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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.

Draft Internatjional Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodiées casting|a vote.

International |Standard 1SO 14982 was prepared by Technical Committee ISO/TC 23, Tractors and maghinery for
agriculture ahd forestry, Subcommittee SC 2, Common tests.

Annexes A tg E form an integral part of this International Standard. Annexes F to H are for information only.
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Introduction

In the past years more and more electronic devices designed to control, supervise and indicate multi
have been used in agricultural machines and tractors. The electrical and electromagnetic environm
these devices work needs to be taken into consideration.

Electrical and high frequency disturbances emerge during the normal operation of many parts of

ple functions
ent in which

the machine

devices. They are generated within a large frequency range with different electrical charactesigtics and, by

conduction and/or radiation, can be imparted to other electronic devices and systems of the machine)

Narrowbamd signals generated by sources of interference inside or outside the agricultural‘machines

and tractors

rated micro-

can also e coupled in electrical and electronic systems where they can influence the normal functiox of electrical

devices. Yources of narrowband electromagnetic disturbances are, for example, maghines with inte
processors.

The elabofation of this International Standard is based upon the Commission Directive 95/54/EC (31 G
"Commissjon Directive 95/54/EC of 31 October 1995 adapting to technical, pfogress Council Directive
on the approximation of the laws of the Member States, relating to the suppression of radio interferer

ctober 1995)
72/245/EEC
ce produced

by spark-ignition engines fitted to motor vehicles and amending Directive“70/156/EEC on the approximation of the
laws of the Member States relating to the type approval of motor vehicles and their trailers". This procedure was
chosen dye to the large conformity of the disturbance phenomena.in many domains (motor vehicles, fractors, self-

propelled machinery), similar operation and ambient conditions-and the possibility of using the same

easuring rig

and measyiring apparatus. As far as possible, the measuring,procedures described in Directive 95/54/HC have been
replaced Ry equivalent internationally standardized measyring procedures. However, it was not possilple to refer to
Internationjal Standards for radiated broadband and narrfewband electromagnetic disturbances from npachines and
for radiatefl broadband and narrowband electromagnétic disturbances of electrical/electronic sub-asseinblies (ESA).

Therefore fthe necessary procedures are described.in detail in annexes B, C, D and E. International st
of the megdsuring procedures for all types of machines would be desirable for the future.

The electrpstatic discharge and the conducted transients are considered to be relevant for agricultu

ndardization

ral machines

and tractofs and therefore (in contrastwith the Directive 95/54/EC) are included in this International Standard.

Electrostatic discharges are relevant because also control elements can be positioned outside th
potential glifferences can emerge at contact. Conducted transients have to be taken into acco
agriculturgdl machines oftenrepresent open systems and several machines are combined with one a
now, howgver, only conducted transients along supply lines in 12 V- and 24 V-onboard systems hay
with. The nanufacturer.is therefore responsible for ensuring that the equipment may withstand conduct
which may occur at the switching under load and interactions between systems. Internal cabling 4§
should cornply withthe state of the art. Conducted transients at signal lines have not yet been treated.

This International Standard has been established as a means of achieving conformity with the require

e cabin and
unt because
nother. Up to
e been dealt
ed transients
nd networks

ments of the

EMC Directive (897336/EECT) and the EMT requirements of the Machine Directive (89/392Z/EECT).
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Agricu

ltural and forestry machinery — Electromagnetic

compatibility — Test methods and acceptance criteria

1 Scope

This Inter
compatibil

landscapin
manufacty

after the d

Electricall¢

standard,

modificatia

This Inter
electrical

accordang

2 Norm

The follow
Internation

revision, and parties to agreements based-on this International Standard are encouraged to in

possibility
registers @

ISO 7637
general.

ISO 76374
and light @
only.

ISO 7637
vehicles W

Lational Standard is not applicable to machines directlyssupplied with low voltage curren

hational Standard specifies test methods and acceptance criteria for evaluating, the ele
g and gardening machinery [referred to hereafter as machine(s)] as supplied by

hte of publication of this International Standard.
blectronic components or sub-assemblies intended for fitting in machines are also within the

except regarding immunity for those parts whose functions are not involved in the direc
n of the state of the functions of the machine.

ains. Exceptions to machines or electrical/electronic systems or ESA's that may not requ
e with this International Standard are given in clause 7«
htive references

ing standards contain provisions which, through reference in this text, constitute provi
al Standard. At the time of publication, the editions indicated were valid. All standards 4

of applying the most recent editions of the standards indicated below. Members of IEC and
f currently valid International Standards.

0:1990, Road vehicles~— Electrical disturbance by conduction and coupling — Part 0: D

1:1990, Road.\Vehicles — Electrical disturbance by conduction and coupling — Part 1: Pa

2:1990; Road vehicles — Electrical disturbance by conduction and coupling — Part 2:
ith-nominal 24 V supply voltage — Electrical transient conduction along supply lines only.

ctromagnetic

ty of tractors and all kinds of mobile (including hand-held) agricultural machinery; forestfy machinery,

he machine

rer. It is applicable to machines and electrical/electronic sub-assemblies (ESA'S) which are anufactured

scope of this
control and

L from public
ire testing in

Sions of this
re subject to
estigate the
ISO maintain

bfinitions and

ssenger cars

ommercial vehicles with nominal 12 V supply voltage — Electrical transient conduction along supply lines

Commercial

ISO/TR 10605:1994, Road vehicles — Electrical disturbance from electrostatic discharge.

ISO 11451-1:1995, Road vehicles — Electrical disturbances by narrowband radiated electromagnetic energy —
Vehicle test methods — Part 1: General and definitions.

ISO 11451-2:1995, Road vehicles — Electrical disturbances by narrowband radiated electromagnetic energy —
Vehicle test methods — Part 2: Off-vehicle radiation source.

ISO 11452-1:1995, Road vehicles — Electrical disturbances by narrowband radiated electromagnetic energy —
Component test methods — Part 1: General and definitions.

ISO 11452-2:1995, Road vehicles — Electrical disturbances by narrowband radiated electromagnetic energy —
Component test methods — Part 2: Absorber-lined chamber.
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ISO 11452-3:1995, Road vehicles — Electrical disturbances by narrowband radiated electromagnetic energy —
Component test methods — Part 3: Transverse electromagnetic mode (TEM) cell.

ISO 11452-4:1995, Road vehicles — Electrical disturbances by narrowband radiated electromagnetic energy —
Component test methods — Part 4: Bulk current injection (BCl).

ISO 11452-5:1995, Road vehicles — Electrical disturbances by narrowband radiated electromagnetic energy —
Component test methods — Part 5: Stripline.

IEC 50-161:1990, International electrotechnical vocabulary — Chapter 161: Electromagnetic compatibility.

CISPR 12:1990, Limits and methods of measurement of radio interference characteristics of vehicles, motor boats,

and spark-ig

CISPR 16-1:
Radio disturf

ol H P <l H
MCUTTTIYIe=uriveTrucvitto.,

1993, Specification for radio disturbance and immunity measuring apparatus and methods
ance and immunity measuring apparatus.

3 Definitions

For the purpgses of this International Standard, the following definitions apply.

3.1

electromagn
ability of a n
environment

[IEC 50-161:

3.2

electromagn
any electrom
technical uni

NOTE — An
propagation m

[IEC 50-161:

3.3

electromagn
ability of am
disturbances

[IEC 50-161:

btic compatibility
without introducing intolerable electromagnetic disturbances to anything in that environment

1990, 161-01-07]

btic disturbance
agnetic phenomenon which may degrade-the performance of a machine or component o

electromagnetic disturbance may. be” an electromagnetic noise, an unwanted signal or a cha
edium itself

1990, 161-01-05]

etic immunity
without degradation of performance

1990, 161-01-20]

3.4

— Part 1:

nachine or components or a separate technical unit to funCtion satisfactorily in its electjfomagnetic

I' separate

nge in the

hchine or compenent or separate technical unit to perform in the presence of specified electjomagnetic

electromagn

tiC EnNvIToTTETTt

totality of electromagnetic phenomena existing at a given location

[IEC 50-161:1990, 161-01-01]

3.5

reference limit
limit value with which the production shall conform

3.6

reference antenna
(frequency range 30 MHz to 80 MHzshortened balanced dipole which is a half-wave resonant dipole at 80 MHz
frequency [see CISPR 16-1:1993]
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3.7
reference antenna

frequency range above 80 MHz[Obalanced half wave resonant dipole tuned to the measurement frequency [see
CISPR 16-1:1993]

3.8
broadband emission
emission which has a bandwidth greater than that of a particular measuring apparatus or receiver

[IEC 50-161:1990, 161-06-11]

3.9
narrowbarfd emission
emission which has a bandwidth less than that of a particular measuring apparatus or receiver

[[EC 50-161:1990, 161-06-13]

3.10
electrical/glectronic system

electrical and/or electronic component or set of components intended to be part.of a machine, together with any
associated electrical connections

3.11
electrical/glectronic sub-assembly
ESA
electrical and/or electronic component or set of components intended to be part of a machine, together with any
associated electrical connections and wiring, which performs one,or more specialised functions

3.12

machine type
[électromdgnetic compatibilityCOmachines which do not differ in such essential respects as:

0 the stfuctural shape;
O the g¢neral arrangement of the electrical and/or electronic components and the general wiring arrangement;

O the pimary material of which the{ design of the machine consists (for example a steel, aluminium| or fibreglass
cover|ng parts)

3.13

ESA type
[electromdgnetic compatibility IESA's which do not differ in such essential respects as:

O the fupction performed by the ESA;

O the arrangement of the electrical and/or electronic components, if applicable;

O the primary material of the casing

3.14

electrostatic discharge

ESD

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

[IEC 50-161:1990, 161-01-22]

3.15

conducted transients

transient voltage or current distributed in the power supply wiring of a machine or component or separate technical
unit via a conductor between the source of the transient and the drain
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The requirements of this International Standard shall be met by a machine (and its electrical/electronic installation or
its ESA) operating in accordance with its final purpose. According to the choice of the machine manufacturer, the

rnatives are possible to demonstrate conformity with this International Standard.

The requirements of this International Standard are deemed to be fulfilled for a complete machine when the

requirements identified in clauses 5 and 6, as applicable, are fulfilled. If the machine manufacturer has chosen

following alte
a)

this alter
b)

manufagtd

and have
c)

equipms

clause 7).
5 Testing
5.1 Proced

A kind of "type testing” has been chosen as test procedure, in which axtype (designated "test specimen’

which has bsd

In every tes

Tightened linit values apply for the test specimen (except*for the electrostatic discharge and the

transients) w
reference lim

NOTE 1 — TH
series-product
results).

If the test sp
the test spec

NOTE 2 — Th

Referring to
specimen.

NOTE 3 — TH
from the envir|
not apply.

3] been mstalled in conformance with the recommended requrrements of the ESA

native, no routine tests of the electrical/electronic systems or ESA's are required.

nt for which an immunity or interference test is required. In this case no tests.are nece

ure

en chosen from the series according to certain criteria is\{ested (see definitions 3.12 and 3.1
procedure reference limits are determined to which the complete production has to ¢

hich shall be 2 dB (20 %) below the refereneelimits (at emission) respectively 2 dB (25 %)
its (at immunity).

is additional margin is used in order teraecount for the minor differences between the test specim
(equivalence of the test specimen) and the minor differences of different testing laboratories (reprd

ecimen fulfils the tightenegd- limit values, it is assumed that all series-products which are repre
men comply with the reference limits.

The requrrements of this Internatronal Standard are also deemed to be fulfilled if |t is confrrmed by the machine

| Standard

The reqliirements of this International Standard are also deemed to be fulfilled when the machine has no such

Esary (see

hereafter)
B).
Drrespond.

conducted
above the

en and the
ducibility of

psented by

is means that the reference limits are taken as basis for a 100 % testing of the production and for an ihspection.

the electrostatie“discharge and conducted transients, the reference limits are also valid f

e testiprocedure for the electrostatic discharge and the conducted transients depend in a less sub
pnmental influences and minor modifications of the test specimen and consequently the additional

Dr the test

tantial way
hargin does

5.2 General requirements for immunity testing

No disturbances shall occur during testing which may affect the driver's direct control of the machine. The driver's
direct control of the machine is exercised by means of, for example, steering, braking, the ground speed, or engine
speed control. This also concerns movements of parts of the machine and modifications of the state of function
which may generate hazards or mislead others.
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6 Test/measurement methods and reference limits

6.1 Broadband electromagnetic emissions from machines

6.1.1 Method of measurement

The electromagnetic emissions shall be measured using the method described in annex B at either of the defined
antenna distances. The choice is left to the user of this International Standard.

6.1.2 Broadband reference limits

If measurements are made using the method described in annex B using a machine-to-antenna distance of

10 m £ 0,7
band and
increases
1 000 MH:

If measur
3 m 0,05
band and

increases
1 000 MH:

On the tes
reference

6.2 Narr

6.2.1 Method of measurement

The electr
antenna d

6.2.2 Nar

If measur
10 m+ 0,4
band and
increases
1 000 MH:

If measur
3 m+ 0,05
band and
increases
1 000 MH:

m, the emission reference limits shall be 34 dB(uV/m) (50 pV/m) in the 30 MHz to 75M
B4 dB(uV/m) to 45 dB(uVv/m) (50 uv/m to 180 pV/m) in the 75 MHz to 400 MHz frequency, b
logarithmically (linearly) with frequencies above 75 MHz as shown in figure A.1.Nln’the
frequency band the limit remains constant at 45 dB(uVv/m) (180 pVv/m).

bments are made using the method described in annex B using a machiné-to-antenna

m, the emission reference limits shall be 44 dB(uV/m) (160 pV/m) in the-30 MHz to 75 MH
14 dB(uV/m) to 55 dB(uVv/m) (160 pV/m to 562 pV/m) in the 75 MHz to 400-MHz frequency b
logarithmically (linearly) with frequencies above 75 MHz as shown™in figure A.2. In the
frequency band the limit remains constant at 55 dB(uVv/m) (562 pVim).

t specimen, the measured values, expressed in dB(uVv/m) (u¥/m), shall be at least 2 dB (20
imits.

pwband electromagnetic emissions from machines

pbmagnetic emission shall be measured using the method described in annex C at either g
stances. The choice is left to the user of,this International Standard.

Fowband reference limits

bments are made using the.method described in annex C using a machine-to-antenns
m, the emission reference_limits shall be 24 dB(uV/m) (16 pV/m) in the 30 MHz to 75 M

logarithmically (linearly) with frequencies above 75 MHz as shown in figure A.3. In the
frequency band the limit remains constant at 35 dB(uVv/m) (56 pV/m).

bments are Made using the method described in annex C using a machine-to-antenna
m, the emission reference limits shall be 34 dB(uV/m) (50 uVv/m) in the 30 MHz to 75 MH
B4 dB(uW/m) to 45 dB(uVv/m) (50 uv/m to 180 pV/m) in the 75 MHz to 400 MHz frequency b
logarithmically (linearly) with frequencies above 75 MHz as shown in figure A.4. In the
frequency band the limit remains constant at 45 dB(uVv/m) (180 pVv/m).

Hz frequency
And; this limit
400 MHz to

distance of
z frequency
and; this limit
400 MHz to

06) below the

f the defined

distance of
Hz frequency

P4 dB(uV/m) to 35 dB(uV/m) (16 pV/m to 56 pV/m) in the 75 MHz to 400 MHz frequency bnd; this limit

400 MHz to

distance of
z frequency
And; this limit
400 MHz to

On the test specimen, the measured values, expressed in dB(uV/m) (uV/m), shall be at least 2 dB (20 %) below the
reference limits.

6.3 Immunity of machines to electromagnetic radiation

6.3.1 Tes

t method

The immunity to electromagnetic radiation of the machine shall be tested according to ISO 11451-1 and
ISO 11451-2. The determination of the reference point(s) and the operating mode(s) shall be machine-specific and
noted in the test report. Immunity testing should be conducted as outlined in ISO 11451-1 except forward power
may be used as the control regardless of the standing wave ratio of the system. The test report shall indicate which
control method was used. The substitution method and the 80 % amplitude modulation (AM) with sinusoidal wave of
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1 kHz (see ISO 11451-1) is determined as test method. Testing shall be done in the frequency band 20 MHz to
1 000 MHz. Polarization may be vertical or horizontal based on worse case conditions and shall be noted in the test
report.

6.3.2 Machine immunity reference limits

The reference limit shall be 24 V/m referring to the root mean square value of the unmodulated signal. The
maximum value of the test signal with modulation shall comply with the maximum value of an unmodulated test
signal. The reference limits, increased by 25 %, apply for the test specimen. The general requirements for immunity
testing determined in 5.2 shall be fulfilled.

6.4 Broadband electromagnetic emissions radiated from ESA's

6.4.1 Method of measurement

The electromagnetic interference shall be measured using the method described in annex D.

6.4.2 ESA broadband reference limits

ents are made using the method described in annex D, the emission reference limits shall be
to 54 dB(uVv/m) (1 600 pvV/m to 500 pV/m) in the 30 MHz to 75 MHz frequency band| this limit
garithmically (linearly) with frequencies above 30 MHz, and 54 dB(u\/m) to 65 dB(uV/m) (500 pV/m to
in the 75 MHz to 400 MHz frequency band and increases logarithmically (linearly) with flequencies
z as shown in figure A.5. In the 400 MHz to 1 000 MHz freqdency band, the limit remains ¢onstant at

(1 800 pVv/m).

If measureni
64 dB(uVv/m)
decreases |0
1 800 pVv/m)
above 75 MH
65 dB(uV/m)
On the test below the
reference lim

pecimen, the measured values, expressed in dB(uV/m), (uV/m) shall be at least 2 dB (20 %
its.

6.5 Narrowband electromagnetic emissions radiated.from ESA's
6.5.1 Method of measurement
The electromagnetic interference shall be measured using the method described in annex E.

6.5.2 ESA narrowband reference limits

If measurem
54 dB(uV/m)
logarithmical
in the 75 MH
as shown in
(562 uVv/m).

On the test s

ents are made using they method described in annex E, the emission reference limit
to 44 dB(uVv/m) (500 gVim to 160 uVv/m) in the 30 MHz to 75 MHz frequency band; this limit
y (linearly) with frequencies above 30 MHz, and 44 dB(uV/m) to 55 dB(uV/m) (160 pV/m to
z to 400 MHz freguency band and increases logarithmically (linearly) with frequencies abo
figure A.6. In-the’ 400 MHz to 1 000 MHz frequency band the limit remains constant at 55

pecimen, the measured values, expressed in dB(uV/m) (uV/m) shall be at least 2 dB (20 %

5 shall be
decreases
6562 pHv/m)
e 75 MHz
dB(uVv/m)

below the

reference limjits.

6.6 Immunity of ESA's to electromagnetic radiation
6.6.1 Test method

Any combination of the test methods of ISO 11452-2, ISO 11452-3, ISO 11452-4 or 1SO 11452-5 may be used for
the immunity testing of ESA's to electromagnetic energy. The selected test methods shall cover the frequency band
20 MHz to 1 000 MHz. An amplitude modulation (AM) of 80 % together with a sinusoidal wave of 1 kHz (see
ISO 11452-1) shall be used. 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's, the substitution method or the closed loop method may be used for the field calibration. The test
report shall indicate which control method was used.
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6.6.2 ESA immunity reference limits
The immunity reference limits shall be as follows:

48 V/m for the stripline testing method (ISO 11452-5);

60 V/m for the TEM cell testing method (ISO 11452-3);

48 mA for the Bulk Current Injection (BCI) testing method (ISO 11452-4); and

24 VIm for the radiated field (absorber lined chamber) testing method (ISO 11452-2) in vertical polarization only.
The refer ; 5, : e root mean
square value of the unmodulated signal. The maximum value of the test signal with modulation shatheomply with the
maximum |value of an unmodulated test signal. The ESA shall not exhibit any operational’change which is

unacceptable for its application on the machine. See 5.2 for further definition of operatignal chapge which is
unacceptaple.

6.7 Elecjrostatic discharge
6.7.1 Test method

The methqd described in ISO/TR 10605 shall be used as the method of measurement of the machine dr on the ESA
in areas where an ESD in standard use is possible (e.g. by touching by the)operator).

6.7.2 Reference limits

Test level | (£ 4 kV) at functional status class A according to ISO/TR 10605 applies.
6.8 Condgucted transients

6.8.1 MeThod of testing

The methqd described in ISO 7637-0, ISO 7637~Y'and ISO 7637-2 shall be used as method of testing.

6.8.2 Reference limits

Test level || at functional status class A-according to ISO 7637-1 and ISO 7637-2 applies. Table 1 shows the field of

applicatior) of the different check pulses in the 12 V- and 24 V-onboard system.1) The function perforfnance status
shall be specified before the testing of every different check pulse.

1) The emission of transients is under consideration for a revision of 1ISO 7637-1 and 1SO 7637-2. This has to be taken into
account for the future.
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Table 1 — Check pulse in 12 V- and 24 V-onboard system

©1SO

Test
pulse

Reference limit
12 V-system

\Y

Reference limit
24 V-system

\Y

Application

-25

-501)

This test pulse is a simulation of transients due to supply
disconnection from inductive loads; it applies to a device

under test if, as used in the machine, it remains connected

directly in parallel with an inductive load.

+275

+25

I'his test pulse 1S a simulation ot transients due 1o the

sudden interruption of current in an inductor connected|in

series with a device under test.

3a

3b

-25

+25

-35

+35

These test pulses are a simulation of transients, which pccur
as a result of the switching processes. The characterist|cs of
these transients are influenced by distributed capacitance

and inductance of wiring harness.

This pulse simulates supply,voltage reduction caused by

energising the starter-moter<circuits of internal combustjon

engines (excluding spikes associated with starting).

+26,5

+70

This test pulse is a*simulation of load dump transient
occurring in the-event of a discharged battery being
disconnected while the alternator is generating charging

current at the moment of the 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 disconnedted.
The load dump pulse duration depends essentially on the
time constant of the field excitation circuit and on the pulse

amplitude.

1) Only]

test pulse 1a according to1SO 7637-2 applies.

7 EXxceptic

For the requi

a)

b)

c)

d)

ns

ementsof clauses 5 and 6, the following exceptions are valid.

Where

@ machine or electrical/electronic system or ESA does not include an electronic oscillat

operating frequency greater than 9 KHz, Testing according 10 6.2 and 6.5 IS NOL necessary.

Dr with an

Machines which do not have electrical/electronic systems or ESA's involved in the direct control and
modification of the state of function of the machine need not to be tested for immunity according to 6.3, 6.7 and

6.8.

ESA's whose functions are not involved in the direct control and modification of the state of function of the
machine need not be tested for immunity according to 6.6, 6.7 and 6.8.

If the machine does not possess an interface for the coupling of external electrical/electronic systems, so a
testing of the conducted transients according to 6.8 is not necessary. If the machine is self propelled, a testing
of the conducted transient immunity according to 6.8 is not required.
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e) No specific tests shall be made regarding radio or telephone transmitters. Each machine manufacturer shall, in
his owner's handbook, identify what precautions, if any, shall be taken when installing and operating radio,
telephone or other transmitters inside the machine.

8 Test report

An example of a test report is given in annex G.
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Annex A
(normative)

Reference limits

The reference limits are given in figures A.1 to A.6.

Limit £ [dB{uV/m)], at frequency f (MHz)
Bandwidth 30 MHz to 75 MHz 75 MHz to 400 MHz 400 MHz 1o 000 MHz
120 kHz L =34 L =34 + 15,13 log (7/75) [ =45
Quasi-peak
Bandwidth Linear, when plotted dB vsxleg freguency
120 kHz
dB{kVvV/m) puv/m
45 —— 180
40 — 100
% — )]
af L (=]
= — -
34 —+— &S0
30 75 400 1000

Freguency, MHz (Logarithmic)

Figure A.1 — Machine broadband reference limits for a machine-to-antenna distance of 10 m
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Limit £ [dB{uV/m)], at frequency 7 (MHz)

Bandwidth

30 MHz to 75 MHz

75 MHz to 400 MHz

400 MHz to 1000 MHz

120 kHz

L =4k

L =44 + 15,13 log (f/7#5)

L =55

Quasi-peak

Bandwidth
120 kHz

B(uv/m) pVv/m

55 —— 562

50 —+ 316

Linear
[
Log

kb —— 160

Linear, when plotted dB vs. log frequency

20

a0

JaVa)

+000
Frequency, MHz (Logarithmic)

Figure A.2 — Machine broadband reference limits for a machine-to-antenna distance of 3 m

11


https://standardsiso.com/api/?name=d3d310656af713e726fac3bf91c5408b

ISO 14982:1998(E)

12

Limit £ [dB{uV/m)], at frequency f (MHz)
Bandwidth 30 MHz to 75 MHz 75 MHz to 400 MHz 400 MHz to 1000 MHz
120 kHz L =24 L =24+ 15,13 log (F/75) L =35
Peak
Bandwidth Linear, when plotted dB vs. log frequescy
120 kHz
dB{gv/m) uv/m
35 - 56
30 4 31
% — )]
] L (=]
= — -
24 —— 16
20 25 00 100

Frequency, MHz (Logarithmic)

Figure A.3 — Machine narrowband reference limits for a machine-to-antenna distance of 10 m

©1SO
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Limit £ [dB{uV/m)], at frequency f (MHz)

Bandwidth

30 MHz fo 75 MHz

75 MHz to 400 MHz

400 MHz o 1000 MKz

120 kHz

L =34

L =34 + 15,13 log (f/75)

L =45

Peak

Bandwidfh
120 kHz

B(uV/m) uv/m

45 —— 180

L0 —— 100

Linear
[
Log

34 —— 50

Linear, when plotted dB vs. log freguency

20

2L

00

H000

Frequency, MHz {Logarithmic)

Figure A.4 — Machine narrowband reference limits for a machine-to-antenna distance of 3 m
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Limit £ [dB{uV/m)], at frequency f (MHz)

Bandwidfh

30 MHz to 75 MHz 75 MHz to 400 MHz

400 MHz to 1000 MHz

120 kHz

L=64-2513 L =54+ 15,13 log (f/75)
log (F/30)

L =65

Quasi-peak

Bandwidth
120 kHz

dB(y

Linear

v/m) wv/m

T

65 — 1800

60 — 1000

Log

54 —— 500

Linear, when plotted dB vs. log frequenty

30

7C 4QQ

100

Figure A.5 — ESA broadband reference limits

Frequency, MHz (Logarithmic)
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Limit £ [dB{uV/m)], at frequency f (MHz)

Bandwidth

30 MHz fo 75 MHz 75 MHz to 400 MHz

400 MHz o 1000 MKz

120 kHz

L =54 -2513 L =44 + 15,13 log (F/75)
Log {7/30)

L =55

Peak

Bandwidfh
120 kHz

B(uVvV/m)

55 —

50 —

Linear

b —

uV/m

562

316

Log

160

Linear, when plotted dB vs. log freguency

20

2L

00

H000

Figure A.6 — ESA narrowband reference limits

Frequency, MHz {Logarithmic)
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(normative)

©1SO

Method of measurement of radiated broadband electromagnetic emissions

from machines

B.1 General

B.1.1 App
The test met
B.1.2 Mead
The measuri

A quasi-peal
detector is us

B.1.3 Test
This test is
distances ar¢
with.

B.1.4 Res
The results g
B (expresse
120 kHz ban
NOTE — Th
factor is as de|
B.2 Meas
B.2.1 Test

The test site

ication

nod described in this annex shall only be applied to machines.
suring equipment

g equipment shall comply with the requirements of CISPR 16-1.

-detector shall be used for the measurement of broadband electromagnetic emissions, or
ed an appropriate correction factor shall be used (see clause B:6and CISPR 12).

method

ntended to measure the broadband emissions fromZmachines. Two alternative referenc
e permissible, 10 m or 3 m from the machine. In ejther case the requirements of B.2 shall be

lts

f measurement shall be expressed in‘dB(uVv/m) (uVv/m) for 120 kHz bandwidth. If the actual
| in kilohertz) of the measuring apparatus differs from 120 kHz, the readings shall be co
pdwidth through multiplication by.a factor 120/B.
s factor depends on the spectral distribution of the disturbance signal. For spark-like disturbance \
Scribed. For harmonic disturbance signals the factor is 4/120/B .

uring location

site

if a peak-

£ antenna
e complied

bandwidth
nverted to

oltages the

shall be a clear, level area free of electromagnetic reflecting surfaces within a circle of mini

30 m measuieedfrom a point midway between the machine and the antenna (see figure B.1).

nrum radius

B.2.2 Measuring facility

The test hut or vehicle in which the measurement set is located may be within the test site, but only in the permitted
region shown in figure B.1. Other measuring antennas are allowed within the test area, at a minimum distance of
10 m both from receiving antenna and the machine under test, provided that it can be shown that the test results will
not be affected.

B.2.3 Enclosed test facilities

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 figure B.1 other than the distance

16
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from the antenna to this machine and the height of the antenna, nor do they need to have ambient emissions
checked before or after the test as indicated in B.2.4.

B.2.4 Ambient measurements

To ensure that there is no extraneous noise or signal of a magnitude sufficient to affect materially the measurement,
measurements shall be taken before and after the main test. If the machine is present when ambient measurements
are taken, steps shall be taken to ensure that any emission from the machine do not affect the ambient
measurements significantly, for example by removing the machine from the test area, removing the ignition key, or
disconnecting the battery. For both of the measurements, the extraneous noise or signal shall be at least 10 dB
below the limits of interference given in 6.1.2 (except for intentional narrowband ambient transmissions).

B.3 Marghine state during test

All source$ of broadband emissions which are to be continuously used should be switched en during tept.
If the machine is engine-driven the engine shall be running at its normal operating temperature and the|transmission

shall be |n neutral. Care shall be taken to ensure that the speed setting mechanism does not influence
electromagnetic radiations. During each measurement, the engine shall be operated as shown in table B.1.

Table B.1 — Engine speed during test

Engine speed
Engine type Method of measurement
quasi¥peak peak
Spark one cylinder 2500 rfmin + 250 r/min 2500 r/min £ 250 r/min
ignition  more than one cylinder 1500 r/min + 150 r/min 1500 r/min + 150 r/min
Diesel Normal operation speed, with a relative tolerance of + 10 6

Measuremlents shall not be made while rain or other precipitation is falling on the machine or withinl ten minutes
after precipitation has stopped.

B.4 Antenna
B.4.1 Antenna type

Any anterjna may-\be used provided it can be normalised to the reference antenna. The method |described in
annex A of CISRR*12:1990 may be used to calibrate the antenna.

B.4.2 Amtéana position

B.4.2.1 General

No part of any antenna'’s receiving elements shall be closer than 0,25 m to the plane on which the machine rests.

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 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 machine under
test.

B.4.2.2 Test with 10 metres antenna distance

The phase centre of the antenna shall be 3 m £ 0,05 m above the plane on which the machine rests.

17
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The horizontal distance from the tip or other appropriate point of the antenna defined during the measurement

procedure m

B.4.2.3 Tes

entioned in B.4.1 to the outer body surface of the machine shall be 10 m + 0,2 m.

t with three metres antenna distance

The phase centre of the antenna shall be 1,8 m = 0,05 m above the plane on which the machine rests.

The horizontal distance from the tip or other appropriate point of the antenna defined during the measurement

procedure m

entioned in B.4.1 to the outer body surface of the machine shall be 3 m + 0,05 m.

B.4.3 Antenna orientation

The antenna|shall be located successively on the left- and right-hand sides of the machine, with the anterlna parallel
to the plane pf longitudinal symmetry of the machine and in line with the engine mid-point or the ma¢hing mid-point
for machines|without engine (see figure B.2).

At each of thhe measuring points, readings shall be taken both with the antenna in a horizgntal and ir] a vertical
polarisation (see figure B.2).

B.5 Readjngs

The maximuin of the four readings taken in accordance with B.4.3 shall be taken as the characteristic reading at the
frequency at|which the measurements were made.

B.6 Frequencies

Measuremerits shall be made over the whole frequency range from 30 MHz to 1 000 MHz. The minimum| scan time
shall comply jwith the requirements of CISPR 12.

In the event fhat 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.

Measuremerts can be performed with either.quasi-peak or peak detectors. The limits given in 6.1.2 arg| for quasi-
peak. If a peak-detector is used, add 38 @B for 1 MHz bandwidth or subtract 22 dB for 1 kHz bandwidth, that is,

O limit (pegk, 1 MHz) = limit (quasi-peak, 120 kHz) + 38 dB;

O limit (pegk, 1 kHz) = limit-(quasi-peak, 120 kHz) — 22 dB.

NOTE — In fccordance with CISPR 12, the correlation factor between quasi-peak and peak measurements is| + 20 dB at
120 kHz bandwidth, and/has been included in the above equations.

18
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Dimensions in metres

Key

1 Machine

2 Centre|of.elear area midway between antenna and machine
3 Anten

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

NOTE — The area shall be clear, level and free of electromagnetic reflecting surfaces (see CISPR 12)

Figure B.1 — Machine test area
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Dimensions in metres

10 0,2

(3+£0,05) / \

30,05
(1,8 £0,05)

=——=///)

—

L/ /N |

a) Dipole antenna position to measure vertical component of radiation

QANNNANNNNY)
vV//// /1)
OO\

(// /)

10 +0,2
(3 +0,05)

b) Dipole antenna position to measure horizontal component of radiation

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

Method of measurement of radiated narrowband electromagnetic emissions

C.l Ge

C.1.1 Application

The test njethod described in this annex shall only be applied to machines.

Cl2 M
The meas

A peak de

C.1.3 Test method

This test i
system or
machine. |
Cl4 R

The result

C.2 Mg

C.2.1 Test site

The test s
30 m mea

C.2.2 Mepasuring facility

The test h

region shgwnAintfigure B.1. Other measuring antennas are allowed within the test area, at a minimur

10 m both

from machines

neral

basuring equipment
iring equipment shall comply with the requirements of CISPR 16-1.

ector shall be used for the measurement of narrowband electromagnetic emissions.

5 intended to measure the narrowband emissions such @s’might emanate from a microproc
other narrowband sources. Two alternative antennaZdistances are permissible, 10 m or
n either case the requirements of C.2 shall be complied with.

bsults

5 of measurement shall be expressed indB(uV/m) (uV/m).

asuring location

sured from a point-midway between the machine and the antenna (see figure B.1).

Ut or véhicle in which the measurement set is located may be within the test site, but only in

Pssing-based
B m from the

te shall be a clear lével area free of electromagnetic reflecting surfaces within a circle of mipimum radius

the permitted
n distance of

from receiving antenna and the machine under test, provided that it can be shown that the tg

st results will

not be affected.

C.2.3 Enclosed test facilities

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 figure B.1 other than the distance
from the antenna to this machine and the height of the antenna, nor do they need to have ambient emissions
checked before or after the test as indicated in C.2.4.

C.2.4 Ambient measurements

To ensure that there is no extraneous noise or signal of a magnitude sufficient to affect materially the measurement,
measurements shall be taken before and after the main test. If the machine is present when ambient measurements
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are taken, steps shall be taken to ensure that any emission from the machine do not affect significantly the ambient
measurements, for example by removing the machine from the test area, removing the ignition key, or
disconnecting the battery. For both of the measurements, the extraneous noise or signal shall be at least 10 dB
below the limits of interference given in 6.1.2 (except for intentional narrowband ambient transmissions).

C.3 Machine state during test

The machine's electronic system(s) which may generate narrowband emissions shall be operating during the
measurement. If necessary, systems which may generate broadband emissions shall be cut off.

The ignition shall he switched on._The pnginp shall not bhe npprafing

Measuremerts shall not be made while rain or other precipitation is falling on the machine or withit t¢n minutes
after precipit@tion has stopped.

C.4 Antenna

C.4.1 Antgnna type

Any antenng may be used provided it can be normalised to the referenc€, antenna. The method dgscribed in
annex A of QISPR 12:1990 may be used to calibrate the antenna.

C.4.2 Antgnna position

C.4.2.1 General

No part of anly antenna's receiving elements shall be closer than 0,25 m to the plane on which the maching rests.

If the test is ¢arried out in a facility enclosed for radio frequency electromagnetic screening purposes, thg antenna's
receiving elements shall be no closer than 1 m to ahy-radio absorbent material and no closer than 1,5 m|to the wall
of the encloged facility. There shall be no absorent material between the receiving antenna and machine under
test.

C.4.2.2 Test with 10 metres antenna distance

The phase céntre of the antenna shall be 3 m + 0,05 m above the plane on which the machine rests.

The horizontal distance from (the tip or other appropriate point of the antenna defined during the mepsurement
procedure mentioned in C,4.4 to the outer body surface of the machine shall be 10 m + 0,2 m.

C.4.2.3 Test with threeymetres antenna distance

The phase céntre of the antenna shall be 1,8 m = 0,05 m above the plane on which the machine rests.

The horizontal € 1ip or other appropriate point o aring asurement

procedure mentioned in C.4.1 to the outer body surface of the machine shall be 3 m + 0,05 m.

C.4.3 Antenna orientation

The antenna shall be located successively on the left- and right-hand sides of the machine, with the antenna parallel
to the plane of longitudinal symmetry of the machine and in line with the engine mid-point or the machine mid-point

for machines without engine (see figure B.2).

At each of the measuring points, readings shall be taken both with the antenna in a horizontal and in a vertical
polarisation (see figure B.2).
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C.5 Readings

The maximum of the four readings taken in accordance with C.4.3 shall be taken as the characteristic reading at the
frequency at which the measurements were made.

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.

In the evep Hritis-exceeded i ivestigat i i57is due to the
machine and not to background radiation.
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Annex D
(normative)

©1SO

Method of measurement of radiated broadband electromagnetic emissions

from electrical/electronic sub-assemblies

D.1 Geng
D.1.1 App
The test met
D.1.2 Med
The measuri

A quasi-peal
detector is us

D.1.3 Test
This test is in
D.1.4 Res
The results g
B (expresse
120 kHz ban
NOTE — Th
factor is as de|
D.2 Meas
D.2.1 Test

The test site

nod described in this annex shall only be applied to ESA's.
suring equipment

g equipment shall comply with the requirements of CISPR 16-4:

ral

ication

-detector shall be used for the measurement of broadband electromagnetic emissions, or
ed an appropriate correction factor shall be used (see clause D.6 and CISPR 12).

method

tended to measure the broadband electromagnetic emissions from ESA's.

ilts

f measurement shall be expressed_in dB(uVv/m) (uVv/m) for 120 kHz bandwidth. If the actual
| in kilohertz) of the measuring apparatus differs from 120 kHz, the readings shall be co

pwidth through multiplication-by*a factor 120/B.

s factor depends on the-spettral distribution of the disturbance signal. For spark-like disturbance \
Scribed. For harmonicdistdrbance signals the factor is 4/120/B .
uring locatien

site

Shall comply with the requirements of the CISPR 16-1 (see figure D.1).

if a peak-

bandwidth
nverted to

oltages the

D.2.2 Mea

suring facility

The test hut or vehicle in which the measurement set is located shall be outside the boundary shown in figure D.1.

D.2.3 Encl

osed test facilities

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 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).
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D.2.4 Ambient measurements

To ensure that there is no extraneous noise or signal of a magnitude sufficient to affect the measurement,
measurements shall be taken before and after the main test. In both of the measurements, the extraneous noise or
signal shall be at least 10 dB below the limits of interference given in 6.4.2 (except for intentional narrowband

ambient transmissions).

D.3 ESA state during test

D.3.1 General

The ESA Lllnder test shall be in normal operation mode.

Measuren
precipitatid

D.32 E

ents shall not be made while rain or other precipitation is falling on the ESA or withinten
n has stopped.

A set-up

The ESA dinder test and its wiring harnesses shall be supported 50 mm = 5 mm.above the metallic gro

a wooden
electrically
electrically

The groun
plane dep
componer
plane shal

The ESA
shall be pd

The ESA
specificati

The minin
area (with

D33 P

or equivalent non-conducting table. However, if any part of thexESA under test is int
bonded to the machine's metal bodywork, that part shall be placed on a ground plane
bonded to the ground plane.

d plane shall be a metallic sheet with a minimum thickness.of 0,5 mm. The minimum size

bnds on the size of the ESA under test but shall allow for.the distribution of the ESA's wiring
ts. The ground plane shall be connected to the protective conductor of the earthing system
be situated at a height of 1 m £ 0,1 m above the test facility floor and shall be parallel to it.

under test shall be arranged and connected\according to its requirements. The power su
sitioned along and within 200 mm = 10 mm_of the edge of the ground plane/table closest to ]

under test shall be connected to-the’ grounding system according to the manufacturer
bn, no additional grounding connections shall be permitted.

um distance between the ESA:under test and all other conductive structures, such as walls
the exception of the ground plane/table underneath the test object) shall be 1 m.

pwer to ESA

Power shall be applied t6_the ESA under test via a 5 pH/50 Q Artificial Network (AN) which shall 4

bonded to
operating
the AN md

boltage. Any'ripple voltage shall be less than 1,5 % of the nominal system operating voltage
nitoring-port.

minutes after

und plane by
ended to be
and shall be

pf the ground
harness and
The ground

pply harness
he antenna.

S installation

of a shielded

e electrically

the ground.plane. The electrical supply voltage shall be maintained to +10 % of its nominal system

measured at

D.34 M}Jltiple ESA's

If the ESA under test consists of more than one unit, the interconnecting cables should ideally be the wiring harness
as intended for use in the machine. If these are not available, the minimum length between the electronic control
unit and the AN shall be 1,5m. All cables in the loom should be terminated as realistically as possible and
preferably with real loads and actuators. If extraneous equipment 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.4 Antenna

D.4.1 Antenna type

Any linearly polarised antenna may be used provided it can be normalised to the reference antenna.
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D.4.2 Antenna position

The phase centre of the antenna shall be 150 mm + 10 mm above the ground plane.

©1SO

The horizontal distance from the phase centre or tip of the antenna as appropriate, to the edge of the ground plane
shall be 1 m + 0,05 m. No part of the antenna shall be closer than 0,5 m to the ground plane.

The antenna shall be placed parallel to a plane which is perpendicular to the ground plane and coincident with the
edge of the ground plane along which the principal portion of the harness runs.

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

5 m to the

receiving elements shall be no closer than 0.5 m to any radio absorbent material and no closer than 1
wall of the erclosed facility. There shall be no absorbent material between the receiving antenna and the
test.

D.4.3 Antgnna orientation

At each of the measuring points, readings shall be taken both with the antenna in a horizontal and ir
polarisation.

D.5 Readings

The maximuim of the two readings taken in accordance with D.4.3 shall bectaken as the characteristic rea

frequency at

which the measurements were made.

D.6 Frequencies

Measuremer
shall comply

In the event
ESA and not

Measuremer

ts shall be made over the whole frequency_range from 30 MHz to 1 000 MHz. The minimum
with the requirements of CISPR 12.

hat the limit is exceeded during the test, investigations shall be made to ensure that this is
to background radiation.

ts can be performed with_gither quasi-peak or peak detectors. The limits given in 6.4.2 are

ESA under

a vertical

ing at the

scan time

due to the

for quasi-

peak. If a pe@k-detector is used, add 38.dB for 1 MHz bandwidth or subtract 22 dB for 1 kHz bandwidth, that is,

O limit (pegk, 1 MHz) = limit (quasi-peak, 120 kHz) + 38 dB;

O limit (pegk, 1 kHz) = limit\(quasi-peak, 120 kHz) — 22 dB.

NOTE — In
120 kHz band

hccordance with CISPR 12, the correlation factor between quasi-peak and peak measurements is
vidth, and*has been included in the above equations.

+20dB at
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Dimensions in metres
g I
s .
e AN
< \
/ X
/ \
/ \
,'/ |
/ \
| |
| 1 |
\ /
\\‘ '
\ /
\ /
N, /
. /'
. e
o NI e
. e
Key
1 Test sgmple‘on ground plane
2 Antenna

NOTE — The area shall be clear, level and free of electromagnetic reflecting surfaces (see CISPR 16-1).

Figure D.1 — ESA test area boundary

27


https://standardsiso.com/api/?name=d3d310656af713e726fac3bf91c5408b

ISO 14982:1998(E)

Key

28

1000 50

1000 > 200

©1SO

Dimensions in millimetres

8
1 /\/\
2 10
3 [
)
¢ E
9
5
500 min. 500 min.
\ 1500 min.
7
To axis oflantenna or closéstelement of log. periodic 7 Closest radiating elements 500 mm minimum from the edge
array: 1 0p0 mm + 50 mm ground plane
Test bench with grodnd*plane bonded to wall 8 Shielded enclosure
Test harness 1 500, mm = 75 mm long and 9 Double shielded coaxial cable
50 mm £ % mm above ground plane 10 Measuring receiver
Power Sulpply to subject under test 11 Antenna matching unit (where necessary) in cloke
Feedthrough proximity to antenna
Connecting box including AN 12 ESA

Figure D.2 — Coupled broadband electromagnetic emissions from ESA's — Test layout
(general plan view)
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1 Antenna
2 Plane ih which lie the reference point and the main portion of the harness
3 Referepce point
4 Base plate
Figure D.3— Coupled broadband electromagnetic emissions from ESA's —View of test bench plan
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