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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
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P was prepared by Technical Committee ISO/TC 22, Roéad vehicles, Subcommittee S
nd electronic equipment.

in_fiaison with 1S5S0, also take part in the wWork. IS0 collaborates closely wiin
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 2.
the technical committees are circulated to the member bodies for voting. "Publication as
| Standard requires approval by at least 75 % of the member bodies casting'a vote.
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Scope

part of ISO 11451 specifies a vehicle test method for determining the)immunity of passeng
mercial vehicles to electrical disturbances from off-vehicle radiation sources, regardless of

r types of vehicles.

electromagnetic disturbances considered are limited to narrowband electromagnetic fields.

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies.*For undated references, the latest edition of the
iment (including any amendments) applies.

11451-1:2001, Road vehicles —“Vehicle test methods for electrical disturbances from
ated electromagnetic energy —Part 1: General principles and terminology

Terms and definitions

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

General test conditions

applicable frequency range of this test method is 0,01 MHz to 18 000 MHz. Testing over the fy

er cars and
the vehicle
y applied to

For dated
referenced

harrowband

Il frequency

range-could require different field-generating devices, but this does not imply that testing of

overlapping

freq

uency 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, applicable
to this part of ISO 11451:

test temperature;
supply voltage;

modulation;
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dwell time;
frequency step sizes;

definition of test severity levels;

— test signal quality.
5 Test location
The test should be performed in an absorber-lined shielded enclosure, the aim being to create an.n

electromag

The size, s
with absor}
determined
needed cle
absorbing n
selected su
that will giv
test region
field generg

Alternativel
legal requir

netic compatibility testing facility that simulates open field testing.

hape and construction of the enclosure may vary considerably. Typically, the floor is)not covg
ing material, but such covering is allowed!). The minimum size of the shielded enclosur
by the size of the test region needed, the size of the field generation devicé)or devices,
arances between these and the largest vehicle to be tested, and the characteristics of
haterial. To create the test region, the absorber, field generation system and“enclosure shape]
ch that the amount of extraneous energy in the test region is reduced-to_below a minimum v
b the desired measurement accuracy. The design objective is to reduce-the reflected energy in
fo —10 dB or less over the test frequency range [not applicable to transmission line system (1
tion systems]. An example of a rectangular shielded enclosure is,shown in Figure 1.

, the test may be performed at an outdoor test site. The.test facility shall comply with (natig
bments regarding the emission of electromagnetic fields:

1T 2 &4

[ w

a) Vertical polarization

Hoor

bred
e is
the
the
are
Blue
the
LS)

nal)

1) Measure

ments in enclosures with or without floor absorbers can lead to different results.
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b) Horizontal polarization

absorber-lined shielded enclosure
RF absorber material

vehicle dynamometer on turntable?
Antenna

pmplifier room

control room

o O WN -

a8  [Turntable shown rotatable through *,180° with two pairs of variable wheelbase rollers to accommodate all vehicle
sizep and functions.

Figure’l — Example of absorber-lined shielded enclosure

6 |[Test apparatus

Testing consists of generating radiated electromagnetic fields using antenna sets with radio frequency (RF)
soufces capable of producing the desired field strength over the range of test frequencies, fof which the
follqwing apparatus/instrumentation shall be used.

6.1 —Fetd—generatingdevice; whichmay beamantermaorantenmas;or o T £S;amd-whosetonstruction
and orientation shall be such that the generated field can be polarized in the mode specified in the test plan
(see 9.2).

See Figure 2 for an example of a parallel-plate TLS. Multiple antennas, amplifiers and directional couplers
could be necessary to cover the complete frequency range.

6.2 field probe(s), which shall be electrically small in relation to the wavelength and isotropic.
The communication lines from the probes shall be fibre-optic links.

6.3 RF signal generator, with internal or external modulation capability.

© 1SO 2005 - All rights reserved 3
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6.4 High power amplifier(s).
6.5 Powermeter (or equivalent measuring instrument), for measuring forward and reflected power.

12 3
|

Key
shielded|enclosure. (absorbers permitted)
conductive plateror set of wires
non-metgllic-supports
shielded enclosure floor
signal source feed line (coaxial cable)
coaxial cable
load
conductive wires
signal source feed connection

0 turntable (not required for this test)

= © 00 NO O b WON -

Figure 2 — Example of parallel-plate TLS
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7 Stimulation and monitoring of vehicle

WARNING — Any electrical connection of monitoring equipment to the vehicle could cause
malfunctions of the vehicle. Extreme care shall be taken to avoid such an effect.

The vehicle (the device under test or DUT) shall be operated as required in the test plan by using actuators
which have a minimum effect on the electromagnetic characteristics, e.g. plastic blocks on the push-buttons,
pneumatic actuators with plastic tubes.

Connections to equipment monitoring electromagnetic interference reactions of the vehicle may be
accomplished by using fibre-optics or high-resistance leads, Other type of leads may be used but require
extreme care to minimize interactions. The orientation, length and location of such leads shall,pe carefully
dochimented to ensure repeatability of test results.

8 |Test set-up (see Figure 3)

8.1| Vehicle placement

Thel vehicle shall be placed in the test region. The test region may contain-a vehicle dynamometer, turntable
or bpth these (see Figure 1).

8.2| Field generating device location (relative to vehicle’and shielded enclosure)

8.2.1 General

Thel| position or positions of the vehicle relative to thé antenna or TLS shall be specified in the test plan
(see 9.2).

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

8.2.2 Antenna constraints

No part of the radiating antenna shall be closer than 0,5 m to the outer body surface of the vehicle.
The| phase centre of the aftenna shall be separated by at least 2 m horizontally from the reference|point.
No part of an antenpa'Sradiating elements shall be closer than 0,25 m to the floor.

There shall be ne-absorber material in the direct path between the transmitting antenna and the DUT.

8.2.3 TLS:constraints

No part’of a TI S_with the exception of the ground plane, shall be closer than 0.5 m to any part of the vehicle.

The TLS radiating element or elements shall be separated by at least 1 m vertically from the reference point
(see 9.4.2).

The TLS shall extend centrally over at least 75 % of the length of the vehicle.
Particular care needs to be taken when testing heavy vehicles such as buses and large trucks. Under certain
conditions related to dimensions and frequency, it is possible that close to 100 % of the applied power 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.

© 1SO 2005 - All rights reserved 5
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Dimensions in metres
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9 Testing

9.1 Test

The gener1arrangement ofthe disturbance source and vehicle represents a standardized test condition.

deviations

report. The
conditions {
shall also b

power afnplifier

of antenna
-lined shielded enclosure
| generator

ictional coupler

eter

pedthrough

erating device

eference point (see 9.4.2.2)

Figure 3(— Example of test set-up

conditions

om the stahdard test configuration shall be agreed upon prior to testing and recorded in the
vehicle shall be made to operate under typical loading and operating conditions. These operz
hall be clearly defined in the test plan. The orientation(s) of the vehicle for radiated immunity {
b défined in the test plan.

Any
test
ting
ests

9.2 Test

plan

Prior to performing the tests, a test plan shall be generated which shall include

— test set-up,

— frequency range,

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

— vehicle

mode of operation,

© ISO 2005 — All rights reserved
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vehicle acceptance criteria,
definition of test severity levels,
vehicle monitoring conditions,
modulation,

polarization,

vahicla-oriantation
Gt eTrotroTT

-2:2005(E)

Eve
whsg

Add
veh

9.3

CAl
req

The)
refe]

Thig

9.4

9.4.

Cali

VTGO 3

antenna location,
test report content,
any special instructions and changes from the standard test.

ry DUT shall be verified under the most significant situations, i.e. at least.in stand-by mode an
re all the actuators can be excited.

itional vehicle positions, antenna locations or both could be neededto ensure complete illumin
cle owing to the narrow beam widths of high-frequency antennas.

Test method

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

test shall be performed using the substitution'method, which is based on the use of forward p|
rence parameter used for field calibration and during testing.

method is performed in two phases:
field calibration (without the vehicle present);
test of vehicle.

RF power required\{e‘achieve the required field strength is determined during the field calibrati
Field calibration

1 Geheral procedure

bration is performed without a vehicle in the test location.

d in a mode

ation of the

UTION — Hazardous voltages and fields can exist within the test area. Take care to ensure that the

pwer as the

on phase.

The specific test level (field) shall be calibrated periodically, using an unmodulated sinusoidal wave, by
recording the forward power required to produce a specific field strength (measured with a field probe) for
each test frequency.

The

field strength shall be calibrated for vertical and horizontal polarizations.

When requested, the values of forward and reverse power recorded in the calibration file and a precise
description of the associated position of the field probe shall be included in the test report.
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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 9.4.2
and Figures 4 and 5).

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 reference, the vehicle reference point may be used.

Above 200 MHz, the field uniformity at two points, one at 0,50 m on each side of the reference point, shall be
within ,8 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.
Interpolation methods may be used between calibration levels to determine the specific forward powerto be
used for a [test. From a practical viewpoint, the increment between calibration levels when the amplifi¢r is

operating in

9.4.2 Reference point and reference line

9.4.21 (
For the fred
be used fo
strength sh

For the freg
The mean
the four-prg

a linear range can be larger than when operating in a region where compression oceurs.

seneral

uency ranges of 0,01 MHz to 20 MHz or 30 MHz and 2 GHz to 18-GHz, a single-field probe s
calibration. A reference point is used with the single probe which’is the point at which the
bl be established.

uency range 20 MHz or 30 MHz to 2 GHz, the four-field*probe calibration method shall be u
bf the four probes readings is used as the calibration.value. A vertical reference line is used
be method which is a vertical line over which the field strength shall be established.

hall
field

sed.
with

The 20 MHE or 30 MHz breakpoint is dependent on the design of the radiation source at the user's fadility;
typically thg transformation from a TLS to an antenna.
9.4.2.2 Vehicle reference point and line
This is defined on the vehicle's centre line (plane of longitudinal symmetry), as follows.
a) Single-probe position:
— atp height of (1 £ 0,05)-m_above the shielded enclosure floor for vehicles with a roof height < 3 nj;
— atp height of (2 £0,05) m for vehicles with roof heights > 3 m.
Other heights may,be specified and measured.
b) Four-pfobe pgsitions:
—  at hefghtsof 6;5m6;8-m—+mand-+2-mfor-vehicteswith-aroof-hetght<-3-m;
— atheights of 1,2 m, 1,5m, 1,8 m and 2,1 m, for vehicles with a roof height > 3 m.

Depending on vehicle geometry, the vehicle reference point shall be located (0,2 + 0,2) m behind the front
axle (see Figure 4), or (1 +0,2) m inside the vehicle, measured from the point of intersection of the vehicle
windscreen and hood (see Figure 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 point location relative to the chamber, i.e. the front axle dynamometer position moves with vehicle
wheelbase adjustment.

© ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=a80ac2422e0ef39c4b2fc9f522bb545a

ISO 11451-2:2005(E)

Dimensions in metres

0.2 +0,2 1

@E\
{g

Key
1 ehicle reference point
2 front axle

Figure 4 — Example of vehicle reference point — Passenger cars and\light commercial Vehicles
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Dimensions in metres

10,2

W/

O

i
O

7

—1

=
ﬂ;‘

O

Key
1 intersecfjon of windscreen.arid bonnet

NOTE Not drawn to séatle.

a8  Vehicle feference point lies in this line.

igure 5 — Example of vehicle reference point — Buses and commercial vehicles

9.4.2.3 Facility reference point and reference line

These are defined at the centre of the test region, as follows.

a) Single-probe position:
— at a height of (1 £ 0,05) m above the shielded enclosure floor for vehicles with a roof height < 3 m;
— at a height of (2 £ 0,05) m for vehicles with a roof height > 3 m.

Other heights may be specified and measured.

10 © 1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=a80ac2422e0ef39c4b2fc9f522bb545a

