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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 witf TSSO, alSo take part in the WOork. 1SU collaborates closely with the mternatonal Electrgtechnical
Commission (IEC) on all matters of electrotechnical standardization.

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’3.

Draft Internptional Standards adopted by the technical committees are circulated to the mgmber bodies fpr voting.
Publicationjas an International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is| drawn to the possibility that some of the elements of this part of ISO.11451 may be the dqubject of
patent rights. ISO shall not be held responsible for identifying any or all such patent-rights.

Internationgl Standard 1SO 11451-2 was prepared by Technical Committee ISO/TC 22, Road |vehicles,
Subcommitjee SC 3, Electrical and electronic equipment.

This second edition cancels and replaces the first edition (ISO 114512:1995), which has been technically fevised.

ISO 11451 |consists of the following parts, under the general“title Road vehicles — Vehicle test methods for
electrical disturbances from narrowband radiated electromagnetic energy:

— Part 1:|General and definitions

— Part 2:|Off-vehicle radiation sources
— Part 3:/On-board transmitter simulation
— Part 4:|Bulk current injection (BCI)

Annex A of this part of ISO 11451\is/for information only.

iv © ISO 2001 — All rights reserved


https://standardsiso.com/api/?name=749efb70d84ed9e8cebfeaa4f99e3232
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Road vehicles — Vehicle test methods for electrical disturbances
from narrowband radiated electromagnetic energy —

Part 2:
Off-vehicle radiation sources

1 Scqpe

This parf of ISO 11451 specifies methods for testing the immunity of passenger cars and commercial vehicles to
electricall disturbances from off-vehicle radiation sources, regardless of the vehicle' propulsion system| (e.g. spark
ignition gngine, diesel engine, electric motor). Two methods for calibrating eléctromagnetic fields are |specified: a
substitutipn method and a closed loop method.

The elecfromagnetic disturbances considered are limited to continuous,narrowband electromagnetic fields.

2 Norfmative reference

The folloing normative document contains provisions which, through reference in this text, constitute grovisions of
this part pf ISO 11451. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 11451 are encouraged to investigate the
possibility of applying the most recent edition of the' normative document indicated below. For undated|references,
the lates] edition of the normative document.feferred to applies. Members of ISO and IEC maintain [registers of
currently|valid International Standards.

ISO 114%1-1:2001, Road vehicles —=%ehicle test methods for electrical disturbances from narrowband radiated
electromagnetic energy — Part 1: General and definitions.

3 Terms and definitions

For the purposes of this part of ISO 11451, the terms and definitions given in ISO 11451-1 apply.

4 General test conditions

The frequency range applicable for the tests is 0,1 MHz to 18 000 MHz. Testing over the full frequency range could
require different field-generating devices, but this does not imply that testing of overlapping frequency ranges is
required.

The user shall specify the test severity level or levels over the frequency range. Suggested test severity levels are
given in annex A.

See I1SO 11451-1 for descriptions of, and requirements for, the following standard test conditions:
— test temperature;

— supply voltage;

© 1SO 2001 - All rights reserved 1
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modulation;

dwell time;

test sig

frequency steps;

definition of test severity levels;

nal quality.
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Test equipment
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Simulates open field testing.
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iction and™orientation of any field generating device shall be such that the generated fiel
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5.3.2 Field probes

The transmission lines from the field probes shall be fibre optic links.

1) Measurements in enclosures with or without floor absorbers can lead to different results.
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Figure 1 — Example of absorber-lined shielded enclosure

vehicle sizes
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Figure 2 — Example of parallel-plate TLS
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5.4 Test set-up

5.4.1 General

An example of a test set-up is shown in Figure 3.

3 3
™~
L L
5 5

8 I
Key
1 Shielded enclosure (see Figure 1) 4" Field probe control unit
2 Coaxial feedthrough 8 Process controller
3 Field probes 9 Power meters
4  Opticgl fibre 10 RF signal generator
5 Waveguide beyond cut-off 11 Broadband amplifiers
6 Trangmitting antenna 12 Dual directional coupler
NOTE |A similar arrangement is appropriate for the TLS in Figure 2.

Figure 3 — Example of a test set-up

5.4.2 Vehicle placement
The veh|cle shall-be placed in the shielded enclosure’s test region. The test region may contaih a vehicle
dynamometer orturntable or both (see Figure 1).
5.4.3 F|eldygenerating device location (relative to vehicle and shielded enclosure)

5.4.3.1 General
The position or positions of the vehicle relative to the antenna or TLS shall be specified in the test plan (see 6.1).

The radiating elements of the field-generating device shall be no closer than 0,5 m to any absorbing material and
no closer than 1,5 m to the wall of the shielded enclosure.

5.4.3.2 Antenna constraints

No part of the radiating antenna shall be closer than 0,5 m to the outer body surface of the vehicle.

© ISO 2001 - All rights reserved 5
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The phase centre of the antenna shall be separated by at least 2 m horizontally from the reference point.
No part of an antenna’s radiating elements shall be closer than 0,25 m to the floor.

There shall be no absorber material in the direct path between the transmitting antenna and the device under test.

5.4.3.3 TLS constraints

No part of a TLS, with the exception of the ground plane, shall be closer than 0,5 m to any part of the vehicle.

The TLS ragtiatingetemer oint (see

6.2.2.2 and|6.2.3.2).
The TLS shall extend centrally over at least 75 % of the length of the vehicle.
Particular gare needs to be taken when testing heavy vehicles such as buses and largé-trucks. Under certain
conditions felated to dimensions and frequency, it is possible that close to 100 % of the applied powdr can be

coupled to the vehicle by a directional coupler mechanism. Room resonances can also have a significant|effect on
the field uniformity, amplitude and direction under the TLS.

5.4.4 Tesf actuators and monitors
The device Junder test shall be operated as required under the test plandy actuators that have a minimum|effect on
the electroagnetic characteristics of the device under test (e.g., plastic blocks on the accelerator, pneumatic
actuators wjth plastic tubes). Connections to equipment monitoring for'electromagnetic interference reactigns of the
device under test shall be accomplished using fibre optics or_high-resistance leads. The orientation, lepgth, and

location of the high-resistance leads shall be carefully documeénted to assure repeatability of the test reqults. The
test equipmient shall be hardened to withstand the test levelsidefined in the test plan.

6 Testing

6.1 Test|plan

Prior to performing the tests, a test plan_shall be drawn up which shall include:
— frequency band(s);

— method to be used [substitution (6.2.2) or closed loop (6.2.3)];

— reference point(s)(or line if substitution four-probe method is used);

— numbef and position of field probes if closed loop method is used;

— device whtertestmotde-of-operation:
— device under test acceptance criteria;
— definition of test severity levels;

— device under test monitoring conditions;
— polarization;

— vehicle orientation;

6 © 1SO 2001 — Al rights reserved
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Every device under test shall be verified under the most significant situations, i.e. at least in stand-by mode and in a
mode where all the actuators can be excited.

Additional vehicle positions, antenna locations or both could be needed to ensure complete illumination of the

vehicle o

6.2 Te

6.21 G

CAUTIO

requirenpents for limiting the exposure of humans to RF energy are met.

Place thq

Tests sh
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frequenc
when pe
— add
— mov,
— use

— shift

6.2.2 §

Aling to-the narraow heam widths of high frnqllnnr\\][ antennas-

St procedure

eneral

N — Hazardous voltages and fields can exist within the test area. Take care to ensu

vehicle in the test region and operate it according to the test plan.

hll be conducted both horizontally and vertically with polarized-fields over the test frequency
field generating device in the specified polarization, scanthe frequency range at the strength
halies.

testing until all modulations, polarizations, vehijcle*orientations, and antenna locations specifie
completed.

bncies at which excessive forward power (owing to floor reflection or shielded enclosu
es) is needed to achieve the desired-field strength, one or more of the following means sh
forming the test:

pbsorbing material to the floot;

e the antenna;

he four-probe averaging method;

the test frequency.

ubstitution method

6.2.2.1

re that the

range. Any

evel, noting

d in the test

e resonant
all be used

General

When this method is used, the specific test level (E-field) shall be calibrated prior to actual testing.

The substitution method is based upon the use of net power as the reference parameter for calibration and testing.

If the voltage standing wave ratio of the system can be demonstrated to be less than 1,2:1, then forward power
may be used as the reference parameter for calibration and testing.
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6.2.2.2

6.2.2.2.1

Reference point and reference line

General requirements

The test plan shall specify the use of either a single field probe or four field probes for calibration. Use a reference

point with a
The referen

The referen

single probe; use a vertical reference line with the four-probe method.
ce point is the point at which the field strength shall be established.

ce line is a vertical line over which the field strength shall be established.

6.2.2.2.2 |Vehicle reference point
This is defijed on the vehicle’s centre line (plane of longitudinal symmetry), as follows.
a) One prpbe: at a height of (1 £ 0,05) m above the shielded enclosure floor, or (2 £ 0,05) m)for vehicles|with roof
heightd > 3 m. Other heights can be specified and measured.
b) Four piobes: at the following heights, as appropriate:
— 0,5m, 0,8m,1m and 1,2 m for vehicles with a roof height < 3 m;
— 12m,1,5m, 1,8 mand 2,1 m for vehicles with a roof height >3/m.
Depending |on vehicle geometry, the vehicle reference point is located (0,2 £0,2) m behind the front axle (see
Figure 4), ar (1 £ 0,2) m inside the vehicle, measured from thepoint of intersection of the vehicle windsgreen and
hood (see Rigure 5), whichever results in a reference point closer to the antenna.
NOTE The alternative locations on the vehicle could necessitate the recording of a family of calibration data based on the
reference pqint location relative to the chamber, i.e. the(front axle dynamometer position moves with vehicle yheelbase
adjustment.
6.2.2.2.3 |Facility reference point and reference line
These are defined at the centre of the te€stregion, as follows.
a) One prpbe: at a height of (1 £ 0,05) m above the shielded enclosure floor for vehicles with roof heights < 3 m,
or (2 £10,05) m for vehicles.with roof heights > 3 m. Other heights can be specified and measured.
b) Four pfobes: at the following heights, as appropriate:
— 0,%m, 0,8my1 m and 1,2 m for vehicles with a roof height < 3 m;
— 1,2m;1,5m, 1,8 m and 2,1 m for vehicles with a roof height > 3 m.
6.2.2.3  Calibration

Place the field generating device at the intended location. Place a calibrated isotropic field probe at the reference
point or, alternatively, four calibrated isotropic field probes on the vertical reference line (see 6.2.2.2).

Normally, the test facility reference point or line shall be used. Nevertheless, if it is not possible to establish the
required field in the test region using the facility, the vehicle reference point may be used.

Instead of a single calibrated isotropic field probe, an antenna may be used. In this case, readings shall be taken in
three mutually orthogonal directions and the isotropic equivalent field determined.

© 1SO 2001 — All rights reserved


https://standardsiso.com/api/?name=749efb70d84ed9e8cebfeaa4f99e3232

ISO 11451-

2:2001(E)

Measure the field, without the vehicle present, using the field probe, probes or antenna, and record the net power
necessary to maintain the field (or mean field) level of all four probes at the specified test level and antenna

polarizati

on.

Above 200 MHz, the field uniformity at two points, one at 0,75 m on each side of the reference point, shall be within
+ 3 dB for at least 80 % of the test frequency points. For existing facilities where the field uniformity requirement
cannot be met, this shall be stated in the test report. The user shall also ensure good reproducibility of the
measurement.

Calibrate the electric field for both vertical and horizontal antenna orientations if both polarizations are specified in

the test

lan

Interpola

test. Fromn a practical viewpoint, the increment between calibration levels when the amplifier is_operatin

range mdg

6.2.2.4

Place thg

calibrategl net power for each frequency, antenna polarization and field strength.specified in the test plan.

Measure
under te
calibratio
this shall

6.2.3 G

6.2.3.1

This met|

multiple field probes distributed over the vehicle’(usually two are sufficient) are used to control the sign

to either
necessalt

Placeme
is placed
compons§

ion methods may be used between calibration levels to determine the specific net powerte’ b4

1y be larger than when operating in a region where compression occurs.

Vehicle test

vehicle in the test region with the centre line of the vehicle on the reference point or line ar
Mments using the substitution method can be affected by coupling between the antenna and
5t as well as by reflected energy. During the test, the netpower shall be maintained rel

N point up to a limit of a 2 dB increase in forward power. Ifithe forward power has to be increas
be indicated in the test report.

losed loop field levelling method

General
hod is different from the substitution method in that during the actual test, the E-field levels

ncrease or decrease the field strength until the test level is achieved. The use of more than @
y to reduce the effects of standing waves and inhomogeneous field distributions.

ht of the probes for the closed loop levelling method is critical to reducing measurement error
near a discontinuity, such as a sharp bend or corner of the vehicle, or near a resona
nt, the resulting measurement can be in error by a substantial amount.

e used for a
j in a linear

d apply the

the device
ative to the
ed by 2 dB,

easured by
bl generator
ne probe is

5. If a probe
nt cable or
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Dimensions in metres

0,2 0,2

Key

1 Foremost axle

&  Vehicle feference point lies in-this plane.

NOTE Not drawn to scale.

Figune 4 —sExample of vehicle reference point for passenger cars and light commercial vehic]es
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Dimensions in metres

/|Vi/ /.

Key

1 Intersection of vehicle windscreen and bonnet

a8 Vehide reference poiftlies in this plane.

NOTE Not dfawn to scale.

Figure 5 — Example of vehicle reference point for buses and commercial vehicles

Place the specified number of field probes (0,3 £ 0,05) m above the vehicle at the specified locations in the test
region. Recommended probe locations are the front, above the centre of the vehicle’s hood slot, and on the test
antenna side, adjacent to the “A” pillar (the vehicle’'s metal structure on either side of the windshield) (see also
6.2.3.2).

Using the highest level from the probes, adjust the signal generator to give the specified field level for each
frequency and antenna polarization used in the test.

© 1SO 2001 - All rights reserved 11
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6.2.3.2 Reference points

The following reference points can be used. The selected reference point or points shall be recorded in the test

report.
a) For passenger cars and light commercial vehicles:
— (0,3 £0,05) m above the centre of the hood slot, and

— (0,3 £0,05) m above the vehicle adjacent to the “A” pillar.

b) For buses and commercial vehicles:

— in the centre, (0,3 £ 0,05) m above the base of the windshield and 30 mm to 40 mm from the ed
hopd, and

— nefpr the “A” pillar, (0,3 + 0,05) m above and at the centre of an arc (0,3 + 0,05) m/from the inters
the windshield and hood.

6.3 Test|report

As required| by the test plan, a test report shall be submitted detailing information regarding the test equipn
site, test sef-up, systems tested, frequencies, power levels, system interactions and any other informatior]
to the test.
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