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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.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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vehicle(s)”, it can readily be applied to other types of vehicles:

Scope

5 part of ISO 11451 specifies a method for testing the immunity of passeriger cars and ¢
icles to electrical disturbances from off-vehicle radiation sources, regardless of the vehicle
em (e.g. spark ignition engine, diesel engine, electric motor).

electromagnetic disturbances considered are limited to narrowbaid electromagnetic fi
le this standard refers specifically to passenger cars and commercial vehicles, gen
11451-1 specifies general test conditions, definitions, practical use, and basic principleg
cedure.

ction performance status classification guidelinés for immunity to electromagnetic rad
ff-vehicle radiation source are given in Annéex A.

Normative references

following documents, in whole.or in part, are normatively referenced in this documg
rences, the latest edition ofithe referenced document (including any amendments) applig
11451-1, Road vehicles,.— Vehicle test methods for electrical disturbances from narrowba
tromagnetic 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.

ommercial
propulsion

blds.

bralized as

of the test

ation from

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated

S.

nd radiated

Test conditions

The applicable frequency range of this test method is 0,01 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 of this International Standard.

Standard test conditions are given in ISO 11451-1 for the following:

©IS

test temperature;

supply voltage;

02015 - All rights reserved
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modulation;

dwell time;

— freque

ncy step sizes;

— definition of test severity levels;

— testsignal quality.

5 Testlacation

The test s

Theaimoffisinganabsorber-lined shielded enclosureisto createanindoor electromagnetic compatib

testing fac

The size, 9
covered w
without flg
determine
needed cle|
absorbing
are selecte
value that
energy in t

uld be performed in an absorber-lined shielded enclosure.

lity that simulates open field testing.

hape, and construction of the enclosure can vary considerably. Typically, the floor is
th absorbing material, but such covering is allowed. Measurements_in‘enclosures witl
or absorbers can lead to different results. The minimum size of/the’shielded enclosur
l by the size of the test region needed, the size of the field generation device or devices,
arances between these and the largest vehicle to be tested, afid the characteristics of
material. To create the test region, the absorber, field generation system and enclosure sh

will give the desired measurement accuracy. The design objective is to reduce the refleg
he test region to —10 dB or less over the test frequencyrange (not applicable to transmis

lity

not
) or
e is
the
the
ape

d such that the amount of extraneous energy in the test region is reduced to below a mininjum

ted
bion

line systemy (TLS) field generation systems). An example of d¥ectangular shielded enclosure is shgwn

in Figure 1

The test
(national)

ay alternatively be performed at an outde6r test site. The test facility shall comply
egal requirements regarding the emissien of electromagnetic fields.

vith
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a) Side view (vertical polarization)
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b) Top view (horizontal polarization)
Key
1 absorber-lined shielded enclosure 4  antenna
2 RF absorber material 5 amplifier room
3 vehicle dynamometer on turntable2 6  control room
a  Turntable shown rotatable through +180° with two pairs of variable wheelbase rollers to accommodate all

vehicle sizes and functions.

Figure 1 — Example of absorber-lined shielded enclosure
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6 Testi

nstrumentation

Testing consists of generating radiated electromagnetic fields using antenna sets with radio frequency
(RF) sources capable of producing the desired field strength over the range of test frequencies.

The following test instrumentation is used:

— Field g

enerating device(s): e.g. antenna(s);

— Field probe(s);

ol ganarator it st ol A At o] A oo o oy

— RFsig
— Highp

— Power

SR e —
pwer amplifier(s);

neter (or equivalent measuring instrument) to measure forward power and reflécted poy

6.1 Field generating device

The field g

The constr
can be pol
shown in H
the comple

enerating device can be an antenna or a TLS.

hirized in the mode specified in the test plan (see 8.1). An example of a parallel-plate TL
igure 2. Multiple antennas, amplifiers and directional couplers could be necessary to cq

te frequency range.
; /2

Ver.

uction and orientation of any field generating device shall be such that the generated flield

Sis
ver

\.Ew
(i
& 6

S —J

a) Side view
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)
—
)
)
)
i
b) Top view
Key
1 [shielded enclosure (absorbers permitted) 6  coaxial cable
2 | conductive plate or set of wires 7  load
3 |non-metallic supports 8~ “conductive wires
4 |shielded enclosure floor 9" signal source feed connection
5 |signal source feed line (coaxial cable) 10 turntable (not required for this test)

6.2

Fiel
line

6.3

The
on
wit

Figure 2 -t Example of parallel-plate TLS

Field probes

d probes shall be electrically small in relation to the wavelength and isotropic. The com
s from the probes shall be fibre optic links.

Stimulation.and monitoring of the device under test (DUT)

vehicle shallbe operated as required in the test plan by using actuators which have a mini
the electromagnetic characteristics, e.g. plastic blocks on the push-buttons, pneumati
h plastic tubes.

Con

nections to equipment monitoring electromagnetic interference reactions of the vehi

nmunication

mum effect
" actuators

Cle may be

accomplished by using fibre-optics, or high resistance leads. Other type of leads can be used
extreme care to minimize interactions. The orientation, length, and location of such leads shall be
carefully documented to ensure repeatability of test results.

but require

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

7

Test set-up

Three test setups are described:

one for all types of vehicles when they are not connected to the power mains;

© ISO 2015 - All rights reserved
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— one for vehicles in charging mode connected to the power grid (with or without communication);

— one for vehicles in charging mode through wireless power transmission (WPT).

7.1 Vehicle placement

The vehicle shall be placed in the test region. The test region can contain a vehicle dynamometer or
turntable or both (see Figure 1).

7.2 Field generating device location (relative to vehicle and shielded enclosure)

The positign or positions of the vehicle relative to the antenna or TLS shall be specified in the test ]I)lan
(see 8.1).

The radiatjng elements of the field-generating device shall be no closer than 0,5 m to_any absorhing
material afid no closer than 1,5 m to the wall of the shielded enclosure.

7.2.1 Antenna constraints

No part of the radiating antenna shall be closer than 0,5 m to the outer bodystrface of the vehicle.
The phase fentre of the antenna shall be separated by at least 2 m horizentally from the reference pqint.
No part of an antenna’s radiating elements shall be closer than 0,25(mto the floor.

There shall| be no absorber material in the direct path between‘the transmitting antenna and the DUT.

7.2.2 TLS constraints

No part ofja TLS, with the exception of the ground plane, shall be closer than 0,5 m to any part offthe
vehicle. Thle TLS radiating element or elements shall be separated by at least 1 m vertically from|the
reference point (see 8.2.1.1).

The TLS shfall 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. Urjder
certain cornditions related to dimensiohs and frequency, it is possible that close to 100 % of the appllied
power can pe coupled to the vehicleby a directional coupler mechanism. Room resonances can also Have
a significant effect on the field-uniformity, amplitude and direction under the TLS.

7.3 Vehicle test configurations

The configuration gf\7.3.1 is applicable to whatever the vehicle type (combustion engine, electrid, or
hybrid propulsion)-

The configur
they are in

The configuration of 7.3.3 is applicable only to the electric propelled vehicles when they are in charging
mode through wireless power transmission (WPT).

7.3.1 Vehicle not connected to the power grid

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

6 © IS0 2015 - All rights reserved
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Dimensions in metres

Side view

Key
absorber-lined shielded enclosure
RF signal generator

power amplifier

dual directional coupler

power meter

coaxial feed through

field generating device

vehicle reference point (see 8.2.1.1.2)

Q O N O U1l » W N -

is the tilt angle of the antenna

Figure 3 — Example of test set-up

7.3{2 Vehicle in chargingmode connected to the power grid

Theg various configurations (a.c. or d.c., with or without communication) are considered in this clause.
7.3{2.1 AC power charging without communication

7.3)2.1.1-.Power mains

The power mains socket can be placed anywhere in the test location with the following conditions.

— It shall be placed on the ground plane.

— The length of the harness between the power mains socket and the AMN(s) shall be kept as short as
possible.

— The harness shall be placed as close as possible of the ground plane.

Care shall be taken to avoid disturbances to the off-board peripheral equipment.

7.3.2.1.2 Artificial mains network

Power mains shall be applied to the vehicle through 50 pH/50 Q artificial mains networks (AMN(s)) as
defined in ISO 11451-1, Annex B.

© IS0 2015 - All rights reserved 7
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The AMN(s) shall be mounted directly on the ground plane. The grounding connection of the AMN(s)/
AMN(s) shall be bonded to the ground plane with a low inductivity connection.

The measuring port of each AMN shall be terminated with a 50 Q load.

The AMN shall be placed in front, aligned and on the same side of the vehicle power charging plug.

7.3.2.1.3

Power charging cable

The power charging cable shall be placed in a straight line between the AMN(s) and the vehicle charging
plug and shall be routed perpendicularly to the vehicle longitudinal axis as shown in Figures 4 and 5.

The distan

If the lengt
width.

The chargi
body.

The whole

material (g

Examples

f test set-ups are shown in Figures 4 and 5.

re between the AMN(s) and the vehicle body should be 0,8 (+0,2/0) m.

h of the cable is longer than 1 m, the extraneous length shall be “Z-folded” in less than 0,5 m

hg cable at vehicle side shall hang vertically at a distance of 100 (+200/0) mn¥from the veHicle

cable shall be placed on a non-conductive, low relative permittivity (dielectric-constant)
< 1,4), at (100 £ 25) mm above the ground plane.

Dimensions in mdtres

2

I

S

7Z

Z

A // Zz /}—/ el

+0,2
0,10

+0,2
08 0

a) Front view
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5 5
b) Top view

Key
1 |vehicle under test
2 |insulating support
3 |charging cable
4 |artificial mains network(s) grotnded
5 |power mains socket (see 7.3.211.1)
6 |extraneous length Z-folded
7 |charging cable plug

Figure 4 —Example of test setup for vehicle with plug located on vehicle side (a.c. power
charging without communication)

© IS0 2015 - All rights reserved 9
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Dimensions in metres

g
A
7 > s
+0,2
1 0,8 0
a) Front view
1
] e )
4
+0,02
01 0

vehiclejunder test

b) Top view

insulating support

charging cable

artificial mains network(s) grounded
power mains socket (see 7.3.2.1.1)
extraneous length Z-folded

N O U W

charging cable plug

Figure 5 — Example of test setup for vehicle with plug located front / rear of vehicle (a.c. power
charging without communication)

10
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7.3.2.2 AC or DC power charging with communication

This configuration concerns slow/fast charging mode for a.c. power and fast charging mode for d.c.
power.

7.3.2.2.1 Charging station/Power mains
The charging station can be placed either in the test location or outside the test location.

NOTE1  If the communication between the vehicle and the charging station could be simulated, the charging
station can be replaced by the supply from power mains.

In Both cases, duplicated power mains and communication lines socket(s) shall be placed|in the test
locgtion with the following conditions.

— |It shall be placed on the ground plane.

— |The length of the harness between the power mains / communication lines socket and the
HV-AN/AMN/AAN shall be kept as short as possible.

— |The harness between the power mains / communication lines secket and the HV-ANfAMN/AAN
shall be placed as close as possible of the ground plane.

NOTE 2 The power mains and communication lines socket(s) arete®be filtered.

If the charging station is placed inside the test location then harness between charging stat{on and the
power mains / communication lines socket shall be placedwith the following conditions:

— |The harness at charging station side shall hang¥ertically down to the ground plane.

— |The extraneous length shall be placed as, ¢lose as possible of the ground plane and “[-folded” if
necessary.

Carg shall be taken to avoid disturbances-to the off-board peripheral equipment.

7.3{2.2.2 Artificial networks

AC Power mains shall be applied to the vehicle through 50 pH/50 O AMN(s) as defined in 1$0 11451-1,
Annex B.

DC Power mains shall be applied to the vehicle through 5 ptH/50 Q HV-AN(s) as defined in I$0 11451-1,
Annex B.

Thg HV-AN/AMN shall be mounted directly on the ground plane. The grounding connecfion of the
HV-AN/AMNshall be bonded to the ground plane with a low inductivity connection.

Theg measuring port of each HV-AN/AMN shall be terminated with a 50 (2 load.

Th H\/.ANI/AMN shall be p]ar‘nd in front nlignnd and on the same side of the vehicle power Charging
plug.

7.3.2.2.3 Asymmetric Artificial Network

Communication lines may optionally be applied to the vehicle through the AAN(s) as defined in
ISO 11451-1, Annex B.

The AAN(s) shall be mounted directly on the ground plane. The grounding connection of the AAN(s)
shall be bonded to the ground plane with a low inductivity connection.

The measuring port of each AAN shall be terminated with a 50 (1 load.

The AAN shall be placed in front, aligned and on the same side of the vehicle power charging plug.

© IS0 2015 - All rights reserved 11
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7.3.2.2.4 Power charging/communication cable

The power charging/communication cable shall be placed in a straight line between the HV-AN(s)/
AMN(s)/AAN(s) and the vehicle charging plug and shall be routed perpendicularly to the vehicle
longitudinal axis as shown in Figures 6 and 7. The distance between the AMN(s) and the vehicle body
should be 0,8 (+0,2/-0) m.

If the length of the cable is longer than 1 m, the extraneous length shall be “Z-folded” in less than 0,5 m
width.

The charging/communication cable at vehicle side shall hang vertically at a distance of 100 (+200/-0)
mm from tfie vehicle body.

The whole| cable shall be placed on a non-conductive, low relative permittivity (dielectriczconstant)
material (g < 1,4), at (100 = 25) mm above the ground plane.

NOTE In case of other lines between vehicle and charging station which are used neither fércharging nof for
communicafion (e.g. a 12V line), the loading conditions for these lines should be defined in thetest plan.

Examples ¢f test set-ups are shown in Figures 6 and 7.

7§

Dimensions in mdtres

0,1+0,025

a) Front view
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B —

<0,5

|_1
L | 6
___—_:I_
SN ’

b) Top view
Key
vehicle under test

insulating support

charging / communication cable

a.c. artificial mains network(s) ot d.c. HV artificial network(s) grounded
power mains socket

asymmetric artificial netwotk(s) grounded (if used)

charging station

extraneous length-Z+folded

O© 0 N O U1 o W N -

charging cablelplug

=]
pun
are

ure 6 =—Example of test setup for vehicle with plug located on vehicle side (a.c. or d.c. power
charging with communication)
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0,1+0,025

Dimensions in metres

a) Front view

14
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o
e
o
&— L |6 —®e
(= :‘ 7
5 5
b) Topwiew
Key
1 |vehicle under test
2 |insulating support
3 |charging / communication cable
4 |a.c. artificial mains network(s) or dic.)HV artificial network(s) grounded
5 |power mains socket
6 |asymmetric artificial netwofk(s) grounded (if used)
7 |charging station
8 |extraneous length Z«olded
9 |charging cable plag
Figure 7 — Example of test setup for vehicle with plug located front / rear of vehicle (p.c. or d.c.

power charging with communication)

The various configurations (with or without communication) are considered in this clause for a wireless
power transmission system.

The WPT system mainly consists of:
— aprimary device (coil external to vehicle);
— asecondary device (coil internal to vehicle);

— an off-board power unit.

© IS0 2015 - All rights reserved 15
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7.3.3.1 Off-board power unit

The off-board power unit can be placed outside of the ALSE or anywhere on the ground plane of the

ALSE.

Care shall be taken to avoid disturbances of the off-board power unit.

The harness between the off-board power unit and the vehicle shall be placed as close as possible of the
ALSE ground plane with a length greater than or equal to 2 m.

7.3.3.2 Primary device

The prima

Example of

'y device shall be aligned with the vehicle secondary device.

test set-up is shown in Figure 8.

16
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Dimensions in metres

3
o~
Al
L
b) Top view

Key
1 |vehicleaunder test
2 |prithaty device
3 [cdble (between primary device and off-board power unit) placed directly on the ground plane
4  off-board power unit

Figure 8 — Example of test setup for vehicle in charging mode through wireless power

8 Test procedure

transmission

The general arrangement of the disturbance source and vehicle represents a standardized test condition.
Any deviations from the standard test configuration shall be agreed upon prior to testing and recorded

in the test report.

© ISO 2015 - All rights reserved
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The vehicle shall be made to operate under typical loading and operating conditions. These operating

conditions

shall be clearly defined in the test plan.

The orientation(s) of the vehicle for radiated immunity tests shall be defined in the test plan.

8.1 Test

plan

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

— testset-up;

— frequercy range;

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

— vehiclg
— vehiclg
— definit
— vehiclé
— modul
— polaris
— vehiclg
— antenr
— testre
and any sp

Every DUT]
mode whej

Additional
of the vehi

8.2 Test

CAUTION
that the re

The substi
field calibr

mode of operation;
acceptance criteria;
ion of test severity levels;
monitoring conditions;
htion;
ation;
orientation;
a location;
port content.
pcial instructions and changes from thestandard test.

shall be verified under the most-significant situations, i.e. at least in stand-by mode and
e all the actuators can be excited:

vehicle positions, antennalgcations or both could be needed to ensure complete illumina
fle owing to the narrow{beam widths of high-frequency antennas.

method

in a

fion

— Hazardous-voltages and fields can exist within the test area. Take care to ensjure

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

fution.method is based upon the use of forward power as the reference parameter used
htion and during test.

for

The test sh

all be performed with the substitution method.

This method is performed in two phases:

— field calibration (without the vehicle present);

— testof

the vehicle.

The RF power required to achieve the required field strength is determined during the field calibration

phase.

8.2.1 Field calibration

Calibration is performed without a vehicle in the test location.

18
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The specific test level (field) shall be calibrated periodically by recording the forward power required to
produce a specific field strength (measured with a field probe) for each test frequency.

This calibration shall be performed with an unmodulated sinusoidal wave.

The total field strength (regardless of direction) shall be calibrated for vertical and horizontal
polarisations.

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.

Plage crgeferatig-aeviee-a e dedHoeation—Place-aeatibrateddsotroptefieldorobe at the
refdrence point or, alternatively, four calibrated isotropic field probes on the vertical referénice line (see

8.2[1.1 and Figures 11 and 12).

Normally, the vehicle reference point or line shall be used.

Abdve 200 MHz, the field uniformity at two points, one at 0,50 m on each side ofithe referencq point (1 m
height for vehicles with roof heights < 3 m, 1,8 m height for vehicles with roef heights > 3 m) §hall not be
lesgthan 50 % of the nominal field strength (relative to the reference point) for at least 80 % of the test
frequency points. The field uniformity requirement shall be fulfilled(separately for each p¢larization.
Forl|existing facilities where the field uniformity requirement cannét be met, this shall be stated in the
testireport. The user shall also ensure good reproducibility of the measurement.

Intgrpolation methods may be used between calibration levels to determine the specific forward power
to He used for a test. From a practical viewpoint, the in¢ctement between calibration levels when the
amplifier is operating in a linear range can be larger than‘when operating in a region where campression
occrs.

8.2]1.1 Reference point and reference line

8.2]1.1.1 General requirements

For|the frequency range from 0,01 MHz to 20 MHz or 30 MHz and 2 GHz to 18 GHz, a single[field probe
shall be used for calibration. A referéence point is used with the single probe. The reference point is the
point at which the field strength-shall be established.

For|the frequency range fromi 20 MHz or 30 MHz to 2 GHz, four field probe calibration methjod shall be
usef. The mean of the four probes readings is used as the calibration value. A vertical referpnce line is
usefl with the four prebe method. The reference line is a vertical line over which the field strength shall
be gstablished.

Thg20 MHz or30-MHz breakpoint is dependent on the design of the radiation source at the usgr’s facility;
typjcally thétransformation from a TLS to an antenna.

8.2]14.2" Vehicle reference point and reference line

This is defined on the vehicle’s centre line (plane of longitudinal symmetry), as follows.

a) One probe position: at a height of (1 £ 0,05) m above the shielded enclosure floor for vehicles with
a roof height < 3 m, or (1,8 * 0,05) m for vehicles with roof heights > 3 m. Other heights can be
specified and measured.

b) Four probe positions: at the following heights, as appropriate:
— 0,5m, 0,8 m, 1 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.
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Depending on vehicle geometry, the vehicle reference point is located (0,2 + 0,2) m behind the front axle
(see Figure 8), or (1 + 0,2) m inside the vehicle, measured from the point of intersection of the vehicle
windscreen and hood (see Figures 9 and 10), 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 pointlocation relative to the chamber, i.e. the front axle dynamometer position moves with
vehicle wheelbase adjustment.

Dimensions in metres

I\/i/ W
[ |

\_l_/Q

110,05

Side view
Key
1 frontagle

2 vehiclefreference point

Figure 9 - Example of vehicle reference point for passenger'cars and light commercial vehi¢les
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