INTERNATIONAL

SO

STANDARD 11452-4

Second edition

2001-02-01

Road vehicles — Componenttest me
for electrical disturbances from
narrowband radiated electromagnetic
energy —

Part 4.
Bulk current injection (BCI)

Véhicules routiers —Méthodes d'essai d'un équipement soumis

perturbations électriques par rayonnement d'énergie électromag
bande étroite <

Partie 4: Methodes d'injection de courant (BCI)

thods

a des
nétique en

Reference number

= R— ISO 11452-4:2001(E)

ISO

© S0 2001


https://standardsiso.com/api/?name=6969404c3317bc5b2c3a137081787236

ISO 11452-4:2001(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but shall not
be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In downloading this
file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat accepts no liability in this
area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation parameters
were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In the unlikely event
that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0O 2001

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. +412274901 11

Fax +4122 74909 47

E-mail copyright@iso.ch

Web www.iso.ch

Printed in Switzerland

ii © ISO 2001 — All rights reserved


https://standardsiso.com/api/?name=6969404c3317bc5b2c3a137081787236

ISO 11452-4:2001(E)

Contents

[0 ] =170 Y (o I

LN A 0T LU T 10 ] o IR

Scaone
L

1

2 ) o] = A =T =] =T =T o] SO UURRSRPR
3 Terms and defiNitioNS ..o e e e e e ae e e
4 TeSt CONAITIONS . e s sirrreee e e e e e sennneeeeeeesese s Do Den e e e
5 TEST APPAIATUS ..ot s e e e anr e e e ane b on san e e e e e e e rnr s
6 B ST o] e Yo =Te [V 1 U SR
Annex A (normative) Current-injection probe calibration...........cccccccv 0
Annex B[ (normative) Current monitoring probe calibration...............cc . i
Annex { (normative) Optimization of the injection probe position ..&o s e,
Annex D (informative) Function performance status classification (FPSC) ........ccccoceiiiiiiiiiiiieeens

Annex H (informative) Artificial network (AN) schematicC........ 80 e

© ISO 2001 - All rights reserved


https://standardsiso.com/api/?name=6969404c3317bc5b2c3a137081787236

ISO 11452-4:2001(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 wit TSO, also take part in the work. ISO collaborates closely with the Iniernatonal Elecirdtechnical
Commission (IEC) on all matters of electrotechnical standardization.

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

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

Attention is| drawn to the possibility that some of the elements of this part of 1ISO.11452 may be the qubject of
patent rights. ISO shall not be held responsible for identifying any or all such patent-rights.

Internationgl Standard 1SO 11452-4 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 11452-4:1995), which has been technically revised.

ISO 11452 [consists of the following parts, under the generaltitle Road vehicles — Component test methods for
electrical disturbances from narrowband radiated electromagnetic energy:

— Part 1:|General and definitions

— Part 2:|Absorber-lined shielded enclosure

— Part 3:[Transverse electromagnetic (TEM) cell

— Part 4:|Bulk current injection (BCH

— Part 5:[Stripline

— Part 6:|Parallel plate anterina

— Part 7:|Direct radig \frequency (RF) power injection

Annexes A fo C-form a normative part of this part of ISO 11452. Annexes D and E are for information only.
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Introduction

Immunity measurements of complete road vehicles are generally able to be carried out only by the vehicle
manufacturer, owing to, for example, high costs of absorber-lined shielded enclosures, the desire to preserve the
secrecy of prototypes or a large number of different vehicle models.

For reseprch, development and quality conirol, a laboratory measuring method can be used by Qoth vehicle
manufacfurers and equipment suppliers to test electronic components.
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Road vehicles — Component test methods for electrical
disturbances from narrowband radiated electromagnetic energy —
Part 4:

Bulk gurrentinjection{BCH

1 Scqpe

This parf of ISO 11452 specifies bulk current injection (BCI) tests for determining the immunity g

componsg

electrompgnetic energy, regardless of the vehicle propulsion system (e.g.4spark-ignition engine, die
electric motor).

The elec

2 Nor

The folloving normative document contains provisions. which, through reference in this text, constitute p
this part pf ISO 11452. For dated references, subsequent amendments to, or revisions of, any of these
do not apply. However, parties to agreements based on this part of ISO 11452 are encouraged to iny

possibilit
the lates
currently

ISO 114
electrom

3 Ter

For the p

4 Tes

mative reference

of applying the most recent edition of\the normative document indicated below. For undated
edition of the normative document referred to applies. Members of ISO and IEC maintain
valid International Standards.

b2-1, Road vehicles — Component test methods for electrical disturbances from narrowba
hgnetic energy — Part 1: (General and definitions.

ms and definitions

urposes of this part of ISO 11452, the terms and definitions given in ISO 11452-1 apply.

t conditions

f electronic

nts of passenger cars and commercial vehicles to electrical disturbances from narrowbahd radiated

sel engine,

romagnetic disturbances considered are limited to continuous narrowband electromagnetic fielfs.

rovisions of

publications
pstigate the

references,
registers of

nd radiated

The frequency range of the BCI test method is a direct function of the current probe characteristic. More than one
type of current probe may be necessary.

For testing automotive electronic systems, the applicable frequency range of the BCI test method is 1 MHz to

400 MHz

The user shall specify the test severity level or levels over the frequency range. See annex D for suggested test
severity levels.
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Standard test conditions shall be those given in ISO 11452-1 for the following:

supply

dwell ti

test temperature;

voltage;

modulation;

me;

For the cali

For the cun
—9dBrela
shall be no

5 Test apparatus

5.1 BCI

Bulk curren

wiring harng¢ss by means of a current injection probe. The injection probe is a current transformer through

wiring harn
level and th

5.2 Instr
Figure 1 sh
be needed

An injectiorn
couple the
continuous

The monito
terminated

definitipn of test severity levels.

prated injection probe method (6.2.2), the test signal quality criteria from 1SO 11452-1'shall app

ve to the carrier wave when a deviation of the device under test is observed. If this limit is ex(
d in the test report.

Eystem
t injection is a method of carrying out immunity testscby inducing disturbance signals directly

bsses of the device under test are passed. Immunity tests are carried out by varying the tes|
e frequency of the induced disturbance.

umentation

pbws an example of a BCl measurement system set-up. When a battery is used, a charging so
0 achieve the specified test voltage.

probe, or a set of suchi probes, capable of operating over the test frequency range, is re
test equipment to the~device under test. The probe or probes shall be capable of withst
nput power over thetest frequency range regardless of the system loading.

Fing probe, or.Seb of probes, shall be capable of operating over the test frequency range and
n the load impedance at which it was calibrated.

ly.

Fent monitoring probe method (6.2.3), none of the first five harmonics (up t0\400 MHz) shall exceed

eeded, it

into the
which the
t severity

Lirce may

quired to
anding a

shall be
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Dimensions in millimetres

1000
>
(=)
o
o
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-+
1
(=)
*—o wn
*—9 *—o M
6 || 6
Key ?
1 Devige under test (bonded to 10
groupd plane if necessary) ||
2 Wiring harness 2 ﬂ
3 Load simulator(s) (bonded to 3 = I.J =
groupd plane if neceégsary) N =
4  Devige under test 'stimulator M Al
and monitoring.system J
5  Powegr supply
6  Artifigciat network(s)
S A / 1000
7 Optl Al TTuTtT
8 RF instrumentation
9  RF monitor probe
10 RF injection probe 13
11 Ground plane test bench
12 Insulator
13 Shielded room (absorber-lined
shielded enclosure)

d Distance from device under test connector to centre of injection probe
NOTE Not drawn to scale.
Figure 1 — Example BCI test configuration
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5.3 Test

5.3.1 Gen

set-up

eral

The test shall be performed inside a shielded enclosure.

5.3.2 Test bench

The test bench shall have a ground plane made of copper, brass or galvanized steel, and have the following

dimensions

thickng

length:

The ground
bonding res

5.3.3 Inst

See Figure

The device

of the harngss (between the device under test and load simulator) shall be (1 £ 0,1) m. The device under

harness an
and conned
then the de
the table.

The front of
test harnes
conductive

of the curre

actuators shall be usedXIf the return lead is remotely grounded, it shall be included in the coupling harness.

The distang
the exceptiq

width: ghat of the equipment plus 200 mm on each side.

ss: 0,5 mm min.;

2 000 mm min. or that of the entire equipment plus 500 mm, whichever is larger;

istance of less than 2,5 mQ.

pllation of the device under test

1 for example.

under test with associated test wiring harness and actual or simulated loads shall be tested. T

I other peripherals which are part of the test shall be placed and arranged on the grounded tg
ted to it according to its intended use in.the vehicle. If no requirements are specified in the

vice under test shall be placed on a non-conductive material (50*100) mm above the metallic 3

the device under test shall\be located at a minimum of 100 mm from the edge of the ground p
5 shall be located at @ minimum of 200 mm from the edge of the ground plane and placed
supports (50*100) mm-above the ground plane. The harness shall pass concentrically through t

ht injection prebe’and all wires in the harness shall be terminated. When possible, the actual |

e between the device under test and all other conductive structures, such as shielded-room W
n"of the ground plane underneath the device under test, shall be a minimum of 0,5 m.

plane shall be bonded to the wall of the shielded room at not more than 300"mm intervals to @§chieve a

he length
test, test
st bench
est plan,

urface of

ane. The
on non-
he centre

bads and

alls, with

The artificial network (AN) or networks (see annex E for schematic) and the load simulator shall be placed directly
on the ground plane. The AN case or cases shall be bonded to the ground plane. The load simulator case may be
connected to the ground plane if called for in the test plan.

Power shall be applied to the device under test using a 5 uH/50 Q AN. The grounding of the device under test will
depend on its intended installation in the vehicle.

are req

uired, one for the positive supply line and the other for the power return line.

the positive supply line.

If the device under test is remotely grounded (power return line longer than 200 mm), two artificial networks

If the device under test is locally grounded (power return line 200 mm or shorter), only one AN is required for

© 1SO 2001 — All rights reserved
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The artificial-network measuring port or ports shall be terminated with a 50 Q load. The power supply return shall
be connected to the test bench ground plane (between power supply and AN or ANS).

5.3.4 Device under test control actuation

The device under test shall be operated according to the test plan by actuators having a minimum effect on the
electromagnetic characteristics (e.g. plastics blocks on the push-buttons, pneumatic actuators with plastic tubes).
Connections to equipment monitoring electromagnetic interference reactions of the device under test may be
accomplished by using fibre-optics or high-resistance leads. Other types of leads may be used but require extreme

care to minimize interactions. The orientation, length and location of such leads shall be carefully documented to
ensure repeatability-of-test+esults:

6 Tegt procedure

6.1 Tept plan

Prior to gerforming the tests, a test plan shall be generated which shall cover the fellowing:
— test pet-up;

— frequiency range;

— modylation;

— test method [calibrated injection (6.2.2) or current monitorifig (6.2.3) probe];
— fixed or optimized position for current monitoring prebe;

— devige under test mode of operation;

— devige under test acceptance criteria;

— definition of test severity levels;

— devige under test monitoring ¢onditions;

— devige under test orientation;

— test feport content’(see 6.3);

— max|mum forward power (for closed loop method only);

— any ppecial instructions and changes from the standard test.

Each device under test shall be tested under the most significant situations: i.e. at least in stand-by mode and in a
mode where all the actuators can be excited.

6.2 Test methods
6.2.1 General

CAUTION — Hazardous voltages and fields may exist within the test area. Take care to ensure that the
requirements for limiting the exposure of humans to RF energy are met.

Two BCI test methods are specified: the calibrated injection (substitution) and current monitoring (closed-loop)
probe methods. For both, the test equipment shall be connected in a manner similar to that shown in Figure 1.

© ISO 2001 - All rights reserved 5
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6.2.2 Calibrated injection probe method

6.2.2.1

General

The calibrated injection probe method is based upon the use of net power as the reference parameter for
calibration and test.

6.2.2.2

Calibration

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

6.223 T

The device
in the test p

Measuremsgq
as well as 4
to a limit o
indicated in

If the stand
may be use

To perform
outlet apert

When a ha

est of the device under test

under test is evaluated by subjecting it to the test signals based on the calibrated values preds
lan.

nts using this method can be affected by coupling between the injection probeand the wiring
y reflected energy. During the test, the net power shall be maintained relative*to the calibratior

a 2 dB increase in forward power. If the forward power has to be jncreased by 2 dB, this
the test report.

ng-wave ratio (SWR) in the test system can be demonstrated to\be less than 1,2:1, then forwg
d as the reference parameter to establish the test level.

the test, mount the current injection probe around the harness (150 £ 10) mm from the connec
ire of the device under test, or at an optimized positiorrdetermined according to annex C.

ness containing a number of branches is used,the test should be repeated with the current

termined

harness,
point up
shall be

rd power

tor or the

probe or

probes clamped around each of the branches, (150 £10) mm from the branch termination. Under these test

conditions,

Using eithe
for the devi

At eac
increas

a)

parameéter is field strength, voltage, current or power, as applicable to the particular test.

b) Mainta

shall b¢ 1 s minimum);

Decred

c)

shall b¢ controlled’to avoid unreproducible susceptibilities.

NOTE )

he measuring probe, if used, shall be left at,its previous distance from the device under test.

" the pre-calibrated level of net power (see annex A) or a relatively high level of fixed net powsg
Ce under test immunity level using the*following procedure.

h frequency, increase the level, linearly or logarithmically, up to the chosen test level. Th
e of the test level shall-be /controlled so that excessive overshoot does not occur. The
n the test level for-the’minimum response time needed to exercise the device under test (expo

se the test.Jevel by at least 20 dB before moving to the next frequency. The rate of decrease of

urning off the signal generator can cause unrepeatable susceptibilities of the device under test.

r, search

e rate of
est level

sure time

the level

d)

Move to the next frequency.

For each event, record the lowest net power to the probe as the threshold of immunity, even if this condition is
found with the injection probe in different positions at different frequencies.

A current monitoring probe may be mounted between the current injection probe and the device under test.

The use of a current monitoring probe is optional; it can provide extra, useful information during investigative work
on the causes of events and the variances in test conditions after system modifications.
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urrent monitoring probe method

This method uses an induced current value as the reference parameter, measured (50 £5) mm from the device
under test with a current monitoring probe. Prior to the test, ensure that none of the first five harmonics (up to
400 MHz) exceeds — 9 dB relative to the carrier wave.

Use annex B to establish the relation between the current monitoring probe output voltage and its input current (the
transfer impedance).

Perform the test as follows.

a) MOUII]I the current monitoring probe around the harness (50 £ 5) mm from the device under test.

b) Moupt the injection probe around the harness in positions at each of the following distances from

undegr test:

1) 120 mm,

2) 450 mm, and

3) 750 mm,

or afjan optimized position according to annex C and the test plan.

c) At eqch injection probe position, conduct a search for events over the frequency range of the inje
Record all events found. For each event, record as the threshold of immunity the lowest indu
meagured by the current monitoring probe.

d) Continue the search for events by incrementing the:power level until the specified maximum indu
level, or the maximum forward power to the injection probe specified in the test plan, is reached.
Record the stop criterion in the test report.

6.3 Tepst report

As requifed by the test plan, a test feport shall be submitted detailing information on the test equipme

systems
test.

If the op!
injection
transfer i

tested, frequencies, power levels, system interactions and any other relevant information re

imized injection.probe position method is used, the test report shall include the distance &
probe and the ‘connector of the device under test and the curve or curves representing th
Mmpedance.

the device

ction probe.
ced current

ced current

nt, test site
garding the

etween the
e optimized
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Annex A
(normative)

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 i
range, mea|

Alternativel

hjection probe centred in the calibration fixture (see Figure A.2) and, while sweeping the test\f
sure the net power required to achieve the current at which testing is to be conducted.

requency

, once testing of the system is complete and all data have been recorded, mount,the curren{ injection

probe in the calibration fixture. At each frequency showing an event, the recorded net power,lévels are applied to

the currents then observed in the calibration fixture are those at which evénts within th

 enclosure

axial load, VSWR 1,24 "max.

on fixture

injection probe 50°Q

enuator

Im analyser'or equivalent

Pr levéPmeasuring device or equivalent (two are needed)

D duahdirectional coupler (with 30 dB minimum decoupling coefficient)

the probe;
occurred.
Key

1  Shielde
2 50 Qco
3 Calibrat
4 Current
5 50Qat
6  Spectru
7 RF pow
8 RF50(
9

[EnY
o

RF sign

Broadband nm'r_\lifinr with- 50.Q nnf:nnt im:nnri::nr-n

b system

al generator

Figure A.1 — Block diagram of current injection probe calibration configuration
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Dimensions in millimetres

1 18 70 2 3

\ %“/4

® 15

50 Q

Insulption

Deta
Curr
Conn

Nk

7T\
)
|
|
)
P
%

load

Chable metallic cover plate

Nt injection probe

ected directly to 50 Q measuring instrument

Figure A.2 — Examplée of current injection probe calibration fixture
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Annex B
(normative)

Current monitoring probe calibration

Use this calibration procedure to quantify the transfer impedance of the current monitoring probe.

Mount the prromitoriTg—probe T theappropriate size catibration fixture withthe—probecomncentric about the centre
conductor df the fixture (see Figure B.1).

Record the|output of the monitoring probe as a function of frequency while maintaining a constant’RF calibration
signal powar.

Based on alknown termination impedance, the output voltage versus the test fixture current.Can be determjned.

Key

RF signil generator

Broadband amplifier with 50 Q output infpedance
Dual directional coupler with power meters
Calibratjon fixture

Monitor|ng probe being calibrated

RF ternjination 50 Q (VSWR1,2:1 max.)
Measur|ng instrument

~NOoO O~ WNPRE

Figure B.\I— Block diagram of current monitoring probe calibration configuration
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Annex C
(normative)

Optimization of the injection probe position

This optimization relates to the transfer impedance, Z;. The transfer impedance of the injection probe is, in ohms,
the ratio between the voltage applied to the probe and the current injected into the harness (measured according to

the presdribed standard).

The measurement of Z; may be made using a network analyser or spectrum analyser fitted with
generatof. The transfer impedance of each probe shall be taken into account to determine Z;.

The position of the injection probe is optimized once the variation of the Z; function of the ffequency (thr
whole frgquency range) is as maximally flat as possible. In this case, Z; can be found between 50 Q <
The Z; cyrve obtained in this way over the frequency band shall be given in the test report. In order to
the optinization criterion, the injection probe may be placed in different places overthe harness in acco
the diffefent frequency bands. Corresponding positions shall also be indicated in the test report. H
impedange components, the value of Z; may be greater than 300 Q, whatevern the injection probe positi
case the maximum flatness of the Z; curve shall be researched.

a tracking

bughout the
i, < 300 Q.
respond to
rdance with
or the high
bn, in which
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