conductive parts of voltage class B electric on-board equipment includingexposed conductive
barriers/enclosures shall be bonded to the electric chassis and/or exposed’ conductive parts for
potential equalization.

7.3.3 Requirements of barrier/enclosures

If protection is provided by barriers/enclosures, hazardous-live-parts shall be placed insidg enclosures
or bghind barriers, preventing access to the hazardous-live-parts from any usual direction [of access.

The |barriers/enclosures shall provide sufficient mechanical resistance under normgl operating
condjitions, as specified by the manufacturer.

If bafriers/enclosures are accessible directly, they.shall be opened or removed only by usg of tools or
mairftenance keys or they shall have means to d€activate hazardous-live-parts with class|B voltage of
the an-board charging system.

NOTE 1 Refer to 9.1 for marking on barhiers/enclosures of voltage class B electric parts of the on-board
charging system.

NOTHE 2 Refer to 74.2 for the sminimum protection degree for person against electrical shock on
barripr/enclosures.

7.3.4 Requirements of insulation

If protection is provided by insulation, the hazardous-live-parts of the on-board charging system shall
be tatally encapsulated by insulation, which can be removed only by destruction or tools.

The finsulating\material shall be suitable to the maximum working voltage and operating/storage
temperaturexdtings of the vehicle and its charging system.

Insulating varnish, dope, enamel, and other similar materials are not acceptable as basic ilnsulation of

the velfaca clacce B camnanantc
Viertage-cao5s b o poRehts:

The insulation of the voltage class B components shall fulfill the withstand voltage capability according
to the withstand voltage test in the 8.3.

7.3.5 Requirements of potential equalization

All voltage class B on-board components forming the potential equalization current path (conductors
and/or connections) shall withstand the maximum single failure current in a maximum failure
clearance time.

The resistance of the potential equalization path between any two exposed conductive parts of the
voltage class B on-board charging system which can be touched simultaneously by a person shall not
exceed 0,1 Q.
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7.4 Protection degrees

7.4.1 General
The on-board charging components shall comply with the protection degree IPXXB at minimum.

The on-board charging components shall meet their minimum protection degree for person against
electrical shock shown in Table 3.

If vehicle coupler parts and/or cable parts can be disconnected without tools, they shall comply with
[PXXB at minimum in unmated condition for the contacts that can have class B voltage.

Table 3 — Protection degree

Part Minimum protection degree

For charging assembly IPXXD or IPXXB

For vehicle couplers mated IPXXD

For plugs mated IPXXD

For vehicle couplers not mated [PXXD or IPXXB

For plugs not mated Conform to regulation of €ach country

7.4.2 Requirements of the protection degree of barrier/enclasures against electric shock
Barriers/englosures shall comply with the protection degree IPXXB at minimum.

In case th¢ barriers/enclosures can be intentionally.er unintentionally accessed under ngrmal
conditions df use and without any tool by the rider, barrier/enclosures shall comply with the protection
degree [PXXD at minimum.

8 Otherrequirements for the on-board charging system

8.1 General test requirements of on-board equipment

The tests to|verify the protection-medsures shall in principle be performed on each electrical circyit on
the on-boargd equipment.

If the safety aspects in relation to on-board equipment are not affected, the tests may be performed
outside the yehicle.

The tests shpll be carried out with the on-board equipment, or any movable part of it, placed in the most
unfavourable position which may occur in normal use. Unless otherwise specified, the tests shall be
carried out [nd draught-free location and at an ambient temperature of 23 °C + 5 °C.

8.2 Degree of protection of on-board equipment
The on-board equipment shall meet their minimum degree of protection shown in Table 4.

In case of using the standard type plug, the degree of protection shall be subject to their manufacturers’
specifications. Tests shall be made on each standard type plug to ensure the plug complies with
requirements specified in Table 4.

The on-board electrical equipment installed at the place of the pollution degree 3 described in Table 5
shall be adequately protected against the ingress of solids, liquids, and/or contaminants such as dust,
acids, corrosive gases, and salts that can be present in the physical environment.

The degree of protection of solid foreign objects and of liquids shall give no influences under normal
use against dust, coolants, and swarf.
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The on-board equipment shall be designed when dismantling to avoid displacing any water within the
on-board equipment. The on-board equipment shall then withstand the dielectric strength specified in
8.3 and, after carefully wiping the vehicle couplers/plugs to remove any surplus water, an inspection
shall show that there is no trace of water on insulation which could result in a reduction of creepage
distances or clearances below the values specified in 8.5 and 8.6.

Compliance is checked by inspection or tests specified in ISO 20653.

Table 4 — Degree of protection of the on-board equipment

- Degree of protection
i Indoor use Outdoot-use
Vehig¢le coupler/charger coupler mated P21 P44
Vehi¢le coupler not mated P21 P44
Charger coupler not mated P21 P24
Plugnot mated Conform to regulation of each Conform to regulatiopn of each
country country

Table 5 — Pollution degree of the on-board equipment

Pollution degree Environmental eonditions
1 No pollution or only dry, non-conductive palution occurs. The pollution has ng influence.
2 Only non-conductive pollution occurs except that occasionally, a temporary conductivity

caused by condensation is to be expegcted.

3 Conductive pollution occurs or dry;hon-conductive pollution occurs which be¢omes con-
ductive due to condensation whi¢h is to be expected.

4 Continuous conductivity ocCurs due to conductive dust, rain or other wet conditions.
NOTH This table is extracted from IEC 60664 -1;4.6.2. The related information also can be found in IEC 60644-1 .

8.3 | Dielectric withstand characteristics of on-board equipment

8.3.1 Test voltage not condiictively connected to the parts

The test voltage, a.c. or @-¢7; shall be more than the highest voltage that is actually applied to the parts.
The test voltage shall-be derived from the relevant over-voltages of the electric circuit o which the
part$ are connectéd) Transient over-voltages that can be expected, including influences| from other
connections to eXternal electric power sources, if any, shall be considered. The test voltage and its
durafion shall be specified, considering applicable parts and sections of IEC 60664 by| the vehicle
manyfacturer.

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. (r.m.s.) if basic insulation applies;

b) (2U + 2 400) V a.c. (r.m.s.) if double insulation and/or reinforced insulation applies between a.c. or
d.c. parts of class B voltage and d.c. parts of class A voltage;

NOTE In case of double insulation and/or reinforced insulation applying in between the a.c. or d.c. parts
of class B voltage and d.c. parts of class A voltage, the dielectric withstand voltage between d.c. parts of class
A voltage and exposed conductive parts is specified in 8.3.2.

c¢) (2U+3250)Va.c. (r.m.s.) if double insulation and reinforced insulation applies

where U, expressed in volts, is the maximum working voltage of the electric circuit to which the
parts are connected.
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The equivalent d.c. test voltage is 1,41 times the a.c. (r.m.s.) value.

The following test procedure shall be applied:

all voltage class B live parts of the on-board equipment shall be connected to each other;

for components with conductive housing, all live parts of the voltage class A electric circuit of the

on-board equipment and all exposed conductive parts of the on-board equipment shall be connected
to each other;

for components with non-conductive housing, all live parts of the voltage class A electric circuit of the

on-board equipment and electrode wrapped around the housing shall be connected to each other;

compon
measur
apparat
the full

8.3.2 Die

In case of d
class B voltd
equal to (2

parts only, {

8.4 Isolaf

8.4.1 General

The minimuy
and at least
electric com

NOTE H
the human b
as shown in |
and other w3
100 Q/V for (

To meet the
a higher iso
the circuit W

If d.c. and a.
a)

option ]

ents designed for a lower test voltage and current consuming apparatus (e.g. wind
ng instruments and voltage surge suppression devices) shall be disconnected.
us shall be disconnected at one of their terminals unless they are not designed-{o‘withg
test voltage, in which case all terminals may be disconnected.

ectric withstand voltage of voltage class A direct current part

puble insulation and/or reinforced insulation applying in betweenthe a.c. or d.c. paj
ge and d.c. parts of class A voltage, the dielectric withstand yoltage expressed in V sh
[/r + 500) V a.c. (r.m.s.) for 2 min and applied between live-parts and other exposed 1

[ion resistance requirements of on-board equipment

m isolation resistance of the on-board equipment shall be at least 100 Q/V for d.c. ciq
500 Q/V for a.c. circuits. The reference-shall be the maximum working voltage with
ponent or circuit while charged.

hzard of electric shock occurs when'electric currents depending on value and duration pass thj
bdy. Harmful effects can be avoided if the current is within zone DC-2 for d.c. or zone AC-2 f
EC/TS 60479-1: 2005, Figure 20 and Figure 22, respectively. The relation of harmful body cur
ve forms and frequencies(isdescribed in IEC/TS 60479-2. The isolation resistance requireme
.c.or 500 Q/V for a.c. allew body currents of 10 mA and 2 mA, respectively.

above requirement for the entire circuit of the on-board equipment, it is necessary to
ation resistance for each part, depending on the number of the parts and the structy
rhich they belong.

:meet at least the 500 (/V requirement for the combined circuit;

vhere Ur, expressed in volts, is the rated voltage of the eléétric circuit of voltage class A.

C. circuits'are conductively connected, one of the following two options shall be fulfillgd:

ings,
Such
tand

ts of
11l be
netal

cuits
each

ough
r a.c.
rents
nts of

have
re of

b) option 2: meet at least the 100 Q/V requirement for the entire conductively connected circuit, if at

least on

e of the additional protection measures as defined in 8.4.2 is applied to the a.c. circuit.

8.4.2 Additional protection measures for the a.c. circuit connected to the d.c. circuit of the on-
board equipment

One or a combination of the following measures in addition to or instead of the basic protection
measures as described in 7.3 may be applied to provide protection against single failure(s) to address
the failure(s), for which it is intended:

a)

b) double or reinforced insulation instead of basic insulation;

20

one or more layers of insulation, barriers, and/or enclosures in addition to the basic protection;
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c) rigid barriers/enclosures with sufficient mechanical robustness and durability, over the vehicle
service life.

NOTE The rigid barriers/enclosures include (but are not limited to) power control enclosures, motor

housings, connector casings and housings, etc. They can be used as single measure instead of basic
barriers/enclosures to meet both basic and single failure(s) protection requirements.

8.5 Creepage distance of on-board equipment

The creepage distance of the on-board charging system shall be designed according to [EC 60664-1. In
this case, the pollution degree shall be suitable for the range of application specified in IEC 60664-1.

If elefctrolyte leakage of RESS can occur under normal operating conditions, it is recommenlded that the
creepage distance be as follows (refer to Figure 4).

a) In the case of a creepage distance between two connection terminals of thejelectric cifrcuit for the
¢harging system:

d=0,25U+5 (1)

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

d>0,125U+5 (2)

whefe
d isthe creepage distance measured on the tested device, in millimetres (mm);

U isthe maximum working voltage between the two connection terminals of each el¢ctric com-
ponent or circuit while charged, in velts (V).

donduetive surface
donnéctor terminal

1
2
3  cCreepagedistarce
4

clearance

Figure 4 — Creepage distance and clearance

8.6 Clearance of on-board equipment

The clearance of the on-board charging system shall be designed according to IEC 60664-1. In this case,
the pollution degree shall be suitable for the range of application specified in IEC 60664-1.
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If electrolyte leakage of RESS can occur under normal operating conditions, the construction around
the voltage class B electrical circuits shall be designed to fulfill the clearance shown in Table 6.

NOTE This requirement can be applied to clearance around vented lead-acid batteries.

Table 6 — Minimum clearance of the on-board equipment

Maximum working voltage of Minimum clearance da
each electric component or mm
circuit whli]le charged Current< 63 A Current > 63 A
d.c.V a.c.V (r.m.s.) L-Lb L-Ac L-Lb L-A¢
60 <U=<1p5 30<U=<125 3 5 5 6
125 < U < 250 3 5 5 6
250 < U <380 4 6 6 8
380 < U <500 6 8 8 10
500 < U <660 6 8 8 10
660 < U <800 660 < U <750 10 14 10 14
800<U=<1|500 | 750<U<1000 14 20 14 20

NOTE This classification of working voltage is prepared for clearance requirementyonly.

a  Refer to Higure 4.

b Distance petween two of connection terminals of the on-board equipment.

¢ Distance petween the live part and the PE of the on-board equipment.

8.7 Touch current

When the vehicle is connected to a.c. supply network (mains), the touch current of the vehicle sha|l not
exceed the fpllowing values according to the testprocedure specified below:

— for the yehicle with earthing connection 3,5 mA peak;
— for the yehicle without earthing-connection 0,35 mA peak.

The touch durrent shall be measured when the vehicle is connected to a.c. supply network (mpins)
and the vehjcle system is operdting at highest rated power, highest rated frequency and 110 % df the
highest rated voltage with-disconnection of the protective conductor (switch “e” in IEC 60950-1 gpen)
in accordanfe with IEC 60950-1, 5.1.3. The touch current shall be then measured in accordance [with
[EC 60950-1], 5.1.4, usingthe measurement network of IEC 60950-1, D.1 and considering the r.m.s. value.
Terminal A ¢f measuring network shall be connected to an enclosure of equipment under test (EUT) via
measurement switch “s” such as shown in IEC 60990, Figure 6 or 11.

The above mpjeasurement shall be repeated with reversed polarity of the current carrying conductgrs, if
applicable (switch “p1” in I[EC 60950-1).

The circuitry connected through a fixed resistance or referenced to earth (e.g. electric vehicle
connection check) should be disconnected before this test.

8.8 Requirements for the emission of hazardous gases and other hazardous substances

To prevent explosion, fire or toxicity hazards, the following requirements apply when hazardous gases
and other substances can be emitted by the RESS. These requirements shall consider normal operating
and environmental conditions. No potentially dangerous concentration of hazardous gases and other
hazardous substances shall be allowed around the vehicle.

Refer to the latest version of applicable national/International Standards or regulations for the
maximum allowed accumulated quantity of hazardous gases and other substances.
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Appropriate countermeasures shall manage single failure situations.

8.9

Environmental tests

8.9.1 General

During the following tests, the on-board equipment shall function at its nominal voltage with maximum
output power and current of each electric component or circuit while charged. After each test, the on-
board equipment shall meet its performance requirements.

8.9.2—Ambientair temperature

The pmbient air temperature of the on-board equipment while preserved and/or_Charg
exceed +40 °C and its average over a period of 24 h shall not exceed +35 °C. The ambient air t
of the on-board equipment while preserved and/or charged shall not descend.lower th

nee

The
temp
thos;

The

NOTH

8.9.3

The
char

8.9.4

The
106

8.10

The
grasj

d, the other ambient air temperature can be specified.

on-board equipment shall be tested at the specified ambient(temperature, thg
erature and minimum temperatures at the power levels guaranteed by the manufac
e conditions.

n-board equipment shall go through a start and stop cycle-at-each temperature.

National standards or regulations may require different operating temperature ranges.

Ambient humidity

bn-board equipment shall be designed with;a relative humidity rate between 5 % a
bing and preserving.

Ambient air pressure

n-board equipment shall be desighed to operate at an atmospheric pressure between
) hPa for charging and presefiving.

Permissible surface-temperature

maximum permijssible surface temperature of the on-board equipment that is toud
bed, at the maximum rated current and at ambient temperature of 40 °C, shall be

70 °C for megal parts, and

— 85 °C fornon-metallic parts.

ed shall not

emperature
an -5 °C. If

P maximum
turer under

nd 95 % for

860 hPa and

hed but not

8.11 Environmental conditions

The on-board equipment shall be designed to

— resist the effect of normal electric vehicle solvents and fluids,

— resist the effect of vibration and shock,

— resist the effect of other conditions appropriate to the application, and

— comply with material flammability standards.
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8.12 Unintentional charging system behaviour

Unintentional behaviour of the on-board equipment caused by single-point man-made, hardware or
software failure(s) (single failure(s)) during operation in the system and components specific to electric

vehicles and

on-board equipment shall be minimized.

8.13 Electromagnetic compatibility

8.13.1 Susceptibility

Care shall b

taken tominimize p]nr‘fr‘nmagnpfir‘ cncr‘ppfihi]ify of the on-board pr}nipmpnf, takin

account nat

8.13.2 Emi

Care shall b
account nat

8.14 Servi

The on-boaj
remove, ser

9 Markij

9.1 Marki

The vehicle
Internationa

The symbol
equipment.
live parts o
considered

the arrow shall be black in accordanee with ISO 3864-1.

onal standards or regulations and International Standards.

ssions

e taken to minimize electromagnetic emission from the on-board equiphient, taking
onal standards or regulations and International Standards.

ce

d equipment shall be designed so that vehicle manufactufers’ certified technicians
Vice and replace it if necessary.

hg, instructions, and indications

ing

shall be marked in accordance with applicable national standards or regulations
11 Standards.

shown in Figure 5 shall appear on (preferably) or near voltage class B parts of the on-h
Che same symbol shall be visible on barriers and enclosures, which, when removed, ex
F voltage class B circuits. Accessibility and removability of barriers/enclosures shou
for the necessity of the symbol. The symbol background shall be yellow, the bordering

into

into

may

and

oard
pose
d be
r and

Figure 5 — Symbol of voltage class B parts of the on-hoard equipment

9.2 Legibility

The markings required by this International Standard shall be legible with corrected vision, durable
and visible during use.

The marking shall have a good contrast with their background. If the indication may be placed on a
vehicle, parts of a vehicle or the on-board equipment, the indication may be viewed by the rider from

one’s norma

24

| seated position.
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9.3 Connection instructions

Instructions for the connection of the vehicle to an external electric power supply shall be provided
with place of manufacturer indicating and/or the user’s manual.

9.4 Indication

The on-board equipment may be able to indicate that the vehicle is properly connected to an
external electric power supply. The indication may be easily recognizable by the person who carries
on the charging.

The ¢n-board equipment may be able to Indicate that the vehicle 1s ready for energy to be.sypplied from
the external electric power supply. The indication may be easily recognizable by the person|who carries
on tHe charging.

The Indication shall have a good contrast with their background. If the indicatiopn“may be{placed on a
vehigle, parts of a vehicle or the on-board equipment, the indication may becviewed by the rider from
rider|'s normal seated position.
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Annex A
(informative)

Charging types

A.1 Classification of charging type

In the most
network (m
third is the

The

classifi

between thd

For cha
are eled

For cha
the veh

hins). The second is the charger assembly that consists of charger and cable assembly
RESS, which may be incorporated onto the vehicle.

Cation has been defined based upon acceptance of the connection andfor disconne
se three portions for operational safety:

'ging type A, the charger and the RESS are not able to be removed-\from the vehicle and|
trically not able to be disconnected from the vehicle.

rging type B, the RESS is not able to be removed and the chaxger is able to be removed
cle. The RESS is electrically not able to be disconnected from the vehicle and the char

fundamental sense of charging, there are three functional portions. The first is the S\Ilpply

The

cting

they

from
rer is

y are

ypes

electrichlly able to be disconnected from the vehicle.
For charging type C, the charger and the RESS are able to-be removed from the vehicle and the|
electrichlly able to be disconnected from the vehicle.
Any connections belong to conductive charging systemsare able to be classified into the charging t
of Figure A.1.
1 D 2 3
|
Y s Y
+1a.C. L
A © | d.c.
|
|
1 2 | 3
|
| ao 4
B Olmm d.c | T
|
1 2 4
4 Y /o
c AL 1a.C. | | L]
- N~ d.C.| T :
Key
1 a.c. supply network (mains) A charging type A
2 charger B charging type B
3 RESS C charging type C
4  detachable RESS D electrical detachable line from the vehicle
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Figure A.1 — Classification of charging type in the conductive charging
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