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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Di

[SO draws
patent(s).

rights in r¢
patent(s) ¢
this may n
WWW.iS0.0

fFectives, Part 2 (see www.iso.org/directives).

attention to the possibility that the implementation of this document may invoelve'th
SO takes no position concerning the evidence, validity or applicability of.any”clairy

fhich may be required to implement this document. However, implementefs are cau
bt represent the latest information, which may be obtained from the patent database {
g /patents. ISO shall not be held responsible for identifying any or,all. such patent righ

Any trade
constitute

For an exp
related to
Organizati

name used in this document is information given for the convenience of users an
an endorsement.

anation of the voluntary nature of standards, the meaning of ISO specific terms and e
conformity assessment, as well as information about ISO's adherence to the W
bn (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/fore

e use of (a)
ned patent

pspect thereof. As of the date of publication of this document, ISO had not‘eceived nfotice of (a)

fijoned that
wvailable at
S.

d does not

Xpressions
prld Trade
word.html.

This document was prepared by Technical Committee ISO/TC 23, Tractors and machinery for

and forestn
machinery,
maintenan

Any feedb
complete li

y, Subcommittee SC 19, Agricultural electropnics, in collaboration with ISO/TC 127, Eq
Subcommittee SC 3, Machine characteristics, electrical and electronic systems, opg
Ce.

ick or questions on this document'should be directed to the user’s national standar
sting of these bodies can be found’at www.iso.org/members.html.

agriculture
rth-moving
ration and

ds body. A

© IS0 2025 - All rights reserved
vi


https://www.iso.org/directives-and-policies.html
https://www.iso.org/patents
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=5e63fdab8ecbaabb59a7a48b9d5317f1

ISO 23285:2025(en)

Introduction

Electrification technology can provide increased flexibility in mobile machinery configuration. It offers
efficiency gains and enhanced power delivery options, which are not possible with current mechanical and

hydraulic s

ystems.

Traditional agricultural and earth-moving machinery electrical systems operate in VC-A1, 0 VDC to 32 V DC
and 0 VACto 21 V AC. VC-B2 mobile machinery operate in the 75V DCto 1 500 VDCand 50 VACto 1 000 V AC
and are covered by ISO 16230-1 for agricultural machines and ISO 14990 series for earth-moving machines.
This document covers mobile machinery with systems operating in VC-A2 and VC-B1 (see Table 1). Some of
the content of this document is based on IEC 60204-1 and IEC 62477-1, adapted to the specific application
of agricultural and earth-moving machinery. Non-electrical hazards are addressed by ISO 4254 series for

agriculturdl machinery, SO 26322 series for tractors used in agriculture and forestry, and ISO,2Z

for earth-

Even thoug
the voltage
hazards, c(
are include

Having a b|
about the 4

This docun

This docur
players wit

machij
health

Others can

— machil

machij

Servics

The above
process of

or hazardous events\are covered are indicated in the Scope of this document.

When requ

consuners (in case of machinery intended for use by consumers).

oving machinery.

bh this document addresses most hazards associated with the use of electrical/’systg

nformance with it cannot be taken as an absolute guarantee of electrical’'safety. Areas
d in the list of significant hazards found in Annex A.

ackground in the IEC approach to electrical system safety helps«thé user make bette
pplication of this document.

hent is a type-C standard as stated in ISO 12100.

hent is of relevance, in particular, for the following stakeholder groups representing
h regard to machinery safety:

he manufacturers (small, medium and large entérprises); and

and safety bodies (regulators, accident prévéntion organisations, market surveillance

e users/employers (small, medittm and large enterprises);
he users/employees (e.g. tradé unions, organizations for people with special needs);

e providers, (e.g. for maintenance, small, medium and large enterprises);

this document. The machinery concerned and the extent to which hazards, hazardoug

irements of this type-C standard are different from those which are stated in type-4

D474 series

bms within

t ranges in the scope of this document, owing to the possible presence of?additional electrical

of concern

r decisions

the market

etc)

be affected by the level of machinery.safety achieved with the means of the docunpent by the
above-mentioned stakeholder groups:

tmentioned Stakeholder groups have been given the possibility to participate at the drafting

situations

\ or type-B

standards,

the requirements of this type-C standard take precedence over the requirements of the other

standards for machines that have been designed and built according to the requirements of this type-C

standard.
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International Standard

ISO 23285:

2025(en)

Agricultural machinery, tractors, and earth-moving
machinery — Safety of electrical and electronic components
and systems operatingat 32 Vto 75 VDCand 21 Vto 50 V AC

1 Scope

This document primarily specifies both general design requirements and guidelines for px
operators and bystanders against electric shock and electrically induced fire, for voltage classes 4
to 60 VDCfand 21 VAC to 30 VAC) and B1 (60 VDCto 75V DC and 30 V AC to 50 V AC), including
synthesizeld by power electronic converters. This document is limited to addressing hazards tha
commonly|found in 12 V DC and 24 V DC systems, including those related to higher power cony
drive motars.

NOTE 1
content of t

This docun

tractol
and m

earth-

For mobile
document
systems w

NOTEZ 1|

machines and ISO 14990 series for earth-movingmachines.

NOTE3 4
requiremen|
systems.

This docun
Alternativyq
mining equ

potentially

This docun

btection of
12 (32V DC
waveforms
C are not as
rerters and

Ithough protection against electrically induced fire hazards is addréssed sparingly, conformance to

is document has the impact of reducing the occurrence and hazards associated with fire.

hent is applicable to electric systems used on:

punted implements used in or with agriculture and forestry; and
moving machinery (EMM) as defined in ISO 6165@nd attachments.

machinery with multiple rated voltages, with*at least one system rated greater than
hddresses the risks associated with the interactions between VC-A2 and VC-B1 system
hich are nearby and rated greater thanV.C-B1.

lectrical safety requirements for greater than VC-B1 are described in ISO 16230-1 for
A\Ithough 12 V DC and 24 V DC.$ystems are generally below the limits of this document, meeting
ts of this document ensures‘that proper protection exists between the covered systems and Iqg

hent is applicable tomobile machinery that are either externally powered or self-power

 safety requirenients can be necessary for special equipment or components such as un
lipment. Thissdocument does not address the additional risks for mobile machinery o
explosive atmospheres.

hent deals with all significant hazards, hazardous situations, or hazardous events reley

's, self-propelled ride-on machines, interchangeable towed machinery, semi-mounted ifnplements,

VC-B1, this
5 and those

hgricultural

Qppropriate
wer voltage
ed or both.
derground

perating in

rant within
of misuse

its scope |

séesAnnex A), when the mobile machinery is used as intended and under conditiong

which are Teasonably foreseeable by the manufacturer. It specifies appropriate technical measures for
eliminating or reducing risks arising from significant hazards, hazardous situations, or hazardous events
during commissioning, operation, and maintenance.

This document is not applicable to mobile machinery manufactured before the date of its publication.

2 Normative references

The following documents are referred to in the text in such a way that some or all their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

© IS0 2025 - All rights reserved
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ISO 6405-1:2017, Earth-moving machinery — Symbols for operator controls and other displays — Part 1:
Common symbols

ISO 7010D),

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

[SO 12100:2010, Safety of machinery — General principles for design — Risk assessment and risk reduction

[SO 13857:2019, Safety of machinery — Safety distances to prevent hazard zones being reached by upper and
lower limbs

[SO 14990-1:2016, Earth-moving machinery — Electrical safety of machines utilizing electric drives and related

ISO 14990
component

ISO 14990
component]

ISO 15003
environmei

ISO 16230
component

ISO 19014
requiremer

[EC 60034
IEC 602041
IEC 603091

[EC 60364
electrical e

IEC 604171
IEC 60529,
IEC 60664
[EC 60990
IEC 61140:
IEC 61984,
IEC 62477-

components and systems — Part 1: General requirements

-2, Earth-moving machinery — Electrical safety of machines utilizing electric drives

nd related

s and systems — Part 2: Particular requirements for externally-powered machines

s and systems — Part 3: Particular requirements for self-powered machines

, Agricultural engineering — Electrical and electronic equipment -2+Westing re!
ital conditions

1:2015, Agricultural machinery and tractors — Safety of higher voltage electrical and
s and systems — Part 1: General requirements

3, Earth-moving machinery — Functional safety — Part 3:\Environmental performan
ts of electronic and electrical components used in safety-related parts of the control syste

1, Rotating electrical machines — Part 1: Rating and performance
1:2016, Safety of machinery — Electrical equipmént of machines — Part 1: General requi
1, Plugs, socket-outlets, and couplers for industrial purposes — Part 1: General requireme

5-54:2011/AMD1:2021, Low-voltage electrical installations — Part 5-54: Selection and
Huipment — Earthing arrangementsand protective conductors

), Graphical symbols for use on equipment

Degrees of protection provided by enclosures (IP Code)

(all parts), Insulationcoordination for equipment within low-voltage systems

2016, Methods of measurement of touch current and protective conductor current

016, Protection against electric shock — Common aspects for installations and equipme
Connectors — Safety requirements and tests

1:2022, Safety requirements for power electronic converter systems and equipment — Par

L3, Earth-moving machinery — Electrical safety of machines utilizing electric drives gnd related

sistance to

[ electronic

re and test
m

rements

nts

erection of

t 1: General

SAE J1614,

3 Term

Wirtng Distribution Systems for Off-Road, Self-Propeiited Work Machines

s, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 12100 and the following apply.

1) The graphical symbol collections of ISO 7010 and IEC 60417 can be previewed and purchased on the Online Browsing
Platform (OBP), www.iso.org/obp.

© IS0 2025 - All rights reserved
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

3.11

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

access system

(machine)

access system

system provided on a machine for ascending from the ground or descending to the ground or for moving
from one area on the machine to another area

[SOURCE: I

S0 2867:2011, 3.2.1]

3.1.2
accessible]
accessible
comply wit

Note 1 to en|
by atleast b

3.1.3
accessible]
part which

[SOURCE:
about finge

3.14
basic insu
insulation

Note 1 to en

conductive part
part having a conductive surface that is bare or covered by an insulating ldyer thg
h the requirements of basic insulation

try: An accessible conductive part is considered to be a hazardous live part if not separated fro
asic insulation.

part
as installed, can be touched by means of the jointed test firger in IEC 60529

EC 60050-442:1998, 442-01-15, modified — definitien<has been changed to be md
r accessibility]

Jation
pf live parts providing protection against ditect contact

try: Basic insulation does not include insuldtion used exclusively for a functional purpose.

Note 2 to entry: The use of winding wire coatings.as basic, supplementary, or reinforced insulation is 1

some VC-B2,

[SOURCE: ]
voltage raf

3.1.5
basic prot
Protection

(and higher) standards. However, VC:A and VC-B1 are not subject to such restrictions.

EC 60050-195:2021, 195-06-06, modified — definition has been clarified and better
ge covered by this document.]

ection
against electrical-shock under fault-free conditions

[SOURCE: IEC 60050-195:1998, 195-06-01]

3.1.6
conductiv

p part

it does not

m live parts

re specific

estricted in

reflect the

part of the

mdchine that is capable of conducting electric current

[SOURCE: I

3.1.7
converter

EC 60050-195:2021, 195-01-06, modified — definition has been made clearer]

electric energy converter
device for changing one or more characteristics associated with electric energy

Note 1 to entry: In informal usage, it is common to use the term "inverter” to mean converter, rectifier, or AC/DC or
AC/AC converter. The informal meanings of "inverter" are not used in this document.

[SOURCE: IEC 60050-151:2001, 151-13-36, modified — Note has been removed and replaced by a new Note.]

© IS0 2025 - All rights reserved
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double insulation
insulation comprised of both basic and supplementary insulation types

[SOURCE: I

3.1.9
earth

EC 60050-195:2021, 195-06-08, modified — definition has been made clearer]

local earth
ground, US
local ground, US
part of the Earth which is in electric contact with an earth electrode and whose electric potential is not
necessarily equal to zero

[SOURCE: |

3.1.10
electric ch
chassis
conductive

[SOURCE:
using chas

3.1.11

enclosure
part provi
contactin

Note 1 to en|
devices frorf

3.1.12

enhanced
protective
protective

[SOURCE: IEC 60050-195:2021, 195-06=27, modified — original term was enhanced protection pr

3.1.13

equipotential bonding

EPB
set of elect

Note 1 to ern]
to designatg
EPB connec
protection g

EC 60050-195:2021, 195-01-03]

assis

parts of a machine that are electrically connected and whose potential istaken as ref§

SO 6469-4:2015, 3.5, modified — replaced "vehicle" with "machine" and added opf
Bis]

ling protection of equipment against certain externdlinfluences and protection agg
iny direction

try: Enclosures provide protection of persons againstaccess to hazardous parts, and also prot
n the environment.

protection
provision having a reliability of. protection not less than that provided by two ix
provisions

ric connections-intended to achieve equipotentiality between conductive parts

try: In standards referenced by this document and elsewhere, earth, earthed and earthing ar
the equivalent of EPB. However, for mobile equipment it is often impractical and unnecessary

[SOURCE:
3.1.14

trence

ion of just

inst direct

bct enclosed

dependent

pvision]

b often used
to create an

Lion to the actual earth, rather the frame of the machinery or other metallic components are offten used for
gainst’shock.

functional-equipotential-bonding

FEPB
equipotent

ial bonding for the reasons other than electrical shock, fire, and arc flash safety

Note 1 to entry: In this definition ‘other than electrical shock, fire, and arc flash safety’ is most typically the use of EPB
to reduce electromagnetic interference and transient impact on control system functionality.

[SOURCE: IEC 60050-195:2021, 195-01-16, modified — to clarify electrical safety meaning within the
definition]

© IS0 2025 - All rights reserved
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protective-equipotential-bonding

PEPB

equipotential bonding for the purposes of electrical shock, fire, and arc flash safety

Note 1 to entry: In this definition ‘electrical shock, fire and arc flash safety’ most typically is the prevention of shock or
fires by use of EPB to maintain low touch currents during a fault condition or to provide a low resistance current path
facilitating effective OCP operation.

[SOURCE: IEC 60050-195:2021, 195-01-15, modified — to clarify electrical safety meaning within the

definition]

3.1.16

fault
system, de
inability tq

Note 1 to en

vice, or component unable to perform a required function, excluding both human-enj
perform a required function during preventive maintenance or other planned actioh

try: A fault is often the result of a failure but can exist without prior failure.

Note 2 to entry: A fault is not the operator ignoring a warning sign. ‘Ignoring’ is equivalent to human d

purposes off

3.1.17

12t
current sqg
electrical d
where I =d

Note 1 to eq
squared tim

3.1.18
interchan
machine wj

Note 1 to eq

this definition.

uared multiplied times the time
uantity used to determine energy through a protective device, such as a circuit breal
urrent and t = time

try: The excess heat generated in the protected condugtors, is approximately proportional to

es the duration of the overload.

seable towed machinery
hich is designed to be towed by a tracter-and changes or adds to its functions

try: It may include a load platform designed and constructed to receive any tools and applia

for those purposes, and to store temporarily anyimaterials produced or needed during work.

Note 2 to ¢
designed tof
permissible

[SOURCE: |

3.1.19

IP code
degree of
extent of g
foreign ob

process materials shall be\considered interchangeable towed machinery if the ratio of the
gross mass to the unladen-mass of that vehicle is less than 3,0.

SO 12934:2021, 3:123]

protection
roteetion provided by an enclosure against access to hazardous parts, against egr¢
ects and/or against ingress of water and verified by standardized test methods,

preventin

or and the

rror for the

ker or fuse,

the current

hces needed

ntry: Any vehicle intended to:be towed by a tractor and permanently incorporating an implement or

technically

bss of solid
related to

contact with live parts of a back-of-hand test (IPXXA), test finger (IPXXB), a test rod (I

PXXC), or a

test wire (IPXXD), which is also an indication of protection degrees related to the ingress of water and dust
through enclosures (e.g. IPX3 by water spray, IPX5 by a water jet, [IPX7 by short term immersion, IPX8 by
continuous immersion, or IP6X for dust)

Note 1 to entry: IP degrees of protection are defined in [EC 60529.

[SOURCE: IEC 60529:1989+AMD 1:1999+AMD 2:2023, modified — added extra context found in IEC 60529]
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3.1.20
live part

ISO 23285:2025(en)

conductor or conductive component intended to be electrically energized in normal use, but not a combined
EPB-neutral conductor

Note 1 to entry: Unless meeting all requirements of an EPB conductor, negative and neutral conductors are considered
live on a system even though they can be connected galvanically to the chassis. EPB conductors have additional
requirements for fault conditions and durability, which extend beyond a simple neutral or negative conductor.

3.1.21
lockout

lockout device
placement of an energy-isolating device, in accordance with an established procedure, ensuring that the

energy-iso

ating device and the eqUipIMent DEINg CONtroited canmnot be Operated umtit the device t

Note 1 to entry: A lockout device is any device that uses positive means, such as a lock, to hold afi“erfer

deviceina {

3.1.22

maximum
highest va
according {

[SOURCE: I

3.1.23

mobile m3
tractors,
implement|
machinery|

q

3.1.24

afe position, thereby preventing the energizing of machinery or equipment.

working voltage
ue of AC voltage (rms) or of DC voltage that can occur under any normal operating
o the manufacturer's specifications, disregarding transients, and fipple

SO 6469-3:2021, 3.26]

chinery

gelf-propelled ride-on machines, interchangeable‘towed machinery (3.1.18), sen

5, and mounted implements used in agriculture and forestry which also applies to eal
(EMM), as defined in ISO 6165

neutral conductor

conductor
electrical 4

electrically connected to the neutral point and capable of contributing to the dist
nergy

[SOURCE: IEC 60050-195:2021, 195-02-06]

3.1.25
pollution ¢
numeral cH

legree
aracterizing expectéd pollution of the micro-environment

[SOURCE: IEC 60050-581:2008, 581-21-07, modified — to eliminate irrelevant note]

3.1.26
power sup
provision ¢

ply
f electrieal energy from a source

5 removed

gy-isolating

conditions

li-mounted
'th-moving

ribution of

[SOURCE: IIEC 60050 151-13-75:2001]

3.1.27

protective barrier
part providing protection against direct contact from any usual direction of access

[SOURCE: I

EC 60050-195:2021, 195-06-15, modified — directionality has been clarified.]

© IS0 2025 - All rights reserved
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3.1.28

protective impedance

impedance connected between hazardous live parts and accessible conductive parts, of such value that the
touch current, in normal use and under likely fault conditions, is limited to a safe value, and which is so
constructed that its ability is maintained throughout the life of the equipment

[SOURCE: IEC 60050-442:1998, 442-40-24, modified — definition has been clarified to better reflect needs
of this document]

3.1.29

rated voltage

value of the voltage assigned by the manufacturer to a component, device, or equipment and to which
operation and performance characteristics are referred

Note 1 to enltry: [t is possible for equipment to have more than one rated voltage value or to have a rated‘vdltage range.
Note 2 to enftry: For three-phase power supply, the line-to-line voltage applies.
[SOURCE: IEC 60050-442:2014, 442-09-10, modified — to clarify and better reflect negds of this dlocument]

3.1.30
rated voltage range
voltage rarjge as declared by the manufacturer expressed by its lower and upper rated voltages

[SOURCE: IEC 60050-151:2001, 151-16-49]

3.1.31
residual cprrent device
RCD
switching ¢levice designed to make, carry, and break currents under normal service conditions ahd to cause
the opening of the circuit when the residual current attains a given value under specified conditipns

Note 1 to entry: A residual current device can be a combination of various separate elements designed t¢ detect and
evaluate th¢ residual current and to make and break current. A current sensing circuit combined with a coftrol system
utilizing sofftware can be used to meet the requirenments of an RCD.

[SOURCE: IEC 60050-442:2014, 442-05-02,;modified — added a note and removed mechanical gnd contact
from definjtion]

3.1.32
reinforced insulation
insulation system applied to lie parts which provides protection against direct contact equivalerjt to double
insulation

Note 1 to enftry: Reinforcédinsulation can be comprised of one, two or more layers which in some cases cain be difficult
to test indiviidually as-basic insulation or supplementary insulation.

[SOURCE: IEC 6@050-195:2021, 195-06-09, modified — to clarify and better reflect needs of this ocument]

3.1.33
single fault condition
condition in which there is a fault of a single protection (but not a reinforced protection) or of a single
component or a device

Note 1 to entry: If a single fault condition results in one or more other fault conditions, all are considered as one single
fault condition.

Note 2 to entry: A single fault definition does not include operator error. Operator error for example includes
intentionally removing a barrier with tools, ignoring safety signs, or intentionally contacting two separate exposed
terminals.

[SOURCE: IEC 60050-903:2013, 903-01-15, modified — to clarify and better reflect needs of this document]

© IS0 2025 - All rights reserved
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3.1.34

ISO 23285:2025(en)

supplementary insulation
independent insulation applied in addition to basic insulation, in order to provide protection against electric
shock in the event of a failure of the basic insulation

[SOURCE: IEC 60050-195:2021, 195-06-07, modified — to clarify and better reflect needs of this document]

3.1.35

touch current
electric current passing through a human body or through livestock when it touches one or more accessible

parts of an

electrical installation or equipment

Note 1 to entry: Methods of measurement of touch current are specified in IEC 60990.

[SOURCE: IIEC 60050-195:2021, 195-05-21, modified — Note to entry has been added]

3.1.36

voltage class

VC

classificatipn of an electric component or circuit according to its maximum working,véltage (3.1.2
Note 1 to enftry: See Table 1 for the alphanumeric code indicating a range of maximum-working voltages.
Note 2 to entry: Requirements in this document are based upon VC, however those requirements can b

lesser requi

[SOURCE: |

3.1.37

[fements based on analysis of the actual wave form and corresponding risk of injury, according

SO 6469-3:2021, 3.36]

wet envirgnment

environme
Note 1 to en

Note 2 to er]

or compone|

walk-in eled

Note 3 to en

3.2 Abb

AC
DC
EMC
EMM
[P

OCP
PPE

PTO

nt where equipment is likely to be exposed to rain, cleaning or splashing water

try: Agricultural sites and construction sites are typically considered wet environments.

try: A non-wet environment can be created if provisions are specifically made to place electr
hts in a location shielded from rain, cleaning or splashing water (e.g. portions of the operator’s

trical vault).

try: Submerged components and\systems are addressed separately in 5.11.
reviated terms

alternating current
direct current

electronragnetic compatibility

o

e shifted to
to 5.2.2.

cal systems
station or a

earth-moving machinery

The meaning of IP is found in IEC 60529, but IP is not a proper acronym in that standard. IP is
related to preventing contact with live parts of a back-of-hand test (IPXXA), test finger (IPXXB),
atestrod (IPXXC), or a test wire (IPXXD); also, an indication of protection degrees related to the
ingress of water and dust through enclosures (e.g. IPX3 by water spray, IPX5 by a water jet, [PX7

by short term immersion, IPX8 by continuous immersion, or IP6X for dust)

overcurrent protection (e.g. a fuse, circuit breaker, or solid-state device including its control system)

personal protective equipment

power take-off

© IS0 2025 - All rights reserved
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PWM
RMS

ISO 23285:2025(en)

pulse width modulation

root-mean-square

4 General requirements

4.1 V-model

The design methodology and layout of this document have been created in accordance with the V-model
depicted in Figure B.1.

4.2 Volt

The manuf

NOTE 1
VC-A into V!

|

A charactg
correlated

NOTE2 |

componenty.

NOTE3

Voltages c
componen{

4.3 Envi

AgES

acturer shall characterize the voltages of the electrical systems. The VC are given.in'Tg

Table 1 — Voltage classes

Maximum working voltage
Voltage class
VDC VAC, s
VC-A 0<U=<60 0<U=<30
VC-A1l 0<U<32 0<U=<2%
VC-A2 32<U=<60 21 <U=30
VC-B 60<U=<1500 30<U<1000
VC-B1 60<U=<75 30<U<50
VC-B2 75<U<1500 50<U<1000
VC-C 1500<U<36kV [1000<U=<36KkV
U = maximum working voltage

SO 6469-3 voltage class A extends to 0 V, which is outside the scope of this document. This doc
[-A1 and VC-A2.VC-Al includes 12 V DC.and 24 V DC systems.

rization of all voltage parameters including transients shall be made to verify
functioning of the components selected for design and field replacement.

or automotive, ISO 21780.addresses 48 V DC rated components and ISO 21498-1 addresses

C-A2 and VC-B1 have no requirements to utilize isolated power systems in this document.

bmpletely dinternal to an enclosure may exceed the rated voltage ranges of the
s (as ratéd)at the terminals).

rofimental and operational requirements

ble 1.

hment splits

the proper

VC-B rated

circuits or

The requirements given in this document shall be met across the range of environmental and operational
conditions for which the electrical system is rated to operate, as specified by the mobile machinery
manufacturer. Unless specified elsewhere in this document, the electrical system or its components
shall conform with to the environmental effects requirements of ISO 15003 for agricultural tractors and

machinery

and ISO 19014-3 for EMM.

Adequate protection shall be provided from penetration by moisture, dust, and debris consistent with
IEC 60529 according to environment where the productis intended to be used, the pollution degrees selected
and chemical compatibility of the design.

© IS0 2025 - All rights reserved
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4.4 Components and devices
Manufacturers shall ensure the components and devices of the electrical system are:

suitable for their intended use; and

— applied within their ratings (including derating as applicable), and in accordance with the supplier’s
instructions.

When relevant IEC standards exist, suitability for intended use includes either conformity with the safety-
related content of those standards or demonstration of a comparable level of safety (e.g. applicable parts of

the IEC 60034 series for rotating electrical machinery may be applied to various types of motors.)

For charge sand otherdevicesthat are to be connected the manufacturer shall prm/idp instructions to on]y
use chargdrs and other devices that are properly rated, compatible with the system, and compliant with
relevant standards (e.g. IEC 61851 for electric charging stations). These devices shall be evatuatef as part of
the electrig¢al system to ensure compatibility.

5 Protdction against electric shock hazards

5.1 Overview

The approaches to protection against electric shock hazards provided by this document are hased upon
those of IE[C 62477-1 for power converters, which are in turn based<n ‘those of IEC 61140, whidh provides
principles ¢f shock prevention. Adjustments to requirements are periitted for shock prevention gt electrical
frequenciep beyond the scopes of IEC 62477-1 and IEC 61140.

NOTE Annex C provides a summary of methods in this Clause:

5.2 General

5.2.1 Fupdamental requirements

Electric shpck protection shall be provided @gainst both direct contact and against indirect contacf occurring
under single-fault conditions.

Table C.2 |summarizes the paths.'for the prevention of shock directly described in this [document.
IEC 61140:2016, Annex A provides-further details and additional approaches for providing two protections
against electric shock which are.available to the user of the document.

5.2.2 Determination of shock protection requirements

5.2.2.1 (Qverview

The shock|pretection requirements given by this document are based on IEC 62477-1, and in some cases,
consideratjorrof ISO 6469-3.

NOTE Table C.3 summarizes the requirement differences between VC-A2 and VC-B1 using the methods in 5.2.2.2
and 5.2.2.3.

One or more of the methods in 5.2.2.2 through 5.2.2.5 shall be used to determine the shock protection
requirements, based on electrical characteristics, e.g. voltage, frequency, waveform shape, as well as the
environmental conditions, e.g. wet or non-wet. Since equipment in the scope of this standard is typically
used in wet environments, all protection requirements starting from 5.3 through the end of this document
assume a wet environment. The user shall assume a wet environment unless the design has appropriate
provisions or a specific use case determination for it to be considered as a non-wet environment. See
Table C.1 in Annex C for a summary of the optional methods.

© IS0 2025 - All rights reserved
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5.2.2.2 Simple method

For DC systems and zero-centred sinusoidal 50 Hz to 60 Hz wave systems, Table 1 is used for determining
the VC. The requirements that follow starting in 5.3 until the end of this document shall apply as applicable
to the VC from Table 1.

52.23 V

method

rms

For systems utilizing other waveforms such as multiphase AC square waves and pulsating DC waves, often
operating at frequencies other than 50 Hz to 60 Hz, the VC and requirements that follow are determined

from the row in Table 1 corresponding to the V

starting in

ms Of the waveform involved. The requirements
5.3 until the end of this document shall apply as applicable to the VC from Table 1.

that follow

NOTE1 ]
IEC 62477-1

NOTE2
in 5.2.2.2 aif

'he V., method will typically lead to greater requirements than those derived funda
and references.

[able C.3 summarizes the requirement differences between VC-A2 and VC-B1 using the simplif
d5.2.2.3.

5.2.2.4 \

When a vo
from IEC {
requireme
applicable

5.2.2.5 K

More adval
IEC 60479
drives. Cojf
approach i
hazards off
Therisk as|
and single
considerat
of this doc
performed|

For conned
level of IE
with ISO 6

5.3 Protective measures

To provide

nced methods to determine VC definitions and\associated requirements found in IH
2, IEC 60990 and IEC 62477-1 are used to analyse complex waveforms, such as those firom motor

[C sub-ranges method

tage is used that is less than the maximum allowed in the VC, redueed requirements :
b2477-1. Considerations for non-wet environments are also included in the detern
hts. The requirements that follow starting in 5.3 until the‘end of this document shg

undamentally derived method

|siderations for non-wet environments are also included in the analysis. If this type
5 used, the risk assessment for each application shall include a review of the possibl
ventricular fibrillation (VF), exposed contact area, let go/immobilization, and elect
sessment shall determine which of these hazards apply in service, maintenance, norma

on of the let-go/immobilization-hazard. The requirements that follow starting at 5.3 u

ument shall apply as applieable to the VC from Table 1, unless specifically modified
in this subclause 5.2.2.5.

tors containing sigmalpins with very small contact area (less than 1 mm?2), the next hig

p477-1.

protection from exposure to live parts, one or both of the following shall be used:

from Table 1, unless specifically reduced by analysis performed in this subclause 5.2.2].

mentally in

ed methods

ire derived
hination of

11 apply as
4.

C 60479-1,

of analysis
b electrical
ical burns.
operation,

fault conditions. For example, a.scenario with no grip-able access of live parts could eliminate

htil the end
by analysis

her voltage

[ 62477-1:2022, Table 2, is permitted, which is an additional means of modifying requirements

— basicp

TOLtECHIONT Per 54 and fautt protection per 5:5; oT

— enhanced protection per 5.6.

See Table C.2 for a summary of shock protection requirements.
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5.4 Basi

541 Ge

ISO 23285:2025(en)

c protection

neral

When basic protection is used to prevent persons from contacting hazardous live parts, it shall be
accomplished by one or more of these measures:

basic insulation per 5.4.2; or
use of enclosures or barriers per 5.4.3; or

limitation of touch current or capacitive discharge energy per 5.4.4; or

limitat

5.4.2 Balsic insulation

To provide

VC-A2 and
coordinati

voltages shall be protected in accordance with ISO 16230-1 for agricultural tractors and m3

[SO 149901

An accessi
higher live

5.4.3 En

54.3.1 \

To provide
behind bar

5.4.3.2 \

To provide
following 3

— be plag

bepos
of live

if acce
energi
with n|
thatis

. £ 1 o4
1UIT'UT VUILAgC PCL O.7F. J.

basic protection by use of insulation, the insulation may be solid, liquid or-gaseous (ai

VC-B1 parts shall be completely surrounded by insulation, see ‘Clause 12 for
bn requirements. Circuits operating in the voltage range of this doctiment and adjacer]

1 for EMM.

ble conductive part shall be considered a hazardous live part if not separated fron
parts by at least basic insulation.

closures or barriers

[C-A2

basic protection by use of enclosures or/barriers, VC-A2 live parts shall be placed in en
riers of at least protective type IPXXA.

(C-B1

basic protection by use ofienclosures or barriers, VC-B1 live parts shall conform v
s applicable when in thefinal assembly:

ed in enclosures orbehind barriers of at least protective type IPXXB;

parts at leasttothe level specified in 5.9.2; and

5sible from top surfaces of enclosures or barriers which are accessible when the eq
zed, meet at least protective type IPXXC with regard to vertical access only. For movable

..)'

insulation
t to higher
chinery or

n VC-A2 or

closures or

yith all the

bible to open enclosures or remove barriers only with the use ofatool or key or after de-emergization

uipment is
equipment
a location,

defined top and bottom, [PXXC applies to all sides, but if an enclosure is installed in
EQI serviceable from a standing position on the ground or on the mobile machinery acc

PSS system,

then IPXXB applies instead of IPXXC. ISO 13857:2019, Tables 1, 3, 4, 6 and 7 shall be used to determine
what is accessible.

NOTE
into the enc

losure and contacting live parts.

This requirement is intended to reduce the likelihood of small objects such as tools from accidently falling

It is permissible to use open-type subassemblies and equipment (i.e. without basic protective measures),
provided they are protected in accordance with these methods in the final assembly.

If during installation or maintenance an enclosure needs to be opened while the conductors within are
energized to VC-B1, the following additionally apply to the VC-B1 conductors:

— live pa

rts shall be protected to at least [IPXXA; and

© IS0 2025 - All rights reserved
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— live parts likely to be touched when making adjustments shall be protected to at least IPXXB.

The symbol W012 in accordance with ISO 7010 shall be visible on protective barriers and protective
enclosures, which, when removed, exposes hazardous live parts of VC-B1 electric circuits if a risk assessment
indicates the need. Accessibility and removability of protective barriers/protective enclosures should be
considered when evaluating the risks and determining the need for the symbol. Alternatively, if a component
is not intended to be repaired in the field and is protected to at least IPXXA during replacement with respect

to live part

s exposure, then no marking is required.

5.4.4 Limitation of touch current or capacitive discharge energy

To provide basic protection by use of touch current limitation or capacitive discharge energy, the touch

current sh

11 not exceed 3.5 mA AC or 10 mA DC, or the stored energy shall not exceed 0.5 m]

The touch

current lin|

NOTE ]

5.4.5 Limitation of voltage

5.4.5.1 (

To provide

The steady,
VC-A1.1SO

5.4.5.2 §

Where thg
considerat
to 5.4.1. Th

wheth

wheth

manuf]

Single

See Figure
the norma

(i.e. not co
terminal. T

it shall be measured using the network of IEC 60990:2016, Figure 3.

'he touch current limit is independent of voltage. The touch current limit is from IEC 62477-1.

feneral
protection by limitation by voltage, equipment shall conform with this subclause 5.4.5

state voltage between simultaneously accessible conductive surfaces shall not be gi
3457 shall be used for determining the accessibility to conductive surfaces.

umming voltages basic protection

re is a possibility of adding series voltages~to the accessible conductive surfg
on from 5.4.5.1 to a sum greater than VC-Athose surfaces shall have basic protectior
e following conditions shall be considered-to assess this possibility of shock hazard:

b1 the circuits involved are EPB or nog;

br or not direct contact with livelparts is possible;

hcturer approved changes ineither equipment or the interconnections; and
faults in either equipment of the interconnections.

|1 as an example ihow 48 V DC power supply could be created via a single connectid
ly VC-A1 conductors. The right-side system in this example is intended to be a float|
hnected to EPBY);, but it becomes connected after a short occurs between the EPB on t
his elevateésthe potential between the two systems.

1.

eater than

ces under
| according

n between
ing system
he positive
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L1 L2 [
- - ST _I
‘ + 48V DC ‘{ ‘ * S |
|
|
|
24V DC 24V DC |
|
I
|
L 4
Key
S shorttp PEPB
L  load
Figure 1 — Summing voltage example
5.4.5.3 (onnector pins
For connedtors containing signal pins with a cgritact area less than 1 mm?, less stringent require
be derived|using IEC 62477-1:2022, Table 2,

5.5 Fault protection

5.5.1 Ge

Fault prote
voltages be

One or moty

PEPB

neral

ction is requiredto-prevent fault currents due to an insulation failure that can result in
tween accessibleconductive parts.

e of the fellowing fault protection measures shall be provided for each circuit:

er 5.5.2; or

autom

ments may

hazardous

htiodisconnection of power supply per 5.5.3; or

supple

NOTE

mentary insulation per 5.5.4; or

basic protection between circuits per 5.5.5; or
other applicable measures given in IEC 61140.

Fault protection can cover multiple circuits.

Circuits, components, and component finishes (e.g. winding varnishes) within VC-A2 and VC-B1 systems may
apply a combination of the above protections within different portions of the system or circuits, provided
that in the event of a basic insulation failure, exposure to VC-A2 and VC-B1 is protected according to 5.4.3.
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5.5.2 PEPB

5.5.2.1 Fault protection by PEPB

To provide fault protection by PEPB, the PEPB shall be provided between accessible non-live conductive
parts which could become live in the event of an insulation fault of the equipment (except for conductive
parts separated from live parts by double or reinforced insulation) and have the means of connection to the
conductive components (e.g. dedicated PEPB cable). PEPB shall be effective in both mains-connected and

mains-disconnected conditions, as applicable.

5.5.2.2 Distinguishable

PEPB cabl
marking, s
is coloured

NOTE ]

5.5.23 (

Electrical
achieved b

— throug
Figure

— throug
subsy{

— throug
are no
subsy{

PEBP cond

Direct mef]
electrolyti
electrical d

When pair
paint pierc
conductor

Where eleg
ensured by
That is, fa
bonding is

Lolll 2l diaia rcelaad A alal 1 £11 i iy L1 H
o o1IdIl UT Uabll)’ ulouus\,uoucu. anClJLClUlU ITICdIIS dI'TC LUIUUTL Ul UIIT tJl ULlLLLIve CaulT 111
hape, or location. It is not required to adhere to the convention of using PEPB cableinysy
green or green with a yellow stripe.

'here is no requirement to insulate PEPB.

onnections

contact through means of connection (conductor, cable, bar, etej to the PEPB circy
y direct metallic contact using one or more of the following meaiis:

h hardware fastener clamping force or welding of a dedicated PEPB conductor, see
2, where the subsystems are connected to a common bus;

h welding (e.g. without a cable or other additional conductor), see example in Figure 3
tems are directly connected to a metal subplate; o¥

h direct contact with other accessible conduictive parts or other metallic compon
t removed when the mobile machinery is ©tsed as intended, see example in Figure 3,
tems are mounted to a metal subplate, and the subplate is connected to a bus.

lictor connections shall have adequate cross-sectional area according to Table 2.

al contact assembly and service procedures should consider the possibility of cor
[, environmental, etc.) andwcontamination (e.g. oils, grease, mud, etc.) which can d
ontact over the life of themobile machinery.

ted surfaces (in particular, powder-coated surfaces) are joined together, masking f
ing methods or a separate connection shall be made to ensure reliable contact. When 4
s used, a bonding mark shall be provided.

trical equipment is mounted on lids, doors, or cover plates, continuity of the PEPB circ
a dedicated conductor or equivalent means complying with the requirements of 5.5.2,
steners; hinges or sliding contacts do not assure low enough impedance, so sufficig
required.

sulation or
tlation that

it shall be
pxample in
where the
bnts which
where the
Fosion (e.g.
pgrade the

rom paint,
I dedicated

uit shall be
7 for PEPB.
nt parallel

Electrical contact points of a PEPB Circuit shall be designed so that contact pressure is only applied through
materials rated for the temperature and forces anticipated for the life of the product, unless the metallic
contact is independent of the presence of the materials (e.g. soft plastic washers can deform over time and
then not apply adequate force to bolted joints, which can lead to increased resistance and overheating).

Unless verified to operational loading, fault condition loading, and environmental conditions in 4.3, and by
the manufacturer and in conformance with 5.4.3, metal ducts of flexible or rigid construction and metallic
cable sheaths shall not be used as PEPB means. Nevertheless, such metal ducts and the metal sheathing of all
connecting cables shall be connected to the PEPB circuit.
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Figure 3 — Example of an ass@ly and its associated PEPB utilizing a subplate
revention of open PEP cuits

ystem shall not in

c@)rate a component such as a switch or overcurrent protective de
e circuit.
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o

izing

either

Key

1 PEPB o
2 PEPB o
3 PEPB t
4 PEPB b
5 hinge
6 PEPB o
7  metal s
D door
EE other ¢
S subsyst
5.5.2.4 H
The PEPB {
can open tl
5.5.2.5 §
PEPB shall
— sized

vice which

ion for the

ordance w1th the requlrements for the PEPB 5.5.2.6 and the means of connect

connected to the PEPB durmg a fault or

sized:

a fault connecting to accessible non-live conductive parts;

an

upstream protective device removes power from the part; and

exceeding VC-A during normal operation and during a fault
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5.5.2.6 Loss of EPB or loss of neutral conductor

Analysis of circuits shall be performed to ensure that a single point loss of EPB or loss of neutral conductor
will not create an exposed hazardous voltage if there are multiple connections between the negative
conductors and the chassis. The analysis shall include consideration for connections to optional devices (e.g.
field implements).

5.5.2.7 PEPB, negative, neutral, and common conductors

5.5.2.7.1 General
To provide fault protection by PEPB, the PEPB system shall be connected at all times when power is supplied
tO the eq i}}lllcllt, ull}caa thC Cblu;l.llllcllt LUIII}J};CO vV ith thC I Cbluil Clllcllta Uf 5.4.5. FUI ITUIT IT Systems,
PEPB crosg-sectional area of conductors (including terminals) shall be determined from Tablé)2 when the
same material is used for PEPB as the power supply conductors; or for different material by;‘¢alculation in
accordance¢ with IEC 60364-5-54:2011/AMD1:2021, 543.1.
For IT systems, the same method may be used from Table 2, or the cross-sectional area of|protective
conductorg (including terminals) shall be at a minimum according 5.5.2.8.
If a PEPB cable is routed through a plug and socket or similar means of disconmnection, it shall not pe possible
to disconnect it unless power is simultaneously removed from the part to be protected.
Table 2 — PEPB cross-section?
Crjoss-sectional area of conductors S Minimum-eross-sectional area of the corresponding
mm2 PEPB conductor
Sp,mm?
§<16 S
16<S5<35 16

35<S /2

a  These values are valid only if the PEPB is made of theisathe material as the power supply conductors.

In addition|

a power sujp

2,5 mn

4 mm?

5.5.2.7.2

Componen
simultaned

1) Power

ply cable or cable enclosureshall not be less than:
h2 if mechanical protectionis provided, or

if mechanical protection is not provided.

Multi-voltage class power supplied components

E EPB and-power supply conductors shall conform with either 1) or 2), when there are c
usly conhected to more than one of the voltage classes VC-A1, VC-A2, VC-B1, VC-B2 or

supply connections, including negative and neutral conductors, for each different volt

power

to the requirements in Table 2, the cross-sectional area of every PEPB that does not form part of

bmponents
higher:

hge class of

supplied shall be physically separated from one another; and if EPB is necessary, se

parate EPB

connections shall be provided for each different voltage class of power supplied.

2)

Combined EPB with negative or neutral conductors and other combined conductor methods may

be used, provided that if any component loses its EPB, or its negative, neutral, or other power supply
conductor, then testing or analysis shall be performed to demonstrate the open conductor results in no
disruption of communication (beyond those losing a power supply). An open conductor shall also result
in no damage to electrical circuits and result in no hazardous voltages on exposed conductive surfaces.
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If common conductors are used with multiple or complex power supplies, testing or analyses shall be
performed to demonstrate the prevention of excess currents from creating a hazardous loss of connection of

any power

NOTE 1

supply conductor due to high current flow on the chassis or PEPB.

require insulation as stated elsewhere in this document.

NOTE 2

When exposed to direct contact, power supply conductors, including negative and neutral conductors,

In addition to the stated requirements, separate FEPB conductors can be necessary for EMC purposes or

for control of transients. Additionally, some components are not designed for combined conductor methods.

5.5.2.7.3

Multiple and complex power supplies

Multiple and complex power supplies may rely on common conductors. A connection between a common

negative o
location ne
failure ana
transient ¢

If a comm
analysis sh
beyond th:
damage to

5.5.2.8 1

The requir
parts from

For plug-cd

A pluggabl
not less th4

Meutral conductor and the chassis 15 also then normally onty made to the bonding
ar the power supply. If negative or neutral connections are made in another manner;-§
lysis shall be performed to mitigate the risks of shock and mobile machinery damag
pncerns can be raised by this configuration.

bn negative or neutral conductor is used with multiple or complex power supplies,
all be performed to demonstrate that an open circuit causes no disruption of com
it of losing a power supply. An open common negative or neutral {conductor shall r

'ouch current and the PEPB

ements of this subclause 5.5.2.8 are intended to reduce“the likelihood of accessible
becoming energized by the loss of a protective conductor.

nnected equipment, touch current shall not excéed those found in IEC 62477-1:2022, 7

e connection with a PEPB cable shall be previded with a cross-section according to
in 2,5 mm?2, as part of a multi-conductor pewer cable. Adequate strain relief shall be pr

electrical circuits and result in no hazardous voltages on exposed.¢conductive surfaces|

ath at one
ingle point
b, EMC and

testing or
munication
esult in no

conductive

able 5.

[able 2, but
ovided.

NOTE Ilug connectors are generally more susceptible to failures, necessitating additional requiremenits.

For all oth¢r equipment, if the touch currehtis 10 mA ¢ or greater, it is required to use a fixed fonnection

and one or|more of these:

— a PEPB cross-section of at least 10 mm? for copper, 16 mm? for aluminium, or for different material by
calculation according to IEC-60364-5-54:2011/AMD1:2021, 543.1; or

— continiity monitoring,-0f-the PEPB with automatic disconnection of the power supply [in case of
discontinuity of the PEPB; or

— provisjon of an_@dditional terminal for a second PEPB of meeting the same cross-sectional area
requirgments as the original PEPB.

5.5.2.9 Touch current, multiple power supplies and assemblies

For equipment which can be energized from multiple power supplies of power supply, the touch current
limits in 5.4.4 apply in all possible intended installation configurations and combinations of power supplies
that can be energized at the same time, unless at least one of the three fixed connection measures in
accordance with 5.5.2.8 is applied.

When it is intended and allowed to interconnect two or more assemblies using one common PEPB path,
the touch current requirements of 5.4.4 apply to the maximum number of assemblies to be interconnected,
unless one of the fixed connection measures in accordance with 5.5.2.8 is applied.
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5.5.3 Automatic disconnection of power supply

To provide

fault protection by an automatic disconnect, the following shall be provided:

— a PEPB system; and

— a protective device operated by fault current or loss of PEPB to disconnect one or more of the line
conductors supplying power to the equipment, system, or installation in case of a failure of basic
insulation. The disconnection may be initiated by overcurrent in the conductors, or by abnormal current
flow in the PEPB path, or by detection of an open bonding connection.

The pr

otective device shall interrupt the fault current within a time of 1 s.

5.54 Su

To provide
in addition
a failure o
insulation.

5.5.5 Bapic protection between circuits

To provide

basici
the EP

if any
stress¢

if any

imped

if one
impen

5.6 Enhj

5.6.1 Ge|
Enhanced
reinfoj

protec

plementary insutation

protection by supplementary insulation, independent insulation (e.g. a second layerof
to basic insulation shall be provided, in order to protect against electric shock in t
[ the basic insulation. The supplementary insulation shall fulfil the same requiremer]

protection by basic protection between circuits, all the following shall be met:

hsulation rated for the highest voltage that can occur shallhe)provided between circuit
B;

fomponent is connected between separated circuits, that component shall withstand {
s specified for the insulation which it bridges;

component (e.g. a resistor) is connected between a circuit and a circuit connected

or more components are connectéd between circuits and a circuit connected to €

anced protection

neral
brotection siall’provide both basic and fault protection and can be achieved by means
ced insulation, per 5.6.2; or

tivelséparation between circuits per 5.6.2; or

insulation)
he event of
ts as basic

5, including

he electric

to EPB, its

hnce shall limit the maximum current flow.through the component to a steady-state toych current
of 3,5 mA AC or 10 mA DC; and

arth, their

lence shall limit the total current flow through the component(s) to the steady-state toyich current
of 3,5 A AC or 10 mA DC.

of:

protec

oI by TiTeans of protective IMmpedarnce per 5.6.3; OT

other applicable measures as given in [EC 61140:2016, 5.4.6.

See Table C.2 for a summary of shock protection requirements.
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5.6.2 Reinforced insulation and protective separation between circuit

5.6.2.1 General

To demonstrate conformance to this subclause 5.6.2, equipment shall:

— meet requirements for enhanced protection, per 5.6.2.2 or 5.6.2.3, and the enclosure(s) shall meet the
requirement for basic protection per 5.4.3 with respect to accessibility of hazardous live parts; and

— nothave means of connection for a PEPB cable. PEPB cables are permitted to pass through the equipment,
to equipment series connected beyond it.

When PEPB cables pass through equipment, the PEPB cables and the means for connection shall be

separated

condu
and th

— circuit
If basic prq
the series-

Equipment
damping o
employ prg

Consider IEC 62477-1:2022, 6.3.9.2 for appropriate markings.

5.6.2.2 R

Reinforced|
stresses w

supplemenitary insulation).

5.6.2.3 K

Protective
shall be acl

doubld

reinfoj

a comi

rom:

'tive accessible surfaces of the equipment (i.e., conductive surfaces that are non-eficlosg
ht are accessible per ISO 13857:2019, Tables 1, 3, 4, 6 and 7); and

s which employ protective separation with at least basic protection betwéencircuits g

tection between circuits is used per 5.5.5, it shall be designed according to the rated
connected equipment.

may have provision for the connection of a FEPB conductor(for functional reasong
f overvoltage transients. In this case, the FEPB conductor shall be separated from cirg
tective separation with at least protective separation.

Leinforced insulation

insulation shall be designed to withstand electric, thermal, mechanical, and env
ith the same reliability of protection_as provided by double insulation (basic insu

rotective separation between circuits

separation between EPB and conductors of VC-A1 circuits and other higher voltage cl
nieved by one of the following means:

insulation (basic insulation and supplementary insulation);
ced insulationier

ination of these provisions.

If conduct
conductor
the highes{

rs of.a.separated circuit are contained together with conductors of other circuits
Cable or in another grouping of conductors, they shall be insulated, individually or collg

d per 5.4.3

er 5.5.5.

voltage of

or for the
uits which

ronmental
ation with

1SS circuits

in a multi-
ctively, for

voltage present, so that double or reinforced insulation is achieved.

If any component is connected between separated circuits, that component shall comply with the
requirements for protective impedance devices (see 5.6.3).

5.6.3

Protection by means of protective impedance and limited capacitive discharge energy

Protective impedance shall be provided so that under both normal and single fault conditions the touch
current available shall be limited to 3,5 mA AC or 10 mA DC, as measured using IEC 60990:2016, Figure 5, or
the available capacitive discharge energy shall not exceed 0,5 m].

NOTE 1

The touch current limit is derived from IEC 62477-1:2022, 4.4.5.5, Table 5.
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The protective impedances shall be designed and tested to withstand the impulse voltages and temporary

over voltag

NOTE 2

es for the circuits to which they are connected.

A protection according to this subclause 5.6.3 is not considered to be a galvanic connection.

5.7 Equipment protective combinations

The methods of protection are provided in 5.1 through 5.6. Combinations of protection methods may be
combined on the same mobile machinery (e.g. see Figure 4). See Figure 4 for examples of PEPB that can be
provided depending on the protective methods selected.

P
=

34V AC 48V DC
L1 — AC L+—¢_
G L2 = . .
N — o S—
T )
: | :
Lo !
! I I
! i i
| H :
: i
L !
| : |
. i : 12V DC
i ! I L- L
. | : DC
| H |
- i i
EPB | PEPB! PEPB : FEPB - FEPB
EC

bonding for functional purposes in this case
d
Ctric chassis (as EPB)

tective bonding conductor

erator
mple PEPB locations
mple FEPB locations

Figure 4 — Multiple protection example

or VC-A2 and VC-B1 systems, L- is often connected to PEPB as shown on Figure 4 at the outpy
nvertér, however other PEPB connections to other live parts are possible. See IEC 60364-5-54

Key
PEPB  prg
FEPB
L loa
EC ele
G ger|
—— X
_— exj
NOTE 1 i
DC power ¢
schemes.
NOTE 2

It is common to have mobile machinery relying on multiple protection methods.

t of the AC/
for bonding

Information about the protective systems used may be provided in the operator’s and service manuals to
facilitate field modifications.

Annex D provides requirements for the optional use of protective classes and additional related information
to provide in the operator’s and service manuals to facilitate field modifications.

5.8 Separation of VC-A2- and VC-B1-systems from VC-B2 (and higher) systems

ISO 16230-1 agricultural tractors and machinery and the ISO 14990 series for EMM shall be applied to

address VC

-B2 systems and separation from VC-A and VC-B1.
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VC-A2 and VC-B1 circuits supplied by power converters from VC-B2 (and higher), and exposed conductive

parts of eq

uipment may be connected to the EPB.

VC-A2 and VC-B1 circuits connected through power converters to VC-B2 (and higher), and exposed
conductive parts of equipment may be connected to the EPB.

Exposed conductive parts are those either not enclosed per 5.4.3 or not accessible per ISO 13857:2019,

Tables 1, 3,

NOTE

4,6 and 7.

See 5.5.2.7.2 for related multi-VC bonding requirements.

5.9 Protection against residual voltages

NOTE

q

J

ee o.4.3 for related exposure related requirements.

5.9.1 Bapic protection

When enef

for VC-AZ2,

enclosure 1}

do not nee

If a battery]

indicating

If a capacit]

loss of]

An on
difficu|
functi

NOTE y,
need of a vol

5.9.2 Pr

When prot
disconnect]
limited as {

condu

th

ay
sh

A meth
by at I¢

gy storage via battery or capacitor is present, accessible live parts shall beJprotecte
hnd protected to IPXXB for VC-B1, to prevent contact with residual voltages. See 5.4.3
requirements. Circuits with less than 0,5 m] of stored energy are considéred non-haz
l to meet this requirement

h shock hazard due to the presence of stored energy shall be‘provided.
or stores VC-B1 energy, the following apply:

ast basic protection in 5.4 for systems that inherexitly discharge stored energy immed
power; and

ning correctly shall also be providedy

A\ message via CAN-Bus system indicating the residual voltage of the capacitor is considered
[tage measuring device.

ptection by power supply disruption

ection from shocklis provided by power supply disruption (e.g. by stopping the en
ollows:

rtors of VE-A2 shall be protected to IPXXA, unless:

e residual voltages within the system decays to less than VC-A2 eventually; or

warning marking, the operator’s manual, or service manual, provides instructions i

of VC-A2 or VC-B1 is provided, operator’s and service manual instructions and a warnil

od shall be provided for the verification of discharge prior to servicing nearlive parts no

ion of a connector) the possibility of direct contact of service personnel with live pal

d to IPXXA
for general
hrdous and

hg marking

[t protected
ately upon

board residual voltage measuring device\should be provided if access to measuring points is
it. If a residual voltage measuring devide)is provided, a method for verification that th

e device is

o serve the

sine, or by
'ts shall be

hdicating a

ock hazard due to the presence of stored energy.

— conductors of VC-B1 shall be protected to IPXXB unless:

— the residual voltages within the system decays within 1 s to less than VC-B1 and less than VC-A2

evi

entually;

a warning marking, the operator’s manual, or service manual, provides instructions indicating a

shock hazard due to the presence of stored energy and the time required to dissipate to less than
VC-B1 is provided; and

— access shall require the use of a tool or key.
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5.10 Connector human contact

5.10.1 General

Subclauses 5.10.2 and 5.10.3 provide requirements to prevent shock from contact with non-enclosed
connectors.

NOTE 1

NOTE 2

See Clause 9 for other connector requirements.

See 5.4.3 for related shock prevention requirements.

5.10.2 Mated non-enclosed connectors

Mated non
to meet thi

Mated non
to the oper

5.10.3 Non-mated, non-enclosed connectors

5.10.3.1 §

When non
disconnect]
a tool to di

When non-

station, remain live at VC-B1 for more than 1 s after discoirhection, they shall be provided with

marking, i
shock, the

5.10.3.2 §

Componen
cable), or ¢
plug/socke

If a connec
of the follo

The cd

component (e.g. enclosed, insulated, finger contact protection);

All cor

enclosed VC-A2 connector conductors shall have IPXXA protection. If a protective bar
s requirement, it may be removable without the use of tools (e.g. a soft rubber boet),

enclosed VC-B1 connector conductors shall have I[PXXB protection when confiectors a
ator station, and IPXXD when connectors are internal to the operator station

eparation by use of tools

tmated, conductors with less than IPXXB protection remain live at VC-A2 continu
ion, they shall be provided with a warning marking to indicate the risk of shock and sk
sconnect.

mated, conductors with less than IPXXB protectieniy or less than IPXXD if internal to t

hstructions in operator’s manual or instructions in the service manual to indicate
[ime necessary to be less than VC-B1 and thé connectors shall require a tool to discony

eparation without the use of tools

Ls or devices inside an enclosure;terminated by fixed plug/socket combinations (with
omponents connected to a.bus system by a plug/socket combination, are not consic
t combinations for the putrposes of this subclause 5.10.3.2.

for can be separated from its mating component without the use of a tool, it shall meet
wving conditions:

nnector shall‘comply with the applicable requirements of 5.3 when separated from

ductors:that remain live at greater than VC-A2 for longer than 1 s after disconnecti

provi
when

b

d with'a degree of protection of at least IPXXB when external to the operator station

rier is used

re external

busly after
all require

le operator
a warning
the risk of
ect.

no flexible
ered to be

ht least one

its mating

bn shall be
and IPXXD

Cated in an operator station.

All conductors that remain live at greater than VC-A1 continuously after disconnection shall be provided

with a

NOTE

degree of protection of at least [PXXB;

When disconnected, the plug terminal voltage usually dissipates very rapidly, depending on the design.

It is a common practice to have the load side of a plug/socket combination utilize exposed plug terminals.

— Plug/socket combinations shall be placed out of reach by compliance to ISO 13857:2019, Tables 1, 3, 4,
6 and 7 for a significant hazard (e.g. this may be accomplished be placing more than 2 700 mm above a
walking surface).
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5.10.4 Enclosed connectors

Connectors which are protected by use of an enclosure per the requirements of 5.4.3.1 or 5.4.3.2, need no
additional protection with respect to human contact.

5.10.5 Tractor implement plug/socket combinations (or similar mobile machinery implement and
attachment combinations)

When plug/socket combinations are used to connect an implement to a tractor (or similar implement and
attachment combinations), conductor voltages shall decrease to less than VC-B1 within 1 s and less than
VC-A2 eventually, after disconnection unless a warning marking, instructions in the operator’s manual or
instructions in the service manual are provided to indicate the risk of shock and the time necessary to be
less than VC-B1. In addition, such conductors shall be provided with a degree of protection of at least IPXXB
when discgnnected, regardless of discharge time.

5.11 Water depth

Determinaliion of the maximum permissible depth of the water that mobile machinepy is apprgved by the
manufactulrer to operate in, is based on these two parameters.

— Wade depth, for which the continuously submerged parts of the electrical system shall be protected to IPX8.

— Wave glepth (above wade depth) for which the intermittently submerged parts of the electrical system
shall be protected according to IPX7.

See Figure|5.

Key

A wave depth
B wade depth

Figure 5 — Wade and wave depth

The operator’s manual shall indicate a maximum wave depth and wade depth if there is potential for fire
or a shock hazard associated with the electrical system when submerged during intended operation and
reasonably foreseeable misuse. See Figure 5 for an example. A risk assessment shall determine the need for
additional actions, instructions, or warning markings.

NOTE See 4.3 for environmental considerations, to reduce the likelihood of corrosion and shorting.
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6 Wiring practices

6.1 Conductor and cable runs

If in-line cable splices or joints are used, they shall be provided with proper support on both sides of a splice
or joint. In-line ultrasonic welding is recommended over compression joints.

When the chassis is used as a conductor, confirmation of the long-term adequacy of the chassis is essential.
Painted surfaces and moving greased joints shall not be relied upon for electrical connections.

The power supply conductors and EPB (when the EPB is in common with a negative or neutral conductor
per 5.5.2.7.2 bullet 2) shall be sized according to expected current levels to avoid excessive voltage offset.
IEC 60204-1:2016,4.3.3 or ISO 21780 may be used as guidance for testing and ensuring compatibility.

6.2 Colgur

All conductors used for VC-B1 that are not contained within electrical enclosures or ducts shall pe covered

with orange or orange and purple insulation, conduit, braiding or sleeving, or be otherwise marked orange

or orange gnd purple, to indicate they are VC-B1 conductors. The colours distinguish.these VC-B1 fonductors

from other|similar looking objects such as fluid hoses.

In case of the two-colour combination, each colour shall cover at least 30 %of'the surface.

6.3 Cable protection inside an enclosure

Inside of electrical enclosures, cable routing shall utilize one or; motre of these methods:

— use clgmps or similar retention devices to route cablesraway from uninsulated conductors ¢f different
potentiials such as terminals and buses;

NOTE1  This method is typically used to create an air gap between conductors.

— provide double or reinforced insulation along with clamps or similar retention devices providfng routing
to preyent wear due to vibration; or

NOTE 2  This method can allow conductors to be adjacent and only separated by insulation by|preventing

relative motion.

— provide overcurrent protection to prevent the failure of the cable insulation external to the gnclosure.

Designated conductor currentoarrying capacity shall take into account relevant factors such ag insulation

material, qumber of conductors in a cable, presence of a sheath, methods of installation, grouping, and

ambient temperature. SeeJEC 60364-5-52 or the IEC 60287 series for further guidance.

The cable manufactiner’s specification shall be consulted for applications where the cable design parameters

are affectdd by_the*period of the duty cycle and the thermal time constant of the cable to erfsure cable

integrity. Alterndtively, direct measurement of insulation temperature under maximum load may| be used to

verify the insulation does not exceed its maximum temperature.

For bolted joints, terminal strips and other clamping type connections, routing and marking techniques
shall be utilized to reduce the likelihood of incorrect connections.

6.4 Power supply voltage differences

For mobile machinery having multiple systems or subsystems, undesirable voltage differences can arise
between individual power supply points.
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Analysis, testing or a combination of both shall be performed to verify that differences arising during normal
operation have no adverse effect on system functionality.

EXAMPLE

OCP can malfunction when there is a large enough voltage difference condition and caus

e insulation

damage or frequent activation of the OCP. Frequent activation can encourage unsafe customer modifications which
can cause fires and shock risks. Increasing power supply conductor sizes can reduce voltage differences.

7 Overcurrent protection (OCP)

7.1 Overview

If the available current in a circuit can exceed the rating of any component or the ampacity of conductors,

overcurrerj

OCP need 1}
least equal

Any condu
associated

The negati
without di

7.2 Gen

721 Tr

Transform
protection
Nuisance ty

The proteg

for the insylation temperature class of transforier when the transformer secondary is short-circ

Winding vz
achieve ba

7.2.2 Power converters

Power conjy

7.2.3 0(

t protection shall be provided. See /.2.4 regarding ratings and settings of OCF.

to that of the phase conductors.

Ctor of an AC power circuit shall not be disconnectable by an OCP without'disconnectij
live non-neutral conductors as well. This does not apply to fused circuit)protection.

ve, neutral, or common conductor of DC power circuits shall not-be disconnectable
sconnecting all other associated live conductors. This does not apply to fused circuit pj

bral

hnsformers

ers shall be protected against overcurrent in aceordance with the supplier’s instrug
shall be designed to avoid nuisance trippingtdue to transformer magnetizing inrus
ipping can encourage unsafe customer modifieations which can cause fires and increase

tion shall also be designed to prevent winding temperature rise in excess of the perm

irnish meeting the overvoltage.and environmental requirements of this document may
Sic insulation.

erters used for OCP-shall conform with IEC 62477-1:2022, 4.3.

P implementation

The rated i

point of installation. Additional short-circuit currents other than from the power supply (e.g. frc
shall be taken.into consideration in design or selection of the OCP.

nterrupting capacity of the OCP shall be equal to or greater than the available fault cui

ot be provided for a neutral conductor if the cross-sectional area of the neutral g6ndluctor is at

hg all other

by an OCP
rotection.

tions. This
N currents.
thock risks.

itted value
uited.

be used to

'rent at the
m motors)

Selective coordination may be used to ensure that there is protection from both high inrush failures and
overload conditions. To achieve selective coordination, a lower interrupting capacity is permitted if another
protective arrangement (e.g. the OCP for the power supply conductors) having the necessary interrupting
capacity is installed on the power supply side. The characteristics of the two overcurrent protective systems
shall be coordinated so that the energy through the two systems in series, i.e. I2t, does not exceed that which
can be withstood without damage to the OCP on the load side and to the conductors protected by that system.

NOTE

Selective coordination of the OCPs can result in the operation of both.
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7.2.4 Rating and setting of OCP

Current ratings of fuses or the settings of other OCPs shall be selected to be as low as possible, yet adequate
for anticipated temporary over currents (e.g. those raised currents during motor starting or transformer
energizing). Consideration shall be given to the protection of switching devices against damage due to
overcurrent (e.g. welding of contacts).

The necessary rated current or setting of an OCP shall be determined in coordination with other electrical
devices in the circuit, the current-carrying capacity of the conductors to be protected and the maximum

allowable i

nterrupting time.

7.2.5 Placement of OCP
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other chan
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the col
physic

insulaf
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8 Disco
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be provided at each point where a reduction in the cross-sectional area of conducto
pe reduces the down-stream current-carrying capacity of the conductors unless tle fo

‘rent carrying capacity of the conductors is at least equal to that of the load;

hductors are installed in such a manner as to reduce the possibility of'a,short-circuit,
h] protection; and

ion remains intact in the event of any single component failure,

ptection via engine shutoff

1t protection by means of automatic engine shutoff isypermitted if the 12t ratings of
nents are not exceeded while shutting down; and-there are no other significant powj
to the circuit (e.g. batteries).

psis faults/residual currents

[lt/residual current protection may.be‘provided to reduce damage to equipment dug
hts less than the activation level of the OCP. The setting of the fault/residual current d¢
s possible consistent with proper operation of the equipment.

nnection and connection

eral disconnecting devices

fal disconnecting device is required for all VC-A2 or VC-B1 power supplies. An ¢
uch as key switch with a lockable battery disconnect fulfils this requirement for an en
ply. A riskyassessment shall be performed to determine the acceptable means of dis
p.g. plug-and socket, quick coupling, or disconnecting switch).

| forbattery disconnect/battery shut-off, in accordance with ISO 6405-1:2017, 9.16 sh

rs or some
lowing are

such as by

ronductors
er supplies

to chassis
bvices shall

ngine-stop
bine driven
connecting

all be used

or the equi
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8.2 Specifics of disconnecting

8.2.1 VC

-B1

Disconnect means for VC-B1, shall include a visible contact gap or a position indicator which cannot indicate
OFF (isolated) until all contacts of the non-PEPB conductors are actually open. Alternatively, an electronically
controlled lockout relay is permitted (e.g. a menu item on the monitor, but it shall provide fault detection to
be certain the contactors actually open or a means to directly probe the voltage).
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The disconnection means shall be capable of being locked (e.g. padlock) if reconnection indicates it is needed
per a risk assessment.

NOTE

If the power for VC-A2 or VC-B1 is converted from VC-B2 power supplies, then the requirements for VC-B2

systems disconnect are found in ISO 16230-1 for agricultural tractors and machinery. See the ISO 14990 series for EMM.

8.2.2 Po

wer converter disconnects

For DC-to-DC converters from VC-A1 to VC-A2 or VC-B1, a means shall be provided to prohibit both VC-A2

and VC-B1

output exposure during servicing and maintenance.

8.2.3 Manually actuated disconnecting devices

If a discon
the mobile

machinery from the electrical power supply powering the equipment. A disconhect

shall be capable of being locked (e.g. padlock or keyed switch) if reconnection could créate a h

the mobile
locations).

NOTE1 1
the ISO 251
NOTEZ2 4

If there is

access/egr
VC-B1 are }

Depending]

A suit3
permif

A with|
if they
enclos

A power s
link, comb}

have o

machinery form inhibits direct visibility from the disconnect device to potentially

ockout devices which rely on a control system are under the scope of the functional safety std
9 series for agricultural tractors and machinery and ISO 13849-1 or the4S6-19014 series for H

A disconnect without the ability to be locked is not considered a lockoutdevice.

h delayed shutdown circuit used during disconnecting (e.g. for diesel emissions fluid
pss lighting) a warning marking or other indication shalkbe provided to indicate whe
bresent after a disconnecting switch is in the off position.

on the risk assessment:

bly rated plug/socket combination conforming with performance requirements of IEC
ted as a disconnecting device, provided it.also satisfies 5.9.2.

drawable fuse links or withdrawable links are permitted as a power supply disconnec
have the protections of Clause 5 inthe open and closed condition. They shall also be p

ipply disconnecting devicetether than a plug/socket, withdrawable fuse link or wit
nation shall satisfy all the.following:

he OFF (isolated) and.one ON (connected) position marked with the symbols IEC 6041

OFF) and IEC 60417-500% {for ON);

be pro
possib

discon|
conne(

havea

or runn

vided with ameans of locking in the OFF position such that neither remote nor loca
€

nect all;live power supply conductors (except the negative or neutral conductor n
ted\iffit is galvanically connected to chassis.);

ire if there is a risk of contacting live parts in the process of open or closing the circuit.

hection system is provided, the operation shall disconnect (isolate) the electrical €quipment of

jon system
azard (e.g.
hazardous

ndards. See
MM.

purging or

n VC-A2 or

60309-1is

ting device
laced in an

hdrawable

7-5008 (for

| closing is

ay remain

T INterTupting capacity sufficient to interruptthe current of the largesttotat toad, inciu
ing motors (or generator if power flow is reversed).

ing stalled

A power supply disconnecting device shall be mounted so that the operating means (e.g. a handle) is easily

accessible.

The operator’s and service manuals shall identify when one or multiple lockout devices are required for
servicing of components or areas of the mobile machinery where electrical connections are opened or
disconnected to gain access.
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8.2.4 Disconnecting multiple power supplies

If a risk assessment shows risk for short circuit or shock regarding contact with live parts, disconnecting
devices shall be provided for individual items of electrical equipment so as to allow work to be carried out
with the item(s) de-energized and isolated. The power supply disconnecting device may fulfil that function.

To allow efficient servicing of VC-A components on the mobile machinery, itis permissible to have a secondary
device to prevent the engine from cranking, or that otherwise prevents exposure to live VC-B1 (and higher)
live parts which may be adjacent to VC-A live parts (e.g. 12 V DC, 24 V DC and 48 V DC components). The
secondary device may also be implemented via software in a monitor menu with a code or the equivalent.

If two or more power supplies are used, when there is a hazard caused by connecting only one power supply,
one or both of the following shall be provided. (The hazards would include giving the service person the

impressio

A devi

a warr
systen

For mobileg
be provide
systems aj
completely

Instructioq

source(s) il

8.3 Prey

Unintentio
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The mobite Machinery as been broughtto a U vV state during a repair):
e which disconnects both power supplies simultaneously; or

ing marking with disconnection instructions provided to mitigate risks of multi-pow
1S.

machinery with multiple electric systems, separate disconnects for\the different sy
d. When separate disconnects are provided, they shall be clearly marked to indicate
'e being disconnected. A marking shall be provided if separate' disconnects are o
disable the electrical systems.

1s shall be provided in the operator’s and service manuwal for safe disconnection
1 order to minimize the risk of shock from contacting live parts.

rention of unintended start-up

hal starting can lead to shock hazards during'servicing inside of service panels wher
hcreased exposure.

essment addressing start-up while servicing the mobile machinery indicates the need
de to prevent unintended start-up:

prevention of unintended start-up shall be easily usable for the intended purpose, ap
readily identifiable (e.g. by~a'marking).

t activation of these deviees from any location shall not be possible.
Fmitted for this purpose are those described in 8.1 and 8.2.

ht do not comply with the requirements for unintended start-up may only be used
inspections,;adjustments, or work on the electrical equipment where there is no sha

it of plug-in devices without disturbing wiring).

b1 supplied

stems may
Yhat power
equired to

of energy

e live parts

, provision

bropriately

for circuits
ck or burn

e switching' off remains effective throughout the work, and the work is of a minor pature (e.g.

NOTE ]

'Herisk assessment, taking into account the intended users of the device, guides the device sel

ection.

8.4 Charging power supplies and recuperation

8.4.1 Electrical power supplies

Risk assessments for electrical hazards shall consider all power supplies, including:

— recuperating external charging systems;

— spinning permanent magnet motors such as on traction drives: and

— implements that could provide charging.
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Often, no full assurance can be provided for suitability of external electrical charging power supplies. Hence,
in case of external electrical charging of mobile machinery, appropriate measures based on risk assessment
shall be undertaken on the mobile machinery side to ensure that dangerous situations are mitigated (e.g. a
custom connector to allow only appropriate power supplies to connect, a standardized charging system, or a
battery management system on-board).

NOTE1 Attention is drawn to IEC 61851-1, IEC 62196-1 and ISO 15118 for methods to address charging and
connecting.
NOTE 2  Appropriate measures can, for example, include implementation of a dedicated mobile machinery charging

safe state, charging instructions for mobile machinery operators, marking of the charging outlet/plug, protection
against misuse (the outlet/plug available only by use of a tool or key), the charging outlet/plug formed in a special
shape, consideration of charging in the mobile machinery grounding system, installation of OCP devices and phase

otaction

sequence pr;

8.4.2 Powered interchangeable towed machinery and towed machines

If intercha
from mobi

there 9
machij
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ngeable towed machinery (agriculture) or a towed machine (EMM) is intended to rec
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e of disabling the power supply, or
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 additional requirements for towing.
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charge protective Mmeasures

protection is used to prevent high battery currents which can cause fires.

The system shall be desighed to automatically apply a DC pre-charge of a VC-A2 or VC-B1 prior to

of batterie
not needed
damaging

5 on start-up, unless it can be determined based on the characteristics of the syste
. If used;>the system shall verify that the charge builds to an appropriate level in o
rompanents such as fuses on the battery due to charging currents of capacitors.

pive power

) or towed
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vided with
ock during

o store the

ity and are
lisabled by

connection
s that it is

rr(;rer to avoid

NOTE

(72
1

4 4 1 | 4 4 | | H 1 4 A 4
C LuUuIrrciit Uoveliuau IMITAdSUITIIITIILS dI'T 11IULU Cdbll_y IIIdutT 11T SUCII DyDLClllb. VITASUI TITITIILS

component temperatures might be needed.
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9 Connectors

9.1 General

The cable connections at motors, generators, power converters, energy dissipating resistors, and other
devices employing similar high current connections shall be designed, manufactured, and provided with

maintenan

NOTE

ce and service instructions to reduce the likelihood of ignition.

devices employing similar high current connections can become ignition sources.

9.2 Negative connectors and terminals

Faults of connections at motors, generators, power converters, energy dissipating resistors, and other

Negative (
analysis gi
instructior

9.3 Conl

9.3.1 Ing

Connectioq
which can

high inrush currents. If there are such risks, appropriate measures@ccording to 9.3.2 shall be tak

9.3.2 Co

Connector
can lead td
disconnect
life of the p

power
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low cu|
low sw|
surge |

arcing

If a conned
accessible,
then one o}

ven in Clause 5 indicates no need based on a risk assessment and in addition thatyahy
s are provided in the operator and service manual.

hector mating

fompletely mated connectors

s shall be analysed for the possibility of localized overheating 6f incompletely mated ¢
in certain circumstances lead to damage. Connections shall‘also be analysed for dan

nnecting and disconnecting under load

5 can be prematurely degraded if disconnected during current flow. Repeated o

internal insulation break down and excessijve heat. Connections intended to be co
ed under load, shall be designed to withstand connecting and disconnecting under 1
roduct. Examples of methods to achievé.this requirement are:

through the connector is automatieally reduced or disconnected prior to full separg
tor; (e.g. IEC 61508-7:2010, A.8.2.6r [EC 60204-1:2006+A1:2009, 6.4).

rrent, appropriately rated-ex:de-rating current, e.g. according to IEC 61508-7:2010 A.2
itched current, idle current principle (e.g. according to [EC 61508-7:2010 A.1.5);
brotection;

protection.

tor is likely to be prematurely degraded by connection or disconnection under load
on attachments which are frequently removed, or pulled apart by mobile machine os
- moré€ of the following measures shall be applied or by other means providing similar

onnectors and terminals connecting to chassis need not be protected from conltact if the

necessary

onnectors,
age due to
en.

ccurrences
hnected or
bad for the

tion of the

8;

(e.g. easily
cillations),
results:

power

bolted

load fr
NOTE 1

NOTE 2

automnaticatly Teduced or disconmected priorto full separation of tire conmector;

joints (less likely to be opened while energized);

retention hardware requiring use of a tool to separate the connection; and

equently enough to damage the connector.

At voltage classes within this document, the potential for dangerous arc flash is reduced.
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9.4 Power cable connections

Faults of cable connections at motors, generators, power converters, energy dissipating resistors and any
other similar high current connections can lead to fire ignition external to electrical enclosures. Cable
connections shall be designed, manufactured, and serviced, as necessary, to reduce the likelihood of failure.

Any instructions necessary to minimize the possibility of connection failures shall be provided in the service
manual. If there is the possibility of sufficient heat escaping (caused by connection failure) the electrical
enclosure to act as an ignition source as determined by testing or risk assessment, a marking referring to the
service manual may be placed adjacent to connectors that necessitate any unusual procedures for making
proper connections, fastener torques, cleaning, and similar.

If connections require periodic servicing to reduce the likelihood of failure, the operator’s and service

manuals s

servicing.
and free off

9.5 Tery
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9.6 Plug

If plug/soc

Device

nall provide appropriate Instructions and advise to contact a Service person to,p
[he instructions shall be clear about proper disconnection and the need to keep conned
corrosion.

hinals for the PEPB cables

les are connected individually and not via multi-cable connectors, all-of'the following

s shall have a means of connection for the PEPB cables, located né€ar respective live
tion points.

pans of connection shall be corrosion-resistant and shallbe suitable for the connecti
ized according to Table 2.

pans of connection for the PEPB cable shall not be used as a part of the mechanical asse
hent or for other connections.

Ction and bonding points shall be designed.sgthat their current-carrying capacity is ng
hanical, chemical, or electrochemical influences.

A2, each connection of a PEPB cable.should each have a dedicated connection point; fi

LB1, each connection of a PEPB ‘cable shall have a dedicated connection point; for exam
hble to have more than onering terminal on a single bonding stud.

ne purpose of dedicated PEPB terminals is to avoid inadvertent removal of PEPB of multiple
ervicing of one compenent.

enclosures and/or conductors of aluminium or aluminium alloys are used, the poss
pf electrolyticcerrosion shall be considered.

/socket combination

ket combinations are used, all of the following apply.

Fovide this
tions clean

hpply.

conductor

on of PEPB

mbly of the

t impaired

r example,

ble, it is not

fomponents

ibility and

Plug/socket combinations that rely on hardware to maintain electrical contact, shall be provided with

self-retaining hardware, (e.g. a screw that is attached with a lanyard so that it cannot fall on the ground
when the screw is loosened).

Plug/socket combinations intended to be connected or disconnected under load shall have sufficient

load-breaking capacity. It shall not be possible to connect/disconnect a plug/socket combination at

greate

r than its rated disconnecting current while under load without the use of tools.

To increase the allowed current, the connection system may reduce the current prior to the separation
of the conducting terminals (e.g. the use of an electrical interlock circuit can be broken first, which de-
energizes the connector prior to separation of the terminals).
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This requirements of this second bullet do not apply to separation caused by extreme external forces
when mobile machinery is pulling apart a connector, which is cause by operator error or misuse.

If a PEPB contact is used in a VC-B1 plug/socket combination, the PEPB contact shall be first make/last

break to provide PEPB when the plugged-in device is energised. This shall also be provided for VC-A2
and VC-B1 used on user-interchangeable towed machinery (agriculture) connections, or other similar
towed connections, if the connections are live during disconnect normally or when disconnected caused
by operator error.

NOTE C

orroded and unprotected conductors can lead to shorting and overheating.

Metallic housings of plug/socket combinations shall be bonded to the PEPB circuit, unless the voltage

internal to the connector is less than VC-B1 or the connector has both basic and fault protection, or

enhan
requir
towed
may bq
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Plug/s
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e than one plug/socket combination is provided in the same electrical eguipment, the
nations shall be clearly identified.

pcket combinations used in control circuits shall satisfy the applicdble requirements of]
pcket combinations intended for household and similar general purposes shall not |
| circuits. For plug/socket combinations in accordance with HC 60309-1, only thog
ed for control circuits shall be used for that purpose. Alternatiyely, control functions com

ric motors and generators

edprotectiomr between the tive tomductors—armdthe metattichousing, withra Tetair
ng the use of tools to discourage disconnection. Alternatively, for tractor and intép
machinery (agriculture) and for other similar connections, an intentional breakaway

h frequency signals on the power supply cables may use‘ather connectors.

eral
lectric motors and generators are broadly-referred to in the electrical industry and in thg

hndards (all parts referenced) as rotating-electrical machines. In that context, “machine” is o
otor or generator. In this document,machines and machinery generally refer to agricultural §

irnish meeting the overvoltage and environmental requirements of this document may
bic insulation.

kings on motors shotdd be provided when there is the possibility of incorrect replacer

motors with apprepriate insulation are generally acceptable, but consideration should
od of expostireto high pressure cleaning.

A controler/might not fully disconnect the power supply from a motor when it is at rest, which
e with-the requirements of Clause 8.

ing means
thangeable
connector

associated

IEC 61984.
e used for
e contacts
municated

IEC 60034
ften used to
ind forestry

be used to

nent.

be given to

can impact

TOTUT T

The degree of protection for all motors and generators shall be at least IPXXB for VC-B1 and IPXXA for VC-A2.

More stringent measures shall be considered based upon applications where, for example, dust or moisture

is present.

NOTE

The uninstalled motors need not comply with any degree of protection.
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nting and compartments

A motor or generator shall be so mounted that proper cooling is ensured, and the temperature rise remains

within the

NOTE

limits of the insulation temperature class.

motor standards.

Short excursions above the insulation temperature class rating are allowed by the IEC 60034 series of

The mounting arrangement for motors, generators, and wiring enclosures in general shall be positioned such
that they are as accessible as is practicable to facilitate proper inspection, maintenance, and replacement.

10.4 Overheating protection
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of motors against overheating by automatic shutdown or derating can be achiéved K
verload protection, impedance protection, over-temperature protection, ,or /currg

bly, if automatic shutdown or derating of a motor or generator is unacceptable base
L (e.g. to prevent possible mobile machinery damage), the means of overheating detg
perator to prevent potential shock hazards or possible fires. If applicable, an overhea
ue to operate to ensure mobile machinery braking and other safety critical systems st

'speed protection

shall be provided against excessive motor or generator speed (e.g. motors/generatd
transmissions, or wheels) if insulation failure could occur, or overvoltage could lead

ing and coasting

e/overcurrent caused by towing at speeds higher than normal operating speeds c
which can lead to increase shock.risk. For example, double insulation on a cable can
to direct exposure to the live conductors after towing is completed and the mobile m
k into service.

conditions 1 through 3there shall be no fire or shock hazards caused by insulation
e. If a risk assessmentindicates there is a possibility of electrical system damage that d
shock hazard, then-an appropriate warning to indicate the associated hazards shal

appropriate,

towing mobile machinery at a reasonably foreseeable overspeed (since there is a
bration_due to permanent magnet motors, as well as passive rectification causing
for's).

y methods
nt-limiting

H on a risk
ction shall
ting motor
Qy active.

rs coupled
to a safety

hn damage
be burned
achinery is

damage or
ould result
| be placed

Lhe towing area@and in the operator’s manual. A warning may also be provided on the system’s

possibility
harging of

2) When

mehile machinery can be placed in neutral and allowed to coast downhill at a

easonably

foreseeable overspeed.

3)

10.7 Bonding

10.7.1 Motors and generators

When a system is placed into a 3-phase short condition (e.g. at startup for braking, or by fault condition).

Motors and generators, unless meeting one of exemptions in this subclause 10.7.1, shall be equipped with
a PEPB terminal to permit the connection of a PEPB cable or another similar terminated conductor. If any
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type of EPB terminal is used, then an appropriate EPB marking symbol shall be applied on it or adjacent to it.
Exempted from terminal requirement are motors and generator that:

are int

NOTE

10.7.2 Exq

Marking is

are fitted with (and rely upon) double or reinforced insulation for protection; or

ended to be assembled into apparatus having double or reinforced insulation; or

rely on sheathing for bonding inside a cable connection; or
rely on bonding provided via the mounting method, similar to the subsystems in Figure 3.

Mitigation of EMC issues can require EPB even on double or reinforced insulation components.

empted from marking requirement
t=] e § b

not required when an EPB terminal is not used (e.g. when the shielding is used forben

a cable connection or when bonding is provided via the mounting method). See Figure 3,

11 Non-i

11.1 Gen

If a socket;

motor loads (components)

bral

outlet is provided, further regulatory and standards requirements can apply. The by

of this clayise does not address all the issues associated with sockét-outlets on products cove

document.

11.2 Accsd

NOTE1l 4

If mobile m
held power

if PEPT
outlet

all no
overcy
circuit

Socket-out

ssories
\ccessories themselves are not covered by this dogument.

achinery is provided with socket-outlets intended to be used for accessory equipment
tools or test equipment), the following.apply:

is needed for protection of the plugged-in device, the continuity of the PEPB circuit to
chall be provided;

h-chassis-referenced conductors connected to the socket-outlet shall be protect
S.

ets shall be clearly’ marked with voltage and current ratings, unless following a

industry configuration stanhdard.

Circuits fol
interrupt t

NOTEZ2 4

socket-outlets may be provided with residual current devices (RCD) If provided, the ¢
he circuit'dt a non-hazardous level of touch current.

A Ground Fault Circuit Interrupter (GFCI) is a North American term for a type of RCD.

ding inside

ief content
Fed by this

(e.g. hand-

the socket-

ed against

rrent in accordance with Clause 7. The overcurrent protection shall be separate from that of other

recognized

evice shall

12 Insulation coordination

12.1 General

Insulation coordination shall be according to the impulse voltage, temporary overvoltage or working
voltage, whichever gives the most severe requirement for the circuits involved according to the principles
of the IEC 60664 series. Transients from systems utilizing high speed PWM technology can be a significant
cause of insulation and functional failure in control systems.

It shall not

be possible to remove solid insulation except by destruction.
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e insulation

12.2.1 Temperature and loading

12.2.1.1 General

Cable insulation shall remain intact under maximum temperature and loading conditions. It shall also
remain intact in the event of a failed component causing overcurrent. One or both of the Methods 1 and 2

shall be uti

lized to ensure compliance.

12.2.1.2 Method 1

Comply with the methods of SAE J1614, TEC 62477-1 or other comparable methods, ensuring a

design. Pa
conditions

12.2.1.3 Method 2

Cable insu
electric sh
shall confd
11.4 for EM

12.2.2 Inj

Instruction
the operat
determine

12.2.3 Sh

If cabling hy
simulation
under all s
than norm

NOTE ]

12.2.4 Di
Cables of

rated to thie higher vaéltage between the conductors, or the higher potential cable has double or

insulation
agriculturs

EXAMPLE 1

for the components, and maximum ambient temperatures.

ation shall not be degraded in application to the point of losing its-efféctiveness in
pck. Cable insulation shall be designed according to the design life-of'the mobile mac
rm with ISO 16230-1:2015, Clause 7 for agricultural tractors andmachinery, ISO 149
M.

fpection

)s for when to perform periodic inspections and wihen to replace cables shall be ¢
br’s manual and the service manual. Cable replacément instructions can include insj
if damage, cracking, wear, etc. has occurred.

jelding

as a conductive shield, the current inthe shield shall be analysed by measurement, cal
under maximum operating loads toensure it does not damage the insulation in norm
ingle point faults of the conductor or other single point system failures which can c4
bl currents to flow in the shield.

laterial external to metal(shielding is not part of the insulation.

[ferent voltages

lifferent voltages shall only be routed in the same conduit when the cables have

between'itand any lower potential conductor within the conduit (see IEC 60204-1:2014
|l traectors and machinery or ISO 14990-1:2016, 11.7.3 for EMM).

Two 75 V DC cables passing through the same conduit, with basic insulation on each cable, i

adequate

ticular attention shall be given to the number cables involved in the bundling, abnormall operating

preventing
hinery and
90-1:2016,

rovided in
pections to

rulation, or
al use, and
use higher

insulation
reinforced
,13.1.3 for

acceptable.

Shielded ca

bles can count the [ayer of insulation between the conductor and the shield as one layer, ar

1d the same

insulation on the other cable as a second layer. The cover external to the metal shield is not counted as insulation.

EXAMPLE 2

A 75 V DC cable and a 12 V DC cable passing through the same conduit with 75 V DC r

ated double

insulation between the cables is acceptable. The double or reinforced insulation can occur by various means, including

supplement

NOTE

al insulation rated for 75 V DC on the 12 V DC cable.

in part due to the high switching speed of the power converters.
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13 Verification and validation

13.1 General

Table E.1 provides a list of clauses with requirements from all of the content in Clauses 4 to 12 requiring
verification and validation. The table shall be used as an outline for verification and validation. Individual
tests may be supplemented to show compliance to the requirements listed. The verification plan may be
modified based on the iterative nature of design as shown in Figure B.1.

NOTE According to the V Model in Figure B.1, the order of final completion of line items is likely to mostly occur
reverse numerical order.

14 Information for use

14.1 General

Informatiojn for use shall be provided in accordance with ISO 12100:2010, 6.4.
14.2 MarKings

14.2.1 Figstresponder information

If VC-B1 ig utilized in the electrical system, the manufacturer shallvmake available informati¢n for first
responders to safely interact with a damaged mobile machinery, For example, information adcording to
[SO 1784044 may be in the manual, on a marking, or on a website.

14.2.2 Shpck hazard symbols
The symbdl ISO 7010-W012 shall be provided according to 5.4.3.2 as applicable.

14.2.3 Operating voltage

For VC-A2 and VC-B1 systems, the maximum-hormal operating voltage of the system should be placed on the
mobile maghinery.

14.2.4 Live parts accessible during installation and maintenance

A warningmarking shall be provided per 5.4.3.2 to ensure that persons are aware that live parts yith VC-B1
are accessiple during field-installation and maintenance.

After installation, open=type subassemblies and equipment do not require markings if protection |s provided
by the final assembly,

14.2.5 Bolnding

The bonding marking requirements of 5.5.2.2 and 10.7 shall be satisfied by use of the graphical symbol
IEC 60417-5019 placed near the points where PEPB connections are made. For other EPB types, the most
appropriate symbol from IEC 60417 shall be used. Other forms of EPB, which are not PEPB, such as FEPB,
12 V DC systems, and 24 V DC systems, are not required to be marked. To avoid confusion, it is also acceptable
to mark all bonding points on mobile machinery having systems in the voltage range of this document.

Optional bonding markings per 5.6.2.1 shall be considered for FEPB.
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sidual voltage

Warnings shall be provided per 5.9.1 and 5.9.2 for residual voltage. The warning marking shall state a
minimum time interval required before the conductor can be contacted, as applicable. The warning label
shall indicate either:

— the mi

nimum time interval to safely contact the conductors, or

— to see the operator’s manual or service manual, as appropriate, where the minimum time is stated.

If a battery of VC-A2 or VC-B1 is provided, a warning marking indicating the presence of shock hazards shall

be provide

14.2.7 Po

Warning nlarking requirements related to power supply disruption shall be according to 5.9.2!
14.2.8 Disconnected plug/socket combinations

When a warning marking is required per 5.10.3.1 and 5.10.5, for residual voltage hazards on
combinatigns, it shall be placed at a prominent location on or adjacent to-the hazardous lo
warning lapel shall indicate either:

— the mipimum time interval to safely contact the conductors, or

— to see the operator’s manual or service manual, as appropriate;where the minimum time is s
14.2.9 Mgximum water depth

According fo 5.11, a marking shall indicate the maximum permissible water wade and wave dept
14.2.10Copnection markings

If there is|a risk of miss-wiring a component;during repairs, markings shall be clear and ag
IEC 62477-]1:2022, 6.3.7.

A marking|referring to the service manual shall be placed adjacent to connectors containing a
procedures for making proper connéctions (e.g. fastener torques, cleaning and similar).
14.2.11Copductor and cable-celour markings

VC-B1 conductors and cables/shall be marked according to 6.2.

14.2.12Bojlted joints

Markings
according

d, using symbol ISO 7010-W012.

Wersupply disruption

for Jbplted-joint, terminal strips and other clamping type electrical connection]
£06.3.

lug/socket
ation. The

tated.

cording to

hy unusual

s shall be

14.2.13Disconnection of electrical power supplies

A power supply disconnecting device other than a plug/socket combination shall be marked according to 8.2.4.

If a circuit

is not disconnected by a power supply disconnecting device:

— amarking shall be placed near the power supply disconnecting device according to 8.2.3 or 8.2.4;

— unless partofagalvanically isolated circuit, the equipment shall comply with one or more of the following:

— a warning marking shall be placed near each excepted circuit to indicate power is energized after
disconnecting the power supply from other parts of the system;
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— the circuit conductors shall be identified by colour.

For conductors which remain live at greater than VC-A1 after a disconnection is made, markings shall be
provided to address hazards.

14.2.14Multiple disconnects

Instruction marking to prevent shock shall be provided to mitigate risks of multi-power supplied systems
according to 8.2.4.

14.2.15Unintended start-up

Markings f

r the prevention of unintended start-up shall be according to 8.3

14.2.16Ex

Markings f]

14.2.17To

Requireme
towed mad

If there is
potential h

14.2.18Co

Instruction

14.2.19Ph;

If there is t
as determi

ternal charging
pr external charging shall be according to 8.4.
wing

nts for instructional markings for a powered interchangeable towe@machinery (agric
hine (EMM) that is provided without a lockout device shall be aceording to 8.4.2.

h possibility of electrical system damage, then a warningdmarking shall indicate any
azards and be placed near the towing area as appropriate. (See 10.6.)

nnecting and disconnecting under load

1al marking requirements are given in 9.3.2.

ase cable connections

he possibility of sufficient heat escaping the electrical enclosure to function as an igni
hed by the methods in 9.4, then marking requirements are given by 9.4.

14.2.20Bonding of motors and genefators EPB

Motor and

14.2.21Sh

Marking re
14.3.3.3

14.2.22El¢

senerator EPB marking' requirements are given in 10.7.

ipping, dealer sétiip and transport

quirements‘related to shipping, dealer setup, and transport considerations shall be a

bctrical ratings

1Ilture) or a

associated

fion source

ccording to

14.2.22.1Systems used on tractor/interchangeable towed mobile machinery combinations and similar

Unless following a recognized industry configuration standard, the following markings shall be provided
at the power supply connections at the rear of a tractor and on the front of interchangeable towed mobile
machinery, (and in a similar fashion for other similar towed combinations):

— ratedi

— ratedi

nput or output voltage; and

nput or output current.

Consider also adding the following supplementary information:

— indication of the nature of the voltage (AC, DC, or other); and
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— frequency, if applicable.

14.2.22.2

Circuits within a serviceable enclosure, under a removable guard or similar

At fuse locations, the type and voltage and current ratings of replacement fuses shall be marked.

14.2.22.3

Components such as motors, generators and power converters

Unless components such as motors, generators, and power converters follow a recognized industry standard
configuration or are identified with a manufacturer’s name and a part number, the following markings shall
be provided:

— rated input or output voltage: and

— rated inut or output current;

Motor mar]
The requir;
Consider a
indicat

— freque

14.2.23Pr
If the opti
optional pi
14.2.24Ge|

Unless usil
purpose sg

— voltag
AC, DC

maxin
— freque

NOTE 4

14.2.25M4

kings are addressed in 10.1.

ed information shall be provided either on the components or in the servicedinformati
so adding the following supplementary information:

ion of the nature of the voltage (AC, DC, or other); and

ncy, if applicable.

btection systems

nal protection Class II is designated for a systen}’it should be marked according to|
otective classes may be marked according to D.1:

neral purpose socket-outlets

1g an industry standard configuratign, to ensure compatibility of devices connected
cket-outlets, each such socket-outlet’shall be marked with the following:

h«
o

both or other;
um current;
ncy if not DC.

At the time of' publication of this document, common configurations for plugs and socket-outlets

gnetichazard symbols

o

.1. Other

to general

do not exist.

When per

niahent magnet rotating machines are used, a magnetic field warning sign

indicating

incompatibility with medical devices shall be placed in a visible location near the magnets using the graphical
symbol ISO 7010-W006, unless it can be shown that the magnetic field is insufficient to cause harm. When
the symbol is used, the operator’s manual shall further explain the hazard. Service parts containing these
magnets shall have warning signs attached, since the hazard resides with the parts. Once installed, the
warning sign on the rotating machines might not be visible; therefore, a second label could be required.

14.3 Manuals and technical documentation

14.3.1 General

In addition to requirements in 14.2, the information for use in 14.3.2 and 14.3.3 shall be provided.
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14.3.2 Operator’s manual

The operator’s manual shall include:

— procedures for use of the electrical equipment;

— the following warning or equivalent: Direct contact with electricity can cause injury or death. Observe
all safety precautions;

— adescription (including interconnection diagrams) of safeguards, interlocking functions and interlocking
of guards against hazards, if used;

— a description of the means provided, and procedures needed for disabling the safeguarding (e.g. for

adjust

ments or maintenance) if used:

— inform

ation about energy storage devices that cannot easily be discharged for maintenance;

NOTE Batteries are typically not discharged since discharging can damage the batteries.

— instru
changg

— specifi

— instru
Clear i
detaild

— advice
requir
degrad

— instru

— the mi
sign of

— instru
and 5.]

— an ind
is allo
operat]

ction for the operator shall be provided regarding the maximum allowable altitude,
s in insulation properties of air at higher altitudes);

c locations on the mobile machinery which cannot be cleaned withi-jéts of water;

Ctions for jump-starting so as to avoid cross voltage jumping; short-circuits, and batte
nstructions shall be provided about the voltage of the junip-starting power supply
, since lead-acid batteries can be incompatible with othettypes;

to the operator to contacta qualified service representative to provide this servicingifc
 periodic maintenance to reduce the likelihood.‘of failure due to corrosion, wear 4
ation that can cause excessive heat;

Ctions about protective systems with respectto field modifications, 5.7;

nimum time interval required before servicing per 5.9.1 and 5.9.2 unless provided on|
in the service manual;

Ctions for hazards associated with connectors be remaining live after disconnecting j
0.5, as applicable;

ication the maximum pepmissible water wade and wave depth in which the mobile
lved to operate accarding to 5.11. If submerged beyond the maximum permissible
or’s manual shall indicate that after submersion, the mobile machinery shall not be op¢

it has heen serviced;

— instru
— instru

— instru

Ctions regarding disconnecting as specified in 8.2.3 and 8.2.4;
Ctions ferhazards according to 9.2;

Ction's necessary to prevent connector failures shall be according to 9.4;

(e.g. due to

'y damage.

and other

pnnections

nd similar

a warning

er 5.10.3.1

machinery
depth, the
rated until

— instructions regarding towing and coasting as specified in 8.4.2 and 10.6;

— instructions for periodic cable inspection as specified in 12.2.2;

— instructions about protective classes per Annex D; and

— for VC-A2 and VC-B1 systems, the maximum normal operating voltage of the systems.
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14.3.3 Service manuals

14.3.3.1 General

Service manuals shall recommend the competence level of service personnel with respect to electricity and
electrical safety.

Service manuals shall include the following (as applicable):

all safety precautions provided in this manual while servicing this mobile machinery;

the warning statement or equivalent: Direct contact with electricity can cause injury or death. Observe

adescription (including interconnection diagrams) of safeguards, interlocking functions and interlocking

of guards against hazards, 1I used;

NOTE 1

NOTE 2

a desc
adjust

inform

instru

instru
of acci

in

—

S

w
fu

a

se

th
in

instru

ription of the means provided, and procedures needed for disabling the safeguardi
ments or maintenance) if used;

ation about energy storage devices that cannot easily be discharged for miaintenance;
Batteries are typically not discharged since discharging can damage the batteries.
ctions about protective systems with respect to field modificatiens, See 5.7;

Ctions advising service personnel as to the wearing of proper electrical PPE to reduce thg
lental contact with hazardous live parts; if there is stored energy per 5.9, the followin

structions for the verification of discharge prior to servicing. (Verification is not requiy
;r[uple systems that inherently discharge stored energy immediately upon loss of power

ere there is a residual voltage measuring devicé, instructions for verification that tH
hctioning correctly;

brocedure for manual discharge of residual voltages in the event of failure of the pj
rondary automatic discharge means; alternatively, this may be offered only to service per

e minimum time interval requiréd/before servicing per 5.9.2 unless provided on a warf
the operator’s manual;

Batteries are typically notdischarged, since discharging can damage the batteries.

Ctions for hazards associated with connectors be remaining live after disconnecting j

and 5.10.5, as applicable;

instru
the md

ctions for whenvone or more lockout devices are required for servicing of components
bile machifiery where electrical connections are opened or disconnected to gain acces

8.2.4 and 14.2:7%

instru

ctiohs'for safe servicing of towed devices per 8.4.2, if required;

ng (e.g. for

 likelihood
p apply:

ed for very

)

e device is
imary and
sonnel; and

ing sign or

er 5.10.3.1

or areas of
5. See 8.2.3,

instructions for Servicing or connectors shall be provided according to subclauses J.1 and 7.4;

instructions necessary to prevent connector failures shall be according to 9.4;

instructions for correct use of fusing of the proper ratings;

the bonding on the product;

instructions for periodic cable inspection shall be provided in the service manual as specified in 12.2.2;

if used, an explanation regarding Class Il marking or the double insulation symbol and an explanation of

if appropriate, an instruction to discourage inappropriate bonding. Manufacturer should also provide

this information for aftermarket modifications, according to D.1 if optional protective class designations
are used; and
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