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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 proce@lures used to develop this document and those intended for its further maintenanee
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 ruyles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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Road vehicles — Vehicle test methods for electrical
disturbances from narrowband radiated electromagnetic
energy —

Part 4:

Buil mjectiom(BeN

1 [Scope

Thig part of ISO 11451 specifies bulk current injection (BCI) test methods for testing the electfomagnetic
immunity of electroniccomponents for passenger cars and commercial vehicles regardless of thefpropulsion
system (e.g. spark-ignition engine, diesel engine, electric motor). The~electromagnetic disturbance
conpidered in this part of ISO 11451 is limited to continuous narrowband-electromagnetic fields.
[SO[11451-1 gives definitions, practical use and basic principles of the test methods.

2 |Normative references

The following documents, in whole or in part, are nermatively referenced in this documgnt and are
indispensable for its application. For dated references, only the edition cited applies. For undated
refgrences, the latest edition of the referenced document (including any amendments) appligs.

[SO| 11451-1:2005, Road vehicles — Vehicle _test methods for electrical disturbances from rarrowband
radjated electromagnetic energy — Part 1:‘General principles and terminology

3 |Terms and definitions

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

4 |[Test conditions

The applicable frequéency range for this test method is 1 MHz to 400 MHz. The frequency range of the
BClI|test methaod\isa direct function of the current probe characteristics. More than one typg of current
prope may berequired to cover the applicable frequency range.

The userssshall specify the test severity level(s) over the frequency range. Suggested test severity levels
are|given in Annex C. These test severity levels are expressed in terms of the equivalent foot-mean-
squarevatae-of the-tnmedilated-wave:

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

— test temperature,

— supply voltage,

— modulation,

— dwell time,

— frequency step sizes,

— definition of test severity levels, and

© IS0 2013 - All rights reserved 1
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— test signal quality.

5 Testinstrument description and specification

5.1 BCI system

BCI is a method of carrying out immunity tests by inducing disturbance signals directly into the wiring
harness by means of a current injection probe. The injection probe is a current transformer through
which the wires of the device under test (DUT) are passed. Immunity tests are then carried out by

varying th

tact cavaritu laval and fraoqniancey oftha inducad dicturhanco
veHeyrevera e requeney

BCI shall b

5.2 Inst

Figure 1 sh

An injectig

interface the test equipment of the DUT. The probe shall be capable of withstanding a continuous ir

power ovel

The curre
The curre

5.3 Test

The vehicle
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The distan
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6 Test procedure

6.1 Test

Prior to pe
operation 1
the standa

by mode and in a mode-where all the actuators can be excited.

6.2 Test

i

FteotToTve or-trre-rrrerac e ettt ot TIees

e conducted on each individual system fitted to the vehicle.

Ffumentation
ows an example of a BCI test configuration.

n probe or set of probes capable of operating over the test frequency range is require

the test frequency range regardless of the system loading.

measurement probe or set of probes shall be capable of operating over the test frequency ra

set-up

should be tested as built; no additional grounding connections are allowed. Tests shoul
inside a shielded room.

ce between the vehicle and all other conductive structures, such as the walls of a shiel
the exception of the ground plane uriderneath the vehicle) shall be a minimum of 0,5 m.

plan

Fforming the tests, ‘atest plan shall be prepared; it shall include interface test points, mod
or the DUT, accéptance criteria for the DUT, and any special instructions and changes f
"d test. Each DUT shall be verified under the most significant conditions, i.e. at least in stg

methods

CAUTION

1 to
put

hge.

measurement probe(s) shall be terminated in the load impédance at which they are calibrajted.

| be

ded

e of
fom
nd-

—-Hazardous vnlfagpc and fields may exist within the test area. Care shall be ta

en

to ensure that the requirements for limiting the exposure of humans to radio frequency (RF)
energy are met.

There are two test methods for the BCI test: the Substitution method and the Closed-loop method (see
5.2.1 and 5.2.2, respectively).

For both tests, the test equipment shall be connected in a manner similar to that shown in Figure 1.

© ISO 2013 - All rights reserved
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Dimensions in
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6.2
Thi

In this method, the specific testlevel (current, voltage or power) shall be calibrated prior to the act

The

valyes as predetermined-in the test plan.

Med
wir

signal generators

broadband amplifier

RF 50 Q directional coupler

RF power level measuring device or equivalent

RF injection probe

RF current measurement probe (required for Closed-loop method, optionalfor Substitution meth
DUT

spectrum analyser or equivalent (required for Closed-loop methedyfoptional for Substitution meth|

E It is recommended that appropriate ferrite chokes beplaced on the coaxial cables to the i
ent measurement probes.

Figure 1 — Example of BCI test configuration

1 Substitution method

d)

od)

hjection and

5 method is based upon the use offorward power as the reference parameter for calibrati¢gn and test.

test with the DUT is then/conducted by subjecting it to the test signals based on the|

surements using this method can be affected by coupling between the injection pro
ing harness asiwell as by reflected energy.

Mount the curkent injection probe around the harness (150 + 10) mm from the connector o
apefture of'the DUT being tested on the vehicle.

Where'the harness contains a number of branches to a DUT, the test should be repeated with
propé(s) clamped around each of the branches (150 + 10) mm from the branch termination. U

ual testing.

calibrated

be and the

- the outlet

he current

nder these

test conditions, the measuring probe, if used, shall be left at its previous distance from the DUT.

Using the pre-calibrated level of forward power (see Annex A), conduct a search for events over the
frequency range of the injection probe.

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

A current measurement probe may optionally be mounted between the current injection probe and
the DUT. It may provide extra useful information but it may also modify the test conditions. Where
this probe is used, the measured current cannot be used to determine the performance of the DUT, but
should be retained and used during investigative work for the causes of events and the variances in test
conditions after system modifications.

© IS0 2013 - All rights reserved
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6.2.2 C(Closed-loop method
The RF to the current injection probe shall be increased until

— the predetermined maximum test current level, measured using the current measurement probe,
is reached, or

— the maximum forward power (defined in the test plan) to the injection probe is achieved.

The current measurement probe shall be calibrated using the method in Annex B.

Record thethreshold of cncr‘ppfi]’\i]ify asafunction of frpqnpnr‘y

6.3 Testireport

When reqyired in the test plan, a test report shall be submitted detailing information regarding|the
test equiprhent, test site, systems tested, frequencies, power levels, system interactiofts and any other
relevant information regarding the test.

4 © IS0 2013 - All rights reserved
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Annex A
(normative)

Current injection probe calibration method

be callbratlon.

Motint the current injection probe centred in the calibration fixture (see Figure A.2), ahd whil

the
tob

As 3
the
fory
tho

~
)
<

test frequency range, monitor the forward power required to achieve the currentat whig
e conducted.

n alternative method, once testing of the system is complete and all data has been recor
current injection probe in the calibration fixture. At each frequency showing an event, th
vard power levels are applied to the probe. The currents then obsetved in the calibration
be at which events within the system occurred.

8 9 10

shielded enclosure

50 Q coaxial l¢ad, VSWR 1,2: 1 max
calibratign'fixture

injection probe

50 O.attenuator

To determme the m]ected current flowing, the forward power measurement across a calibration

tinjection

sweeping
h testing is

Hed, mount
e recorded
fixture are

O© 0 N O U1 o W N =

10

spectrunTamatyserorequivatent

RF power level measuring device (two are required)

RF 50 Q dual directional coupler (with 30 dB minimum decoupling coefficient)
broadband amplifier with 50 Q output impedance

RF signal generator

Figure A.1 — Example of current injection probe calibration configuration
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Figure A.2 — Example of calibration fixture (jig)

al size of the calibration fixture shall~be in accordance with the probe manufacturer’s
ts.
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Annex B
(normative)

Current measurement probe calibration method

Mount the current measurement probe in the proper size calibration fixture with the probe concentric
abo i igure-B-1)-

Recprd the output of the current measurement probe as a function of frequency while mafintaining a
conpgtant RF calibration signal power.

Based on a known termination impedance, the output voltage versus input current can be d¢termined.

4

FHOH HAF

6

Key
RF signal generator

broadband amplifier with 50 Q output imipedance
directional coupler with power meters
calibration fixture

current measurement probe-being calibrated

RF termination 50 £

spectrum analyser or.equivalent

N O U W N

Figure B:1/— Example of current measurement probe calibration configuratigon
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