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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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Introduction

In recent years, an increasing number of electronic devices for controlling, monitoring, and displaying a
variety of functions have been introduced into vehicle designs. It is necessary to consider the electrical
and electromagnetic environment in which these devices operate.

Electrical and radio-frequency disturbances occur during normal operation of many items of motor
vehicleequipment. They are generated overawide frequency range with variouselectrical characteristics
and can be distributed to on-board electronic devices and systems by conduction, radiation, or both.
Narrowband signals generated from sources on or off the vehicle can also be coupled into the electrical or

eled
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DU’
incl
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Thd
Thd
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clas

tronic system, affecting the normal performance of electronic devices. Such sources ofn
tromagnetic disturbances include mobile radios and broadcast transmitters.

ISO 11452 series provides various test methods for the evaluation of csgmponent
Facteristics. Not all test methods need be used for a given device under test (DUT). Fg
pline and transverse electromagnetic (TEM) cell test methods provide yéry similar expg
. Only those tests necessary for replicating the use and mounting location of the DUT

uded in the test plan. This will help to ensure a technically and eeconemically optimized

entially susceptible components and systems.

ISO 11452 series is not intended as a product specificatiofirand cannot function as on
refore, no specific values for the test severity level are given.

ex A of this part of ISO 11452 specifies a general\method for functional performg
sification (FPSC), Annex B specifies Artificial Netwerks (AN), Artificial Mains Networks

Asyimmetric Artificial Networks (AAN), Annex C explains the principle of constant peak test

Anr
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Pro
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ex D describes an example for the design of adoad simulator. Typical severity levels are
nnex of each of the other parts of ISO 11452«

fection from potential disturbances has’'to be considered as a part of total vehicle v4

Cribed in ISO 11451, which covers-wehicle test methods. Component test method dd
ISO 11452 series is to be performied prior to vehicle test. Due to the vehicle’s shape, h:
ponent location diversities, conformity to parts of ISO 11452 does not guarantee conform|
50 11451. Nevertheless, the ISO 11452 series component tests are essential for giving
1 of confidence before intégration on vehicle(s).

characteristics of the immunity of components to radiated disturbances have‘to be e

hrrowband

stablished.
immunity
r example,
sure to the
need to be
design for

e (see A.).
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3.1

absorber-lined shielded enclosure

shie

rt 1:

nerat orinctotes and-termtmol

Scope

5 part of ISO 11452 specifies general conditions, defines terms, gives practical guid
iblishes the basic principles of the component tests used in the other parts of ISO
ermining the immunity of electronic components of passenger carsyand commercial
trical disturbances from narrowband radiated electromagnetic energy, regardless of
pulsion system (e.g. spark-ignition engine, diesel engine, electri¢amotor).

electromagnetic disturbances considered are limited to eeftinuous narrowband elect

ponents in this and in the other parts of ISO 11452.

Normative references

following documents, in whole or in part@re normatively referenced in this documg

rences, the latest edition of the referenced document (including any amendments) applig

PR 16-1-2; Specification for radio disturbance and immunity measuring apparatus and
b 1-2: Radio disturbance and immunity measuring apparatus — Ancillary equipment —
Luirbances; Edition 1.2

Terms and definitions

the purposes of this document, the following terms and definitions apply.

lded eficlosure/screened room with radio-frequency-absorbing material on its internal ceilin

blines, and
11452 for
vehicles to
the vehicle

omagnetic
ting of the

nt and are

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

S.

nethods —
Conducted

gand walls

Not

e Cto'entry: The common practice is for the room to have a metallic floor, but absorbing material

may also be

oo £1
used omtireTroor:

3.2

amplitude modulation

AM

process by which the amplitude of a carrier wave is varied following a specified law, resulting in an AM signal
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3.3

artificial mains network

AMN

network that provides a defined impedance to the EUT at radio frequencies, couples the disturbance
voltage to the measuring receiver, and decouples the test circuit from the supply mains

Note 1 to entry: There are two basic types of AMN, the V-network (V-AMN) which couples the unsymmetrical
voltages, and the delta-network which couples the symmetric and the asymmetric voltages separately. The terms
line impedance stabilization network (LISN) and V-AMN are used.

Note 2 to entry: Networkinserted in the power mains of the vehicle in charging mode and provides, in a given frequency

range, a spe

3.4

artificial network

AN
network in

given freqyiency range, a specified load impedance for the measurement of distunbahce voltages

which can

Note 1 to e
provides, in
supply in th|

3.5

asymmetific artificial network

AAN
network u
signal (e.g.

Note 1 to emtry: This network is inserted in the communigation/signal lines of the vehicle in charging mod

provide asp|

3.6
bonded
grounded
between ty

Note 1 to enftry: A low current (<100 mA) 4-wire milliohm metre is recommended for this measurement.

3.7
broadban
BAN
device use
specified f1

3.8

111ed 1oad Impedance and winici Isolates tne venicle rrom tne power mains in that rrequency range.

serted in the supply lead or signal/load lead of apparatus to be tested whieh'provides,

solate the apparatus from the supply or signal sources/loads in that frequency range

htry: Network inserted in the d.c. power lines (low voltage and/or high’voltage) of the DUT w|
a given frequency range, a specified load impedance and which isolates the DUT from the d.c. pd
pt frequency range.

bed to measure (or inject) asymmetric (common-imode) voltages on unshielded symmg
telecommunication) lines while rejecting the symmetric (differential mode) signal

ecificload impedance and/or a decoupling (e«g, between communication/signallines and power ma|

onnection providing the lowest possible impedance (resistance and inductance) connec
vo metallic parts with a d.csresistance which shall not exceed 2,5 mQ

1 artificial network

1 in powerysignal, and control lines that presents a controlled impedance to the DUT ov
‘equency.range while allowing the DUT to be interfaced to its support system

bulk curré

il

in a
and

hich
wer

tric
e to

Ins).

fion

er a

total amou

39

nt of common mode current in a harness

compression point
input signal level at which the measurement system becomes non-linear, when the output value will
deviate from the value given by an ideal linear system

3.10
coupling

means or device for transferring power between systems

[SOURCE: I

EC 60050-726, modified]
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3.11

current injection probe

device for injecting current in a conductor without interrupting the conductor and without introducing
significant impedance into the associated circuits

3.12

current (measuring) probe

device for measuring the current in a conductor without interrupting the conductor and without
introducing significant impedance into the associated circuits

[SOURCE: IEC 60050-161]

undesired departure in the operational performance of any device, equipment, jor.'System from its

trayelling wave in any one transmission line will induce a single travelling wave in the other, tHe direction

ability of equipment or system to function’satisfactorily in its electromagnetic environmgnt without

electromagnetic disturbance
anylelectromagnetic phenomenon which can degrade the performance of a device, equipmentf or system,
or ddversely affect living or inert matter

EXAMPLE Amelectromagnetic disturbance can be an electromagnetic noise, an unwanted signalf or a change
in the propagation'medium itself.

[SOPRCE: TE€'60050-161]

electr onragneticinter ference
EMI

degradation of the performance of equipment, transmission channel, or system caused by
electromagnetic disturbance

Note 1 to entry: The English words “interference” and “disturbance” are often used indiscriminately.

[SOURCE: IEC 60050-161]

© IS0 2015 - All rights reserved 3
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3.18

electromagnetic radiation

phenomenon by which energy in the form of electromagnetic waves emanates from a source into space;
energy transferred through space in the form of electromagnetic waves

Note 1 to entry: By extension, the term “electromagnetic radiation” sometimes also covers induction phenomena.
[SOURCE: IEC 60050-161]

3.19

susceptibility

(electromagmneticy imabitity

presence of an electromagnetic dlsturbance

the

Note 1 to enftry: Susceptibility is the lack of immunity.
[SOURCE: IEC 60050-161]

3.20
forward ppwer
power supplied by the output of an amplifier or generator

3.21
function performance status
expected performance objectives for the function of the device undexrfest subjected to the test conditipns,
agreed between the customer and the supplier which is specified\in the test plan

3.22
ground (re¢ference) plane
flat condudtive surface whose potential is used as a comtion reference

[SOURCE: IEC 60050-161]

3.23
immunity|(to a disturbance)
ability of p device, equipment, or system~to perform without degradation in the presence of an
electromagnetic disturbance

[SOURCE: [EC 60050-161]

3.24
immunity(level
maximum [evel of a given electromagnetic disturbance incident on a particular device, equipment, or
system for|which it remains capable of operating at a required degree of performance

[SOURCE: [EC 60050-161]

3.25
load simulatér
physical device including real and/or simulated peripheral loads which are necessary to ensure DUT
nominal and/or representative operation mode

3.26
narrowband emission
emission which has a bandwidth less than that of a particular measuring apparatus or receiver

[SOURCE: IEC 60050-161]

3.27
net power
forward power minus reflected power

4 © IS0 2015 - All rights reserved
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3.28
polarization

property of sinusoidal electromagnetic wave or field vector defined ata fixed pointin space by the direction
of the electric field strength vector or of any specified field vector, when this direction varies with time

Note 1 to entry: The property may be characterized by the locus described by the extremity of the considered

field vector.
[SOURCE: IEC 60050-726, modified]
3.29

porntabletramsmritter
hand-held radio frequency communication device

Note 1 to entry: A portable transmitter could be a commercial device (e.g. cellular phone) or a simulafted one.

3.3

pulse modulation

PM

profess by which the amplitude of a carrier wave is varied following a specified law, resulting in

3.3
reflected power
power reflected by the load due to impedance mismatch between RF source and the load

3.3

reverberation chamber

high quality factor shielded room (cavity) whose boutidary conditions are changed via one
stepped rotating tuners

Notg 1 to entry: This results in a statistically unifort’electromagnetic field.

3.38
shielded enclosure screened room

megh or sheet metallic housing desighed expressly for the purpose of separating electrom
thefinternal and external environment

[SOPURCE: IEC 60050-161]
3.3

stripline
terminated transmission line consisting of two parallel plates between which a wave is prd
theltransverse electromagnetic mode to produce a specified field for testing purposes

3.3p
transverse-electromagnetic cell

TEM cell

enclosed system, often a rectangular coaxial line, in which a wave is propagated in the

2 PM signal

or several

hgnetically

pagated in

transverse

electromagnetic mode to produce a specified field for testing purposes
[SOURCE: IEC 60050-161]

3.36
transverse electromagnetic mode
TEM mode

mode in which the longitudinal components of both the electric and magnetic field strength vectors are

everywhere zero

[SOURCE: IEC 60050-726, modified]
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3.37

tubular wave coupler

TWC

device to couple RF power to a harness or a conductor without interrupting the conductor and without
introducing significant impedance into the associated circuits

[SOURCE: I
3.38

EC 60050-161]

voltage standing wave ratio

VSWR

ratio, along a transmission line, of a maximum to an adjacent minimum magnitude of a particular_fiield

component of a standing wave

Noteltoe

VSWR

where ris

[SOURCE: I[EC 60050-726]

4 Gene

The test m
intended t
electromag
component

Certain de
such as fre

Electronic
frequency
semicondul
voltage; in

interpreted as intentional signalSye.g. speed information) and therefore disturb the function of the

more sevel

A single stz
users of IS
define fund
ISO 11452

ry: VSWR is expressed by the following formula:

| (1+7)
(1-r)

he absolute value of the coefficient of reflection.

ral aim and practical use

ethods, procedures, test instrumentation, and levels specified in the ISO 11452 series
p facilitate component specification for electrical’ disturbances by narrowband radid
netic energy. A basis is provided for mutual agreement between vehicle manufacturers
suppliers intended to assist rather than restvict.

vices are particularly susceptible to sdome characteristics of electromagnetic disturba
quency, severity level, type of coupling; or modulation.

devices are sometimes more susceptible to modulated, as opposed to unmodulated, ra
(RF) signals. The reason is_that high-frequency disturbances can be demodulated
ctors. In the case of unmedulated signals, this leads to a continuous shift of, for examp

ely.

ndard test might not reveal all the needed information about the DUT. It is thus necessary

11452 to anticipate the appropriate test conditions, select applicable parts of ISO 11452,
tion performance objectives. The main characteristics of each test method in ISO 11452
11 arepresented in Table 1.

are
ted
and

[nce,

Hio-
by
e, a

the case of amplitude-m¢dulated signals, the resulting low-frequency fluctuations can be

UT

r for
and
P to

Table 1 — Main characteristics of test methods in ISO 11452

Part of ISO 11452 and Applicable fre- Coupling to Test severity Provisions
. quency range parameter and
subject unit
150 114522 DUT and wi El ic field | Absorber lined shielded
and wir- ectric fie sorber lined shielde
Abslorber-llned shielded 80 MHz to 18 GHz ing harness (V/m) enclosure required
enclosure
ISO 11452-3 10 kHz to 200 MHz i]rjluﬂjrnnde‘s/\;l(r)-r Electric field DUT and/or wiring har-
TEM cell & DUT (V/m) ness size limitation
6 © IS0 2015 - All rights reserved
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Table 1 (continued)
Part of ISO 11452 and Applicable fre- Coupling to Test severity Provisions
subject quency range parameter and
unit
Current
ISO 11452-4 1 MHz to 3 GHz Wiring har- (mA) Shielded enclosure
Harness excitation methods ness Power required
W)

1SO 11452-5 Wiring har- Elamtrie fiald Shielded enclosure

] 10 kHz to 400 MHz| nessand/or (V/m) recommendef: DUT size
Stripline DUT limitafion
150[11452-7 250 kHz to Wiring har- Power Influence of |solator on
Dirpct RF power injection 400 MHz ness (W) DUT sensofr signals
1S0[11452-8 d.c.and 15 Hz to DUT Magnetic field
Imipunity to magnetic fields 150 kHz (A/m)
1S0[11452-9 26 MHz to DUT and wir- Power Absorber lin¢d shielded
Portable transmitters 5,85 GHz ing harness (w) enclosure reqommended
1S0|11452-10
Immunity to conducted 15 Hz to 250 kHz | Wiring har; Volt (peak to
disturbances in the extended ness peak)
audio frequency range
1S0|11452-11 ll)lllél:fr(é(()]vl\::;z;)s'?(; DUT\and wir- Electric field Shielded ephclosure
Reyerberation chamber 18 GHz ing harness (V/m) requifed
5 |General test conditions
5.1 General
Unlgss otherwise specified, the following test conditions are common to all parts of ISO 114%2:
— |test temperature;
— |supply voltage;
— [modulationg
— [dwell time;
— [frequeency step sizes;
— defimitiomrof testseverity tevet;
— testsignal quality.
Unless otherwise specified, the variables used shall have the following tolerances:
— 10 % for durations and distances;
— *10 % for resistances and impedances;
and the following magnitude accuracy:
— *1 dB for power meter including power sensor;
— +3 dB for field probe.
© IS0 2015 - All rights reserved 7
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5.2 Test

temperature

The ambient temperature during the test should be (23 + 5) °C.

5.3 Supply voltage

5.3.1 Low Voltage (LV) power supply

LV is used for d.c. operating voltages below 60 V (e.g. 12V, 24 V, 48 V). The supply voltage during the test
shall be (13 £ 1) V for 12 V electrical systems and (26 + 2) V for 24 V electrical systems.

5.3.2 HV

HVisused
shall be de

d.c. power supply (excluding charger)

fined in the test plan.

5.3.3 Ch
The d.c. po

The a.c. p
frequency

5.4 Mod

The charad
or specific
modulatio

a)
b)

Unmo

Sine W
See An

r
E/er supply voltage during the test shall be nominal +10%.

|

ger power supply (a.c. or d.c.) for HV battery

wer supply voltage during the test shall be nominal -15% +10%. The rated value of
shall be nominal £1%.

ulation

teristics of the DUT determine the type and frequency of modulation to be used. If no va
modulation techniques are agreed between the'dsers of the [SO 11452 series, the follow
s shall be used.

ulated sine wave (CW): See Figure 1 a).

ave amplitude modulated (AM) by(T kHz sine wave at 80 % (modulation index m = (
nex C and Figure 1 b).

Sine W
See Fig

c)

Sine W
See Fig

d)

ave pulse modulated type 4.(PM, similar to GSM), with ton = 577 pus and period = 4 600
fure 1 c).

ave pulse modulated type 2 (PM, similar to Radar), with ton = 3 ps and period = 3333
ure 1 d).

2

for operating voltages from 60 Vto 1000 Vd.c. The HV d.c. power supply voltage and tolerarnces

the

ues

fing

,8):

us:

us:

© ISO 2015 - All rights reserved
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In practice, PM modulation should not be obtained using either the blanking of the amplifier or a 100 %
(modulation index m = 1) AM modulation type.

Ccw AM = 4 KkHz

LN Dl o
L a1

LA AN |/ A1 4
a) CW signal b) AM signal
PM1 PM2
577 us " 3 us
4600
. WS, 3333 pis
c) PM type 1 signal d) PM type 2 signal

Key
f |frequency

Figure 1 — Modulation

The following modulations should be used for all applicable parts of ISO 11452:
— |CW: 15 Hzto(18 GHz;

— |AM: 10kHz to 800 MHz;

— |PM'type 1: 800 MHz to 1,2 GHz and 1,4 GHz to 2,7 GHz;

— PMtype 2: 1,2 GHz to 1,4 GHz and 2,7 GHz to 18 GHz.

5.5 Dwell time
At each frequency, the DUT shall be exposed to the test level for a time equal to the response time of the

system. If a dwell time is not specified in the test plan, or system response time is not specified, then the
dwell time shall be a minimum of 1 s.

5.6 Frequency step sizes
All tests in the [SO 11452 series shall be conducted with frequency step sizes (logarithmic or linear) not

greater than those specified in Table 2. The step sizes agreed upon by the users of ISO 11452 shall be
documented in the test report.

© IS0 2015 - All rights reserved 9
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Table 2 — Maximum frequency steps sizes

If it appeat
frequency

5.7 Defi

The user s
is detailed

unmodulatled and amplitude-modulated signals, the test seye¥ity levels of the ISO 11452 series (eled

field, currdg
of the unm|

Both these

signals. The relationship between the mean power for the amplitude-modulated signal and the m

power for t

Pam =1

4

where
Pam
Pcw
m

EXAMPLE

’.(1+m)2

Frequency band Linear steps Logarithmic steps
15 Hz to 100 Hz 10 Hz 10 %
>100 Hz to 1 kHz 100 Hz 10 %
>1KkHz to 10 kHz 1 kHz 10 %
> 10 kHz to 100 kHz 10 kHz 10 %
> 100 kHz to 1 MHz 100 kHz 10 %
1 MHZzta 10 MH~ 1. MH~ 1{\OU
> 10 MHz to 200 MHz 5 MHz 5%
> 200 MHz to 400 MHz 10 MHz 5%
> 400 MHz to 1 GHz 20 MHz 2%
>1 GHz to 18 GHz 40 MHz 2%

s that the susceptibility thresholds of the DUT are very near to the chosen test level, t}

nition of test severity levels

hould specify the test severity level or levels over the frequency range. The concept of F
in Annex A. For both the substitution and closed loap’levelling methods, and for tests y

nt, voltage, or power) are expressed in terms of the equivalent root-mean-square level v
pdulated wave.

methods use a constant peak test level for tests with unmodulated and amplitude-modul3

he unmodulated signal results fromi Formula (1) (see Annex C):

2+m2)
Pew

s the mean powerfor the amplitude-modulated signal;
s the mean;power for the unmodulated signal;

s the.anodulation index (0 <m < 1).

ese

step sizes should be reduced in the frequency range concerned in order to find the mininjum
susceptibility thresholds.

PSC
vith
tric
hlue

ted
ean

M

A test severity level of 20 V/m means that the unmodulated and amplitude modulated tests wi’l be

conducted V

VILIl d 20 V/III p€dK Value.

5.8 Disturbance application

For disturbance application, see 7.2.4.

6 Instrumentation

6.1 Grounding and shielding

Establishing uniform measurement conditions at radio frequencies requires that specific grounding

practices b

10

e followed.
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The ground plane shall be made of copper, brass, or galvanized steel, and shall have a minimum thickness
of 0,5 mm. The length and width shall be in accordance with the relevant part of ISO 11452.

No shielding shall be used other than that specified in the installation instructions.

6.2 AN, AMN, and AAN

The networks (AN, AMN, and AAN) to be used (when required by an individual test method) are
defined in Annex B.

6.3 Powersupply

6.311 LV power supply

The power supply shall have an internal resistance, R, of < 0,01 Q dc and an intérnal impedance, Zs,
equial to Rs for frequencies < 400 Hz. The output voltage shall not deviate morethan 1 V frjom zero to
maximum load (including inrush current) and shall recover 63 % of its maximum excurgion within
100 pus. The superimposed ripple voltage, Ug, shall not exceed 0,2 V peak-to-peak and shall have a
maximum frequency of 400 Hz.

If a|standard power supply (with sufficient current capacity) is used in bench testing to simulate the
battery, it is important that the low internal impedance of the battery also be simulated.

When a battery is used, a charging source is needed to achieve the specified reference levels

Ensfure that the charging source does not affect the test.

6.3]2 HV d.c. power supply (excluding charger)

The characteristics of the HV d.c. power supply shall be defined in the test plan.

6.3{3 Charger power supply (a.c. or(d:c.)

The characteristics of the a.c. or d.c:power supply (excluding power mains) shall be defined in tle test plan.

6.4 Load simulator

The design of the load sitntilator shall specifically take into consideration the following:
— |load types (realot simulated) for /O connected to the DUT;

— |common.mede impedance and/or differential mode impedance for each I/O connected tp the DUT;

— |internal wiring and layout.

All these parameters shall be chosen and agreed upon by the vehicle manufacturer and the|equipment
supplier.

NOTE An example of load simulator design and parameters is given in Annex D.

6.5 Test signal quality

In the frequency range limited by the bandwidth of both the amplifier and the antenna (transducer)
in use, each amplifier output harmonic (up to the fifth harmonic) shall be limited to -12 dB (-6 dB for
frequencies above 1 GHz) relative to the carrier wave, unless otherwise specified for a particular test
method or in the test plan.
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This characteristic shall be verified at least for the maximum used test level, with the amplifier output
connected to the test transducer (antenna, TEM, injection probe, etc.).

NOTE

need only be verified for one polarization.

7 Test procedure

7.1 Testplan

Prior to pe

NOTE g
7.2 Test

7.2.1 Ge|

CAUTION
that the re

The follow

7.2.2 Su

The substitution method is based upon the use of forward power as the reference parameter

DUT te
DUT m
freque
metho
DUT nj
DUT a
polarij
DUT o
antenij

testre

any sp

Fforming the tests, a test plan shall be drawn up which shall include the following:
st severity levels;

onitoring conditions;

ncy band(s);

(s) to be used;

ode of operation;

ceptance criteria;

ation;

rientation and grounding;

alocation;

port content;

ecial instructions and changes from the'standard test.

ome of these items might not be applicable to all test methods.

methods

neral

quirements-for limiting the exposure of humans to RF energy are met.
ng two methodologies are used in certain parts of ISO 11452.

bstitution method

When a specific part of ISO 11452 defines multiple polarizations test, the harmonics characteristics

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

for

calibration and testing. With this method, specific test level (electric field, current, voltage, or power)
shall be calibrated prior to the actual testing of the DUT.

This method is carried out in two phases:

calibration phase (without the DUT, wiring harness, and peripheral devices present);

— test of the DUT with wiring harness and peripheral devices connected.

During calibration both forward and reflected power shall be recorded.

12
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7.2.2.1 Calibration
Calibration shall be performed in accordance with the requirements of each individual test method.

The specific test level shall be calibrated periodically by recording the forward power required
to produce a specific test level, for each test frequency. This calibration shall be performed with an
unmodulated sinusoidal wave.

The specific test level during calibration shall be within 0/+1 dB of the test severity level.

The method and results for each calibration shall also be documented in the test report.

7.212.2 DUT test

The test is conducted by subjecting the DUT to the test signals based on the calibrated values as
prefletermined in the test plan.

The test power required to achieve the test severity level shall be maintained 'at 0/+1 dB of Fiest during
the[DUT test.

The test power (Pgest ) required to achieve the test severity level relative to the calibrated ppwer (Pca)
can|be determined 2 from Formula (2):

k
L
est = Peal ( Ltest J (2)

cal

Py

whére

Pest  is the test power based on calibration (W);

Pcal  is the calibrated power required to‘achieve test severity levels (W);
Liest  is the test severity level;

Lcal  is the calibrated test severity level;

k is a factor, equal to~I\for power test levels, and equal to 2 for electric field, current, or volt-
age test levels.

7.2{3 Closed loop-levelling

Durjing actual testing with the DUT, the test level (electric field, voltage, current, or power) i$ measured
usinmg a calibrated device and fed back to the signal generator in order to either increase or d¢crease the
test level untilthe predetermined level is achieved.

The test level shall be within 0/+1 dB of the test severity level.

7.2.4 DUT immunity measurement

The disturbance signal may be maintained at the required test level during frequency transitions,
provided the signal generation equipment is shown to be stable, or the disturbance signal level may be
reduced before frequency transition using the procedure shown in Figure 2. The method chosen and the
associated parameters shall be defined in the test plan.
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Ant)

out

ons

UT,
hns,

A
1
/ \ /
f
6 ,/ \ /
7 \ 7
/ \ /
/ \ 7/ I
{

2 3 4 5

/ / / /
Key
t  time, sqconds
1 specifidd signal level
2 signal rfise time to be defined in test plan (levelling algorithm to avoid overshootingis.test system-depend
3 dwell time (time of application = 1 s)
4  signal fpll time to be defined in the test plan
5 recovelly time = 0 s for DUT to be defined in test plan
6  reductipn of test signal level for DUT recovery

Figure 2 — Example of disturbance application process

Users of ISP 11452 need to be aware of the following in“order to ensure that the tests are carried
satisfactorjly:
— syster:[s could be susceptible only at intermediate interference levels;
— sudden application of interference could cause errors;
— genergtor switching transients could cause faults in the DUT.
The characferistics of the interference signal may be modified depending on the testlevel due to limitat
in the signal generation procedure (depth of amplitude modulation, rejection of harmonics, etc.)
7.3 Testreport
As requirefl by the testplan, a test report shall be submitted detailing information regarding the [}
temperatufe, test set‘up, systems tested, supply voltage, frequencies, power levels, system interacti
and any other infermation relevant to the test.
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Annex A
(normative)

Function Performance Status Classification (FPSC)

General
=enera:

Thi
fun
dist
con

a)

b)

The

A.2
The

b)

It h(
in t
whi
opt

5 Annex provides a general method for defining the acceptable performance of electrical
Ctions of automotive electrical systems during and after components immunitytest fo

siderations.

DUT can include one or several functions (e.g. an electronic unit can manage front wipin
lighting, and low beam lighting).

Function can have one or several operating mode (e.g. low beam ON,Tow beam OFF, courtg
ON, courtesy lighting OFF).

An operating mode can have several Status (], II, III, [V}+(eg. in low beam ON operating
Status Il can be associated to low beam OFF during disturbance application with automat
of low beam after disturbance suppression).

functional performance status classification is:applicable to each function.

FPSC approach
approach is based on the following pkinciples:

Functional performance status.classification is applicable to each individual functio
DUT will likely include several functions (e.g. an electronic unit can manage front wipin
lighting, and low beam lightihg)

A function can be a simple ON-OFF operation or be complex as data communication on a

is to be emphasizedthat components or systems shall only be tested under the conditions, a
he 1SO 11452¢Series that represent the simulated automotive electromagnetic envirg
ch the devices-would actually be subjected. This will help to ensure a technically and ec
mized design for potentially susceptible components and systems.

jouldtalso be noted that this Annex is not intended tobea product specification and cann|

electronic
" electrical

urbances from narrowband radiated electromagnetic energy. This method is based on the following

g, courtesy

sy lighting

mode, the
icrecovery

1. Hence, a
o, courtesy

data bus.

5 described
nments to
pbnomically

ot function
Therefore,

should be

determlned by the Vehlcle manufacturers and component supphers Nevertheless usmg the concepts
described in this Annex and by careful application and agreement between manufacturer and supplier,
this Annex can be used to describe the functional status requirements for a specific device. This can
then, in fact, be a statement of how a particular device can be expected to perform under the influence
of the specified test signals.

A.3 Essential elements of an FPSC

There are two elements, listed below, required to describe an FPSC.

©IS
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A.3.1 Function performance status

This element defines the expected performance objectives for the function of the device under test
subjected to the test conditions. The four function performance status of the function (expected

behaviour

of the function observed during test) are listed below.

NOTE This element is applicable to every single individual function of a DUT and describes the operational
status of the defined function during and after a test.

The minimum functional status shall be given in each test. An additional test requirement may be agreed

upon betw

— Statuql

The fu

een supplier and vehicle manufacturer.

hction performs as designed during and after the test.

— StatuqlIl

The function does not perform as designed during the test but returns automatically to nor

operatjion after the test.

— Statuq III

The fu

without a simple driver/passenger intervention such as turnifig) off/on the DUT or cycling
ignition switch after the disturbance is removed.

— StatugIVv

The fu

operatjion without more extensive intervention such;as disconnecting and reconnecting the bat

or pow

A3.2 Te

5t severity level

This elemgnt defines the specification of test severity level of essential signal parameters. The

severity le

vel is the stress level applied.to the device under test for any given test method. The

severity legvels should be determin€d by the vehicle manufacturer and supplier depending on

required o

A.4 FPS

A4.1 Ge

Figure A.1
their corre|

Comments

berational characteristics)of the function.

C approach example

neral example of FPSC application

demonstrates the relationship between the test signal severity levels (severity levels)
spohding function performance status classification.

hction does not perform as designed during the test and doe§ not return to normal opera

hction does not perform as designed during and after the test and cannot be returned to prq

mal

fion
the

per
ery

er feed. The function shall not have sustained any permanent damage as a result of the testling.

test
test
the

and

Hsted I Figure A-T cam be (terpreted as {0Hows!

— the function should be nominal event #1(Status I) up to severity level L1;

— unexpected events # 2 are allowed above test severity level L1;

— unexpected events # 3 are allowed above test severity level L2;

— unexpected events #4 are allowed above test severity level L3.

Users may

16

group functions into categories to allow the use of different test levels.
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Function Performance
Status

Unexpected event # 3
(Status Il type, Status |
and Il allowed)

A.5

Figure A.1 — Illustration of Function Performa&c

Classification of test severity levels

Examples of test severity levels are given in each pa&g‘f ISO 11452.

Unexpected event # 2
(Status Il type, Status |
allowed)

Nominal function —
event# 1
(Status | type)

N

tatus Classification

Q
¥
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Annex B
(normative)

Artificial networks (AN), artificial mains networks (AMN), and

B.1 Genleral

Currently,
by low volt
power sup
isolate the

artific

artific

— asymmetric artificial network (AAN): used only for communication‘lines.

B.2 Artificial networks (AN)

B.2.1 Co
For a comp

The AN(s)
be bonded

Measurem

The AN m4
to 100 MH
50 Q load d

NOTE1 1
cannot be n

NOTEZ2 1

asymmetric artificial networks (AAN)

lifferent types of power supplies and power supply cabling are used for a componentpowe
age (LV) and/or high voltage (HV) and/or connected to the power grid (a.c. power mains,
bly). Therefore, it is necessary to use networks which provide specific loadJdmpedance
component from the power supply:

al networks (AN): used for d.c. power supplies;

al mains networks (AMN): used only for a.c. power mains;

mponent powered by LV
onent powered by LV, a 5 uH/50 Q-AN as defined in Figure B.1 shall be used.

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

ent ports of AN(s) shall be terminated with a 50 (2 load.

gnitude impedance ZPB_(tolerance +20 %) in the measurement frequency range of 0,1 |
r.is shown in Figure B.2\It is measured between the terminals P and B (of Figure B.1) wi
n the measurement port with terminals A and B (of Figure B.1) short circuited.

'he AN phase imp€dance requirements are defined in CISPR 16-1-2, 4.4. If the phase requiren
et, the measured,phase angles can be taken into account in the uncertainty budget.

'he AN isdlation (decoupling factor) requirements are defined in CISPR 16-1-2, 4.7.1.

red
d.c.
and

hall

Hz

kth a

hent
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Ly
e A O—e—— Y Y Y ® O P —=—
O =
2 =— N 1
R4 3 |j R,
 S————
— B O—@ O B =—
Key
port for the DUT Cl 1pF
power supply port C2 0,1pF
measurement port R1 1kQ
L1 |5pH R2 500
Figure B.1 — Example of 5 pH AN/sschematic
Y
50
T ]
40 ,/
30 /
4
/
20 /
/|
/|
10 //
/
0 >
0,1 2 3 5 1 2 3 5 10 2 3 5 100
X
Key
X |frequency (MHz)

Y Tmpedance (Ohm)

Figure B.2 — Characteristics of the AN impedance

B.2.2 Component powered by HV

For a component powered by HV (e.g. 200 V to 1 500 V), a a 5uH/50Q High Voltage Artificial Network
(HV-AN) as defined in Figure B.3 shall be used.

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

Measurement ports of HV-AN(s) shall be terminated with a 50 (1 load.
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The HV-AN magnitude impedance ZPB (tolerance 20 %) in the measurement frequency range of 0,1 MHz
to 100 MHz is shown in Figure B.4. It is measured between the terminals P and B (of Figure B.3) with a
50 O load on the measurement port with terminals A and B (of Figure B.3) short circuited.

Key
port foif the DUT
power $upply port
measurjement port

L1 5uH

C1 0,1pF

C, 0,1pF

R1 1kQ

Ry, 1 MQ (discharging C; to < 50 V4. within 60 s)

Figure B.3 — Examplé.of 5 pH HV-AN schematic
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Y |
50
T
T
40 //
30
/
20 /
//
10 /,/
0 >
10 10° 10’ 10?
X
Key]
X |frequency (MHz)
Y |impedance (Ohm)
Figure B.4 — Characteristics of the HV-AN impedance

If upshielded HV-ANs are used in a single shielded box, then there shall be an inner shield between the
HV-ANs as described in Figure B.5.
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Key
ground
measulj
supply
measulj

supply

Ul s W N

An optiong
impedance
matching 1

* o—Hll
Ly
| o= |
| L4
Rz I::I Jr— (2 .—ﬁo :
| T
| al |
| l |
I 1
* o—Hl—
Ly
i o |
| 12
W] =
| T
| )&
| I
i L g )
L XX I L
L1 5uH
ing port HV- C1 0,1pF
ine HV- C; 0,1pF
ing port HV+ R1 1KkQ
ine HV+ Rz 1 MQ (discharging C7 to < 50 Vg, within 60 s)

Figure B.5 — Example of 5 pH HV-AN combination in a single shielded box

1 impedance matching network may be used to simulate common mode/differential mjode
seen by the{DUT plugged on HV power supply (see Figure B.6). If used, this imped3
etwork should be defined in the test plan.

nce

22

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=8a9154100d3171c50bf8690f22e8c5d6

ISO 11452-1:2015(E)

N U1 A W N

B.2

For
5ul

B.3

For

Thd

ground L1
measuring port HV- C1
supply line HV- C
measuring port HV+ Ry
supply line HV+ Ry

differential & common mode impedance

1/50 Q-HV-AN as defined in B.2.2 shall be used.

Artificiabmains networks (AMN)

Figure B.6 — Impedance matching network attached between HV-ANs and DU

.3 Component involved:in charging mode connected to d.c. power supply

a component involyed-in charging mode (e.g. charger) connected to a d.c. powel

a compenent involved in charging mode (e.g. charger) connected to an a.c. powe
50 iH/50.L2-AMN as defined in CISPR 16-1-2, 4.3, edition 1.2 shall be used.

5 uH

0, T\ ptF

0,1 uF

1kQ

1 MQ (discharging C7 to < 50 Vg4, within

b0 s)

T

supply, a

' mains, a

AMN(s) shall be mounted directly on the ground plane. The grounding connection of the AMN(s)

sha

I be bonded to the ground plane with a low inductivity connection.

Measurement ports of AMN(s) shall be terminated with a 50 ( load.

B.4 Asymmetric artificial networks (AAN)

Currently, different types of communication system and communication cabling are used for the
communication between charging station and component (e.g. charger). Therefore, a distinction
between some specific cabling/operation types is necessary.

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.

©IS
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Measurement ports of AAN(s) shall be terminated with the corresponding load.

B.4.1 Symmetric communication lines

An asymmetric artificial network (AAN) to be connected between component (e.g. charger) or vehicle
and charging station or any associated equipment (AE) used to simulate communication is defined in
CISPR 16-1-2, Annex E, E.2 (T network circuit) (see example in Figure B.7).

The AAN has a common mode impedance of 150 Q. The impedance Z.,; adjusts the symmetry of the
cabling and attached periphery typically expressed as longitudinal conversion loss (LCL). The value
of LCL should be predetermined by measurements or be defined by the manufacturer of the charging
station/charging cable. The selected value for LCL and its origin shall be stated in the test report:

NOTE For some communications networks (e.g. CAN), this AAN cannot be used on these lines.

AE

Key
balancq pair R 200 Q
AAN metal case AE  associated equipment
4,7 uF DUT device under test
L1 2x381H Rx  receiver input
L, 2x381mH Zcar the unbalance network required to adjust the|LCL

tongitudinal conversion 10ss) of the AAN

Figure B.7 — Example of an AAN for symmetric communication lines

B.4.2 PLC on power lines

If an original charging station can be used for the test, it might not be necessary to add any AAN for PLC
communication.

If PLC communication cannot be ensured with original charging station and AMN, or shall be simulated
with use of an associated equipment (AE) (e.g. as a PLC modem) instead of an original charging station,
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it is necessary to add an AAN for PLC communication between PLC modem and the AMN (component
side) as defined in Figure B.8.

NOTE This AAN is intended to ensure adequate decoupling between PLC modem and power mains.
1 * r AMN/AN 2
_—_c C i L AAN
L I‘I AE (PLO)

Key

OO N -

B.4

DUT

mains/power supply

4,7 nF

depends of the PLC modem (should be defined in the test plan); typical valte of 100 pH

Figure B.8 — Example of AAN circuit of PLC on{a.c. or d.c. powerlines

.3 PLC (technology) on control pilot

Sonie communication systems use the control pilot line with a superimposed (high

con
pur]
diff]
defi

Itp
(asq
are
wit

munication. Typically, the technology developed for powerline communication (PLC) is u
pose. On one hand, the communication linesére operated unsymmetrically, on the othet
brent communication systems operate on the same line. Therefore, a special AAN shall

ned in Figure B.9.

frequency)
bed for that

hand, two
be used as

rovides a common mode impedange of 150 Q + 20 Q (150 kHz to 30 MHz) on the contr¢l pilot line

uming a design impedance of the modem of 100 Q). Both types of communications (contro

pilot, PLC)

separated by the network. Therefore, typically, a communication simulation is used in c¢mbination

h this network.

values of inductande Jand capacitance in the networks added for PLC on control pilo

an
co

re B.9 shall not«nduce any malfunction of communication between component (e.
AE or chargingZstation. It could therefore be necessary to adapt these values to ens
municationg

NOTE This)AAN is intended to ensure a controlled impedance of the pilot line (and PLC) se

co

ponenftside.

E shown in
b. charger)

=

lire proper

bn from the
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1 - ‘ EE (PLO) 2

Key
DUT
mains/power supply
2,2 nF
L1 100 pH
L2 depends on the PLC modem (should be defined in the test plan); typical value of 100 pH

Figure B.9 — Example of AAN circuit for PLC on pilotline
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