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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
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Introduction

With the increasing use of electronic devices in areas where earth-moving machinery operates, there is a
need to ensure that earth-moving machines are provided with adequate immunity to external electromagnetic
fields. As more machines are fitted with electrical and electronic devices, it is necessary to ensure that the
emissions of electromagnetic fields from the machines meets acceptable limits.
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fical and high frequency interference emerge during the normal operation of many pafts
ng machine’s devices and systems. They are generated within a large frequency range,

ical characteristics and, by conduction and/or radiation, can be imparted to other, of th
ical/electronic devices and systems. Narrowband signals, generated by sources-of interfere
e the machine, can also be coupled in electrical/electronic systems whereby ‘they can

al function of electrical/electronic devices.

e the operator’s station and potential differences can emerge at contact points. Conducted
r supply wiring have to be taken into account because earth-moving machinery often rep
ms and several devices and/or components are combined with-e@ne another.

there are many existing standards for a variety of products and systems, the test method
nternational Standard provides for the specific test ‘Conditions of earth-moving machir
rical/electronic systems or electronic subassembligs’ of earth-moving machines. The
nizes that because of the size and usage of earth=moving machinery, the arrangement of 1

ational Standard provides test methods and,criteria which are acceptable for earth-movin
dering its unique characteristics and operating parameters.

use earth-moving machines possess_a;number of systems that consist of components that
number of different types of miachines, the approach of defining “electrical/electronig

5 these components to be_evaluated by the test method in existing laboratory facilities
ally equipped shielded rooms. When electrical/electronic systems or electronic subassem
icted, it is necessary to consider the effects of the wiring systems used to connect the st
ne earth-moving machinery. The tests may also be conducted on the machines.

of an earth-
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e machine’s
nce inside or
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rostatic discharges are relevant to earth-moving machinery because control elements can be positioned
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test facility needs to be responsive to the operating characteristics of these types of machines. This

j machinery,

can be used
systems or

onic subassemblies” for these ,components is applied for the immunity and emissions test methods. This

consisting of
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International Standard is intended to provide the necessary technical specifications f
lectromagnetic_performance of earth-moving machinery with respect to government el
rmance laws, directives, rules and/or regulations. Such an example is th
tive 2004/108/EC.

r evaluating
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European
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INTERNATIONAL STANDARD

ISO 13766:2006(E)

Earth-moving machinery — Electromagnetic compatibility

1 Scope

This
elect
elect

International Standard provides test methods and acceptance criteria for the evaly
omagnetic compatibility of earth-moving machinery as defined in 1SO6165) T
omagnetic phenomena are evaluated:

— broadband and narrowband electromagnetic interference;

— ¢lectromagnetic field immunity test;

— Wroadband and narrowband interference of electrical/electronic subassemblies;

— ¢lectromagnetic field immunity test of electrical/electronic subassemblies;

— ¢lectrostatic discharge;

—

onducted transients.

2

ormative references

The [following referenced documents are-indispensable for the application of this documen

refer
docu

ISO 1§
index

ISO ¢

ISO 7
and d

ISO 1}
trans

nces, only the edition cited applies. For undated references, the latest edition of th
ment (including any amendments)-applies.

353:1995, Earth-moving machinery, and tractors and machinery for agriculture and forg
point

165:2006, Earth<moving machinery — Basic types — Vocabulary

[637-1:2002, Road vehicles — Electrical disturbance from conduction and coupling — Part
eneral considerations

[637-2:2004, Road vehicles — Electrical disturbances from conduction and coupling — Par
jent,conduction along supply lines only

ation of the
ne following

t. For dated
b referenced

stry — Seat

1: Definitions

{ 2: Electrical

ISO 10605:2001, Road vehicles — Test methods for electrical disturbances from electrostatic discharge

ISO 11451-1:2005, Road vehicles — Vehicle test methods for electrical disturbances from narrowband
radiated electromagnetic energy — Part 1: General principles and terminology

ISO 11451-2:2005, Road vehicles — Vehicle test methods for electrical disturbances from narrowband
radiated electromagnetic energy — Part 2: Off-vehicle radiation sources

ISO 11452-1:2005, Road vehicles — Component test methods for electrical disturbances from narrowband
radiated electromagnetic energy — Part 1: General principles and terminology
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ISO 11452-2:2004, Road vehicles — Component test methods for electrical disturbances from narrowband
radiated electromagnetic energy —Part 2: Absorber-lined shielded enclosure

ISO 11452-3:2001, Road vehicles — Component test methods for electrical disturbances from narrowband
radiated electromagnetic energy — Part 3: Transverse electromagnetic (TEM) cell

ISO 11452-4:2005, Road vehicles — Component test methods for electrical disturbances from narrowband
radiated electromagnetic energy — Part 4: Bulk current injection (BCl)

ISO 11452-5:2002, Road vehicles — Component test methods for electrical disturbances from narrowband
radiated electromagnetic energy — Part 5: Stripline

IEC 60050-1

CISPR 12:20
characteristig
the vehicle/b

CISPR 16-14
Part 1-1: Ra(

CISPR 16-14
Part 1-4: R
disturbances

CISPR 25:2(
boats, and o

3 Terms

51:1998, International Electrotechnical Vocabulary — Chapter 161: Electromagnetic compat
04, Vehicles, boats and internal combustion engine driven devices — Radio disturt
s — Limits and methods of measurement for the protection of receivers except those insta

bat/device itself or in adjacent vehicles/boats/devices

1:2006, Specification for radio disturbance and immunity measuring apparatus and metho
io disturbance and immunity measuring apparatus — Measuring apparatus

1:2004, Specification for radio disturbance and immunity measuring apparatus and metho
adio disturbance and immunity measuring apparatus — Ancillary equipment — Rad

02, Radio disturbance characteristics for the protection”of receivers used on board veh
1 devices — Limits and methods of measurement

and definitions

For the purpgses of this document, the following tepms and definitions apply

31
electromagn|
EMC

ability of eq
function sati
disturbances
NOTE Ad
3.2
electromagt|
any electror

etic compatibility

rth-moving machinery, component, electrical/electronic system or electronic subassemt
sfactorily in its electfomagnetic environment without introducing intolerable electromag
to anything in that enivironment

apted from IEG60050:1998, 161-01-07.

etic disturbance
haghefic phenomenon which may degrade the performance of earth-moving mach

components,

bility
ance
ed in

s —

s —
iated

icles,

ly to
netic

nery,

électrical/electronic systems or electronic subassemblies

EXAMPLE

An electromagnetic disturbance may be electromagnetic noise, an unwanted signal or a change

propagation medium itself.

NOTE

3.3

Adapted from IEC 60050:1998, 161-01-05.

electromagnetic immunity
ability of earth-moving machinery, components, electrical/electronic systems or electronic subassemblies to
perform without degradation in the presence of specific electromagnetic disturbances

NOTE

Adapted from IEC 60050:1998, 161-01-20.

in the
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3.4
electromagnetic environment
totality of electromagnetic phenomena existing at a given location

[[EC 60050:1998, 161-01-01]

3.5
reference limit
limit value with which the production is required to conform

3.6

referenece-antenna
designated measurement antenna having preferred measurement data that take precedence.imthe case of a
discrgpancy, such as between signal strength levels measured with the reference antennga and those
meagured with any other antenna

3.7
broaglband emission
emission which has a bandwidth greater than that of a particular measuring apparatus or receiver

3.8
narrgwband emission
emission which has a bandwidth less than that of a particular measuring apparatus or receiver

3.9
electrical/electronic system
electrical and/or electronic components or set of components intended to be part of an earth-moving machine,
together with any electrical connections

3.10
electrical/electronic subassembly
ESA
electrical and/or electronic components otset of components intended to be part of an earth-movVing machine,
together with any associated electrical_connections and wiring, which performs one or mor¢ specialized
functlons

3.11

machine type
earthtmoving machinery whieh does not differ in such essential respects as

— gtructural shape,

— general arfrangement of the electrical and/or electronic components and the general wiring arrangement,
nd

— théprimary material of which its design consists (e.g. steel, aluminium or fibreglass covering parts)

3.12

ESA type

electrical/electronic subassemblies which do not differ in such essential respects as
— function performed,

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

— the primary material of the casing

© 1SO 2006 — Al rights reserved 3
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3.13

electrostatic discharge

ESD

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

[IEC 60050:1998, 161-01-22]

3.14
conducted transients
transient voltage or current distributed in the power supply wiring of a machine via a conductor between the

source of thertransieprt-and-thereeeiver

4 Fulfilment of requirements

The requirements of this International Standard are to be met by earth-moving tmachinery and its
electric/electfonic subassemblies when the machinery operates in conformity with its final purpose. The user
of this Interngtional Standard may chose either of the following alternatives to give evidence of conformity with
this Internatipnal Standard.

a) The performance requirements of this International Standard are met if{the electrical/electronic sygtems
or electronic subassemblies are in accordance with the applicable criteria of this International Stapdard
and have been installed in accordance with the requirements given.for. the electronic subassembly.

b) The performance requirements of this International Standard are met for a complete machine when the
criteria, jJas applicable to this International Standard, are .fglfilled. In the case of a complete maghine
meeting| the performance requirements of this International Standard, no measurement of the
electrical/electronic systems or electronic subassembligs)is required.

5 Requitements — General tests

5.1 Test g§pecimen
The test spe¢imen may be a machinetype and/or an ESA type.

Because theltest of a single test Specimen is to be used to judge the performance of a population of like ¢arth-
moving machinery, the reference-limits for emissions and immunity shall be made more restrictive by means
of a 20 % lingar reduction for emissions limits and a 25 % linear increase for immunity limits, so as to acfount
for variability] of emissions<and immunity due to manufacturing variations in earth-moving machinery orf ESA
types and in festing factofs.

For a subsepuent\test on a like test specimen, conformity with the reference limits shall be accepted as
fulfilment of thezrequirements of this International Standard.

For electrostatic discharge and conducted transients, the reference limits are valid for all testing of the test
specimen.

5.2 Additional requirements for immunity tests

When a test specimen is subjected to the immunity levels specified in 5.5.2 and 5.8.2, no disturbance shall
occur during testing which may affect the operator's control of the machine. The operator's control is
exercised by means of, for example, steering, braking, or propulsion control. This also concerns movements
of parts of the machine and modifications of the state of function, which may generate uncommanded, random
or unresponsive machine operation (i.e. hazardous machine behaviour).

4 © 1SO 2006 — Al rights reserved
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Use Annex F or similar evaluation methods to determine whether a potential for any significant changes made
to the machine control system or the ESA exists that could require re-testing. This may include any revisions
or modifications to the electrical/electronic system that would impact immunity or emission compliance with
this International Standard.

ESA that are ancillary to machine operation and which do not alter machine control, such as monitors, alarms,
gauges, lights, and wipers, may be tested according to the lesser immunity requirements of 5.5.3 and 5.8.3 or
the higher levels of 5.5.2 and 5.8.2.

Traditional (without active semiconductor) control systems such as solenoids and relays need only comply
with the reduced immunity requirements according to 5.5.3 and 5.8.3.

5.3 | Broadband electromagnetic emission radiated from earth-moving machinery

5.3.1] Method of measurement

Meas na distances.

The ¢

ure the electromagnetic radiation in accordance with Annex B at either of the defined anten
hoice shall be made by the user of this International Standard.

5.3.2| Broadband reference limits

e-to-antenna
e 30 MHz to
r to 400 MHz
as shown in
45 dB(uV/m)

When measurements are made using the method given in Annex B-with an earth-moving machin
spacing of 10 m £ 0,2 m, the emission reference limits shall b&’ 34 dB(uV/m) (50 yV/m) in th
75 MHz frequency band, and 34 dB(pV/m) to 45 dB(pV/m) (50:V/m to 180 pV/m) in the 75 MH
frequency band, this limit increasing logarithmically (linearly)~with frequencies above 75 MHz
. In the 400 MHz to 1 000 MHz frequency_band, the limit remains constant at

measurements are made using the methad given in Annex B with an earth-moving 1
na spacing of 3m = 0,05 m, the emission reference limits shall be 44 dB(uV/m) (160

nachinery-to-
IV/m) in the

e 75 MHz as
55 dB(pV/m)

B below the

5.4 | Narrowband electromagnetic emission radiated from earth-moving machinen

-~

5.4.1] Method of-measurement

Meas ha distances.

The ¢

ure the electromagnetic emission in accordance with Annex C at either of the defined anten
hoice ‘'shall be made by the user of this International Standard.

5.4.2 Narrowband reference limits

When measurements are made using the method given in Annex C with an earth-moving machinery-to-
antenna spacing of 10 m = 0,2 m, the emission reference limits shall be 24 dB(uV/m) (16 yV/m) in the 30 MHz
to 75 MHz frequency band, and 24 dB(pV/m) to 35 dB(uV/m) (16 pV/m to 56 pV/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.3. In the 400 MHz to 1 000 MHz frequency band, the limit remains constant at 35 dB(uV/m)
(56 pV/m).

© 1SO 2006 — All rights reserved
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When measurements are made using the method given in Annex C with an earth-moving machinery-to-
antenna spacing of 3 m + 0,05 m, the emission reference limits shall be 34 dB(uV/m) (50 yV/m) in the 30 MHz
to 75 MHz frequency and 34 dB(uV/m) to 45 dB(uVvV/m) (50 yV/m to 180 yV/m) in the 75 MHz to 400 MHz
frequency band, this limit increasing logarithmically (linearly) with frequencies above 75 MHz as shown in
Figure A4. In the 400 MHz to 1 000 MHz frequency band, the limit remains constant at 45 dB(uV/m)
(180 pV/m).

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

5.5 Immunity of earth-moving machinery to electromagnetic radiation

5.5.1 Test method

The immunity to electromagnetic radiation of the earth-moving machinery shall be tested in accordancg with

ISO 11451-1
according to
wave ratio of]

The testing n

The determir
in this Inter

sinusoidal wave of 1 kHz (see ISO 11451-1) are determined as a test method. The testing shall be done

frequency bg

A minimum
each other,

concentratiofs of electronic control components. At eachilocation, the antenna shall be first polarized

horizontally g

and ISO 11451-2 with horizontal and vertical polarization. Immunity testing shéuld be cond
ISO 11451-1, except that forward power may be used as the control regardiess of the sta
the system.

nay be conducted inside an absorber lined chamber or by another comparable method.

ation of the reference point and relevant operating mode shall-be machine-specific, as spe
national Standard. The substitution method and the 80 % “amplitude modulation (AM)

nd of 20 MHz to 1 000 MHz using Table 1 criteria.

bf two antenna locations shall be used. The locations shall be at approximately right ang
with the antenna pointed at the locations of‘the machine where there are the grg

r vertically, then rotated 90° to the other polarization and retested.

Table 1 — Maximum frequency step sizes

icted
hding

cified
with
n the

es to
atest
bither

Frequency band Linear steps Logarithmic steps
MHz MHz %
>20 < 200 5 5
200 < 400 10 5
400 < 1 000 20 2

5.5.2 Earth

-moving machinery immunity reference limits for movement control

Reference limit 80 V/m (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. The
immunity requirements are fulfilled by a field strength of 100 V/m (25 % above the reference limit). The
general requirements for immunity testing given in 5.2 shall be fulfilled. Lower field strengths between 20 MHz
and 60 MHz may be used, if appropriate antennas and testing equipment are not readily available. If the
reduced field strength falls below 24 V/m (30 V/m for a single sample), other methods of ESA testing shall be
used for those frequencies.

© 1SO 2006 — All rights reserved
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5.5.3 Earth-moving machinery immunity reference limits for functions other than movement control
(and without active semiconductor-based controls)

Reference limit 24 V/m (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. The
immunity requirements are fulfilled by a minimum field strength of 30 V/im (25 % above the reference limit).
The general requirements for immunity testing given in 5.2 shall be fulfilled.

Testing at 24 V/m or 30 V/m is only required for frequencies where failures were first detected at 80 V/m or
100 V/m.

5.6 [Broadband electromagnetic emissions radiated from ESA

5.6.1] Method of measurement

Meagure the electromagnetic interference in accordance with Annex D.

5.6.2| ESA broadband reference limits

When measurements are made using the method given in Annex D, tHe eémission reference limits shall be
64 dB(uV/m) to 54 dB(uV/m) (1 600 pV/m to 500 pV/m) in the 30 MHzt0 75 MHz frequency band, this limit
decrgasing 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 frequency band, this limit increasing Iqgarithmically
(linedrly) with frequencies above 75 MHz as shown in Figure®A.5. In the 400 MHz to 1 000 MiHz frequency
band| the limits remains constant at 65 dB(uV/m) (1 800 yV/m):

On the test specimen, the measured values, expressed‘in dB(uV/m) (uV/m), shall be at least 2 ¢B below the
refergnce limits.

5.7 | Narrowband electromagnetic emissions radiated from ESA

5.7.1| Method of measurement

Meagure the electromagnetic interference in accordance with Annex E.

5.7.2| ESA narrow band reference limit

When measurements are-made using the method given in Annex E, the emission reference limits shall be

B nd, this limit
55 dB(pV/m)
garithmically
p 1 000 MHz

iB below the

5.8 Immunity of ESA to electromagnetic radiation

5.8.1 Test method

For the testing of the immunity of ESA to electromagnetic fields, apply the test methods specified in
ISO 11452-2, 1SO 11452-3, 1SO 11452-4 or ISO 11452-5. Immunity testing should be conducted in
accordance with 1SO 11452-1, except that forward power may be used as the control regardless of the
standing wave ratio of the system. The chosen combination shall cover the 20 MHz to 1000 MHz band. The
substitution method, with 80 % amplitude modulation (AM) with sinusoidal wave of 1 kHz (see ISO 11452-1),
has been determined as a test methodology.

© 1SO 2006 — Al rights reserved 7
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5.8.2 ESA immunity reference limits

The reference limits apply to the root mean square values of the unmodulated signal. The maximum value of
the test signal with modulation shall comply with the maximum value of an unmodulated test signal. When
tests are made in accordance with ISO 11452-1 to ISO 11452-5, the immunity reference limits are

— 80 V/m for the 150 mm stripline test method (ISO 11452-5),

— 80 V/m for the TEM cell test method (ISO 11452-3),

— 80 mA for the bulk current injection (BCI) test method (ISO 11452-4), and

— 80 V/m for the radiated field (absorber lined chamber) test method (ISO 11452-2).
Functional sfatus class A applies to all tests. Reference limits increased by 25 % apply for theciést’ spec|men.

The ESA shall not exhibit any operational change unacceptable for its application on sthe “earth-mpving
machinery. Jee 5.2 for further specification of unacceptable operational change.

5.8.3 Reference limits for ESA or ESA functions that do not control machine movement
The referende limits apply to the root mean square values of the unmodulated Signal. The maximum value of
the test signgl with modulation shall comply with the maximum value of an unmodulated test signal. If tesfs are
made in accgrdance with ISO 11452-1 to ISO 11452-5, the immunity reference limits are
— 24 V/m for the 150 mm stripline test method (ISO 11452-5),

— 24 V/m for the TEM cell test method (ISO 11452-3),

— 24 mA for the bulk current injection (BCI) test method (ISO 11452-4), and

— 24 V/m for the radiated field (absorber lined chamber) test method (ISO 11452-2).
Testing at the reduced levels in this section is_not required if the ESA passes at the higher levels in 5.8.2.
Functional status class A applies to all tests. Reference limits increased by 25 % apply for the test specjmen.

The ESA shall not exhibit any operatienal change unacceptable for its application on the earth-mpving
machinery. Jee 5.2 for further specification of unacceptable operational change.

5.9 Electrostatic discharge(ESD)

5.9.1 Test method

Use the method givenin 1SO 10605 as the method of measurement of the earth-moving machinery or dn the
component ih such areas where an ESD in standard use is possible (e.g. by means of touching by the
operator).

5.9.2 Reference limits

Test level IV (8 kV contact discharge or 15 kV air discharge) according to ISO 10605:2001, Table B.1, applies.
5.10 Conducted transients

5.10.1 General

With remotely located ESA connected to the earth-moving machinery only 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 earth-moving machinery. Therefore, minimum values concerning emission and
susceptibility for ESA and earthmoving machinery are required.
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5.10.2 Test method

Use the method given in ISO 7637-1 and ISO 7637-2 as the test method. For the test of conducted transients,

the ESA may be installed on the earth-moving machinery.

5.10.3 Reference limits

Test to level Il according to 1SO 7637-2:2004, Table A.1, for 12 volt systems, and according to

ISO 7637-2:2004, Table A.2, for 24 volt systems.

For each ESA, as applicable, instructions should be added to describe the correct installation and connections

to thé¢ earth-moving machinery or 1ts devices In order o avoid maltunction of the ESA and/or the
machinery.

6 Exceptions

For tihe requirements given in Clause 5, the following exceptions are valid.

a) here earth-moving machinery or an electrical/electronic system or.ESA does not include
scillator with an operating frequency greater than 9 kHz, it shall be deemed to com

quirements of 5.4 and 5.7.

b) [Earth-moving machinery that utilizes electrical/electronic «systems or ESA as described in

barth-moving

an electronic
ply with the

1) or 2), as

llows, requires immunity testing; all other earth-moving machinery shall be deemed to comply with the

quirements of 5.5, 5.8, 5.9 and 5.10:

1) electrical/electronic systems or ESA in the direct control and modification of the state
the earth-moving machinery;

5

2) electrical/electronic systems or ESA used to provide operator feedback which leads to
machine operation due to the influénce of an electromagnetic disturbance.

c) [ESA that only provide a convenience to the operator, such as radios and air conditioning,

d) o specific tests need te’ be made regarding radio or telephone transmitters. Each
achinery manufacturer’ shall identify in the operator's manual those precautions, if an
pplicable when jnstalling and operating radio, telephone or other transmitters on the
achinery.

7 est report

If a tgstreport is made, the following information should be included:

pf function of

a hazardous

need not be

sted for immunity, and shall‘be‘deemed to comply with the requirements of 5.5, 5.8, 5.9 angl 5.10.

barth-moving
y, which are
parth-moving

a) description of the test specimen in accordance with 3.11 or 3.12 (machine model, or electric/electronic

subassembly or separate technical unit identification);
b) description or classification of the test facilities or test site;
c) description of the instrumentation or the standards that the instrumentation meets;
d) level of broadband electromagnetic emissions in accordance with 5.3.2;

e) level of narrowband electromagnetic emissions in accordance with 5.4.2;
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f)

10

identification of any loss of functional control of the earth-moving machinery in accordance with 5.5.2 and
5.5.3;

level of broadband electromagnetic interference in accordance with 5.6.2;
level of narrowband electromagnetic interference in accordance with 5.7.2;

identification of any loss of functional control exhibited by the ESA which would affect the control of the
earthmoving machinery in accordance with 5.8.2 and 5.8.3;

identification of components which are not in accordance with 5.9.2;

identificeltion of components which are not in accordance with 5.10.2.
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Reference limits

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

ISO 13766:2006(E)

Limit-t{aBvm)atfrequeneyF(MHz———
BW 30 MHz to 400 MHz to
75 MHz 75 MHz to 400 MHz 1 000 Mz
120 kHz L =34 L =34+ 15,13 log (f/75) [N='45
QP a\
BW ~ >
120 kHz
45 - 180
g -
S _
= £
= 40+100 <
g P17 2
iy -1 (o))
@® = o
[} -] -
C
4 1
34 + 50
30 75 400 1000
Frequency, MHz (logarithmic)
Key
BW bandwidth
QP quasi-peak

a Linear when plotted dB vs. log frequency.

Figure A.1 — Earth-moving machinery broadband reference limits by antenna —
Machine distance 10 m
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Limit L [dB(uV/m)], at frequency f (MHz)

BW 30 MHz to 400 MHz to
75 MHz 75 MHz to 400 MHz 1000 MHz
120 kHz L =44 L =44 + 15,13 log (f/75) L =55
QP a\
¢ \ >
BW
120 kHz
5p - 562
g .
2 7 £
2 5p+ 316 =
za TF"3
- - o)
S =+ S
C —
£ T
44 1+ 160
2

30 75 400 1000
Frequency, MHz (logarithmid)

Key

BW bandwidth
QP quasi-peak

a Linear when pletted dB vs. log frequency.

Figure A.2 — Earth-moving machinery broadband reference limits by antenna —
Machine distance 3 m
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Limit L [dB(uV/m)], at frequency f (MHz)
BW 30 MHz to 400 MHz to
75 MHz 75 MHz to 400 MHz 1000 MHz
120 kHz L =24 L =24 + 15,13 log (f/75) L =35
P
\
- \ >
BW
120 kHz
35 - 56
/\é\ +
3 ] £
2 30+31 =
z F0 3
I -
3 -1 aJ
£ —
5 +
24 + 16
30 75 400 1000
Frequency, MHz (logarithmic)
Key
BW |bandwidth
P peak
If measurements are made WhICh pass the above em|SS|on reference limits, an anaIyS|s and evaluatlon of these peaks
presented in

CISPR 25: 2002 Figure 1. An average detector can be used to determlne the magnitude of any sngnals determined to be
narrowband.

2@  Linear when plotted dB vs. log frequency.

Figure A.3 — Earth-moving machinery narrowband reference limits by antenna —
Machine distance 10 m
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peaks

ed in

Limit L [dB(pV/m)], at frequency f (MHz)
BW 30 MHz to 400 MHz to
75 MHz 75 MHz to 400 MHz 1000 MHz
120 kHz L =34 L =34+ 15,13 log (f/75) L =45
P
\
- A >
BW
120 kHz
4% -1- 180
/\é\ +
2 7] £
2 40 100 <=
z | F 2
I -
3 -1 a
£ —
= +
34—+ 50
30 75 400 1 000
Frequency, MHz (logarithmic|
Key
BW  bandwidth
P peak
If measuremepts are made which pass the above emission reference limits, an analysis and evaluation of these
shall be madé_according to the method of determining confarmance of radiated/conducted disturbance presen

CISPR 25:2002, Figure 1. An average detector can be used to determine the magnitude of any signals determined to be

narrowband.

2@  Linear when plotted dB vs. log frequency.

Figure A.4 — Earth-moving machinery narrowband reference limits by antenna —

14

Machine distance 3 m
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Limit L [dB(uV/m)], at frequency f (MHz)
BW 30 MHz to 400 MHz to
75 MHz 75 MHz to 400 MHz 1000 MHz
L =64-2513
120 kHz log (f/30)’ L =54 + 15,13 log (f/75) L =65
QP a
- \\ >
BW
120 kHz
651800
/\é\ i~
S _
= 6011000
S T &
o ] >
S -
a o))
S 1 8
54+ 500
30 75 400 1 000
Frequency, MHz (logprithmic)
Key
BW |bandwidth
QP [quasi-peak
2@  llipearwhen plotted dB vs. log frequency.

Figure A.5 — ESA — Broadband reference limits
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Key

BW bandwidth
P peak

Limit L [dB(uV/m)], at frequency f (MHz)
BW 30 MHz to 400 MHz to
75 MHz 75 MHz to 400 MHz 1 000 MHz
L =54-2513 _ -
120 kHz log (£/30) L =44 + 15,13 log (f/75) [ =55
P
\
- \ >
BW

120 kHz

5p - 562
/\é\ +
2 7] £
2 51316 =
o |1 =1
© | -
o ] (@)]
S |4 3
= —
£ T

44+ 160

30 75 400 1000

Frequency, MHz (logarithmic|

If measuremepts are made which pass the above emission reference limits, an analysis and evaluation of these peaks

shall be madé_according to the method of determining conformance of radiated/conducted disturbance presented in
CISPR 25:2002, Figure 1. An average detector can be used to determine the magnitude of any signals determined to be

narrowband.

2@  Linear when plotted dB vs. log frequency.
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Figure A.6 — ESA — Narrowband reference limits
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Annex B
(normative)

Method of measuring radiated broadband electromagnetic emissions

from earth-moving machinery

B.1 [Generat

B.1.1 Application

The test method described in this annex is applicable only to complete earth-moving’/machinery.
B.1.2 Measurement apparatus

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

A qlasi-peak-detector shall be used for the measurement @ccording to this annex o
electfomagnetic emissions; or, if a peak-detector is used, an appropriate correction factor sk
depepding on the pulse rate (see B.6 and CISPR 12).

B.1.3 Test method

f broadband
all be used,

This fest is intended to measure the broadband emiissions. Two alternative reference antenna distances are

permjssible: 10 m or 3 m from the earth-moving machinery. In either case, the requirements of
complied with.

B.1.4 Results of measurement

The fesults of the measurement shall*be expressed in dB(uV/m) (uV/m) for a 120 kHz bandwidth.

B.2 [Measuring location

B.2.1 Test site

The [est sitesxshall be a clear, level area, free from electromagnetic reflecting surfaces, with
minimum fadius of 30 m measured from a point midway between the earth-moving machir
antenna’(see Figure B.1). All test sites shall comply with the relevant sections of CISPR 16-1-4.

B.2 shall be

n a circle of
ery and the

B.2.2 Measurement facility

The measuring set, test hut or earth-moving machinery 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 from both the receiving antenna and the earth-moving

machinery under test, provided that it can be shown that the test results will not be affected.

© 1SO 2006 — All rights reserved
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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 need not to meet the dimensional requirements of Figure B.1 other than
distance from the antenna to the earth-moving machinery and height of the antenna. Ambient emissions need
not be checked, either before or after the test according to B.2.4.

B.2.4 Ambient measurements

In order 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 earth-moving machinery is

present whe
earth-moving
machine fron
extraneous 1
intentional n4

B.3 Mach

n ambient measurements are taken, it will be necessary to ensure that any emission frofn the

machinery does not affect significantly the ambient measurements, for example by removin

h the test area, removing the ignition key or disconnecting the battery. In both measurement
oise or signal shall be at least 10 dB below the limits of interference given in 53.2"(exce]
rrowband ambient transmissions).

ne state during test

B.3.1 Geneéral

All sources @
the test. If th
temperature
mechanism

operated in 4

f broadband emissions which are deemed to be continuously used should be switched on @
e earth-moving machinery is engine-driven, the engine shall be running at its normal ope
and the transmission shall be in neutral. Care shall be-taken to ensure that the speed-s

g the
5, the
pt for

uring
ating
ptting

Hoes not influence electromagnetic emissions. During’ each measurement, the engine shall be

ccordance with Table B.1.

Table B.1 — Engine-speed during test

Method of measurement

Engine type Quasi-peak Peak
Engine speed
r/min
one cylinder 2 500 + 250 2 500 + 250
Spark ignition
more than one.cylinder 1500 + 150 1500 £ 150

Diesel Normal operation speed, with relative tolerance of + 10 %
B.3.2 Test|site ambient conditions
Testing shallLnet be conducted while rain or other precipitation is falling on the earth-moving machinéry or

within 10 min after such precipitation has stopped.

B.4 Antenna

B.4.1 Antenna type

Any antenna may be used, provided it can be normalized to the reference antenna. The method according to
CISPR 12:2004, Annex A, may be used to calibrate the antenna.

18
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B.4.2 Height and measurement distance

B.4.2.1 Height

B.4.2.11 10 m test

The phase centre of the antenna shall be 3 m + 0,05 m above the plane on which the earth-moving machinery
rests.

B.4.21.2 3 m test

The
machjinery rests.

B.4.2.1.3 Antenna location

No pprt of any antenna’s receiving elements shall be closer than 0,25 m to_the*plane on whi
movinhg machinery rests.

B.4.2.2 Distance of measurement

B.4.2.21 10 m test

The horizontal distance from the tip or other appropriate point.of the antenna, defined during the
procgdure given in B.4.1, to the outer body surface of the earth-moving machinery shall be 10 m ;

B.4.2.2.2 3 m test

The horizontal distance from the tip or other appropriate point of the antenna, defined during the
procgdure given in B.4.1, to the outer body surface of the earth-moving machinery shall be 3 m +

B.4.2.2.3 Antenna location

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

B.4.3 Antenna location relative to the earth-moving machinery

The
with

a)

b)

phase centre of the antenna shall be 1,8 m + 0,05 m above the plane on which the

bntenna-shall be located successively on the left- and right-hand sides of the earth-movin

parth-moving

ch the earth-

normalization
s 0,2 m.

normalization
0,05 m.

urposes, the
D closer than
ving antenna

J machinery,
and in line:

]he antéenna parallel to the plane of the longitudinal symmetry of the earth-moving machinery

for spark ignition engines, at the engine mid-point.

See Figures B.2 and B.3.

B.4.4 Antenna position

At each of the measuring points, reading shall be taken both with the antenna in a horizontal and in a vertical
polarization (see Figures B.2 and B.3).

© 1SO 2006 — All rights reserved
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B.5 Readings

The maximum of the four readings taken in accordance with B.4.3 and B.4.4 shall be taken as the
characteristic reading at the frequency at which the measurements were made.

B.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 event {hat the limit is exceeded during the test, investigations shall be made to ensure that this is.due to
the machine jand not to background radiation.

Measuremer]ts may be performed with either quasi-peak or peak detectors. The limits given iny5.3.2 afe for
quasi-peak. |f a peak-detector is used, add 38 dB for a 1 MHz bandwidth or subtract 22¢dB for a | kHz
bandwidth, i.

D

— limit (pegk, 1 MHZz) = limit (quasi-peak, 120 kHz) + 38 dB, or
— limit (pegk, 1 kHz) = limit (quasi-peak, 120 kHz) —22 dB.

NOTE InJlaccordance with CISPR 12, the correlation factor between quasi-p€akwmeasurements is + 20 dB at 120 kHz
bandwidth, anfl has been included in the above equations.
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Dimensions in metres

Key

1 machine

2 g¢entre of clear area midway between antenna and machine
3 rtenna

4 gion allowed for.measuring set (in hut or vehicle)

The area shall‘be clear, level and free from electromagnetic reflecting surfaces (see CISPR 12).

Figure B.1 — Earth-moving machinery — Test area

v B RO ) r
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Dimensions in metres

 J

J— SIP

a) Dipole antenna in position to measure vertical component of radiation

B

A
 J

SNFP

Key

SIP seat index point (ISO 5353)
B 10+£0,2(3+0,05)
H 3+0,05(1,8+0,05)

Figure B.2 — Position of antenna relative to earth-moving machinery with diesel engines
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Dimensions in meters

 J

a) Dipole antenna in position to measure vertical component of radiation

CLE

-/

 J

A

b) Dipole antenna in position to measure horizontal component of radiation

Key

CLE centreline of engine
B 10+ 0,2 (3+0,05)
H 3+0,05 (1,8 +0,05)

Figure B.3 — Position of antenna relative to earth-moving machinery with spark ignition engine
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Annex C
(normative)

Method of measuring radiated narrowband electromagnetic emissions
from earth-moving machinery

C.1 General

C.1.1 Appljcation

The test method specified in this annex is applicable only to complete earth-moving machinety:

C.1.2 Meaguring apparatus

The measuring equipment shall comply with the requirements of CISPR 16-1-1.<A peak or average defector
shall be used for the measurement according to this annex of narrowband electromagnetic emissions.

C.1.3 Testmethod
This test is |intended for measuring narrowband emissions such, as those which might emanate from a
microprocess$ing-based system or other narrowband source. In‘the test procedure, two alternative anfenna

distances ar¢ permissible: 10 m or 3 m from the earth-moving\machinery. In either case, the requiremepts of
C.2 shall be fulfilled.

C.1.4 Results of measurement

The results df the measurement shall be expressed in dB(uV/m) (uV/m).

C.2 Measliring location

C.2.1 Test|site

The test sitg shall be a cleat, level area, free from electromagnetic reflecting surfaces, within a cir¢le of
minimum radius 30 m nieasured from a point midway between the earth-moving machinery and the anfenna
(see Figure B.1). All tést'sites shall comply with the relevant sections of CISPR 16-1-4.

C.2.2 MeaTuring facility

The measuring set, test hut, or earth-moving machinery 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 from both the receiving antenna and the earth-
moving machinery under test, provided that it can be shown that the test results will not be affected.

C.2.3 Enclosed test 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 Figure B.1 other
than the distance from the antenna to the earth-moving machinery and the height of the antenna. Neither do
they need to have ambient emissions checked before or after the test as indicated in C.2.4.
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C.2.4 Ambient measurements

In order 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 earth-moving machinery is
present when ambient measurements are taken, it will be necessary to ensure that any emission from the
earth-moving machinery does not affect significantly the ambient measurements, for example by removing the
machine from the test area, removing the ignition key or disconnecting the battery. In both measurements, the
extraneous noise or signal shall be at least 10 dB below the limits of interference given in 5.4.2 (except for
intentional narrowband ambient transmissions).

C.3 [Machine state during test

C.3.1 Machine systems
ThosE of the earth-moving machinery’s electronic systems which can generate narrowband emisgions shall be

operating during the measurement. If necessary, systems which can generate broadband emisgions shall be
cut off.

C.3.2 Machine controls

The ignition or the earth-moving machinery’s engine run control shall\be switched on. The enging shall not be
operating.

C.3.3 Ambient conditions

Meagurements shall not be made while rain or other_precipitation is falling on the earth-moving machinery or
withi 10 min after such precipitation has stopped.

C.4 |Antenna

C.4.1 Antenna type

Any antenna may be used provided it can be normalized to the reference antenna. The method|according to
CISPR 12:2004, Annex A, may be used to calibrate the antenna.

C.4.2 Height and,measurement distance
C.4.21 Height

C.4.2.1.%¢ (10 m test

The
rests.

fng machinery

C.4.21.2 3 mtest

The phase centre of the antenna shall be 1,8 m + 0,05 m above the plane on which the earth-moving
machinery rests.

C.4.2.1.3 Antenna location

No part of any antenna’s receiving elements shall be closer than 0,25 m to the plane on which the earth-
moving machinery rests.
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C.4.2.2 Measurement distance

C4.2.2.1

10 m test

The horizontal distance from the tip or other appropriate point of the antenna, defined during the normalization
procedure given in C.4.1, to the outer body surface of the earth-moving machinery shall be 10 m £ 0,2 m.

C.4.2.22 3 mtest

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

procedure gi

en in C.4.1, to the outer body surface of the earth-moving machinery shallbe 3 m + 0,05 m

C.4.223 |
If the test is
antenna’s re
1,5 m to the
and the earth

Enclosed facility

carried out in a facility enclosed for radio frequency electromagnetic screening.'\purposes
Ceiving elements shall be no closer than 1 m to any radio-absorbent material-and no closer
wall of the enclosed facility. There shall be no absorbent material between the-receiving an
-moving machinery under test.

C.4.3 Ante

na location relative to the earth-moving machinery

The antenng| shall be located successively on the left- and right-hand sides of the earth-moving mach
with the antgnna parallel to the plane of longitudinal symmetry of the earth-moving machinery and in ling with

the seat ind

C.4.4 Ante

At each of th
polarization

point (SIP) on the earth-moving machinery (see Figure B.1).

na position

, the
than
enna

nery,

e measuring points, readings shall be taken both with the antenna in a horizontal and in a vertical

see Figure B.2).

C.5 Readings

The maximum of the four readings taken-invaccordance with C.4.3 and C.4.4 shall be taken as a charactgristic

reading at th

C.6 Frequ

Measuremer
time shall co
investigation

b frequency at which the measurements were made.

encies

ts shall be made over the whole frequency range from 30 MHz to 1 000 MHz. The minimum
mply with.the requirements of CISPR 12. In the event that the limit is exceeded during the
5 shall.be made to ensure that this is due to the machine and not to background radiation.

26
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Annex D
(normative)

Method of measuring radiated broadband electromagnetic emissions
from ESA

D.1 Generat

D.1.1 Application

The fest method according to this annex is applicable to ESA.

D.1.2 Measuring apparatus
The measuring equipment shall comply with the requirements of CISPR*16-1-1. A quasi-peak getector shall

be uged for the measurement, according to this annex, of broadband electromagnetic emissions;|or, if using a
peak|detector, an appropriate correction factor shall be used (see D6,and CISPR 12).

D.1.3 Test method

The fest is intended for measuring the broadband electremagnetic emissions from ESA.

D.1.4 Results of measurement
The fesults of the measurement shall be expressed in dB(uV/m) (uV/m) for a 120 kHz bandwidth| If the actual
bandwidth B (expressed in kHz) of the:measuring apparatus differs from 120 kHz, the reading shall be
converted to the 120 kHz bandwidth through multiplication by a factor of 120/B.

NOTE This factor depends on_the\spectral distribution signal. For spark-like disturbance voltages the factor is as
descr|bed. For harmonic disturbance-signals the factor is /120/B .

D.2 [Measuring location

D.2.1 Test site

The fest site"shall comply with the requirements of CISPR 16-1-4. See Figure D.1.

D.2.2 Measuring facility

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

D.2.3 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 need not meet the dimensional requirements of Figure D.1, other than the
distance from the antenna to the 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 materially 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 5.6.2, except for

intentional narrowband ambient transmissions.

D.3 ESA state during test

D.3.1 Operational mode

The ESA un
precipitation

D.3.2 ESA

The ESA un
by a wooden
electrically b
plane and sh

The ground
ground plane
harness and
system. The
parallel to it.

The ESA un
harness shal
to the antenn

The ESA un
specification

The minimun

ler test shall be in normal operation mode. Measurements shall not be made while rain-or
s falling on the ESA or within 10 min after precipitation has stopped.

setup

Jer test and its wiring harnesses shall be spaced 50 mm + 5 mm above'a)metallic ground
or equivalent non-conducting table. However, if any part of the ESA under test is intended

all be electrically bonded to the ground plane.
depends on the size of the ESA under test but shall allow'for the distribution of the ESA

components. The ground plane shall be connected to the protective conductor of the ea
ground plane shall be situated at a height of 1 m +:0;4"m above the test facility floor and sh

der test shall be arranged and connected~according to its requirements. The power s
be positioned along, and within, 100 mm.*'10 mm of the edge of the ground plane/table cl
a.

Her test shall be connected to the ‘grounding system according to the manufacturer’s instal
no additional grounding connections are permitted.

h distance between the ESA under the test and all other conductive structures, such as wall

shielded ared (with the exception of ground plane/table underneath the test object), shall be 1 m.

D.3.3 Power to ESA

Power shall be applied-to/the ESA under test via a 5 yH/50 Q artificial network (AN), which shall be elect

bonded to th
operating vo
measured at

b ground-plane. The electrical supply voltage shall be maintained to + 10 % of its nominal sy
Itage VAny ripple voltage shall be less than 1,5 % of the nominal system operating vqg
the AN monitoring port.

other

blane
to be

bnded to the earth-moving machinery’s metal bodywork, that part-shall be placed on a gfound

blane shall be a metallic sheet with a minimum thickness of 0,5 mm. The minimum size ¢f the

viring
thing
bl be

Lipply
psest

ation

5 of a

ically
stem
ltage

D.3.4 Multiple ESA

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 earth-moving machinery. If these are not available, the minimum length
between the electronic control unit and the AN shall be 1,5 m. All cable trees should be terminated as
realistically as possible, 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.
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D.4

ISO 13766:2006(E)

Antenna

D.4.1 Antenna type

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

D.4.2 Height and distance of measurement

D.4.21 Height

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

D.4.2

The horizontal distance from the phase centre or tip of the antenna, as appropriateto-the edge

plang

The
edge

D.4.2
If the
anter

1,5m
and t

D.4.1

At ed
polar

D.5

The maximum of the two-readings taken in accordance with D.4.3 at each spot frequency shal

the ¢

D.6

Meas
time

.2 Distance of measurement

shall be 1 m + 0,05 m. No part of the antenna shall be closer than 0,5 m to,thé ground plan

bntenna shall be placed parallel to a plane perpendicular to the ground-plane and coinci
of the ground plane along which the principle portion of the harnessquns.

.3 Enclosed facility
test is carried out in a facility enclosed for radio frequency electromagnetic screening p
na’s receiving elements shall be no closer than 0,5 m to\any radio-absorbent material and nj

to the wall of the enclosed facility. There shall be ne<@bsorbent material between the recei
he ESA under test.

3 Antenna orientation and polarization

ch of the measuring points, readings shall be taken both with the antenna in a horizontal an
zation.

Readings

nharacteristic reading.at the frequency at which the measurements were made.

Frequencies

urements shall be made over the whole frequency range from 30 MHz to 1 000 MHz. The m|
shiall comply with the requirements of CISPR 12.

pf the ground
e.

jent with the

urposes, the
o closer than
ving antenna

l in a vertical

be taken as

inimum scan

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.

Measurements may be performed with either quasi-peak or peak detectors. The limits given in 5.6.2 are for
quasi-peak. If a peak-detector is used, add 38 dB for a 1 MHz bandwidth or subtract 22 dB for a 1 kHz
bandwidth, i.e.

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

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