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Foreword

ISO (the I

nternational 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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not received ndgtice of (a)
which may be required to implement this document. However, implementers are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

prg /patents. ISO shall not be held responsible for identifying any or allysuch patent righty.

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyiment was prepared by Technical Committee<ISO/TC 22, Road vehicles, Subcommittpe SC 32,

Electrical

This fourt
revision.

— Formpla (1) in 6.2.2 was modified.

and electronic components and general system@spects.

h edition cancels and replaces the third edition (ISO 11452-3:2016), of which it constitut¢s a minor
[he changes are as follows:

Alistof a

| parts in the ISO 11452 series can be found on the ISO website.

Any feedback or questions on this;document should be directed to the user’s national standards body. A

complete

listing of these bodies-can be found at www.iso.org/members.html.
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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 research, development and quality control, a laboratory measuring method can be used by both vehicle
manufacturers and equipment suppliers to test electronic components.

The TEM cell method has the major advantage of not radiating energy into the surrounding environment.
The method can be used for testing either the immunity of a component with the field coupling to the wiring
harness or the immunity of the component alone with minimum exposure to the wiring harness.

© IS0 2024 - All rights reserved
\%


https://standardsiso.com/api/?name=4e35b7cbf71535e10d4a5a0c8631c110



https://standardsiso.com/api/?name=4e35b7cbf71535e10d4a5a0c8631c110

International Standard

ISO 11452-3:2024(en)

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

Part 3
Trans

1 Scop

This doc
of electrq
narrowba
ignition e

The elect}

verse electromagnetic (TEM]jceil

e

ment specifies transverse electromagnetic (TEM) cell tests for detesmining the
nic components of passenger cars and commercial vehicles to electrical disturbar
nd radiated electromagnetic energy, regardless of the vehicle propulsion system (e
hgine, diesel engine, electric motor).

omagnetic disturbances considered are limited to continuous fnarrowband electromagn

2 Normative references

The follov
requirem
the latest

[SO 1145
electroma

3 Tern
For the pt
ISO and I

ying documents are referred to in the text in such a-way that some or all of their content c
bnts of this document. For dated references, only'‘the edition cited applies. For undated r
edition of the referenced document (including:any amendments) applies.

-1, Road vehicles — Component test methods for electrical disturbances from narrowban
gnetic energy — Part 1: General principles and terminology
s and definitions

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

.C maintain terminology databases for use in standardization at the following addresses

— IS0 Opnline browsing platform: available at https://www.iso.org/obp

mmunity
ces from
.g. spark-

btic fields.

nstitutes

bferences,

] radiated

— IEC E]ectropedia:@vailable at https://www.electropedia.org/
4 Test|conditions
The uppef frequency range limit of the TEM cell is a direct function of the TEM cell dimensions.

For testing automotive electronic systems, a 0,01 MHz to 200 MHz TEM cell should be used. See Annex A for
suggested cell dimensions. See Annex B for methods to determine TEM-cell frequency range.

The user shall specify the test severity level or levels over the frequency range. See Annex E for suggested
test severity levels.

Standard

test conditions shall be those given in ISO 11452-1 for:

— test temperature;

— suppl

y voltage;

© IS0 2024 - All rights reserved
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— modulation;

— dwell time;

— frequency step sizes;

— definition of test severity levels;

— test-signal quality.

5 Test apparatus

5.1 TEM cell
The TEM|cell used for this test is a rectangular coaxial line with a 50 Q characteristicimpedance (see
Figure 1)|The device under test is exposed to a uniform TEM field.
The TEM ¢ell is a laboratory measurement system which can be used to generate test fields within 2 dB of the
theoretical value if the device under test does not occupy an excessive portion of the'test volume (gee 5.3).
1 2 6
A — 43
\:\::’”’ A
\\\\\\\\\\\ I
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t==;/:: Il {|
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Q/‘ ‘C_:::::::=:=::::=:::: ((]‘
N O !
» -m 'Q i
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§ § § § (8> § 8 3 3 29
6 3 —=2 8
L 8 6 L
Key
outer [conductor (shield)
septujn (inner.conductor)
acces$ doox
conneetérpane-optional)

dielectric support (relative permittivity €. < 1,4)

1

2

3

4

5  coaxial connectors
6

7  device under test
8

input/output leads

Figure 1 — TEM cell
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5.2 Instrumentation

Figure 2 shows an example of a TEM cell test set-up. The TEM cell has high resonances in the region greater
than the recommended upper frequency limit.

A low pass filter with an attenuation of at least 60 dB at frequencies above 1,5 times the cut-off frequency
of the TEM cell may be installed (e.g. 200 MHz TEM cell: 60 dB for frequencies above 300 MHz) to avoid
resonances.

Example of installation of low pass filter is given in Annex C.

12
a b c
5 5 5
13 1 8
1 2 3 b 10 11
—1 F—>1 % |—>
7 /\/
9
6
Key
1  signal generator 9  low pass filters/connector panel
2 broadband amplifier 10 coupler
3 low pass filter (optional) 11 high powerload (50 Q)
4  dual-directional coupler (30 dB decoupling ratio 12 controller
mininfum) 13 TEM cell
5  RF-pgwer meter 3 Pfwarq (forward power).
6  peripherdl b Peftected (reflected power).
7  devic¢under test € P loutput power)
8 dielectric support

Figure 2 — Example TEM cell configuration

© IS0 2024 - All rights reserved
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5.3 Testset-up

5.3.1 General

In order to maintain the homogeneous field in the TEM cell and obtain reproducible measurement results, the
device under test shall be no larger than one-sixth of the cell (inside) height b (see Figure 3 and Figure A.1).
The device under test should be placed in the centre of the cell on a dielectric equipment support.

The device under test and the wiring harness may be positioned in either of two arrangements, depending
on whether the exposure of the device under test and the wiring harness (see 5.3.2) or that of the device
alone (see 5.3.3) is being tested.

A lt 3 i r's £, AN 4] £114 3 fad i A n
n a ern LIVO LLOU OUU ulJ vV ILIITUUULU IUVV PQDD ITILCT 1O Pl COUCIILUCU TIT TXIITICA 1.

5.3.2 Ekposure of device under test and wiring harness (for major field coupling to the harness)

The heighft of the dielectric supportis one-sixth of cell height b (see Figure 3). In order te,obtain regroducible
measurerent results, the device under test, together with its wiring harness or printed circuit baard, shall
be placed in the same position in the TEM cell for each measurement. In addjtion to the diredqt RF-field
coupling to the device under test, the use of an unshielded harness or printed_cireuit board will fesult in a
common mode electrical field coupling and a differential mode magnetic field/coupling, depending on the
inclinatiop and the width of the harness or circuit board.

9

B S

2h/6

<h/6

b/6

| ’

§

/
b/24
\

Key
devic¢ under test

dieledtric support (relative permittivity €, < 1,4)

printddccircuit board (no ground plane) or wiring harness, unshielded

connector

coaxial connectors

connector panel

TEM cell wall

cables

septum

TEM cell height (see Annex A)

S O 00 N O Ul D W N

Figure 3 — Example test set-up — Major field coupling to wiring harness (side view)
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The connector panel should be attached to the TEM cell as close as possible to the printed lead system. The
supply and signal leads from the connector in the cell wall are directly connected to the device under test,
using either a printed circuit board of length suitable for positioning the device under test in the allowed
working region of the TEM cell, or a set of leads secured to a rigid support (see Figure 3 and Figure 4). The
printed circuit board or supported wiring harness between the connector and the device under test will
yield reproducible measurement results if the position of the leads and the device under test in the TEM cell
are fixed.

7

S AN

5/|1|I_II_II_II_II_II_II_I

|

Key

1  devic¢ under test

2 dieledtric support (relative permittivity €. < 1,4)
3 printdd circuit boardyorwiring harness

4  conngctor

5  coaxigl connectors

6  conngctorpanel

7  TEM ¢ellwall

8 cables

NOTE RF filters can be connected to the coaxial connectors in the connector panel or directly to the connector in
the TEM cell wall.

Figure 4 — Example test set-up — Major field coupling to wiring harness (top view)

5.3.3 Exposure of device under test alone (for major field coupling to that device)
The height of the dielectric support is b/6 mm (see Figure 5). In order to obtain reproducible measurement

results, the device under test shall be placed in the same position in the TEM cell for each measurement.

© IS0 2024 - All rights reserved
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Dimensions in millimetres

9

I

I
; | 33\

2b/6

=b/6

b/6

—h 3\ |

8/ \A

Key
devic¢ under test

dielegtric support (relative permittivity €. < 1,4)
shielded wiring harness

conngctor

coaxigl connectors

conngctor panel

TEM dell wall

cableg
septumn
TEM dell height (see Annex A)

SO 00 NN O Ul b W N

Figure 5 — Example test set-up — Major field coupling to device under test (side viey)

The conngctor panel should be-attached to the TEM cell. The arrangement and nature of supply 4nd signal
leads shall be chosen in ordef:to'minimize the coupling on these leads, which shall be secured on the floor of
the TEM (ell and shieldeddetween the connector in the cell wall and the device under test. This can be done
by using metal tape with conductive adhesive to cover the leads on the floor of the TEM cell.

The shield shall be-iryelectrical contact with the cell floor, but it shall not be in contact with the dase of the
device unfder test.

6 Testlprocedure

6.1 Testplan

Prior to performing the test, a test plan shall be generated and it shall cover the following:
— frequency range;

— modulation;

— testset-up to be used (5.3.2 or 5.3.3 or Annex D);

— device under test mode of operation;

© IS0 2024 - All rights reserved
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— device under test acceptance criteria;

— definition of test severity levels;

— test signal quality;

— use of netor output power measurements;

— device under test monitoring conditions;

— device under test orientation;

— testreport content (see 6.3);

— anys

Each devi
in a mode

6.2 Teg

6.2.1 G
CAUTION

6.2.2 T,

Prior to dpplying the test field intensity to the DUT and harness, a test field intensity calibratio

performe
Pforward (t

The doors

Unused cnnectors shall be shielded, so that they do not emit radiation.

At each te
— calcu
— apply,
— Trecor
— adjus

andr

E=Y

pbecial instructions and changes from the standard test.

ce under test shall be tested under the most significant situations, i.e. at least in stand-by
where all the actuators can be excited.

t method

eneral

bst level setting

[ at all test frequencies with an empty TEM cellxThis will determine the test forward po
est) to be used during the DUT test.

of the TEM cell shall be closed at all timesduring the measurement.

st frequency with a CW RF signal:

ate the net power requiredto achieve the test electric field intensity using Formula (1);
a given forward power (see Figure 2);

d the reflected power and calculate the corresponding net power;

t the forwardypower level until the net power to obtain the required test field intensity if
pcord this test forward power level as Py arq (test).

ZXP.

net

d

mode and

— Hazardous voltages and fields can exist within the test area. Ensure that all requjirements
for limiting the exposure of humans to RF energy and high voltage are met.

h shall be
ver levels

achieved

)

where

T

net

QU v N

NOTE

is the value of the electric field, in V/m;
is the characteristic impedance of the TEM cell, in ohms (typically 50 Q);

is the net input power (P,.; = Ptorward — Preflecteq), IN Watts;

net

is the distance, in metres, between the floor and the TEM cell septum (b/2 in Figure A.1).

The theoretical or supplier data characteristic impedance of the TEM cell can be used in Formula (1).

© IS0 2024 - All rights reserved
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The test forward power level established during the empty TEM cell field calibration (at the required test
field intensity) will be the levelling parameter used during the DUT test. The test power required to achieve
the test field intensity level shall be maintained at 0/+1 dB of Py, .4 (test) during the DUT test.

An electrically small field-measuring device may be used to verify the calculated calibration curve for the
field in the uniform field region.

623 D

UT test

Place the DUT and harness inside the TEM cell as shown in Figure 3, Figure 5 or Figure D.1 and Figure D.2,
depending upon what type of major field coupling (harness or DUT) is desired.

The condy
test setup

The door¢
Unused c
Wherevel

Do not gi

configuraftion be simulated.

Care shou

The test
establishg

For AM si

Apply the

any devialtions in operation. If any responses occur,\document the frequency where the deviation

response
evaluatio

6.3 Teg
As requir
— arefq
— the tg
— the sy
— the f1

— thep

without low pass filters.

of the TEM cell shall be closed at all times during the measurement.
nnectors shall be shielded, so that they do not emit radiation.
possible, use the actual vehicle loads, sensors and actuators.

ound the device under test to the TEM cell floor unless it is intended that the actul

1d be taken not to create ground loops.

pon the DUT and wiring harness shall be performed using the test level forward po
d during the test field calibration of 6.2.2.

bnals, the peak power conservation principal as défined in ISO 11542-1 shall be used.

predetermined test field intensity to the DUT at each frequency while monitoring th

threshold amplitude measurement should be made at each responding frequency to assig
h of the test results and DUT performance.

t report

ed by the test plan, a test report shall be submitted detailing the following information:
rence to this document (ISO 11542-3:2024);

st equipment;

rstems tested;

equencies;

bwer levels;

ex D for a

h] vehicle

wver, Pioc

b DUT for
occurs. A
t with the

1 1 L]
— the téstTodutatiomn;

— the major field coupling method used (DUT and/or harness);

— the system interactions;

— anyd

— other

eviations from the procedure;

relevant information regarding the test.

© IS0 2024 - All rights reserved
8


https://standardsiso.com/api/?name=4e35b7cbf71535e10d4a5a0c8631c110

The dimensions of a typical TEM cell are shown in Figure A.1 and given in Table A.1.
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Annex A
(informative)

TEM cell dimensions

Dimensions in millimetres

0,95 ¢{

a) Horizontal section view through septum
3 2 3
\ [ ]

‘ s

50 /2 { /2 50

b) Vertical section view

allowed working region: 0,33 w; 0,60 [
acces$ deor

dielectric supports
TEM cell height
TEM cell width
TEM cell length
septum width

Figure A.1 — TEM cell

© IS0 2024 - All rights reserved
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Table A.1 — Typical TEM cell dimensions

Upper frequency Cell form factor TEM cell height Septum width

w/b l/w b s

MHz m m

100 1,00 1,00 1,20 1,00
1,69 0,66 0,56 0,70

2002
1,00 1,00 0,60 0,50

300 1,67 1,00 0,30 0,36

500 1,50 1,00 0,20 0,23

Typical for automotive design

© IS0 2024 - All rights reserved
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Annex B
(informative)

Calculations and measurements of TEM-cell frequency range

B.1 General

The usef 1 fl CQUCIILy TdIIgt fUl CdLh TEM LUH dlld il,b test sctup Ldail bC dCLCl lllilltfd ‘U_y UIIC Uf LWOU
using, forlexample, a network analyser.

B.2 Method 1

Verify thg

expressed by Formula (B.1) or Formula (B.2) is met:

or voltagg standing wave ratio
1+r
1-r
where
r is the magnitude of the reflection coefficient;
Peflebteq 1S the reflected power, expressedin W;
Prorwheq 1S the forward power, expressed in W.
B.3 Method 2
Before testing the operativeldevice under test, determine the TEM cell's resonances with the insf

P
r=|H——
Pforward

t, for the whole useful frequency range at both inputs (of the empty TEM«cell), the rec

reflected <0,15

methods,

juirement

(B.1)

(B.2)

alled test

set-up angl device under test'(without electrical connection). In this case, the TEM cell transmissjon loss in

the usefu] frequency range shall be according to Formula (B.3) or Formula (B.4):
Preflected POUtPUt
ay 1dss =|10Jlog + <1dB (B.3)
reflected P forward
D [ P N
Ay 1oss :‘1010gt J‘SldB (B.4)
forward ~ “reflected
where
A oss is the TEM cell transmission loss, expressed in dB;
Peflecteq 1S the reflected power, expressed in W;

Prorwara 1S the forward power, expressed in W;

P

output

is the power at the TEM cell output, expressed in W.

© IS0 2024 - All rights reserved
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Measurements and results at frequencies at which the requirements [Formulae (B.1) and (B.2) or
Formulae (B.3) and (B.4)] are not met shall be disregarded, but shall be noted in the test report.

NOTE1 A TEM cell impedance that does not equal 50 (), resulting in an r not equal to zero, leads to a variation of the
field strength along the TEM cell longitudinal direction. Such variations can be measured over the whole useful
frequency range in the empty TEM cell. The relative field strength non-uniformity (AE ) in the longitudinal direction
of the TEM cell can be calculated with Formula (B.5):

- E —-E .
Ey

(typical: AE =0,3forr=0,15)

where
E, is the uniform field strength (without any reflection), expressed in V/m;
E .x| isthe maximum value of a non-uniform field strength, expressed in V/mj
Ein | is the minimum value of a non-uniform field strength, expressed ip-V/m.

NOTE 2 |Measurements at the TEM cell resonance frequencies are not allowed, because there is no field pniformity
and no TEM mode (e.g. transmission line coupling instead of radiated coupling)¢

© IS0 2024 - All rights reserved
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Annex C
(informative)

Installation of external components and low pass filter design

C.1 Connector panel

The wiringrtirecommector pamet betweencomrector t4)amd-the coaxiatconmectors t5)strowmm Figure 3
should be|done with 50 (1 coaxial cable to transfer the 50 ) RF-impedance from the low pass filter§ attached
to the codxial connectors in the connector panel to the connector in the TEM cell wall.

C.2 External components and low pass filter

External fomponents such as sensors, power supply and actuators should be connected to the filter at the
connectof panel.

All powerjand signal leads should be connected via a low pass filter (see Figure C.1) at the connectdr panel to
the peripheral, to the directly connected parts at the panel or to the vehicle. This minimizes influepces from
the exterpal connection, such as type and length of leads and lead impedances (peripheral, if pospible with
original sensors and loads), and unwanted radio frequency (RF) eitissions into, or out of, the TEM|cell.

© IS0 2024 - All rights reserved
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40

30

20

10

Key
frequ

device
suppl

N <<

Figure

In Figure

10 100 1000

bncy (MHz)

mininjum attenuation (dB)

b under test (DUT) port
/ port

C.1 — Minimum attenuation and frequency response of the low pass filter with sch
circuit diagram (artificial network)

C.1, the low pass filter's minimum attenuation from 1 MHz to 800 MHz is shown. For 1

wanted R
that this

The low
change t
the TEM ¢

NOTE
50 W impe

F signals in the TEM cell-useful frequency range, the low pass filter shall be designed in s
inimum attenuation.is‘enly effective outside the RF bandwidth of the device under test

ss filter should bedésigned so that its impedance (from the side of the device under test
electric data,efthe input and output of the device under test. Above the useful frequenc
ell, the impeQ@arice of the low pass filter shall be 50 .

The tradsfer function is measured between the TEM cell input and the connector panel refer
dance.

ematic

pads with
Lich a way

does not
y range of

enced to a

C.3 De

ignrutes for the tow pass fitter

C.3.1 General

The minimum attenuation and frequency response of the low pass filter is as shown in Figure C.1. It is
necessary to terminate the device under test at the TEM cell wall with a well-designed low pass RF filter in

order to:

— limit the radio frequency emissions into the surrounding space;

— isolate the external peripheral or sensors from the TEM cell RF;

— define the RF load of the printed circuit board output with the result of minimized resonances;

© IS0 2024 - All rights reserved
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— decouple the TEM cell septum and the circuit board from external loads;

— ensure that the RF filter does not influence the device under test and its external load in the useful
frequency range.

All of the above can be measured and guaranteed via the transfer function between connector panel and

TEM cell
EXAMPLE

input.

The transfer function is the same for connectors terminated by a short circuit and open circuit if the
RF filter is used. If the transfer function is measured without using the RF filter, the results differ by up to 30 dB.

It is difficult to define a schematic circuit diagram for the low pass filter because its design is highly
dependent on the positioning of the filter elements. It is therefore important to define the three ranges of

filter res

OIISES Versus Irequency, ds foltows.

C.3.2 Lower cut-off frequency

It is not rlecessary to define the attenuation from DC to 0,01 MHz because TEM cell automotive
measurerfents normally start at 0,01 MHz.

C.3.3 Upeful frequency range

mmunity

The neceqsary attenuation, ay, of the RF filter in the useful frequency range‘ofthe TEM cell can be ¢alculated
with Formula (C.1):
P
ap >10xlog RF,max ~33dB (€.1)
PE,max ><aC,TEM XNmax
where

Premhx 1S the maximum RF power outside the TEM cell, <0,1 W;

PE,ma

is the TEM cell maximum power input, 200 W;

K

acrgf s the coupling factor of the TEM cell, 0,01;

nmax

Since the

is the number of connected leads, 100.

coupling factor of the TEM) cell decreases strongly for frequencies below 30 MHz, the

attenuatipn can be lowered, as shown in Figure C.1.

C.3.4 Upper cut-off frequency

Above th

harmonicdattenuatiowoccur, so that a reduced filter attenuation of 20 dB is sufficient.

Since the

impedance of the harness of the device under test outside the TEM cell lies between

200 Q, it is réeommended that the high frequency impedance from the DUT side of the RF filter be
compromjisewill allow the RF filter to be the same as the artificial network defined in CISPR 25l
and 50 Q).

minimum

e TEM cell cutoff frequency, only harmonics of the broadband amplifier with nomipal 20 dB

20 Q and
50 Q. This

1 (100 nF
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Annex D
(informative)

Test setup without low pass filters

D.1 General

1 1 ol e 1 1
In some cpses; therumber of wit TITg ITaT 11ess 0l DU

pass filtetl

This anng¢x presents a test set-up without low pass filters. TEM cell shall be located. inside 3
enclosure|.

D.2 Test set-up

The wiriy

depending on the TEM cell structure. Figure D.1 and Figure D.2 show the éxample setup of each te§
Figure D.3 shows the example of a through-hole panel. Figures D.4 and/D.5’show examples of TEM ¢
and after pttaching a through-hole panel.

The posit

Figure D.P with vertical harness). In order to obtain reprodtcible measurement results, the DU
placed in fhe same position in the TEM cell for each measurément.

The clear
installed
The netw
enclosure

e it}
I

1 1 1 1 1 1
IS TTUZC. I LIIEST Cd5ES, IL DELUIIICES VET y T1dl'U
S.

g harnesses from DUT are passed through either the wall or théAloor (ceiling) of the

hnce between the wire harness and the through-hole shall be between 5 mm and b/6. T
Lo the wiring harness outside of the TEM «¢éll may reduce the RF radiation from wiring
brks (AN, AMN and AAN) shall be used atthe correct position and mounted directly on th
(wall or floor). The detailed setup shall‘be described in the test plan.

o use low

shielded

TEM cell
t method.
ell before

ion of the DUT connector is centre of TEM cell (see\Figure D.1 with horizontal hayness and

[ shall be

he ferrite

b harness.
b shielded
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