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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documenb may be the
ent rights. ISO shall not be held responsible for identifying any or all such ‘patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the voluntary nature of standards;. the meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adherg
[ld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see th
L: www.iso.org/iso/foreword.html.

committee responsible for this documentdsISO/TC 127, Earth-moving machinery, Sub
, Safety, ergonomics and general requirements.

5 first edition of ISO 13766-1:2018, together with ISO 13766-2:2018, cancels an
13766:2006, of which it constitutes:a technical revision and contains the following chan

the scope has been extended to specify building construction machinery as well as ea
machinery;

the provisions have been brought up to date with technological change;
normative references have been updated to the latest editions;

5t of all parts’inithe ISO 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.)

Others can|be affected by the level of machinery safety achieved with the means of the documentby|the
above-mentioned stakeholder groups:

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

— machine users/employees (e.g. trade unions, organizations for people with special\needs);
— servic¢ providers, e.g. for maintenance (small, medium and large enterprises);

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

The above{mentioned stakeholder groups have been given the possibility'to participate at the draffing
process of this document.

The machihery concerned and the extent to which hazards, hazatdous situations or hazardous eve¢nts
are coverefl are indicated in the Scope of this document.

When reqyirements of this type-C standard are different.from those which are stated in type-A or
type-B stahdards, the requirements of this type-C standard take precedence over the requirements of
the other qtandards for machines that have been designed and built according to the requirements of
this type-({ standard.

With the infcreasing use of electronic devices in@reas where earth-moving and machinery operates, there
is aneed td ensure that the machinery is provided with adequate immunity to external electromagnletic
fields. As more machinery is fitted with electrical and electronic devices, it is necessary to ensure fhat
the emissigns of electromagnetic fields:from the machinery meet acceptable limits.

Electrical pnd high frequency disturbances emerge during the normal operation of many parts of
machine devices and systems..They are generated within a large frequency range with diffefent
electrical g¢haracteristics and\by conduction or radiation, which can be imparted to other electrifal/
electronic devices and systems by conduction or radiation. Narrowband signals generated by soufces
of interfer¢nce inside or*elitside the machinery can also be coupled into electrical/electronic systems
whereby they can influeénce the normal function of electrical/electronic devices.

Electrosta ic diseharges are relevant to the machinery because control elements can be positi ed

in which several devices or components can be combined to complement machme functionality.

While there are many existing standards for a variety of products and systems, the test method
presented by ISO 13766:2018 provides for the specific test conditions of the machinery within its scope
as well as the electrical/electronic sub-assemblies (ESA) or ESA separate from the machinery. The test
method recognizes that due to their size and usage, the arrangement of the machines in the test facility
needs to be representative of their typical operating characteristics. This document provides test
methods and criteria which are acceptable for the machine types it covers, considering their unique
characteristics and operating parameters.

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 ESA or separate ESAs for these components is
applied for the immunity and emissions test methods. This allows these components to be evaluated by
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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.
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INTERNATIONAL STANDARD ISO 13766-1:2018(E)

Earth-moving and building construction machinery —
Electromagnetic compatibility (EMC) of machines with
internal electrical power supply —

Part 1:
General EMCTequirements under typical efectromaghetic

environmental conditions

1 [Scope

Thif document provides test methods and acceptance criteria for the evaluation of the electfomagnetic
conjpatibility (EMC) of earth-moving machinery, as defined in ISO 6165:2012, and of th¢ following
building construction machinery as defined in ISO/TR 12603:2010:

— |drilling and foundation equipment;

— |equipment used for the preparation, conveyance and compaction of concrete, mortar and|processing
reinforcement;

— |road construction and maintenance machinery and equipment.

It deals with general EMC requirements underitypical electromagnetic environmental fonditions.
(IS® 13766-2:2018 deals with EMC requirements specifically related to functional safety).

Eleg¢trical/electronic subassemblies (ESA) and separate ESA intended to be fitted to the maghinery are
alsq dealt with. The following electromagnetic disturbance phenomena are evaluated:

— |broadband and narrowband electromagnetic interference;
— |electromagnetic field immunity;

— |electrostatic discharge;

— |conducted transients.

Theg machinery ¢anmrhave DC or AC or a combination of both as the internal electrical power supply system.

Thif document is not applicable to machines that are designed to be supplied by an extefnal mains
networkor'to phenomena caused by military applications.

NOTEYL _ Grid-connected machines are covered by IEC 61000.

NOTE 2  Hybrid machines are covered in UN ECE R10-Rev. 5.

2 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.

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

ISO 7637-1:2015, Road vehicles — Electrical disturbances from conduction and coupling — Part 1:
Definitions and general considerations

© ISO 2018 - All rights reserved 1
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ISO 7637-2:2011, Road vehicles — Electrical disturbances from conduction and coupling — Part 2:
Electrical transient conduction along supply lines only

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

ISO 11451-1:2015, Road vehicles — Vehicle test methods for electrical disturbances from narrowband
radiated electromagnetic enerqy — Part 1: General principles and terminology

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

ISO 11452-
radiated el

IS0 12100:
ISO/TR 12

ISO 16750
equipment

ISO 16750
equipment

ISO 21848
Electrical |

CISPR 12:]
characteriy

CISPR 16-1
Part 1-1: Rqg

CISPR 16-1
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bctromagnetic energy — Part 4: Bulk current injection (BCI)

LAY

1:2015, Road vehicles — Component test methods for electrical disturbances from naprowb
bctromagnetic energy — Part 1: General principles and terminology

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

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

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

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

2010, Safety of machinery — General principles for design — Risk assessment and risk reduc
h03:2010, Building construction machinery-and equipment — Classification

1:2006, Road vehicles — Environmental conditions and testing for electrical and electr
— Part 1: General

2:2012, Road vehicles — Enyironmental conditions and testing for electrical and electr
— Part 2: Electrical loads

2005, Road vehicles —~Electrical and electronic equipment for a supply voltage of 42
pads

P007+AMD1:2009,/ Vehicles, boats and internal combustion engines — Radio disturbd
tics — Limits and methods of measurement for the protection of off-board receivers

11:2014,Specification for radio disturbance and immunity measuring apparatus and method
dio disturbance and immunity measuring apparatus — Measuring apparatus

nd

and

and

and

and

and

fion

bnic

bnic

V -

nce

ods

-4:2012, Specification for radio disturbance and immunity measuring apparatus and met}

—Part 1-4: Radio disturbance and immunity measuring apparatus — Antennas and test sites for radiated
disturbance measurements

CISPR 25:2008, Vehicles, boats and internal combustion engines — Radio disturbance characteristics —
Limits and methods of measurement for the protection of on-board receivers

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 6165:2012,ISO/TR 12603:2010
and the following apply.
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[SO and IEC maintain terminological databases for use in standardization at the following addresses:

31

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

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

internal electrical power supply
electrical power supply which is absolutely independent of outside sources (mains supply) and for

whi

ch the connection to the mains is not intended during operation

3.2

ele¢tromagnetic compatibility

EM

abiliity of the machinery or components or separate ESA to function satisfactorily in its‘elect

env
envy

[SO
hav

3.3
ele
any
sep

Not
the

3.4
eleg
im
abi
elec

Not

3.5
eleg
tots

[SO

3.6
refq
lim

ironment

URCE: IEC 60050-161:1990, IEV ref. 161-01-07, modified — The machinery, componen
e been specified.]

'tromagnetic disturbance

hrate ESA

e 1 to entry: An electromagnetic disturbance can be electromagnetic noise, an unwanted signal o1
propagation medium itself (see IEC 60050-161:1990),

[tromagnetic immunity

unity
ity of the machinery or components“or separate ESA to perform in the presence
tromagnetic disturbances (3.3) without degradation of performance

e 1 to entry: See I[EC 60050-161:1990.

'tromagnetic environmeént
lity of electromagnetic phenomena existing at a given location

[JRCE: IEC 60050<261:1990, IEV ref. 161-01-01, modified — The Note has been excluded.]

erence limit
t valuéwith which the production has to conform

romagnetic

ronment (3.5), without introducing intolerable electromagnetic disturbances-to anythfing in that

s and ESA

electromagnetic phenomenon which can degrade the performance of machinery or comjponents or

achange in

of specific

3.7

ref

I'CIICC AIILCIITId

<frequency range 30 MHz to 80 MHz> shortened balanced dipole which is a half-wave resonant dipole

at 8

0 MHz

[SOURCE: CISPR 16-1-4:2012]

3.8

reference antenna
<frequency range above 80 MHz> balanced half wave resonant dipole tuned to the measurement
frequency

[SOURCE: CISPR 16-1-4:2012]

© ISO 2018 - All rights reserved
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broadband emission
emission which has a bandwidth greater than that of a particular measuring apparatus or receiver

Note 1 to entry: See IEC 60050-161:1990.

3.10

narrowband emission
emission which has a bandwidth less than that of a particular measuring apparatus or receiver

Note 1 to entry: See IEC 60050-161:1990.

3.11

out-of-ban
emission o
equipment
Article 1, N

3.12
necessary
for a given

d emissions

h a frequency or frequencies immediately outside the necessary bandwidth of radie frequd
which results from the modulation process, but excluding spurious emissions[SOUR
0 1144 of the ITU Radio Regulationslél ]

bandwidth
class of emission of radio-frequency-equipment, width of the freqliency band which is

sufficient o ensure the transmission of information at the rate and with‘the quality required ur

specified c

3.13
spurious e
emissions
which can

Note 1 to
exist and aj
intermodul

[SOURCE: |
been trans

3.14
electrical
electrical
together w

3.15
electrical
ESA
electrical
together w
functions

pnditions[SOURCE: Article 1, No 1152 of the ITU Radio Regulations[6l.]

mission
bn a frequency or frequencies which are outside the necessary RF-bandwidth and the lev
be reduced without affecting the correspondingtransmission of information

bntry: In every modulation process of radio-frequency-equipment additional undesired sig
e summarized under “spurious emissions”. They include harmonic emissions, parasitic emissi
tion products and frequency conversion products, but exclude out-of-band emissions (3.11)

Article 1, No 1145 of the ITU Radio(Regulations,[6] modified — Subsidiary information
ferred to the Note.]

electronic system
hind electronic components or set of components intended to be part of the machin
ith any electrical connections

electronic sub<assembly

ind electronic components or set of components intended to be part of the machin
ith any.associated electrical connections and wiring, which perform one or more special

ncy
CE:

just

der

b] of

hals
ons,

has

ery,

ery,
sed

3.16

electrostatic discharge

ESD

transfer of electrostatic charge between bodies of different electrostatic potential in proximity or
through direct contact

[SOURCE: I
3.17

EC 60050-161:1990, IEV ref. 161-01-22, modified — The Note has been excluded.]

conducted transients
transient voltage or current distributed in the power supply wiring of the machinery or component or
separate ESA (3.15) via a conductor between the source of the transient and the drain

© ISO 2018 - All rights reserved
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3.18
machine type
machinery which does not differ in such essential respects as

the structural shape,

the general arrangement of the electrical and electronic components and the general wiring

arrangement, or

the primary material of which the design of the machinery consists (for example, steel, aluminium

or fibreglass covering parts)

3.11)

ESA
ESA

3.2
ope
con

Not
whi
beh

3.2

immunity-related functions
Ctions related to operator control (3.20),and to the direct control or operation of the achine by

fun
affe
ma

Not
den

Not
nea

mar
lam

type
(3.15) which does not differ in such essential respects as

the function performed by the ESA,
the arrangement of the electrical and electronic components, if applicable) or
the primary material of the casing

D
rator control
frol exercised by the operator by means of, for example, steering, braking, or propulsion

b 1 to entry: This also concerns movements of parts of the machine and modifications of the state
Ch can generate uncommanded, random or unresponsive machine operation (e.g. hazardo
hviour).

L

cting visibility, or which, when disturbed, cause confusion to the operator or others n
hine statutory data, and functions.related to machine data bus functionality

e 1 to entry: Immunity-relatedtfunctions affecting visibility include driving lights, windscreen
isting systems.

e 2 to entry: Immunity-related functions which, when disturbed, cause confusion to the operat
by include the following:

optical disturbances from incorrect operation of, for example, direction indicators, stop lamps,
ker lamps, reap.position lamp, light bars for emergency system, wrong information from warnin
bs or displays+elated to the functions of operator control (3.20);

acoustical disturbances from incorrect operation of, for example, anti-theft alarms, horns;

control

of function,
lIs machine

barby or to

wipers and

br or others

end outline
b indicators,

‘Teverse/movement alarm” devices.

Note 3 to entry: Machine data bus immunity-related functions are those that can block data transmission on
machine data bus-systems used to transmit data, and which are required to ensure the correct functioning of
other immunity-related functions.

Note 4 to entry: Immunity-related functions which, when disturbed, affect machine statutory data include hour

met

ers and odometers.

3.22
non-immunity related functions
functions other than immunity related functions (3.21)

EXAMPLE Entertainment devices, air conditioning, fuel gauge.

©IS
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4 Requirements

4.1 General requirements

4.1.1 Fulfilment of requirements

4.1.1.1 General

The user of this document shall prove compliance with the requirements by any one or a combination of

testing

— testing

machine size, regional environmental conditions or legal requirements.

Evaluation
should be ¢

NOTE

legally pro
alternative
in an anech

When test
level be teq

The requir
equipment

all exceptigns, see Clause 5.

4.1.1.2 K

The perfor

degradation when tested in accordance withthe requirements of 4.2, 4.3, 4.4 and 4.8.

4.1.1.3 B

The perfor
as intende
with the rd

4.1.2 Te

The test sp

i

the complete machine, as per 4.1.1.2, or

ESA, as per 4.1.1.3, if the availability of an immunity test site proves restrictive’ du

5 not restricted by the above may be made; however remaining gaps inthe requirem¢
valuated at the ESA level.

most regions of the world radiated immunity testing for large machines inh open area test sit
ited. Below 1 GHz conducted testing methods are available as a substittte. Above 1 GHz there i
oradiated immunity testing, and it is possible to perform the radiatediimmunity testing on ESA ]
ic chamber.

ted.

ements of this document are also deemed to be fulfilled when the machinery has no s
for which an immunity or emission test is required. In this case, no tests are necessary.

erformance criteria for complete ma¢chines

mance requirements are met if themdchinery operates as intended and without unaccept

erformance criteria for(ESA

mance requirementsof this document are met if the machine’s ESA or separate ESA ope
l and without undcCeptable degradation for their application in machinery in accorda
quirements of 4:5)4.6, 4.7, 4.8 and 4.9.

5t specimen

ecimenmay be of a machine type or ESA type as defined in 3.18 and 3.19.

e to

ents

bS 1S
s no
evel

ng ESA it recommended that the integrity of the final §ystem when combined at machine

uch
For

hble

rate
nce

If a single

fesP specimen is to be used to judge the performance of a population of like machinery,

the

reference limits for emissions and immunity shall be made more restrictive by a 20 % reduction for
emissions limits and a 25 % increase for immunity limits so as to account for variability of emission and
immunity due to any manufacturing variations of machine or ESA types and testing factors.

For a subsequent test on similarly configured machinery, conformity to the reference limits shall be
accepted as fulfilment of the requirements of this document.

For electrostatic discharge and conducted transients, the reference limits are valid for all testing of any
test specimen.
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4.1.3 Additional requirements for immunity tests

When a test specimen is subjected to the immunity requirements, operator controls and any automatic
controls for the machinery and any attachments or machinery shall remain functional so as to provide
continued control of the machinery. This also applies to secondary or shut-down systems which are

intended to be operated when the primary control has failed.

4.2 Specifications for broadband electromagnetic emission radiated from machinery

4.2,

1 Method of measurement

Thd
defi

4.2

For
(10

For
of (

On
2,0

NOT

4.3
ma

4.3

electromagnetic radiation shall be measured using the method specified in Annex Bat-¢|
ned antenna distances. The choice of antenna distance is at the option of the user,

2 Broadband reference limits

measurements made using the method specified in Annex B and a machirnery-to-antenng
0 + 0,2) m, the emission reference limit shall be

34 dB (uV/m) (50 pV/m) in the 30 MHz to 75 MHz frequency band,
34 dB (uV/m) to 45 dB (uV/m) (50 uV/m to 180 pV/m) in the 75 MHz to 400 MHz frequenc)

in the 400 MHz to 1 000 MHz frequency band, shall remain constant at 45 dB (uV/m) (18

measurements made using the method specifiedin/Annex B using a machinery-to-antern
8,0 £ 0,05) m, the emission reference limit shall be

44 dB (uV/m) (160 pV/m) in the 30 MHz to75 MHz frequency band,

44 dB (uV/m) to 55 dB (uV/m) (160 to, 562 pV/m) in the 75 MHz to 400 MHz frequency ban
increasing logarithmically (linearly),with frequencies above 75 MHz as shown in Figure

in the 400 MHz to 1 000 MHz frequency band, shall remain constant at 55 dB (uV/m) (56

h single test specimen, theymeasured values, expressed in dB (uV/m) or (uV/m), shall
dB or (20 %) below the teference limits.

E The 20 % factep applies regardless of the use of CISPR 12:2007 or CISPR 12:2007+AMD1:2

Specifications concerning narrowband electromagnetic emission radiated
chinery

1 «Method of measurement

ither of the

spacing of

’ band, this

limitincreasing logarithmically (linearly) with frequenciestabove 75 MHz, as shown in Figlire A.1, and

0 uvV/m).

na spacing

d, this limit
A.2, and

2 u/m).
be at least

009.

from

Th

ther of the

1 i 3 o H 1 111 | H +] 4] | sfiod s A Fal i
CICCULL UlllasllCLlL CIIIISSIVUIT SIIdIT UT 11ITaAasSuUul Tu uauls LIICT ITITUIIUYU leC\,lllCu I ALIIICA U, dl

defined antenna distances. The choice of antenna distance is at the option of the user.

4.3.

2 Narrowband reference limits

For measurements made using the method specified in Annex C using a machinery-to-antenna spacing
of (10,0 £ 0,2) m, the emission reference limit shall be

©IS

24 dB (uV/m) (16 pV/m) in the 30 MHz to 75 MHz frequency band,

24 dB (uV/m) to 35 dB (uV/m) (16 pV/m to 56 uV/m) in the 75 MHz to 400 MHz frequency band, this
limitincreasing logarithmically (linearly) with frequencies above 75 MHz as shown in Figure A.3, and

in the 400 MHz to 1 000 MHz frequency band, shall remain constant at 35 dB (uV/m) (56 pV/m).
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For measurements made using the method specified in Annex C using a machinery-to-antenna spacing
of (3,0 £ 0,05) m, the emission reference limit shall be

34 dB

(uV/m) (50 uV/m) in the 30 MHz to 75 MHz frequency,

34 to 45 dB (uV/m) (50 uV/m to 180 uV/m) in the 75 MHz to 400 MHz frequency band, this limit

increasing logarithmically (linearly) with frequencies above 75 MHz as shown in Figure A.4, and

— inthe 400 MHz to 1 000 MHz frequency band, shall remains constant at 45 dB (uV/m) (180 uV/m).

On a single test specimen, the measured values, expressed in dB (uV/m) or (uV/m), shall be at least

20 0/ 1

|

2,0dBor (

NOTE '

4.4 Spec

441 Te

The immy
ISO 11451
determina
in the test]

e N £, 1 14
O~ /70 OCTO VW CITC T CTCT CITCCTTITIITC S

'he 20 % factor applies regardless of the use of CISPR 12:2007 or CISPR 12:2007+AMD1:2009.
ifications concerning the immunity of machinery to electromagnetic radiatis

5t method

nity to electromagnetic radiation of the machinery shall be-tested according
-1:2015 and ISO 11451-2:2015 with both horizontal and (vertical polarization.
ion of the reference points and the operating modes are machifie:specific and shall be ng
report. Immunity testing shall be conducted according,to{ISO 11451-1:2015 except

forward p

wer may be used as the control regardless of the standing wave ratio of the system,

to
The
ted
that
and

machine r¢ference points may be changed from the defined locations. The test report shall note which

control mefthod was used.

The substi
determine

PM with ¢,
2000 MHZ

Antenna m
the field st

The positign of the machine reference points should take into account the diversity of the geomd

arrangemse

44.1.1 A

If the mach

the frequeicy range ffipim 20 MHz to 800 MHz with AM, and from 800 MHz to 1 000 MHz with PM an|

accordancg

If the mac

ution method and 80 % amplitude modulatien'(AM) with sinusoidal wave of 1 kH
1 as a test method in the frequency band 20 MHz to 800 MHz (see ISO 11451-1:2015).

h 577 us, period 4 600 ps is determined.asa test method in the frequency band 800 MH
(see ISO 11451-1:2015).

ay be moved further away from theimachine to increase the area of RF illumination provi
rength at the reference point of the machine is held at the required field strength.

nts of the machines that are addressed in this document.

Iternative test methods
ine is subjectto’BCI testing, this shall be carried out with an amplitude of 48 mA and onl

with IS0, 11451-4:2013. Above 1 GHz, radiated test methods shall be applied.

hiné.iS subject to tubular wave coupling (TWC) testing, this shall be carried out wit}

7 is
7 to

ded

tric

an

amplitude

0f22,5 dBm and only in the frequency range from 20 MHz to 800 MHz with AM, and fi

fom

800 MHz to 1 000 MHz with PM and in accordance with ISO 11451-4:2013. Above 1 GHz, radiated test
methods shall be applied.

The manufacturer should consider the use of on-board RF-transmitters even if the machinery is not
equipped with RF-transmitters at the time of delivery, e.g. by definition of frequency bands, power
levels, antenna positions and installation provisions. For further information see ISO 11451-3:2015.

4.4.2 Machinery immunity reference limits

Reference limit 24 V/m referring to the root mean square value of the unmodulated signal applies.
The maximum value of the test signal with modulation shall comply with the maximum value of an
unmodulated test signal. On the test specimen, the immunity requirements are fulfilled by a field
strength of 30 V/m (25 % above the reference limit). The general requirements for immunity testing
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according to 4.1.3 shall be fulfilled by the machinery under test maintaining functional status A (see
Table 3).

4.5 Specifications concerning broadband electromagnetic emissions radiated from ESA

4.5

.1 Method of measurement

The electromagnetic interference shall be measured by the method specified in Annex D.

4.5

For

Int

On
2,0

4.6

4.6

The

4.6

For

Int

On
2,0

2 ESA broadband reference limits

measurements made using the method specified in Annex D, the emission reference limni

64 dB (uV/m) to 54 dB (uV/m) (1 600 pV/m to 500 pV/m) in the 30 MHz to 75 MHzfrequ
this limit decreasing logarithmically (linearly) with frequencies above 30 MHz; and

54 dB (uV/m) to 65 dB (uV/m) (500 pV/m to 1 800 pV/m) in the 75 MHz to.400 MHz freqy
this limit increasing logarithmically (linearly) with frequencies above 75" MHz as shown

(Figure A.5).
he 400 MHz to 1 000 MHz frequency band the limits remain constant at 65 dB (pV/m) (1

A single test specimen, the measured values, expressed ifydB (uV/m) or (uV/m), shall
dB or (20 %) below the reference limits.

Specifications concerning narrowband electromagnetic emissions radiated

1 Method of measurement

electromagnetic interference shall be measured by the method specified in Annex E.

2 ESA narrowband reference limits

measurements made using the method specified in Annex E, the emission reference limi

54 dB (uV/m) to 44 dB (pV,/m) (500 pV/m to 160 pV/m) in the 30 MHz to 75 MHz frequenc)
limit decreasing logarithmically (linearly) with frequencies above 30 MHz, and

this limit increasing logarithmically (linearly) with frequencies above 75 MHz as shown
(Figure A.69.

he 400 MHZz to 1 000 MHz frequency band the limit remains constant at 55 dB (uV/m) (54

h single test specimen, the measured values, expressed in dB (uV/m) or (uV/m), shall

Ls shall be

ency band,

ency band,
in Annex A

800 1V/m).

be at least

from ESA

[s shall be

’ band, this

44 dB (uV/m) to-55-dB (uV/m) (160 puV/m to 562 pV/m) in the 75 MHz to 400 MHz freqyency band,

in Annex A

2 W/m).

be at least

dB or (20 %) below the reference limits.

4.7 Specifications concerning the immunity of ESA to electromagnetic radiation

4.7.

1 Method of testing

For the testing of the immunity of ESA to electromagnetic fields the test methods of ISO 11452-2:2004,
ISO 11452-3:2016, I1SO 11452-4:2011 or ISO 11452-5:2002 apply in the respective frequency ranges
applicable for those International Standards.

The substitution method and 80 % AM with sinusoidal wave of 1 kHz (see ISO 11452-1:2015) is
determined as a test method in the frequency band of 20 MHz to 800 MHz.
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https://standardsiso.com/api/?name=fb3a8c1bc2f1c2327c86351e2289ef1b

ISO 1376

6-1:2018(E)

PM with ton 577 ps, period 4 600 ps is determined as a test method in the frequency band of 800 MHz to

2000 MHz

(see ISO 11452-1:2015).

If the substitution method is determined as the calibration method for the anechoic chamber test, the
forward power may be used as the control regardless of the standing wave ratio of the system. In the
case of ESA, the substitution method or the closed loop method may be used for the field calibration.

The test re

port shall note which control method was used.

4.7.2 ESA immunity reference limits

For tests

ade according to I1SO 11452-1-2015 1SQ 11452-2:2004 SO 11452-3-2016 SO 11452-4-2

11

or ISO 1141
— 48V/
60 V/
48 mA

22,5d

horizo

The referd
maximum
unmodulat

Functional
shall apply
unaccept

a
operation;:ﬁ change.

4.8 Elec

4.8.1 Mg

The methd
component

Choose

a gene

machinery,

a gene

]

24 V/m for the radiated field (absorber lined chamber) test method ' (ISO 11452-2:2004 V

2-5:2002, the immunity reference limits shall be

for the 150 mm strip line test method (ISO 11452-5:2002),
for the TEM cell test method (ISO 11452-3:2016),

for the BCI test method (ISO 11452-4:2011),

Bm for the TWC test method, (ISO 11452-4:2011), and

ntal and vertical polarization).

nce limits shall apply to the root mean square value’ of the unmodulated signal.
value of the test signal with modulation shall comply with the maximum value o
ed test signal.

status class A (Table 3) shall apply to all tests.: The reference limits, increased by 25
for the single test specimen. The ESA shallinot exhibit any operational change whic
le for its application on the machinery. See” 4.1.3 for a further definition of unaccept

krostatic discharge (ESD)

thod of testing

d specified in ISO 10605:2008 shall be used for measurement of the machinery or

rator capacitance of 330 pF for areas that can easily be accessed from the inside of

Fatar capacitance of 150 pF for areas that can easily be touched only from the outside of]

machipery.

in such areas where\an ESD in standard use is possible (e.g. by touching by the operatory).

vith

The
an

%,
h is
hble

the

the

the

In either case, the resistance is 2 k.

Packaging

and handling tests according to ISO 10605:2008 are not required.

ESA should be evaluated for their intended location upon the machinery. If this is not known both test
generator (150 pF and 330 pF) capacitance values shall be evaluated.

4.8.2 Re

ference limits

The following test levels apply for machinery and ESA:

10

* 4,0 kV contact and air discharge at functional status class A (see Table 3);
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* 6,0 kV contact discharge and # 8,0 kV air discharge at functional status class C (see Table 3).

Conducted transients

4.9.1 General

With remotely located ESA connected to the machinery through the wiring system, there is a possibility
of a pulse generated in a remote ESA energizing the circuit and affecting other ESA or components on
the machinery. Therefore, minimum values concerning emission and susceptibility for ESA fitted to
machinery are required. It shall be considered that the emission value for an ESA shall be less than the

sus

4.9
Tes

Thd
metf

4.9
The

highly inductive devices (including harnesses) and fast switching loads only create pulses tl

tha

4.9

The
stat

application of the different check pulses inithe 12 V and 24 V on-board systems.

For
con

Ceptibility for all ESA of the system.

2 Method of testing

Fing of conducted transients is applicable for ESA configuration only.

hod of testing.

3 Conducted emission — Reference limits
user shall ensure that, for those devices likely to create-higher pulses, such as solen

0 the reference limits of the ESA testing as defined in 4.9.4.

4 Conducted immunity — Reference limits and functional status

test levels at functional status class according to Table 1 shall apply. The function p¢
us shall be specified before the testing efievery different check pulse. Table 2 shows

each ESA, as applicable, instructiens should be added to describe the correct insta
hections to the machinery or its'dévices to avoid malfunction of the ESA and the maching

Table 1 — Check pulse in 12 V and 24 V on-board systems

method specified in ISO 7637-1:2015, ISO 7637-2:2011 and ISO 16750-2}2012 shall be fised as the

oids, other
hat are less

rformance
Fhe field of

lation and
ry.

12 Von-board system| 24 V on-board system
Severity level 2 Severity level 2 Fynctional
Test pulse Standard reference or or status for
Supply test level Us Supply test level Us Jystems
Vb Vb
1 See ISO 7637-2:2011 [I1a [I1a Ce/Dh
2d See ISO 7637-2:2011 [1a [1a Be /Dh
2b See ISO 7637-2:2011 [I1a [1a e/Dh
3a See ISO 7637-2:2011 [ITa [ITa A/Dh
3b See ISO 7637-2:2011 [ITa [I1a A/Dh
a  Severity levels are based on recommendations from ISO 7367-2:2011 and I1SO 16750-2:2012.
b The calculation in ISO 16750-2:2012 should be used.
¢ Functional status of ESA that are relevant for EUT (equipment under test) operation during cranking
d  Functional status of ESA other than for Footnote b.
e Without uncommanded movement and without creating hazardous machine behaviour
f Inaccordance with ISO 16750-2:2012, 4.6.3.
& Inaccordance with ISO 21848:2005.
h  Functional status “D” is only allowed for devices only providing convenience
© ISO 2018 - All rights reserved 11
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Table 1 (continued)

12 Von-board system| 24 V on-board system
Severity level Severity level Functional
Test pulse Standard reference or or status for
Supply test level Us Supply test level U systems
Vb Vb
Starting profile f | See ISO 16750-2:2012 [Va I1a Ac/Cd
Load dump g See 150 16750-2:2012 See Table 5 b See Table 5 b Ce
(unclamped)
Load dump g See IS0 16750-2:2012 See Table 6 b See Table 6 b C.e
(clamped)
a  Severity levels are based on recommendations from ISO 7367-2:2011 and ISO 16750-2:2012.
b The caldulation in ISO 16750-2:2012 should be used.
¢ Functiopal status of ESA that are relevant for EUT (equipment under test) operation during cranking
d  Functiofal status of ESA other than for Footnote b.
e Withoujuncommanded movement and without creating hazardous machine behaviour
f Inaccorfance with ISO 16750-2:2012, 4.6.3.
g Inaccordance with ISO 21848:2005.
h  Functiopal status “D” is only allowed for devices only providing convenience
Table 2 — Application of test pulses
Test pylse Application
1 This test pulse is a simulation of transients:due to supply disconnection from inductive logds;
it applies to a device under test if, as uséd’in the machinery, it remains connected directly in
parallel with an inductive load.
2a This test pulse is a simulation of transients due to the sudden interruption of current ir} an
inductor (e.g. the wiring harneSs) connected in series with a device under test.
2b This test pulse is a simulation of transients due to the castor of a DC motor when the ignifion
switch is opened and the motor is connected in parallel with a device under test.
3a,3p These test pulses agéa'simulation of transients, which occur as a result of the switching gro-
cesses. The characteristics of these transients are influenced by distributed capacitance pind
inductance of wiring harness.
Starting grofile |This pulse simulates supply voltage reduction caused by energizing the starter-motor circpits
of internal'@ombustion engines (excluding spikes associated with starting).

Load dymp This testpulse is a simulation of a load dump transient occurring in the event of a discharged
battéry being disconnected while the alternator is generating charging current at the monjent
ofithe battery being disconnected with other loads remaining on the alternator circuit at this
moment. The load dump amplitude depends on the alternator speed and on the level of|the
alternator field excitation at the moment of the battery being disconnected. The load dymp
pulse duration depends essentially on the time constant of the field excitation circuit and on
the pulse amplitude.

12 © ISO 2018 - All rights reserved
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Table 3 — Functional status

Functional status

Description

A
turbance.

All functions of a device/system perform as designed during and after exposure to a dis-

B (1)

within normal limits after exposure is removed. Memory functions shall remain

All functions of a device/system perform as designed during exposure; however, one or
more of them may go beyond the specified tolerance. All functions return automatically to

criterion A.

C (Imm)
returns automatically to normal operation after exposure is removed.

One or more functions of a device/system do not perform as designed during exposure but

D (IV)
does not return to normal operation until exposure is removed and the devie
reset by simple “operator/use” action.

One or more functions of a device/system do not perform as designed during.exjposure and

b /system is

E(V)
exposure and cannot be returned to proper operation without repairing or rd
device/system.

One or more functions of a device/system do not perform as desighed during and after

placing the

NOT

E  Roman numerals refer to the system used in ISO 16750-1:2006.

For

f)

Exceptions
the requirements described in Clause 4, the following exceptions are valid.

Where machinery or an electrical/electronic system or ESA does not include an electroni
with an operating frequency greater than 9 kHz or.broadband sources as specified in
shall be deemed to comply with the requirementscof 4.2, 4.3, 4.5, and 4.6.

For ESA that only provide a non-immunity related function to the operator, the imm|
according to 4.4 and 4.7 are optional.

If the machinery does not possess anlinterface for the coupling of external electrical
systems, a test of the conducted transients according to 4.9 is not necessary.

The machinery manufacturer shall in the operator's manual identify the precautions in
electromagnetic compatibility, if any, are applicable when installing and operating radio
or other transmitters which comply with the relevant EMC standards. For the applica
document, specific tests regarding radio or telephone transmitters are not necessary.

Systems that onlyCeontain electromechanical parts are deemed to meet the requiremsd
document if thedmmunity requirements are satisfied.

Loss of funetion of RF receivers during the immunity test is acceptable within th
bandwidth({(RF exclusion band), as long as the machinery maintains functional status
into thesmanufacturers predefined safe state. The RF exclusion band as specified for

radio/service/product in the EMC International Standards shall be applied for this purp

c oscillator
Annex B, it

unity tests

electronic

respect of
telephone
Fion of this

ents of this

e receiver
A or shifts
he specific
se.

Ma

hirnte manufacturers shall nravide ovidence that machinerv nerformance is not adversd
r

by such transmitter installations (see ISO 13766-2:2018, 5.3.2).

ly affected

Wanted emissions (e.g. from RF transmitting systems) within the necessary bandwidth and out-of-
band emissions are disregarded.

NOTE

Spurious emissions are within the scope of this document but might not need to be retested if the

transmitter has already met equivalent regional requirements (e.g. it has a Declaration of Conformity according
to Directive 2014/53/EUIZ] using a harmonized standard for products sold in the European Union).

© ISO 2018 - All rights reserved
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6 Testreport

The test report shall include the following:

— adescription of the test specimen (machine type or ESA type);

— adescription or classification of the test facilities or test site;

— adescription of the instrumentation or the standards that the instrumentation meets;

— the level of broadband electromagnetic emissions according to 4.2.2;

— the leviel of narrowband electromagnetic emissions according to 4.3.2;

— the idgntification of any loss of functional control of the machinery according to 4.4.2;

— the leviel of broadband electromagnetic interference according to 4.5.2;

— the leviel of narrowband electromagnetic interference according to 4.6.2;

— identiffication of any deviation from the specification of functional control)exhibited by the ESA
according to 4.7.2;

— identiffication of components not meeting the requirement of 4.8.2;

— identiffication of components not meeting the requirement of 4:9)3vand 4.9.4;

— the mdchine “configuration”, place and date, persons respofisible, instruments and methods usé¢d;
— the indtrument or calibration number;

— ajustification of the test specimen configuration sélected, as per Annex F.

14 © ISO 2018 - All rights reserved
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Annex A
(normative)

Reference limits

See Figures A.1 to A.6.

Limit L [dB (nV/m)], at frequency f (MHz)

Bandwidth 30t0 75 75 10 400 400'to 1000
MHz MHz MHz
120 kHz L=34 L =34 + 15,13 log (f/75) L=45
Quasipeak
Bandwidth Linear, when plotted
120 kHz dB vs log frequency

dB (uV/m)| pV/m

45 - 180

40 - 100
< T 0]
2 Jovs
< -

341 50

30 75 400 1000
Frequency - MHz - logarithmic

Figure A.1 — Machinery broadband reference limits for machinery-to-antenna distance of 10 m
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Limit L [dB (p1V/m)], at frequency f (MHz)

Bandwidth 30to 75 75 t0 400 400 to 1000
MHz MHz MHz
120 kHz L=44 L =44 + 15,13 log (f/75) L=55
Quasipeak
Bandwidth Linear, when plotted
120 kHz dB vs log frequency

dB (uvfm)| pV/m

56 - 562

5p - 316
< 1T o
z |1 S
4 i

44 -+ 160

30 75 400 100(
Frequency - MHz - logarithmic

Figure A.p — Machinery broadband reference limits for machinery-to-antenna distance of 3 m
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Limit L [dB (uV/m)], at frequency f (MHz)?

Bandwidth 30to 75 75 to 400 400 to 1000
MHz MHz MHz
120 kHz L=24 L =24 + 15,13 log (f/75) L=35
Peak/
Average
Bandwidth Linear, when plotted
120 kHz dB vs log frequency

dB (uV/m)| pV/m

35 - 56

30 -+ 31
< T O
z 1 9
4 L

24 -+ 16

30 75 400 1000
Frequency - MHz - logarithmic

a  If measuremerfts are made which exceed the above emission reference limits, an analysis|and evalu-
tion of these peaks shall be made according to the method of determining conformance jof radiated
isturbance presented in CISPR 12:2007.

ceof 10 m
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Limit L [dB (uV/m)], at frequency f (MHz)?

dB (uVjm)| pV/m

Bandwidth 30to 75 75 to 400 400 to 1000
MHz MHz MHz
120 kHz L=34 L =34 + 15,13 log (f/75) L=45
Peak/
Average
Bandwidth Linear, when plotted
120 kHz dB vs log frequency

45 - 180

4p -+ 100
Etc_:o
z |1 S
= B

3 -+ 50

30

75 400
Frequency - MHz - logarithmic

100(

a If measyirements arédnade which exceed the above emission reference limits, an analysis and evplu-
ation of|these peaks shall be made according to the method of determining conformance of radiated
disturbance presénted in CISPR 12:2007.

Figure A.4=—

18
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Limit L [dB (uV/m)], at frequency f (MHz)

Bandwidth 30to 75 75 to 400 400 to 1000
MHz MHz MHz
L=64-
120 kHz L =54 + 15,13 log (f/75) L=65

25,13 log (f/30)

Quasi-

peak
Bandwidth Linear, when plotted
120 kHz dB vs log frequency

dB (uv/m)| pV/m

65 - 1800

60 - 1000
S 1T o
z 1 9
O =

54 -1 500

30 75 400 1000
Frequency - MHz - logarithmic

Figure A.5 — ESA broadband reference limits
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Limit L [dB (uV/m)), at frequency f (MHz)

Bandwidth 30to 75 75 to 400 400 to 1000
MHz MHz MHz
L=54-
120 kHz L =44 + 15,13 log (f/75) L=55

25,13 log (f/30)

Peak/
Average
Bandwidth Linear, when plotted
120 kHz dB vs log frequency

dB (uVfm)| pV/m

56 - 562

5p - 316
< 1T o
z |1 S
3 B

44 -+ 160

30 75 400 100(
Frequency - MHz - logarithmic

a If measyirements arédnade which exceed the above emission reference limits, an analysis and evplu-
ation of|these peaks shall be made according to the method of determining conformance of radiated
disturbance presénted in CISPR 12:2007.

- 66— A brorrrdref -
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Annex B
(normative)

Method of measurement of radiated broadband electromagnetic
emissions from machinery — Complete machine only

B.]I General

B.1{1 Application

The test method of Annex B shall be applied to the complete machine.

Optional: The methodology described in CISPR 12:2007 can be applied by using the linpit lines as
spefified in Annex A.

On p single test specimen, the measured values, expressed in dB~(uV/m) or (uV/m), shall

2,0

B.1]
Thd

A quiasi-peak-detector shall be used for the measurement of broadband electromagnetic emi

a pd
ratq

B.1
Thi

Twyq

dB or (20 %) below the reference limits.

.2 Measurement apparatus

measuring equipment shall comply with the requisements of CISPR 16-1-1:2014.

ak-detector is used, an appropriate correction factor shall be applied which, depending o
(see CISPR 12:2007).

.3 Test method

5 test is intended to measure the'broadband emissions.
alternative reference antenna distances are permissible, with the reference antenna log
10 m, or

3m

fro

In efither case,the requirements of B.3 shall be complied with.

B.

the machinery.

be at least

5sions or, if
n the pulse

ated either

Results of measurement

The results of measurement shall be expressed in dB(uV/m) or (uV/m) for a 120 kHz bandwidth. If the
actual bandwidth B (expressed in kHz) of the measuring apparatus differs from 120 kHz, the readings,
when given in dB(pV/m), shall be converted through an addition of 20 log (120/B) and, when given in
uV/m, shall be converted through multiplication by 120/B.

©IS
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B.3 Measuring location

B.3.1 Test site

The test site shall be a clear, level area, free from electromagnetic reflecting surfaces within a circle of
a minimum radius of 30 m measured from a point midway between the machinery and the antenna (for
outdoor test sites — see Figure B.1 and CISPR 12:2007+AMD1:2009, 5.2.1).

B.3.2 Measurement facility

ring cnt toct byt o a0 arxzin xahich tha oot cnt 1o 1o d ooy b ity

the

The meas
test site, b
within the
under test,

B.3.3 Enklosed test facilities

Enclosed t
an outdooy
other than

The requir]

B.3.4 Ambient

To ensure

measurem
is present
machinery|
machinery,
measurem

givenin 4.2

Where 1)
deviceis c

B.4 Mad

B.4.1 Ge

All source
on during

machinery|
transmissi

L
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tonly in the permitted region as shown in Figure B.1. Other measuring antennae are aHoj
test area, at a minimum distance of 10 m both from the receiving antenna and the machiy
provided that it can be shown that the test results are not affected.

st facilities may be used if correlation can be shown between the enclosed test facility
site. Enclosed test facilities do not need to meet the dimensional requirements of Figurg
the distance from the antenna to the machinery and the height of\the antenna.

ements of B.3.4 also apply for an enclosed facility.

that there is no extraneous noise or signal of a magnitude sufficient to affect materially]
bnt, ambient measurements shall be taken beforeand after the main test. If the machiy
when ambient measurements are taken, it shall be ensured that any emission from
does not affect significantly the ambient- mteasurements — for example, by removing
from the test area, or 1) removing the ignition key or 2) disconnecting the battery. In |
bnts, the extraneous noise or signal shall be at least 6 dB below the limits of interferg
.2 (except for intentional narrowband-ambient transmissions).

r 2) above is utilized, the manufacturer/tester should ensure that no machine teleme
mmunicating when the ambient is measured.

hinery state during test

neral

of broadhahd emissions which are deemed to be continuously used should be switg
the test.{This could be any device which, when operated, is on for longer than 15 s. If
is enginie-driven, the engine shall be running at its normal operating temperature and
bn shall be in neutral. Care shall be taken to ensure that the speed setting mechanism ¢

not influer

ved
ery

and
[B.1

the
ery
the
the
oth
nce

tric

hed
the
the
oes

ce_electromagnetic emissions. During each measurement, the engine shall be operate

] as

follows:

22

Engine type Method of measurement
Quasi peak/peak
Spark ignition Engine speed

2500 rpm = 10 %
1500 rpm £+ 10 %
Nominal speed + 10 %

One cylinder
More than one cylinder

Diesel
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B.4.2 Test site ambient
Testing shall not be conducted while rain or other precipitation is falling on the machinery or within

10 min after such precipitation has stopped.

B.5 Antenna type, position and orientation

B.5.1 Antenna type

Any antenna may be used provided it can be normalized to the reference antenna. The method given in
CISPR 12:2007+AMD1:2009, Annex C, may be used to calibrate the antenna.

B.52 Height and distance of measurement
B.5|2.1 Height

B.5|2.1.1 10 m test

The phase centre of the antenna shall be (3,00 + 0,05) m above the plan€ on which the machinery rests.

B.5|2.1.2 3 mtest

The phase centre of the antenna shall be (1,80 = 0,05) m above the plane on which the machinery rests.

B.5|2.1.3 Antenna location

No jpart of any antenna's receiving elements shall be closer than 0,25 m to the plane on| which the
machinery rests.

B.5|2.2 Distance of measurement

B.5|2.2.1 10 m test

The horizontal distance from )the tip or other appropriate point of the antenna to the puter body
surface of the machinery, as’/defined during the normalization procedure described in B.51, shall be
(10)0 £ 0,20) m.

B.5|2.2.2 3 m teSt

The horizontal'distance from the tip or other appropriate point of the antenna to the puter body
surface of.the’machinery, as defined during the normalization procedure described in B.51, shall be
(3,4 = 0,05y m.

B.5.2:2-3—Amntenna tocation

If the test is carried out in a facility enclosed for radio frequency electromagnetic screening purposes,
the antenna's receiving elements shall be no closer than 1,0 m to any radio- absorbent material and no
closer than 1,5 m to the wall of the enclosed facility. There shall be no absorbent material between the
receiving antenna and machinery under test.

B.5.3 Antenna location relative to the machinery

The antenna shall be located successively on the left- and right-hand sides of the machinery, with the
antenna parallel to the plane of the longitudinal symmetry of the machinery.

The determination of the reference points shall be machine-specific and related to the maximum
concentration of emission, and shall be noted in the test report (for examples, see also Figure B.2).
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The user shall ensure that the reception area of receiving antenna adequately covers all known
broadband sources on the machinery.

NOTE Further guidance on the positioning of the antenna in relation to the machine can be found in
CISPR 12:2007 and in respective type-C standards.

B.5.4 Antenna position

At each of the measuring points, a reading shall be taken both with the antenna in a horizontal and in a
vertical polarization (see Figure B.2).

B.5.5 ﬂeadings

The maximpum of the four readings taken in accordance with B.5.3 and B.5.4 at each frequeridy shall be
taken as the characteristic reading at the frequency at which the measurements were made:

B.5.6 Frequencies

Measurements shall be made over the whole frequency range from 30 MHz to 1000 MHz. The minimpum
scan time ghall comply with the requirements of CISPR 12:2007.

In the event that the limit is exceeded during the test, investigations shall be made to ensure that thjs is
due to the machine and not to background radiation.

Measurements can be performed with either quasi-peak or peakidetectors. The limits given in 4.2|are
for quasi-peak. If a peak-detector is used, add 38 dB for 1 MHz®%handwidth or substract 22 dB for 1 kHz
bandwidth|.

Dimensions in mdtres

; 5 ' - ) _—
T ﬁ I
\ SRV

\

Clear lgvel area, free from electromagnetic reflecting surfaces. Reference: CISPR 12:2007

Key

1  machine

2 centre of clear area midway between antenna and machine
3 antenna

4  permitted region for measuring set (in hut or vehicle)

R radius

Figure B.1 — Machinery — Test area
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Dimensions in metres

7ﬁ<_
10 +0,2
(3 +0,05) 1
L in |
S |
/
10 +0,2
(3 £0,05)
1

Dipole antenna in position to measure vertical and horizontal component of radiption

Key
1 |machine (machine-specific reference point to be determined)

Figure B.2 — Position of antenna relative to machinery
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Annex C
(normative)

Method of measurement of radiated narrowband electromagnetic
emissions from machinery — Complete machine only

C1 Genleral

C.1.1 Application

The test m

Optional:

bthod of Annex C shall be applied to the complete machine.

The methodology described in CISPR 12:2007 can be applied by using the limit line

specified il Annex A.

On a singlg
2,0dBor (

C.1.2 Mg

e test specimen, the measured values, expressed in dB (uV/mj}ier (uV/m), shall be at 1
P0 %) below the reference limits.

asuring apparatus

The meas

ing equipment shall comply with the requirements of CISPR 16-1-1:2014.

Apeakorajverage detector shall be used for the measurement of narrowband electromagnetic emiss
if the evalyation is carried out according to the procedure described in CISPR 25:2008.

Either det¢ctor may be used, since the pulse repetition rate for sources on board the machiner
above 10 Hz.

NOTE
detector co

C.1.3 Te

This test
micro-prog

Two altern|
— 10 m,

— 3m

ISPR 16-2-3:2016, Annex D explains the differences between the CISPR AV detector and ar
plying with CISPR 16-1:1999.

5t method

b dS

past

ons

y is

AV

is intended to measure the narrowband emissions such as might emanate from a

essing-based system or other narrowband source.
ntive referenge-antenna distances are permissible, with the reference antenna located eit

r

her

from the machinery:.

In either case, the requirements of C.3 shall be complied with.

C.2 Results of measurement

The results of measurement shall be expressed in dB(puV/m) or (uV/m).

26
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C.3.
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Measuring location

1 Testsite

The test site shall be a clear, level area free from electromagnetic reflecting surfaces within a circle of a
minimum radius of 30 m measured from a point midway between the machinery and the antenna (see

Figure B.1).

C.3.

The

2 Measuring facility

ancuring cnt tact bt A o o aryzin vrhich b ot ot 1o 1o d oy b

within the

test
wit
und

C.3

Enc
an ¢
oth

Thd

C3

To ¢
med
is p
sign
are
no
nar

—

It shall be ensured that no emission'significantly affects the ambient measurements.

C.4 Machinery state during test

C.4

All
stat

C.4

$e or signal shall be at least 6 dB below the limits of interference given in 4.3.2 (except for

.
TIICTOSUT TS ST tC ST IO, OT IO CIIICT y- i vy eI croc IcaSuTr C e ST o rocaceoay - oc

site, but only in the permitted region as shown in Figure B.1. Other measuring antennass
hin the test area, at a minimum distance of 10 m both from the receiving antenna ardythe
er test, provided that it can be shown that the test results are not affected.

3 Enclosed test facility

losed test facilities may be used if correlation can be shown between the enclosed test
utdoor site. Enclosed test facilities do not need to meet the dimensiénal requirements of
er than the distance from the antenna to the machinery and the height of the antenna.

requirements of C 3.4 also apply for an enclosed facility.

4 Ambient

nsure that there is no extraneous noise or signal of a magnitude sufficient to materiallj
lsurement, ambient measurements shall be takenbefore and after the main test. If the
resent when ambient measurements are taken, it shall be ensured that any emissio
ificantly affect the ambient measurements < for example, by removing the machinery fr
h, removing the ignition key or disconnecting the battery. In both measurements, the

Frowband ambient transmissions).

1 Machinery systems

the machinery’s electronic systems shall be in normal operating mode with the
ionary.

2 Machinery controls

Thd

re allowed
machinery

acility and
Figure B.1

 affect the
machinery
h does not
pbm the test
bxtraneous
intentional

machinery

ignition or the engine run control shall be switched on. The engine shall not be operatin

c4

.3 Ambient conditions

Measurements shall not be made while rain or other precipitation is falling on the machinery or within
10 min after such precipitation has stopped.

C.5

C.5

Antenna type, position and orientation

.1 Antenna type

Any antenna may be used provided it can be normalized to the reference antenna. The method given in
CISPR 12 ed. 6.1:2009, Annex C may be used to calibrate the antenna.
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C.5.2 He

ight and distance measurement

C.5.2.1 Height

C.5.2.1.1

10 m test

The phase centre of the antenna shall be (3,00 + 0,05) m above the plane on which the machinery rests.

C.5.2.1.2 3 mtest

The phase gentre of the antenna shall be (1,8 = 0,05) m above the plane on which the machinery resfs.
C.5.2.1.3 |Antenna location

No part ofl any antenna's receiving elements shall be closer than 0,25 m to the plane-on which|the
machinery|rests.

C.5.2.2 Distance of measurement

C.5.2.2.1 |10 m test

The horizolrtal distance from the tip or other appropriate point of the'antenna to the outer body surface
of the machinery, defined during the normalization procedure described in C.5.1, shall be (10,0 * 0,2)) m.
C.5.2.2.2 |3 m test

The horizo}rtal distance from the tip or other appropriatépoint of the antenna to the outer body surface
of the machinery, defined during the normalization pre€édure described in C.5.1, shall be (3,0 £ 0,05)) m.
C.5.2.2.3 |Enclosed facility

If the test is carried out in a facility enclosed for radio frequency electromagnetic screening purposes,

the antenn
closer thar
receiving a

C.5.3 A

1,5 m to the wall of the enclosed facility. There shall be no absorbent material between
ntenna and the machinery-under test.

ntenna location relative to the machinery

The antenmna shall be loeated successively on the left- and right-hand sides of the machinery, with

antenna pa
point of the

The user
narrowbar

rallel to the,plane of longitudinal symmetry of the machinery and in line with the refereg
e machinéery (see B.5.3).

d_sources on the machinery.

d's receiving elements shall be no closer than 1,0 m to any radio absorbent material and no

the

the
nce

hall ‘ensure that the reception area of receiving antenna adequately covers all kngwn

C.5.4

Antenna position

At each of the measuring points, readings shall be taken with the antenna both in a horizontal and in a
vertical polarization (see Figure B.2).

C.5.5

Readings

The maximum of the four readings taken in accordance with C.5.3 and C.5.4 at each frequency shall be
taken as a characteristic reading at the frequency at which the measurements were made.
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C.6 Frequencies

Measurements shall be made over the whole frequency range from 30 MHz to 1 000 MHz The minimum
scan time shall comply with the requirements of CISPR 12:2007.

In the event that the limit is exceeded during the test, investigations shall be made to ensure that this is
due to the machine and not to background radiation.
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Annex D
(normative)

Method of measurement of radiated broadband electromagnetic
emissions from electrical/electronic sub-assemblies (ESA)

D.1 Genleral

D.1.1 Application

The test m

Optional:

specified il Annex A.

On a singlg
2,0dBor (

D.1.2 Mg

The measufring instruments shall comply with the requirements of CISPR 16-1-1:2014.

A quasi-pe
this Annex
pulse rate

D.1.3 Te

The testis

D.2 Res

The result

actual ban
shall be co

D.3 Meg

D.3.1 Te

bthod of Annex D shall be applied to electrical/electronic sub-assemblies (ESA).

The methodology described in CISPR 25:2008 can be applied by using the limit line

e test specimen, the measured values, expressed in dB (uV/mj}ier (uV/m), shall be at 1
P0 %) below the reference limits.

asuring apparatus

bk detector shall be used for the measurement of broadband electromagnetic emission
or if a peak detector is used an appropriate@orrection factor shall be used depending onl
[see CISPR 12:2007).

5t method

intended to measure the broadband electromagnetic emissions from ESA.

1lts of measurement

b of measurement Shall be expressed in dB(uV/m) or (uV/m) for 120 kHz bandwidth. Iff
Hwidth B (expressed in kHz) of the measuring apparatus differs from 120 kHz, the reac
herted to 1208kHz bandwidth through multiplication by a factor 120/B.

suringlocation

b dS

past

S in
the

the
ling

stsite

The test site shall comply with the requirements of CISPR 16-1-4:2012 (see Figure D.1).

D.3.2 Measuring facility

The measuring set, test hut, or machinery in which the measurement set is located shall be outside the
boundary in Figure D.1.

D.3.3 Enclosed facility

Enclosed test facilities may be used if correlation can be shown between the enclosed test facility
and an outdoor site. Enclosed test facilities do not need to meet the dimensional requirements of
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Figure D.1, other than the distance from the antenna to ESA under test and the height of the antenna
(see Figures D.2 and D.3).

D.3.4 Ambient

To ensure that there is no extraneous noise or signal of a magnitude sufficient to affect materially the
measurement, ambient measurements shall be taken before and after the main test. In both of the
measurements, the extraneous noise or signal shall be at least 6 dB below the limits of interference
given in 4.5.2, except for intentional narrowband ambient transmissions.

D.j ESA state during test

D.41 Operational mode

Thed ESA under test shall be in normal operation mode.

D.4.2 Test ambient

Testing shall not be conducted while rain or other precipitation is falling on the ESA or within 10 min
aftgr such precipitation has stopped.

D.4.3 ESA set-up

The ESA under test and its wiring harnesses shall be spaced 50 +100 mm above a metallic grpund plane

on 4 non-conductive, low relative permittivity material,(er < 1,4). However, if any part of theESA under
test is intended to be electrically bonded to the machinery's metal bodywork, that part shall be placed
on g ground plane and shall be electrically bondedto the ground plane.

The length of test harness parallel to the front'of the ground plane shall be (1 500 * 75) mm.

The total length of the test harness between the ESA under test and the load simulator|(or the RF
boundary) shall not exceed 2 000 mm\(or as defined in the test plan). The wiring type is defjned by the
actyial system application and requirément.

The ground plane shall be a metallic sheet with a minimum thickness of 0,5 mm. The mininhum size of
the[ground plane depends (on the size of the ESA under test but shall allow for the distribytion of the
ESA wiring harness and(components. The ground plane shall be connected to the protectivd conductor
of the earthing system”The ground plane shall be situated at a height of (0,9 + 0,1) m abdve the test
facility floor and shallbe parallel to it.

The ESA under-fest shall be arranged and connected according to its requirements. The power supply
harpess shall be positioned along and within (100 * 10) mm of the edge of the ground plane/table
clogest to_the antenna.

Theg ESA under test shall be connected to the grounding system according to the manpfacturer's
instWﬁWﬁ@—la fon specification; no additional grounding connections snail be permitted.
The minimum distance between the ESA under the test and all other conductive structures, such as

walls of a shielded area (with the exception of ground plane/table underneath the test object) or to the
nearest surface of the absorber material shall be 1,0 m.

D.4.4 Power to ESA

Power shall be applied to the ESA under test via a 5 pH/50 Q artificial network (AN) which shall be
electrically bonded to the ground plane. The electrical supply voltage shall be maintained to + 10 % of
its nominal system operating voltage. Any ripple voltage shall be less than 1,5 % of the nominal system
operating voltage measured at the AN monitoring port.
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D.4.5 Multiple ESA

If the ESA under test consists of more than one unit, the interconnecting cables should be the wiring
harness as intended for use in the machinery. If these are not available, the minimum length between
the ESA and the AN shall be 1,5 m. All cable trees should be terminated as realistically as possible and
preferably with real loads and actuators. If extraneous machinery is required for the correct operation
of the ESA under test, compensation shall be made for the contribution it makes to the emissions
measured.

D.5 Antenna type, position and orientation

D.5.1 Angtenna type

Any linearly polarized antenna may be used provided it can be normalized to the referenceantennd.

D.5.2 Hejight and distance of measurement

D.5.2.1 Height

The phase fentre of the antenna shall be (100 + 10) mm above the ground plane.

D.5.2.2 Distance of measurement

The horizontal distance from the phase centre or tip of the antenna, as appropriate, to the longitudfnal
part of thelwiring harness shall be (1,0 = 0,01) m. No part of the antenna shall be closer than 0,25 1h to
the ground plane.

The antenpa shall be placed parallel to a plane which is perpendicular to the ground plane nd
coincidentwith the edge of the ground plane along which the principal portion of the harness runs.

D.5.2.3 closed facility

If the test is carried out in a facility enclosed for radio frequency electromagnetic screening purpadses,
the antennfa's receiving elements shallbe no closer than 1,0 m to any radio absorbent material and no
closer thar 1,5 m to the wall of the-énclosed facility. There shall be no absorbent material between|the
receiving dntenna and the ESA under test.

D.5.3 Antenna orientation’and polarization

At each of the measuring-points, readings shall be taken both with the antenna in a horizontal and|in a
vertical polarization.

D.5.4 Repdings

The maxi of the two readingstake accordance h D.5.3 ateachfrequency shall be taken as
the characteristic reading at the frequency at which the measurements were made.

D.6 Frequencies

Measurements shall be made over the whole frequency range from 30 MHz to 1 000 MHz. The minimum
scan time shall comply with the requirements of CISPR 25:2008.

In the event that the limit is exceeded during the test, investigations shall be made to ensure that this is
due to the ESA and not to background radiation.
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