INTERNATIONAL ISO
STANDARD 11452-4

Fourth edition
2011-12-15

Road vehicles — Component'test
methods for electrical disturbances from
narrowband radiated electromagnetic

energy —

Part 4:
Harness excitation methods

Véhicules routiers -=;Méthodes d’essai d’un équipement soymis a des
perturbations électriques par rayonnement d’énergie électromagnétique
en bande étroite —

Partie 4: Méthodes d’excitation des faisceaux

— Reference number
= — ISO 11452-4:2011(E)

©1S0 2011


https://standardsiso.com/api/?name=2d37730059d8182d70941b854b04d0d2

ISO 11452-4:2011(E)

COPYRIGHT PROTECTED DOCUMENT

© 1SO 2011

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or ISO’s
member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 4122749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © SO 2011 — Al rights reserved


https://standardsiso.com/api/?name=2d37730059d8182d70941b854b04d0d2

ISO 11452-4:2011(E)

Contents Page
oY =T o SR iv
1 ST oY 1 S 1
2 NOIrmMative refEreNCES ... ...ttt ee ettt 1
3 Terms and definitioNs ... .. .ottt ettt 1
4 TeSt CONAILIONS ...ttt ettt et ee e e e et ee et et et nenaas 1
5 — Testlocation OO 2
6 Test instrumentation.................ocoi e D 2
6.1 BCltest method ... e 2
6.2 TWC test method ... Do e 3
7 Test Set-UP ... K e M 4
71 Ground PlaNe ... ...t ne A e 4
7.2 Power supply and AN ... e N 4
7.3 Location of the DUT ... (e 4
7.4 Length and location of the test harness ... a5 e 5
7.5 Location of the load Simulator ... 5
7.6 Location of the harness excitation ... o T e 5
8 Test Procedure ...l DV e 10
8.1 L= o 1= - | SRS SO 10
8.2 Test plan.........ocoooiiiee e O e 10
8.3 Test methods ... e 10
8.4 B IL=53 8 =T oo o TSRS ST 14
Annex A (normative) Calibration configuration (current injection probe calibration).................}J.............. 15
Annex B (informative) Test set-up transfer impedance.................cccooiiiiiiiiiiciiiiececeeeeeeef e 17
Annex C (informative) Artificial Network i ..o 23
Annex D (informative) Grounding configurations...................ccoo 25
Annex E (informative) Function performance status classification (FPSC).............ccccocoiiiiiii o 27
© SO 2011 — Al rights reserved iii


https://standardsiso.com/api/?name=2d37730059d8182d70941b854b04d0d2

ISO 11452

-4:2011(E)

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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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Road vehicles — Component test methods for electrical
disturbances from narrowband radiated electromagnetic

bystem (e.g.

Ng a current

ness using

energy —

Part 4:

Harness excitation methods

1 [Scope

Thig part of ISO 11452 specifies harness excitation test methods and procedures for'determining tihe immunity
of electronic components of passenger cars and commercial vehicles regardlessof the propulsion
spafk-ignition engine, diesel engine, electric motor).

The|bulk current injection (BCI) test method is based on current injection.into the wiring harness usi
prolbe as a transformer where the harness forms the secondary winding.

Thel tubular wave coupler (TWC) test method is based on a‘wave coupling into the wiring ha
the |directional coupler principle. The TWC test method was\developed for immunity testing of

con
bes

ponents with respect to radiated disturbances in the GHzranges (GSM bands, UMTS, ISM 2,
suited to small (with respect to wavelength) and shietded device under test (DUT), since in thed

doninating coupling mechanism is via the harness. Far BUTs which are larger than a wavelength (

3G
TW

The)
eled

2

The
refe)
(inc

ISO
rad

3

Hz), direct field coupling to the printed circuit.board (PCB) becomes of equal importance. The
C test method should take this into account and determine the applicability of the method.

electromagnetic disturbances considered’in this part of ISO 11452 are limited to continuous
tromagnetic 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 reference
uding any amendments) applies.

11452-1:2005)-Road vehicles — Component test methods for electrical disturbances from
ated electromagnetic energy — Part 1: General principles and terminology

Terms and definitions

automotive
1 GHz). It is
e cases the
b.g. 0,1 mat
user of the

harrowband

For dated
d document

harrowband

For

4

the purposes of this document, the terms and definitions given in ISO 11452-1 apply.

Test conditions

The applicable frequency ranges of the BCl and the TWC test methods are direct functions of the transducer
characteristics (current probe or tubular wave coupler). More than one type of transducer may be required.

To test automotive electronic systems, the typical applicable frequency range

of the BCI test method is 1 MHz to 400 MHz,
of the TWC test method is 400 MHz to 3 GHz.

© 1SO 2011 — All rights reserved
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NOTE Current probes and tubular wave couplers are available which allow testing outside these frequency ranges.

The users shall specify the test severity level(s) over the frequency range. Suggested test levels are included
in Annex E.

Standard test conditions are given in ISO 11452-1 for the following:
— test temperature;
— supply voltage;

— modulation;

— dwell time;
— frequency step sizes;
— definitipn of test severity levels;

— test signal quality.

5 Test lpcation

The tests shall be performed in a shielded enclosure.

6 Test instrumentation
6.1 BCI fest method

6.1.1 General

BCl is a method of carrying out immunity tests by inducing disturbance signals directly into the wiring harness
by means gf a current injection probe. The injection probe is a current transformer through which the wfring
harnesses pf the device under test (DUT).are’ passed. Immunity tests are carried out by varying the [test
severity level and frequency of the induced\disturbance.

The following equipment is used:
— ground|plane;

— currenfinjection probe(s);

— currenf measurement probe(s);
— artificigl network(s) [AN(s)];

— radio friequency (RF) generator with internal or external modulation capability;

— power amplifier;
— power measuring instrumentation to measure the forward and reverse power;

— current measurement equipment.

6.1.2 Injection probe

An injection probe or set of probes capable of operating over the test frequency range is required to couple
the test signal to the DUT. The probe(s) shall be capable of withstanding the necessary input power for the
maximum test level over the test frequency range regardless of the test set-up loading.

Saturation of the injection probe should be taken into consideration in establishing the test levels.

2 © 1SO 2011 — Al rights reserved


https://standardsiso.com/api/?name=2d37730059d8182d70941b854b04d0d2

ISO 11452

6.1.3 Current measurement probe
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The current measurement probe or set of probes shall be capable of operating over the test frequency range.

6.1.4 Stimulation and monitoring of the DUT

The DUT shall be operated as required in the test plan by 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 DUT may be accomplished
by using fibre-optics, or high-resistance leads. Other type of leads may be used but require extreme care to

min
ens

Any|
card

6.2

6.2.1 General

The
autg
sha

insidle. The wiring harness leads through the inner conductor 0f'the wave coupler. This leads to tw

con
by t

The)

6.2.

At
cou
cou

mize interactions. The orientation, length and location of such leads shall be carefully doc
ire repeatability of test results.

electrical connection of monitoring equipment to the DUT may cause malfunctions of the DU
shall be taken to avoid such an effect.

TWC test method

approach of this test method is an equivalent coupling to a plane wave coupling into a wiring
motive components. To realize this, a short 50 Q coaxial line €onfiguration with open ends, an
bed conductor and matched terminations are used to generate a transverse electromagnetic

ponents for the DUT: a TEM wave component coupled via the cable, and a radiated compon
ne scattering field from the primary TEM wave in the“eonnecting cable between the coupler an

following equipment is used:

ground plane;

tubular wave coupler;

artificial networks(s) [AN(s)];

RF generator with internal ©hexternal modulation capability;
power amplifier;

power measuringiinstrumentation to measure the forward and reverse power.

P Tubulariwave coupler

bular wavé coupler is used to couple the disturbances into the test wiring harness. It shall bq
bling the test power over the test frequency range into the wiring harness and shall have a suff
bling and power rating.

umented to

T. Extreme

harness of
inner tube-
TEM) wave
D disturbing
bnt, caused
d the DUT.

capable of
ciently high

6.2.3 50 Q load resistor

A 50 Q load resistor is used to match the output of the tubular wave coupler. The power rating shall be equal

org

reater than the applied forward power.

6.2.4 Stimulation and monitoring of the DUT

See 6.1.4.
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et-up

Ground plane

plane shall be made of 0,5 mm thick (minimum) copper, brass or galvanized steel.

The minimum width of the ground plane shall be 1 000 mm. The minimum length of the ground plane shall be

1 500 mm for the BCI method using the closed-loop method with power limitation,

2 000 mm for all other methods defined in this part of ISO 11452, or

under

The ground|plane shall be bonded to the walls or the floor of the shielded enclosure such that the d.c. resistd
shall not exgeed 2,5 mQ. The distance from the edge of the ground strap to the edge of the next strap shal

be greater

7.2 Power supply and AN

Each DUT

Power supy
shown in th
Annex C fo
the vehicle.

Fora [
for the

For a |

positivg supply (see Annex D).

The AN(s) s
bench grou

The power
the AN(s)].

The measu
RF power.

ath the entire equipment plus 200 mm, whichever is larger.

an 300 mm. The maximum length to width ratio for the ground straps shall be 7A,

power supply lead shall be connected to the power supply through an"AN.

ly is assumed to be negative ground. If the DUT utilizes a positive ground then the test set
b figures need to be adapted accordingly. Power shall be applied)to the DUT via 5 yH/50 Q AN
r artificial network schematic). Requirements vary depending on the intended DUT installatig

UT remotely grounded (vehicle power return line lomger than 200 mm), two ANs are required,
positive supply line and one for the power return lin€ (see Annex D).

DUT locally grounded (vehicle power return-line 200 mm or shorter), one AN is required for
hall be mounted directly on the ground’plane. The case(s) of the AN(s) shall be bonded to the
nd plane.

supply return shall be conneeted to the test bench ground plane [between the power supply

fing port of each AN shall be terminated with a 50 Q load which is capable of dissipating the cou

7.3 Loc

The DUT s
at (50 + 5)

The case

tion of the DUT

all be placed on a non-conductive, low relative permittivity (dielectric constant) material (& <
m above the metallic surface of the table.

nce
not

ups
see
nin

one

the

test

and

bled

4),

actual vehicle.

The face of

the DUT shall be located at least 100 mm from the edge of the ground plane.

the

There should be a distance at least 500 mm between the DUT and any metal part such as the walls of the
shielded room, with the exception of the ground plane on which the DUT is placed.

© 1SO 2011 — All rights reserved
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7.4 Length and location of the test harness

Unless otherwise specified in the test plan, the length of test harness between the DUT and the load simulator
shall be:

— (1 700+308) mm for all test methods defined in this part of ISO 11452 except for the BCI test method using

the closed-loop method with power limitation;

— (1 000 +zog) mm for the BCI test method using the closed-loop method with power limitation.

The| wiring type is defined by the actual system application and requirement.
The|wiring harness shall be straight:

— |over at least 1 400 mm starting at the DUT for all test methods defined in this part of ISO 1145P except for
the BCI test method using the closed-loop method with power limitation;

— |over its entire length for the BCI test method using the closed-loop methed with power limitatipn.
Thewiring harness should be fixed (position and number of wires).

The| wiring harness should pass through the current injection and cdrrent measurement probes or the tubular
wave coupler. The length of the wires in the load simulator should-be)short by comparison with the l[ength of the
harpess. The wires within the load simulator should be fixed.

NOTE If all wires in the load simulator and the wiring harness have the same lengths, strong resonance ffects might
occyr. This can be avoided by using or adding wires of differentdengths in the load simulator.

Thel test harness (or each branch) shall be placed-on a non-conductive, low relative permittivity (dielectric
congtant) material (& < 1,4), with a thickness of (50-% 5) mm.

For|DUTs with multiple harness branches, the branches not included in the probe shall be plaged at least
100|mm away from the branch included. in_the probe.

7.5| Location of the load simulator

Preferably, the load simulator’should be placed directly on the ground plane. If the load simulator has a metallic
case, this case shall be bended to the ground plane.

7.6.1 BCI test method

7.6.1.1 Substitution method

The injection probe shall be placed at (150 + 50) mm from the connector of the DUT. Additional tests at
d = (450 + 50) mm and d = (750 + 50) mm may be required.

If a current measurement probe is used during the test, it shall be placed at (50 + 10) mm from the connector
of the DUT.

An example of a test configuration is shown in Figure 1.

© 1SO 2011 — Al rights reserved 5
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7.6.1.2 Closed-loop method with power limitation

The injection probe shall be placed at (900 + 10) mm from the connector of the DUT.

The current measurement probe shall be placed at (50 + 10) mm from the connector of the DUT.

An example of a test configuration is shown in Figure 2.

7.6.2 TWC test method

The tubular wave coupler shall be placed at (100 + 10) mm from the DUT and isolated from the ground plane.

It shall be

onnecteda 1o the nign-rrequency equipmernt at the port, Wnicn Is closer 1o tne DUT. The oU 12

resistor shall be placed isolated from the ground plane at a minimum distance of 200 mm from the w

harness an

I connected to the second port of the TWC

Figure 3 giyes an example for the test set-up.

oad
ring
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Dimensions in millimetres

Top view
=500
8
7
4 4
|_eo
= s
5.1
\
6
A
22000
1700 +300
3\ . 1 9
1," P I I \1
/ \
/ \
12 10
Side view
PDUT\(connected to ground if specified in the test plan) 8 high-frequency equipment
wiring harness (S) 9 _optional current measurement probe (not|shown
load simulator (placement and ground connection in this figure, but shown in Figure 2)
according to 7.5) 10 injection probe (represented at 3 positions)
stimulation and monitoring system 11 ground plane (connected to the shielded room)
power supply 12 low relative permittivity support (& < 1,4)
AN 13 shielded room

optical fibres

See 7.6.1.1.

Figure 1 — BCI configuration — Substitution method
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Key

Dimensions in millimetres

Top view
=500
8
7
4
5] -
\
Y
11 6
A
21500
+200
1000 0
50 +10 n
3 (1289 T |
\\ 1 =
"1
e _El [ | N
900 10 S
10 =
(=]
(=)
Side view
DUT (copnected to ground if specified in the test plan) 7  optical fibres
Wiring hatness. 8 high 'Frnql IT=YaTaVA=YaT! |i|r_\mnnf
load simulator (placement and ground connection 9 current measurement probe
according to 7.5) 10 injection probe
stimulation and monitoring system 11 ground plane (connected to the shielded room)
power supply 12 low relative permittivity support (& < 1,4)
AN 13 shielded room
Figure 2 — BCI configuration — Closed-loop method with power limitation
© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=2d37730059d8182d70941b854b04d0d2

ISO 11452-4:2011(E)

Dimensions in millimetres

Top view
2500 | 2100
| !
" 1]| |10
1
8
9 =200 S
I \a o <_A
> 3
4 — 2200
i
2 13~
6
A
>2'000
1300 *+300
100 10
— A
3121210 +
\ 1 A
\ \ \ —1_
ya l 13 1N
— 7
11
Side view
Key
1 PMT (connected to ground if specified in the test plan) 7 optical fibres
V;Iillg hGIIIUOO 8 h;sh I‘IU\.'UUIIU‘Y U\.Iu;plllcllt
3 load simulator (placement and ground connection 9 50Qload
according to 7.5) 10 tubular wave coupler
4 stimulation and monitoring system 11 ground plane (connected to the shielded room)
power supply 12 low relative permittivity support (g < 1,4)
6 AN 13 shielded room

Figure 3 — Tubular wave coupler test set-up
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8 Test procedure

8.1 General

The general arrangement of the disturbance source and connecting harnesses, etc., represents a standardized
test condition. Any deviations from the standard test harness length, etc., shall be agreed upon prior to testing
and recorded in the test report.

The DUT shall be made to operate under typical loading and other conditions as in the vehicle. These operating

conditions Mustbe clearty defined T the testpran to ensure that the Suppiter and cuStomer are perforn

identical teg

8.2 Test
Prior to per
— testse

— test mg

ts.

plan

forming the tests, a test plan shall be generated which shall include the following!
-up;

thod,;

— frequency range;

— DUTm
— DUTa
— testse
— DUTm
— probe |
— injectig

— test rej

ode of operation;

cceptance criteria;

erity levels;

onitoring conditions;

pcation;

n conditions for wiring with multiple .¢connectors and/or multiple branches;

ort content;

— load sifulator;

— anysp

Every DUT
safety and

8.3 Test
CAUTION -

pcial instructions and.¢hanges from the standard test.

hing

shall be tested uhder the most significant operation conditions depending on significance of foad

Isability, i.e. atleast in stand-by mode and in a mode where all the actuators can be excited.

methods

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

the

requireme

8.3.1 BCI

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

test method

8.3.1.1 General

Two BCI test methods are specified:

— the substitution method;

— the closed-loop method with power limitation.

10
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8.3.1.2 Substitution method

8.3.1.2.1 General

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

This method is performed in two phases:

— calibration (on fixture);

— [test ol the DUTI.

8.3.1.2.2 Calibration

The| specific test level (current) shall be calibrated periodically by recording the forward power|required to
prodluce a specific current measured on a 50 Q calibration fixture (see Annex A) at freéquency stepq not greater
than the maximum frequency step sizes defined in ISO 11452-1.

For [smaller incremental test frequency steps, interpolation between calibration frequencies is allpwed with a
maximum interpolation error of 0,5 dB.

Thig calibration shall be performed with an unmodulated sinusoidal RF signal.

Thel| values of forward and reverse power recorded in the calibfation file should be included in the¢ test report
upoh request.

The| calibration fixture should be terminated by a 50 Q (high power) load at one end and by a 50 {2 RF power
medsuring instrumentation at the other end, protected-by a 50 Q attenuator of adequate power] rating (see
Anrlex A).

8.3.1.2.3 DUT test
The| DUT, harness and associated equipment are installed on the test bench as shown in Figure 1

Theltest is conducted by subjecting the DUT to the test signal based on the calibrated value as prgdetermined
in the test plan.

When a harness containing several branches is used, the test should be repeated with the injgction probe
clamped around each branheh.

A cdrrrent measurement probe may be mounted between the current injection probe and the DUT. The use of a
curient measurement probe is optional. It can provide extra useful information during investigative work on the
caupe of events\and the variances in test conditions after system modifications. Care should be taken because
the monitoringprobe may affect the injected current.

8.3.13- Closed loop method with power limitation

8.3.1.3.1 General

The closed loop method with power limitation is based upon the use of the forward power as the reference
parameter for calibration and test.

This method is performed in two phases:
— calibration (on fixture);
— test of the DUT.

The power limit Pcwiimit is determined using a calibration fixture.

© 1SO 2011 — Al rights reserved 1
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The disturbance (/gisturbance) applied to the DUT is determined using a limit curve versus frequency.

8.3.1.3.2 Calibration

This procedure determines the power limit applicable for the test with DUT.

The specific test level (current) shall be calibrated prior to the actual testing (see Annex A).

Prior to the actual test with DUT, the forward power required to produce a specific current measured on a 50 Q
calibration fixture (see Annex A) shall be determined for each frequency.

This calibra

The values
upon reque

The calibra
measuring
Annex A).

The curren
recorded.

The power

Pcwiimi

where
Pcwiim

Pcalibra

k

8.3.1.3.3
The DUT, h

The test prg
is describeq

The forwar
measured U

the me

the for

trormstrattbeperformed wittramunmodutatedsinusoidat RFEsigmat:

of forward and reverse power recorded in the calibration file should be included in the test're
St

ion fixture should be terminated by a 50 Q (high power) load at one end and bysa 50 Q RF pg
nstrumentation at the other end, protected by a 50 Q attenuator of adequateypower rating

test signal level is applied to the fixture and the corresponding fofward power (Pcalibratio

imit is:

= k Pcalibration

t is the power limit;

ion Is the forward power applied to reach-the current test signal level in the fixture;
is a factor equal to 4 unless otherwise specified in the test plan.
DUT test

arness and associated equipment are installed on the test bench as shown in Figure 2.

cedure uses a closed loop method with power limit (Pcwiimit). The procedure used at each frequsg
below.

i power applied\to the current injection probe is increased and the injected current (Ireferenc
ntil

asuredtcurrent reaches the specified test level, or

vard power reaches the power limit (Pcwiimit)-

port

wer
see

u

<~

ncy

~

D

In either case, the achieved current (/reference) and the applied forward power (Preference) are recorded.

When the DUT susceptibility threshold is found, the fault current (/tayit) and the forward power applied (Psauit)
shall be recorded.

When a harness containing several branches is used, the test should be repeated with the injection probe and
the current measurement probe clamped around each branch respectively at (900 + 10) mm and (50 + 10) mm

from the co

12

nnector of the DUT.
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8.3.2 Tubular wave coupler test method

For the tubular wave coupler test method, the substitution method is used. It is based on using forward power
as the reference parameter for calibration and testing, which leads to a two-step test method:

— calibration, using a calibration fixture and

— testing the DUT.

8.3.2.1 Calibration

For [catftbratton, the thsertion 1055 of the UsSed tubutar wave coupier i a caiibration fixture witha characteristic
impgdance of 150 Q shall be measured at frequency steps not greater than the maximum frequeney step sizes
defiped in ISO 11452-1.

For|smaller incremental test frequency steps, interpolation between calibration frequgngies is allpwed with a
max)imum interpolation error of 0,5 dB.

The| calibration fixture shall include a broadband matching network to the 50 (Qxjmpedance of thg measuring
equjpment. The manufacturer of the calibration fixture shall give the correctionjfactor of this matchjing network
withl @ maximum uncertainty of 1,5 dB.

Singe the tubular wave coupler and the calibration fixture are linear systems, the coupler insertion(loss should
be measured using a network analyser.

Thel calibration set-up using a network analyser is shown in Figure 4.

Thel analysing of coupler insertion loss S21 using the testcpower is possible but not necessary. Fqr full power
calibration, the maximum power handling capability of the' calibration fixture shall be considered.

The| network analyser shall be calibrated includingyall cables connecting the tubular wave cougler and the
calibration fixture. Alternatively, the cables shall be appropriately taken into account for the de-embgdding, e.g.
by full 2-port characterization of the cables.

The| S-parameter S21 shall be measured:

6 3
1
4 1
U
7 A |} 5
Zu = 1500 / /‘
1 2
Key
1 tubular wave coupler 5 insulating support
2 calibration fixture with internal matching unit to 50 Q - 6 coaxial cable (network analyser output)
system 7 coaxial cable (network analyser input)

3 50 Q load resistor, VSWR 1,2:1 maximum
network analyser (50 Q)

Figure 4 — Tubular wave coupler calibration set-up
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The insertion loss of the coupler is given by:

1|-|dB:

where
Iy

|S24]

_|S21|dB _F|dB

is the insertion loss of the tubular wave coupler, in dB;

is the amplitude of the S21 parameter, in dB;

F

8.3.2.2 DUT test

The DUT, h

The forward power Piorwarg for DUT testing shall be calculated by:

P forwar

where
Prest

Prorwar

I

8.4 Test

As required
load simula
information

For the BCI
the test rep

the val

the tes
by the
imped3

is the correction factor of the calibration fixture, in dB.

arness and associated equipment are installed on the test bench as shown in Figure 3.

hlggm = Ptestlapm * /L lag

is the required test power according to the test plan, in 8Bm;
y is the forward power, in dBm;

is the insertion loss of the used tubular wave coupler, in dB.

report

in the test plan, a test report shall be submiitted detailing information regarding the test equipm
or, test area, systems tested, frequengiés, power levels, system interactions and any other rele
regarding the test. Any deviation from the test plan shall be specified in the test report.

closed loop method with power limitation, the following additional information shall be include
Drt:

ies Ireference, Preference.Afault, Prault, PCWiimit;

bench transfer-itripedance (the voltage injected at the plane of the current injection probe div
current measured by the current measurement probe). A precise description of test bench tran
nce measurement or calculation methods is given in Annex B.

ent,
vant

din

ded
sfer

14
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Annex A
(normative)

Calibration configuration (current injection probe calibration)

A calibration fixture is used to determine the injected current. Figure A.1 shows an example of a test equipment
configuration for the current injection probe calibration.

Mount the injection probe centred in the calibration fixture (see Figure A.2) and, while sweep|ng the test
frequency range, measure the forward power required to achieve the current at which testing-is.{o beg conducted.

7 8 9 10
Key
1 phielded enclosure 7 RF power level measuring device
2 B0 Q coaxial load, VSWR 1,2: +max 8 RF 50 Q dual directional coupler (with 30 dB minimum defoupling
3 [alibration fixture coefficient)
4 Injection probe 9 broadband amplifier with 50 Q output impedance
5 B0 Q attenuator 10 RF signal generator
6 Pppectrum analysefrorequivalent

Figure A.1 — Block diagram of calibration configuration

© 1SO 2011 — Al rights reserved 15
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a b WON -

insulatiop
removabjle metal cover
current imjection probe

direct copnection to 50 Q measurement equipment

direct copnection to 50 Q load

Figure A.2 — Example.of calibration fixture

The physical size of the calibration fixture shall be“in‘accordance with the probe manufacturer’s requiremgnts.

16
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Test set-up transfer impedance

B.1 General

Theltest set-up transfer impedance is defined as:

7 _ Vinduced
transfer — Ji
induced
whdre
Ztransfer is the test set-up transfer impedance;
Vinduced is the common mode voltage induced in the wiring harness by the current injectiq
Tinduced is the common mode current induced at the measurement point.

It is

of the injection and current measurement probes, to make«it-easier to compare tests carried out
labqratories or using different test wiring harnesses.

It cgn be measured using a network analyser as described in B.2 or deduced from the direct power
measurements during calibration and testing as described in B.3.

B.2

B.2

Key

-4:2011(E)

used to characterize the system comprising the wiring harness, the DUT and the loads, ing

Measuring the transfer impedance using a network analyser
1 Defining the parameter relationships
1
/
/1 / /2
31 . — e — - 32
by~ 4l v, b,

S parameter quadripole

(B.1)

n probe;

ependently
in different

and current

Figure B.T— Definition of incident and reflected waves

For a four-terminal network with given S parameters, the incident and reflected waves can be defined as
follows.

For

port 1 of the network analyser:

_ V1 +ZC ]1

22

a

© 1SO 2011 — All rights reserved
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"

—Zc 14

by 27 (B.3)
where

a1 is the incident wave;

b1 is the reflected wave;

V1 is the common mode voltage induced in the wiring harness by the current injection probe;

Iy is fhecommon mode current mduced at the measurement poimt;

Zc is the characteristic impedance (here, Z¢c = 50 Q).
For port 2 df the network analyser:

ay = K;/%_Zb B.4)

by :EZ‘JZT_CC’Z (B.5)
where

az is the incident wave;

b2 is the reflected wave;

V2 is the common mode voltage induced in the wiring.harness by the current injection probe;

I> is fhe common mode current induced at the méasurement point;

Zc is [he characteristic impedance (here, Z;=-50 Q).
In physical terms, the incident and reflected‘waves carry the input and output power to and from the four-
terminal nefwork.
The relationjship between the incident-and reflected waves is given by the S parameters:

b1 = S1a1 + S12a2 and b2 =S21a1 + S22a2 (B.6)
When the output of the nefwork is loaded with 50 Q:

a2 =0, | therefor€ Vb1 = S11a1 and by = S21aq B.7)
where

S11 is the coefficient of reflection;

S21 is the coefficient of transmission of the four-terminal network.

18
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B.2.2 Calibrating the current injection probe

0/1
~—
2\\ //3
31l Tb1 sz
5 4_ ]

7

Key
hetwork analyser

port 1

port 2

current injection probe
50 Q load

Calibration fixture

o 0o~ WODN -

Figure B.2 — Calibrating the current injection probe

By dlefinition, the insertion loss L of the current injection probe is given by the following formula:

1L2 = é = S§1 injection (B.8)
an
whgre
[Lz is the power ifisertion loss of the current injection probe, in decibels (dB);
b% is the pawer induced on the calibration fixture port, in decibels (dB);
a12 istthe-power applied to the current injection probe, in decibels (dB);
551 injeciEN is the power transmission coefficient of the current injection probe, in decibels (dB).
ie.
LB = = So4iiection-(AB) (B.9)

The current injection probe induces the voltage Vinduced On the calibration fixture, i.e. (Vinduced)/2 on each of
the 50 Q loads on the fixture, therefore:

2
b2— 1 (Vinducedj

=— B.10

255 > (B.10)
From Equations (B.8) and (B.10):

Vinduced _ 5 /50 I (B.11)

a1
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B.2.3 Calibrating the current measurement probe

\/‘\

3

F by

to,
- 1

Key
network pnalyser
port 1
port 2
current measurement probe
50 Q load
calibratign fixture

o OB~ WN -

6~ —

A}

Figure B.3 — Calibrating the current measurement probe

The currenf measurement probe is characterized by its transfer impedance Z1 given by the following formpla:
Z7 = Keturned (8.12)
Induced
where
Vreturndd is the voltage returned by the current measurement probe loaded by 50 Q;
Tinduced is the current to be measured.
5 D
b2 = Y neturned B.13
27 150 (§.13)
and
a12 =5( [ﬁlduced (.14)
From Equations (B.12) and (B.13)
_ (B.15)
]induced V80
From Equations (B.14) and (B.15)
by
Z1=50—%=50551 read (B.16)

aq

20

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=2d37730059d8182d70941b854b04d0d2

B.2

ISO 11452

.4 Measuring the transfer impedance

c/1
~—
2\\ //3
81l Tb1 sz
7 4 5 6
L NE |

-4:2011(E)

Key

N o g WON -

The

hetwork analyser

port 1

port 2

current injection probe
current measurement probe
pUT

AN(s) under load

Figure B.4 — Measuring the transfer impedance

transfer impedance of the test bench is defined by the following formula:

Vinduced _ Vinduced A by

Tinduced aq by Iinduced

Ziransfer =

From Equations (B.11) and (B.16), the transfer impedance of the test bench can be calculated from S

medg

or

B.3

surement for Figure B.4 and the.characteristics of the probes as follows:

27211
Ztransfer = S
21

Ztransfer (dBQ) A 6+ZT (dBQ)+[L (dB)_S21 (dB)

Calculating the transfer impedance

Th

(B.17)

 parameter

(B.18)

(B.19)

transfer imnedance Z. can-alsa be calculated from-the measurements made durina cal
Ll ~J

bration and

£
transSTet

test, using the fact that the calibration fixture transfer impedance is 100 Q. By proportionality:

Z ransfer = 100 Iia“bration PPdirect

induced calibration

where

Icalibration 1S the calibration current;

Tinduced is the current to be measured;

© 1SO 2011 — All rights reserved
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Pcaliration  is the power applied to the current injection probe during calibration;
Pgirect is the power applied to the calibration fixture.

or

Ziransfer (ABq ) = 40 + I cqjipration (ABmA) — Linduced (dBma) + Pairect (dBm) — Pealibration (dBm) (B.21)
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Annex C
(informative)

Artificial network

C.1 General

The| artificial network (AN) is used as a reference standard in the laboratory in place of the.im
veh|cle power lines in order to determine the behaviour of equipment and electrical and electronic d
AN Eghall be able to withstand a continuous load corresponding to the requirements of thé,DUT.

pedance of
evices. The

An ¢xample of the AN schematic is shown in Figure C.1.

AO—0 —— p

SuH
7T
2 1uF O\ 1
1.000Q C/B 500)
B O B
Key
1 port for the DUT
power supply port
3 measurement port
Figure C.1 — Example of AN schematic
C.2 ANimpedance
The| AN impedance |Zpg| in the measurement frequency range of 0,1 MHz to 100 MHz ass{iming ideal

electrical components are shown in Figure C.2. In reality, a tolerance of +20 % is permitted. The impedance is
measured between the terminals P and B (“1” of Figure C.1) with a 50 Q load on the measurement port (“3” of

Figure C.1) and with terminals A and B (“2” of Figure C.1) short-circuited.
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