INTERNATIONAL
STANDARD 137

ISO
66-2

First edition

2018-04

Earth-moving and building
construction machinery,—
Electromagnetic compatibility (I
of machines with internal electri
power supply —

Part 2:
Additional EMC requirements fol
functional safety
Engins de‘terrassement et machines pour la construction d

batiments — Compatibilité électromagnétique (CEM) des 1
équipées de réseaux électriques de distribution interne —

Pdrtie 2: Exigences CEM supplémentaires pour les fonctionf

sécurité

M C)
cal

s
hachines

de

ISO 1376

Reference number

6-2:2018(E)

©1S0 2018


https://standardsiso.com/api/?name=566d464401ba9c7fed6e677cb153be10

ISO 13766-2:2018(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2018

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=566d464401ba9c7fed6e677cb153be10

ISO 13766-2:2018(E)

Contents Page
FFOTE@WOIM ...........oooooeooeeeeee e85 8 588 iv
IIEIOAUCTION. ......ooooo etk 881888558 v
1 S0P ... 1
2 NOIIMATIVE TEEETEIICES ...........ooooooeeeeeee oo 1
3 Terms, definitions and abbreviated terMIS ... 2
4 Generalprineiples

5 EMC PREMOIMENIA .........ooooosesessseeesssess s s g S

An
Bib

5.1 General

© ISO 2018 - All rights reserved

5.1.1  Performance criteria for complete machines 4

5.1.2  Performance criteria for safety-relevant ESA ... e 4

5.2 Immunity of MaChiNery ... e e 4
5.21  Immunity of machinery to radiated electromagnetic fields from off-board

SOUICES ..ot ssenesees oo Ny et e 4

5.2.2  Immunity to radiated electromagnetic fields fromon-board sources.....| w5

5.2.3  Immunity to electrical transients on supply afid other lines of machineg w5

5.2.4  Immunity of machinery exposed to ESD ..., s o .5

5.3 IMMUNIEY OF ESA ey e 5

5.3.1 Immunity of ESA to radiated electrontagnetic fields from off-board soyrces.......... 5

5.3.2  Immunity of ESA to radiated electremagnetic fields by on-board sourc .6

5.3.3  Immunity of ESA to electrical transients on lines...........cccfonn .6

5.3.4 Immunity of ESA exposed to ESD ... .6

TESTTEPOTE ... bt 6

ex A (informative) Installation and maintenance aspects..............o o 7

HOBIAPIY ..o e et | 8

iii


https://standardsiso.com/api/?name=566d464401ba9c7fed6e677cb153be10

ISO 13766-2:2018(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO member bodies). The work of preparing International Standards is normally carried

out

through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matter
electrotechnical standardization.

s of

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may ‘be the subjeq
patent righits. ISO shall not be held responsible for identifying any or all such patént rights. Detail
any patent|rights identified during the development of the document will be in the Introduction anc
on the ISO Jist of patent declarations received (see www.iso.org/patents).

Any trade hame used in this document is information given for the convenience of users and does
constitute pn endorsement.

For an explanation on the voluntary nature of standards, the . meaning of ISO specific terms
expressionls related to conformity assessment, as well as information about ISO's adherence to
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow
URL: wwwiso.org/iso/foreword.html.

The commjttee responsible for this document is ISO/FC 127, Earth-moving machinery, Subcommi
SC 2, Safety, ergonomics and general requirements.

This first|edition of ISO 13766-2:2018, togéther with ISO 13766-1:2018, cancels and repld
[SO 13766:2006, of which it constitutes a technical revision and contains the following changes:

— the scope has been extended to specify building construction machinery as well as earth-moy
machinery;

— the provisions have been breught up to date with technological change;
— normalive references have-been updated to the latest editions.

Alist of all[parts in thedS0/13766 series can be found on the ISO website.
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Introduction

This document is a type-C standard as stated in ISO 12100:2010.

This document is of relevance, in particular, for the following stakeholder groups representing the
market players with regard to machinery safety:

— machine manufacturers (small, medium and large enterprises);

— health and safety bodies (regulators, accident prevention organisations, market surveillance etc.)

Othbrs can be affected by the level of machinery safety achieved with the means of the doctupent by the
abolve-mentioned stakeholder groups:

— |machine users/employers (small, medium and large enterprises);

— |machine users/employees (e.g. trade unions, organizations for people with'§pecial need$);

e

— |service providers, e.g. for maintenance (small, medium and large enterprises);
— |consumers (in case of machinery intended for use by consumers).

Thg above-mentioned stakeholder groups have been given the possibility to participate at the drafting
profess of this document.

Thg machinery concerned and the extent to which hazards, hazardous situations or hazardous events
are|covered are indicated in the Scope of this document:

When requirements of this type-C standard are different from those which are stated ir] type-A or
typg-B standards, the requirements of this type-E€'standard take precedence over the requirements of
the|other standards for machines that have been designed and built according to the requarements of
thid type-C standard.

With the increasing use of electronic devices in areas where earth-moving and construction|machinery
opefrates, there is a need to ensure‘that the machinery is provided with adequate impmunity to
eledtromagnetic disturbances. As more machinery is fitted with electrical and electrorlic devices,
it i also necessary to ensurethat the internal electromagnetic interference caused by efnissions of
subpystems of the machinery itself (machine disturbance) does not exceed the immuIlity of the
respective subsystems.

The electrical and high*frequency disturbances covered by this document refer to electfomagnetic
effects caused duete-technical appliances (man-made effects). These effects generally can be fonsidered
as singular ones.and additionally are located and restricted to defined narrowly defined areps.

Whjle these\effects on machinery cannot be considered as being general, their consequences on
maghinerystill need to be taken into account. They might be generated within a large frequency range

eled
broadband, signals generated by sources of interference inside or outside the machinery can also be
coupled in electrical/electronic systems and influence the normal function of electrical/electronic
devices.

Electrostatic discharges are relevant to the machinery because control elements can be positioned
outside the operator station where potential differences could emerge at contact points. Conducted
transients in power supply wiring must be considered because the machinery can contain open systems,
in which several devices or components can be combined to complement machine functionality.

This document provides information on the kind and the level of effects as presently known. Indicative
test methods and criteria can derive from these values, given that possible test levels acceptable for
the machinery and, in the case of testing conducted on a voluntary basis, considering the unique
characteristics and operating parameters of the machinery. However, the functions of the machinery

© ISO 2018 - All rights reserved v
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are not evaluated by testing alone. Functional safety with respect to EMC phenomena can also be
achieved by organizational measures on the job site where the machinery is located and in use.

Because the machinery has a number of systems that consist of components that can be used on a variety
of machine types, the approach of defining electrical/electronic sub-assemblies (ESA) or separate
ESAs for these components is applied for the immunity and emissions test methods. This allows these
components to be evaluated by the test method in existing laboratory facilities consisting of specially
equipped shielded rooms. When electrical/electronic sub-assembly tests are conducted, it is necessary
to consider any additional effects imparted by wiring systems used to connect the sub-assemblies into
the machinery. The tests can also be conducted on the machinery.

a safety-rdlated part of a machine control system (SRP/CS) as defined in ISO 15998:2008" haye a
specificatipn of intended functionality. If a disturbed function will become dangerous or nat is
sometimes unknown to the manufacturer of the PES because it depends on the future application fin a
safety-relafed system of the whole machine.

Programmiable electronic systems (PES) as defined in ISO 13849-1:2015 and intended for usi as

Testing acdording to this document is required to be performed so that the behaviguy of the PES in that
safety-relafed system can be demonstrated.

vi © ISO 2018 - All rights reserved
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Earth-moving and building construction machinery —
Electromagnetic compatibility (EMC) of machines with
internal electrical power supply —
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Scope

5 document provides test methods and acceptance criteria for the evaluatian-of the electt
patibility (EMC) of earth-moving machinery, as defined in ISO 6165:2012, and of th{
ding construction machinery as classified in ISO/TR 12603:2010:

drilling and foundation equipment;

equipment used for the preparation, conveyance and compaétion of concrete, mortar and
reinforcement;

road construction and maintenance machinery andiegiipment.

eals with EMC requirements related to the functional safety of the machinery, its
tronic subassemblies (ESA) and of separate ESA.

5 document is relevant only to the safety-related parts of control systems (SRP/CS) as
13849-1:2015 using electrical/electronio components which meet design requirements
hter than safety-related performance-level PL b as defined in ISO 13849-1:2015. It also
trical and electronic components.or separate ESA intended to be fitted on machinery
riction of PL b. The following eleetromagnetic disturbance phenomena are evaluated:

radiated electromagneticfields from off-board sources with various field strengths and fJ

radiated electromagnetic fields from on-board sources (antenna inside/outside) with v
strengths and frequencies;

electrostatic discharge;
conducted\and coupled electrical transients.

machinery can have DC or AC or a combination of both as the internal electrical power sup

5 document is not applicable to machines that are designed to be supplied by an exte

omagnetic
e following

[processing

electrical/

defined in
equal to or
deals with
under the

equencies;

hrious field

ly system.
rnal mains

network or to phenomena caused by military applications.

NOTE

2

Grid-connected machines are covered by IEC 61000.

Normative references

The following documents are referred to in the text in such a way that some or all of 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.

ISO 6165:2012, Earth-moving machinery — Basic types — Identification and terms and definitions

© ISO 2018 - All rights reserved
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ISO 7637-1:2015, Road vehicles — Electrical disturbances from conduction and coupling — Part 1:

Definitions

and general considerations

ISO 7637-3:2016, Road vehicles — Electrical disturbances from conduction and coupling — Part 3:
Electrical transient transmission by capacitive and inductive coupling via lines other than supply lines

ISO 10605:2008, Road vehicles — Test methods for electrical disturbances from electrostatic discharge

ISO 11451-2:2015, Road vehicles — Vehicle test methods for electrical disturbances from narrowband
radiated electromagnetic energy — Part 2: Off-vehicle radiation sources

4.201°2 D 1ol

ISO 11451
radiated el

ISO 11452-
radiated el

[SO 11452-
radiated el

[SO 11452-
radiated el

ISO 11452-
radiated el

1SO 12100:
ISO/TR 12

ISO 13766
electrical p

ISO 13849
principles f

ISO 1599
component
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bctromagnetic energy — Part 4: Bulk current injection (BCI)

LAY

:2004, Road vehicles — Component test methods for electrical disturbances from naprowb
bctromagnetic energy — Part 2: Absorber-lined shielded enclosure

3:2016, Road vehicles — Component test methods for electrical disturbances\from narrowh
bctromagnetic energy — Part 3: Transverse electromagnetic (TEM) cell

4:2011, Road vehicles — Component test methods for electrical disturbances from narrowb
bctromagnetic energy — Part 4: Harness excitation methods

£:2002, Road vehicles — Component test methods for electrictd disturbances from narrowb
bctromagnetic energy — Part 5: Stripline

2010, Safety of machinery — General principles for design— Risk assessment and risk reduc
03:2010, Building construction machinery and equipment — Classification

1:2018, Construction machinery — Electromagnetic compatibility of machines with inte
pwer supply — Part 1: General EMC requirements under typical EMC environmental conditiq

-1:2015, Safety of machinery — Safety-related parts of control systems — Part 1: Gen
br design

B:2008, Earth-moving machinery — Machine-control systems (MCS) using electr
s — Performance criteria agid-tests for functional safety

3 Termis, definitions and abbreviated terms

For the pu
ISO/TR 12

[SO and IE
[SO On

nd

and

and

and

and

fion

rnal
ns

eral

bnic

poses of this decument, the terms, definitions and abbreviated terms given in ISO 6165:2(012,

h03:2010, 1IS@13766-1:2018 and ISO 13849-1:2015, and the following apply.
[ maintainterminological databases for use in standardization at the following addresse

lin€ browsing platform: available at http://www.iso.or

12

3.1

[EC Electropedia—avaitabte at ittp//www.eteTtropedia.org/-

bulk current

total amou

3.2
PM

nt of common mode current in a harness

pulse modulation

3.3
AM

amplitude modulation
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safe

behaviour of the safety-related machine/control system using electrical/electronic components to
enter into a safe state as defined by the methodology of ISO 13849-1:2015

4

General principles

The functional safety of machinery and systems is sufficiently covered in other International Standards.
However, those standards consider neither
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5.1
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effe
con
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the effects of electromagnetic fields on the particular aspects of earth-moving and eq
machinery, nor

the effect of EMC phenomena on the functional safety of the safety-related machine cont
machinery using electrical/electronic components.

EMC phenomena covered by this document need to be evaluated in terms of their ef]
Ctional safety of the machine controls in order to represent the totality of all significant
irring and known such phenomena.

performance parameters linked to these phenomena thereby represent the generally
mally non-military technical performance measures (magnitudes).

[ing shall be at the levels specified in Clause 5 for all functions with a required perforn
hter than or equal to performance level PL b as defirfed in ISO 13849-1:2015, thereby vel
machine is able to either maintain the functionas’intended by the manufacturer or to
ngeover into the defined safe state-condition according to ISO 13849-1:2015.

ESA testing, it is required that the machinge\evel behaviour of immunity failures be detd

device under test, e.g. a corrupted signalfrom a controller could cause a loss of braking ¢

EMC phenomena

General

electrical and high-frequency disturbances described in this document refer to electi

sidered as singularyand additionally located, and as being restricted to narrowly defined
se strong electromagnetic disturbances can cause systematic or “common-cause” faults.

following subclauses present known technically induced EMC phenomena and quaf
cating'their typical values under the aspect of functional safety:.

Comuli ith tl . £ this d hall 1 ] £ ang

nstruction

rols of this

fect on the
technically

known and

hance level
ifying that
perform a

rmined for
r steering.

omagnetic

cts caused due té-technical applications (man-made effects). These effects generallly can be

areas.

tify these,

combination of

testing of the complete machine as per 5.1.1, below, or

y one or a

— testing safety relevant ESA as per 5.1.2, below, if the availability of an immunity test site proves
restrictive due to machine size, regional environmental conditions or legal requirements.

Evaluations not restricted by the above may be made; however remaining gaps in the requirements
shall be evaluated at the ESA level.

NOTE In most regions of the world radiated immunity testing for large machines in open area test sites is
legally prohibited. Below 1 GHz conducted testing methods are available as a substitute. Above 1 GHz there is no
alternative to radiated immunity testing, and it is possible to perform the radiated immunity testing on ESA level
in an anechoic chamber.

© ISO 2018 - All rights reserved
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When testing ESA it is recommended that the integrity of the connected final system performing
safety-related functions via partial random sampling be verified at the machine level. See
[SO 13849-2:2012, 4.1.

5.1.1 Performance criteria for complete machines

The performance requirements are met if the machinery’s safety-related functions operate as intended
or shift into the defined safe state when tested in accordance with the requirements of 5.2.

5.1.2 Performance criteria for safety-relevant ESA

The performance requirements are met if the safety-related sections of ESA or separate ESA operatg as
intended of shift into the defined safe state for their application in machinery when tested in acdcorddnce
with the rdquirements of 5.3.

5.2 Immunity of machinery

5.2.1 Immunity of machinery to radiated electromagnetic fields from offé<board sources

For the immunity of machinery exposed to radiated electromagnetic fields«from off-board sources|the
values are |isted in Table 1. All frequency ranges listed in Table 1 shall be tested.

If the macHine is subject to BCI testing, this shall be carried out witlvan amplitude as defined in Tahle 1
and only if] the frequency range from 20 MHz to 1 000 MHz and:in accordance with ISO 11451-4:2013.
Above 1 GHz, radiated test methods shall be applied.

When radifited test methods are chosen, both horizontal and vertical polarization shall be used.

The test leyel values presented in Table 1 are applicablédor single sample testing; values can be redyced
by 20 % if farried out on multiple samples (=2).

Table I — Test levels for electromagnetic fields from off-board sources in 20-2 700 MHz

frequency range
Phenomena | Acceptance | Testlevel'| Frequency Frequency | Modulation Test method
criteriaa range value | range unit type
Bulk currgnt injection method (suitable to cover 20 MHz-1 000 MHz)
Simulated fiield 60 mA 20-80 AM BCI-method
strength by in- A or FS 80-800 MH according to
jected currknt o 100 mA z 1S0 11451-4:2013
800-1 000 PM
Tubular wave couplet; method (suitable to cover 20 MHz-1 000 MHz)
Simulated fiield 25dBm 20-80 AM TWC-method
strength by in< A or FS 80-800 MH according to
jected currpht o 27dBm | ——— i 1150 11452-4:2011
oUuU-1UUU vl
Radiated electromagnetic field method (suitable to cover 20 MHz-2700 MHz)
Radiated electro- 60 V/m 20-80 Absorber-lined
magnetic field 80-800 MHz AM chamber test-
100 V/m ing method
AorFS 800-1 000 according to
10 V/m 2,0-2,4 c PM ISO 11451-2:2015
Hz
5V/m 2,4-2,7
The TWC method according to ISO 11452-4:2011 is normally only applicable for component testing, but can be a
suitable alternative to BCI at the machine level.
NOTE The frequency range 1 GHz-2 GHz is already covered by requirements of ISO 13766-1:2018.
a  Functional class A or defined safe state (FS).

4 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=566d464401ba9c7fed6e677cb153be10

5.2.2

ISO 13766-2:2018(E)

Immunity to radiated electromagnetic fields from on-board sources

If there is clear indication that an on-board source is installed on the machinery, it is recommended that
evaluations be performed operating at maximum output power.

NOTE

5.2.3

For on-board-transmitters, see ISO 11452-3:2016 for further guidance.

Immunity to electrical transients on supply and other lines of machinery

For the immunity of machinery to electrical transients on supply lines and other lines, effects are only
known on the ESA level and only the tests specified in 5.3.3 are applicable.

5.2/4 Immunity of machinery exposed to ESD
For|the immunity of machinery exposed to ESD phenomena, the values are listed in Table 2. Acceptance
criteria for all ESD testing is “A” or “FS”.
Table 2 — Magnitudes — Electrostatic discharge(ESD)
Phenomena VoLt\z;lge Remark Discharge units suggested for test Test method
+8 Contact discharge 330a/150b pF 2kQ
ESD — ISO 1p605:2008
+15 Air discharge 330a/150bpk 2kQ
a  |For areas that can easily be touched only from the inside of the machinery.
b |For areas that can easily be touched only from the outside of the machinery.
5.3 Immunity of ESA
5.3]1 Immunity of ESA to radiated electromagnetic fields from off-board sources
For[the immunity of machinery exposedito radiated electromagnetic fields from off-board spurces, the
ESA values are listed in Table 3. All frequency ranges listed in Table 3 shall be tested. To covef the whole
frequency range, a combination of at least two test methods is necessary, but there is no nepd to apply
all gest methods listed.
Test level values in Table-3 are applicable for single-sample testing; values can be reduced|by 20 % if
cartied out on multiple:samples (=2).
Table 3 — Test levels for electromagnetic fields from off-board sources in 1-270( MHz
frequency range — ESA
Phenomena” | Acceptance | Testlevel | Frequency Frequency Modula- Test method
criteriaa range value range unit tion type
BulK-current injection method (suitable to cover 1 MHz-1 000 MHz)
Simulated field 1-800 AM BCI-method
strength by in- AorFS 100 mA MHz according to
jected current 800-1000 PM 1SO 11452-4:2011
Tubular waver coupler method (suitable to cover 1 MHz-1 000 MHz)
Simulated field 1-800 AM TWC method
strength by in- AorFS 27 dBm MHz according to
800-1000 PM 1150 11452-4:2011

jected current

TEM-cell method (suitable to cover 1 MHz-200 MHz)

NOTE

a  Functional class A or defined safe state (FS).

The frequency range 1 GHz-2 GHz is already covered by requirements of ISO 13766-1:2018.

© ISO 2018 - All rights reserved
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Table 3 (continued)

Phenomena | Acceptance | Testlevel | Frequency Frequency Modula- Test method
criteriaa range value range unit tion type
Radiated elec- TEM cell according
tromagnetic AorFS 100 V/m 1-200 MHz AM to ISO 11452-3:2016
field
Stripline method (suitable to cover 1 MHz-400 MHz)
Radiated elec- 50 Q strip line
aoasnete AorFS | 100V/m 1-400 MHz AM [construction,
accordin £+

N

ISO 11452-5:200

Radiated dlectromagnetic field method (suitable to cover 20 MHz-2700 MHz)

Radiated elec- 20-800 AM Absorber-lined
tromagnetic 100 V/m 800-1 000 MHz chamber test-
field AorFS ingimethod
10 V/m 2,0-24 GHz PM according to
5V/m 2,4-2,7 ISO 11452-2:2004
NOTE Th¢ frequency range 1 GHz-2 GHz is already covered by requirements of ISO 13766-1:2018.

a  Functiofal class A or defined safe state (FS).

5.3.2 Immunity of ESA to radiated electromagnetic fields by on-board sources

If there is & clear indication that on-board sources have to be explicitly tested, it is recommended that
the transnjpitter intended for implementation into the machine be operated at its maximum oufput
power in the vicinity of the ESA.

NOTE for on-board-transmitters, see ISO 11452-9:2012for further guidance.

5.3.3 Immunity of ESA to electrical transients.on lines

roupling on supply lines by electrical transients due to switching of capacitive or inducfive
3766-1:2018, 4.9.4 applies.

For direct
loads, ISO

The methof according to ISO 7637-172015 and ISO 7637-3:2016 shall be used for testing lines other than
supply lines.

5.3.4 l:I:unity of ESA expeosed to ESD

For the immunity of ESA“of machinery exposed to ESD phenomena, the values are listed in Table 4.
Acceptancg criteria fotrall ESD testing is "A" or "FS" (functional class A or defined safe state).

Table 4 — Magnitudes — Electrostatic discharge (ESD)

Test metho

Phenomena’ | Voltage/KV | Remark | Discharge units suggested for test

Contact discharge

2kQ IS0 10605:2008

ESD 330 pF

Air discharge

6 Testreport
ISO 13766-1:2018, Clause 6 applies.

The test report shall include the relevant requirements of ISO 13766-2:2018 and may be combined with
the test report of ISO 13766-1:2018.

Deviations from the undisturbed functions, including all operational modes of safety-related functions,
shall be documented in the test report as well as any transition into the defined safe state.
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