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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 maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
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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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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Road vehicles — Component test methods for electrical
disturbances from narrowband radiated electromagnetic
energy —

Part 4:

H e od
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using the directional coupler principle. The TWC test method was developed for immunity
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Scope

5 document specifies harness excitation test methods and procedures for determining the
lectronic components of passenger cars and commercial vehicles regardless of the
em (e.g. spark-ignition engine, diesel engine, electric motor).

bulk current injection (BCI) test method is based on current injection into the wiring ha
rrent probe as a transformer where the harness forms the secéndary winding.

tubular wave coupler (TWC) test method is based on-a\wave coupling into the wiri

pmotive components with respect to radiated disturbances in the GHz ranges (GSM ba
2,4 GHz). It is best suited to small (with respect’to wavelength) and shielded device
T), since in these cases the dominating couplingmechanism is via the harness.

electromagnetic disturbances considered;in’this document are limited to continuous n
tromagnetic fields.

Normative references

following documents are réferred to in the text in such a way that some or all of th
Ktitutes requirements of (this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

11452-1:2015, Roddvehicles — Component test methods for electrical disturbances from n
ated electromagnetic energy — Part 1: General principles and terminology

Termsand definitions

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

P immunity
propulsion

mess using

g harness
f testing of
nds, UMTS,
under test

hrrowband

Pir content
pplies. For
[s) applies.

arrowband

ISO

dresses:

4

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

Test conditions

The applicable frequency ranges of the BCI and the TWC test methods are direct functions of the
transducer characteristics (current probe or tubular wave coupler). More than one type of transducer
may be required.
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To test automotive electronic systems, the typical applicable frequency range:

— ofthe BCI test method is 100 kHz to 400 MHz,

— of the TWC test method is 400 MHz to 3 GHz.

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

Standard test conditions are given in ISO 11452-1 for the following:

— testte

"nppr:ahlrp'

— supply,
— modul
— dwell {
— freque
— definit

— test sig

voltage;

htion;

ime;

ncy step sizes;

ion of test severity levels;

inal quality.

5 Testlocation

The tests s

hall be performed in a shielded enclosure.

6 Testinstrumentation

6.1 BCI

6.1.1 Ge|

BCl is a me
harness by
which the

by varying

The follow

test method

neral

thod of carrying out immunity tests by inducing disturbance signals directly into the wi

viring harnesses of the device under test (DUT) are passed. Immunity tests are carried
the test severity lével and frequency of the induced disturbance.

ng equipmentisused:

— groundl plane;

— curren

t injection probe(s);

— curren

t measurement probe(s);

[ing

means of a current injection probe. The injection probe is a current transformer through

out

— artificial networks (AN), high voltage artificial networks (HV-AN), artificial mains networks (AMN),
and asymmetric artificial networks (AAN);

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

— power

— power

amplifier;

measuring instrumentation to measure the forward and reverse power;

— current measurement equipment.
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2 Injection probe

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

Saturation of the injection probe by test level and by DUT current should be taken into consideration.

6.1.

3 Current measurement probe

The current measurement probe or set of probes shall be capable of operating over the test

freq

6.1

Thd
eled
wit

Con
acc
req
be

Any
Ext

6.2

6.2

The
har
end|
eled
cou
the
con

Thd

uency range.

4 Stimulation and monitoring of the DUT

DUT shall be operated as required in the test plan by actuators which have aminimum e
tromagnetic characteristics, for example plastic blocks on the push-buttons, pneumati
h plastic tubes.

nections to equipment monitoring electromagnetic interferencé-eactions of the DU
mplished by using fibre-optics, or high-resistance leads. Other*type of leads may b
lire extreme care to minimize interactions. The orientation,length and location of such
arefully documented to ensure repeatability of test results:

electrical connection of monitoring equipment to the, DUT may cause malfunctions (
reme care shall be taken to avoid such an effect.

TWC test method

1 General

hess of automotive componentssTe realize this, a short 50  coaxial line configuration
5, an inner tube-shaped conductor and matched terminations are used to generate a

pler. This leads to two disturbing components for the DUT: a TEM wave component ¢
cable, and a radiated component, caused by the scattering field from the primary TEM ¥
hecting cable betweenthe coupler and the DUT.

following equipment is used:
ground plane;

tubular-wave coupler;

ffect on the
C actuators

T may be
b used but
leads shall

f the DUT.

approach of this test method is.an‘equivalent coupling to a plane wave coupling intfo a wiring

with open
transverse

tromagnetic (TEM) wave inside. The wiring harness leads through the inner conductor ¢f the wave

oupled via
vave in the

A-_A DN

artificial networks (AN), high voltage artificial networks (HV-AN), artificial mains netwolrks (AMN),

6.2.

| dnna. PR L | b 1 L
dlit 45 y HIITITUNICU AT ULITITIAT IITUVWUT RS (AAIN g,
radio frequency (RF) generator with internal or external modulation capability;
power amplifier;

power measuring instrumentation to measure the forward and reverse power.

2 Tubular wave coupler

A tubular wave coupler is used to couple the disturbances into the test wiring harness. It shall be
capable of coupling the test power over the test frequency range into the wiring harness and shall have
a sufficiently high coupling and power rating.
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6.2.3 50

Q load resistor

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

6.2.4 Stimulation and monitoring of the DUT

See 6.1.4.

7 Test set-up for DUT powered by an unshielded power system

7.1 Growynd plane

The groun

The mininj
of the test
located on
is the large

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

um width of the ground plane shall be 1 000 mm, or the width of the éntire underne
setup [DUT and associated equipment (e.g. harness including supplylines, load simul
the test bench and AN(s)), excluding battery and/or power supply] plus 200 mm, whichg
.

The minimum length of the ground plane shall be:

1500

(e.g. h3
batter
closed

2 000

(e.g. h3
batter
this dg

The height

The grou

rness including supply lines, load simulator located on.the test bench and AN(s)), exclug

y and/or power supply] plus 200 mm, whichever is the larger for the BCI method using

loop method with power limitation,

rness including supply lines, load simulatordocated on the test bench and AN(s)), excluc

y and/or power supply] plus 200 mm, whichever is the larger for all other methods define]

cument.
of the ground plane (test bench)shall be (900 + 100) mm above the floor.

plane shall be bonded to théshielded enclosure such that the DC resistance shall not exa
distance from the edge 6fthe ground strap to the edge of the next strap shall not be gre

n
2,5 mQ. T:%
than 300 mpm. The maximum length to width ratio for the ground straps shall be 7:1.

7.2 Power supply and AN

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

Power sup
set-ups sh
5uH/50 Q
DUT instal

ply is assumed to be negative ground. If the DUT utilizes a positive ground, then the
wn in.the figures need to be adapted accordingly. Power shall be applied to the DUT

ath
htor
ver

mm or the length of the entire underneath of the test setup{DUT and associated equipnjent

ling
the

mm or the length of the entire underneath of the test setup [DUT and associated equipnfent

ling
d in

eed
hter

test
via

AN (see ISO 11452-1 for the schematic). The number of ANs required depends on the inte
ation in the vehicle

nlded

one for the positive supply line and one for the power return line (see Annex C).

the positive supply (see Annex C).

For a DUT remotely grounded (vehicle power return line longer than 200 mm), two ANs are required,

For a DUT locally grounded (vehicle power return line 200 mm or shorter), one AN is required for

The AN(s) shall be mounted directly on the ground plane. The case or cases of the AN(s) shall be bonded
to the ground plane.

The power supply return shall be connected to the ground plane between the power supply and the AN(s).

The measuring port of each AN shall be terminated with a 50 () load which is capable of dissipating the
coupled RF power.

4
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The length of the power supply lines between the power supply and the load simulator shall be as short
as possible and defined in the test plan. Unless otherwise specified, the power supply lines between the
power supply and the load simulator shall be placed directly on the ground plane.

7.3 Location of the DUT

The DUT shall be placed on a non-conductive, low relative permittivity (dielectric constant) material
(e, =1,4), at (50 = 5) mm above the metallic surface of the table.

The case of the DUT shall not be grounded to the metallic surface of the table unless it is grounded in
the actualvehicle

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

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

7.4 Location of the test harness

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

300
— (1 700" o mm for all test methods defined in this document except for the BCI test mgthod using

the closed-loop method with power limitation;

— (1 000+20g mm for the BCI test method using‘the closed-loop method with power limitation.

Theg wiring type is defined by the actual systein@pplication and requirement.
Thg wiring harness shall be straight:

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

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

Theg wiring harnesssshall pass through the current injection and current measurement pr¢bes or the
tubfilar wave coupler’and shall be located parallel to the edge of the ground plane at least pt 200 mm
from the edge_o6fthe ground plane. The length of the wires in the load simulator should lpe short by
conpparisonmwith the length of the harness. The wires within the load simulator should be fixed.

NOTE If all wires in the load simulator and the wiring harness have the same lengths, strong resonance
effefts'might occur. This can be avoided by using or adding wires of different lengths in the load simllllator.

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

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

7.5 Location of the load simulator

Unless otherwise specified in the test plan, the load simulator should be placed directly on the ground
plane. If the load simulator has a metallic case, this case shall be bonded to the ground plane.

Alternatively, the load simulator may be located adjacent to the ground plane (with the case of the load
simulator bonded to the ground plane) or outside of the test chamber, provided the test harness from

© IS0 2020 - All rights reserved 5


https://standardsiso.com/api/?name=6920f1f0b1fdab19d88970ff73dff33e

ISO 11452-4:2020(E)

the DUT passes through an RF boundary bonded to the ground plane. The layout of the test harness
that is connected to the load simulator shall be defined in the test plan and recorded in the test report.

When the load simulator is located on the ground plane, the DC power supply lines of the load simulator
shall be connected through the AN(s).

7.6 Location of the harness excitation

7.6.1 BC

I test method

7.6.1.1 S

The injecti
d= (450 *

Distances f

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

connector

An exampl

7.6.1.2 (
The injecti
Distance fx

The currer]

An exampl

7.6.2 TV

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

plane. It sk
The 50 Q1
200 mm fr

Figure 3 gi

ubstitution method

bn probe shall be placed at (150 + 50) mm from the connector of the DUT. Additional-test
b0) mm and d = (750 + 50) mm may be required.

rom DUT are measured from the centre/midpoint of probes.

bf the DUT.

b of a test configuration is shown in Figure 1.

losed-loop method with power limitation

bn probe shall be placed at (900 + 10) mm from the ¢onnector of the DUT.

om DUT is measured from the centre/midpoint ef‘the injection probe.

t measurement probe shall be placed at (50 #;10) mm from the connector of the DUT.

b of a test configuration is shown in Figure 2.

yC test method

all be connected to the high-frequency equipment at the port, which is closer to the Il
bad resistor shall be insulated from the ground plane and placed at a minimum distang
bm the wiring harnes$and connected to the second port of the TWC.

ves an example for the test set-up.

s at

the

und
UT.
e of
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Dimensions in millimetres

Top view
=500 2100
12
—2
—10
A
-

Key
1 |DUT (grounded locally if required in test plan)

A
>2,000
1200°%"
& 1 |4
— 3
//I 3 |.5.4.5...| SRR I
\
\ o
o
12 10 i
(e}
o
(o)}
Side view
8  high frequency equipment (generator, athplifier and

measuring instruments)

2 |test harness 9  optional current measurement probe (ngt shown
in this figure, but shown in Figure 2)

3 logd simulator (p]nr‘nmnnf and grmmA 10 injection prnhn [rnprncnnfnr‘ at 3 positi rls)
connection according to 7.5)

4  stimulation and monitoring system 11 ground plane (bonded to shielded enclosure)

5 power supply 12 low relative permittivity support (¢, < 1,4)

6 AN 13 shielded enclosure

7  optical fibres

2 SeeZ.6.1.1.

Figure 1 — BCI configuration — Substitution method
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Key
1

w N

N O U

Dimensions in millimetres

Top view
=500 =100
8
4 -
13— |
n
+1
(==}
n
900 +10 S
—
+
o
o
(o))
Side view
DUT (grounded locally if required in test plan) 8 high frequency equipment (generator, amplifier and
measuring instruments)
test harness 9  current measurement probe

load simulator (placement and ground connection 10
according to 7.5)

stimulation and monitoring system 11
power supply 12
AN 13

optical fibres

injection probe

ground plane (bonded-to shielded enclosure)
low relative permittivity support (¢, < 1,4)
shielded enclosure

Figure 2 — BCI configuration — Closed-loop method with power limitation
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Dimensions in millimetres

Top view
=500 =100
' =
— +
(@)
o
—
8
A
4—
4 t--1--
13— |
A
=2 000
1700
2 100 10
\ 1 |3
-473 - — —_—t
\ -
12 10 11 %
o
o
>
Side view
Key
1 |DUT (grounded locally if required in test plan) 8  high frequency equipment (generator, arpplifier and
Measuring Mmstruments)
2 testharness 9 50Qload
3 load simulator (placement and ground 10 tubular wave coupler
connection according to 7.5)
4  stimulation and monitoring system 11 ground plane (bonded-to shielded enclosure)
5 power supply 12 low relative permittivity support (&, < 1,4)
6 AN 13 shielded enclosure
7

optical fibres

Figure 3 — Tubular wave coupler test set-up
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8 Test setup for DUT powered by a shielded power system

8.1 Ground plane

The ground plane conditions defined in 7.1 apply.

8.2 Power supply and AN, HV-AN, AMN and AAN

Each DUT power supply lead shall be connected to the power supply through an HV-AN (for DUT with

DC HV sup

ply) and/or AMN (for DUT with AC supply).

DCHV
— ACsup

The HV-AN
bonded to

(s) shall be mounted directly on the ground plane. The case or cases of the HV:AN(s) shal
'he ground plane.

The measufring port of each HV-AN(s) shall be terminated with a 50 2 load.

The vehiclg
feed-throu

Shielded s
(HV-) and
connector

The shield
cable const

Care shoul
increase t
reference g

For charge
be bonded
plane and t

For charge
the commy

The meas

The meas

8.3 Locs

I

HV battery should be used; otherwise the external HV power supply shall be connected
bh-filtering.

hpply lines for the positive HV DC terminal line (HV+)the negative HV DC terminal
three phase AC lines may be separate coaxial cables oriin‘a common shield depending on|
Eystem used.

bd harnesses used for this test shall be representative of the vehicle application in term
ruction and connector termination as defined:in the test plan.

d be taken when using a power line filter (Key 16) on the HV supply line. This filter
he common mode capacitance betweéen HV+ and ground reference or HV- and gro
nd may lead to the generation of extraresonances.

I, the AMN(s) shall be mounted ‘en the ground plane. The case or cases of the AMN(s) s
to the ground plane. The charger PE (protective earth) line shall be bounded to the gro
o the AMN(s) PE connection.

/inverter with comptunication, AAN (see ISO 11452-1 for the schematic) may be inserte
nication line betwéen the charger/inverter and the communication interface.

ing port of each AAN(s) shall be terminated with a 50 () load.
ing port-efieach HV-AN(s) / AMN(s) shall be terminated with a 50  load.

ition'of DUT

ply shall be applied to the DUT viaa 50 pH/50 0 AMN (see ISO 11452-1 for the schematic).

supply shall be applied to the DUT viaa 5 pH/50 Q HV-AN (see ISO 11452-1 for the schemaltic).

I be

via

line
the

s of

will
und

hall
und

d in

Unless oth

bonded to the ground plane either directly or via defined impedance.

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

erwise specified, the DY T sthattbe placeddirectly o the groumd ptamre with the DY T <ase

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

is placed.

In case of a charger, the battery charger case shall be bonded to the ground plane.

10
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8.4 Location of test harness

Unless otherwise specified in the test plan (e.g. use of original vehicle harnesses), the length of
harnesses shall be as follows:

— 1 700+308 mm for the HV lines, LV lines and AC lines for all test methods defined in this document
except for the BCI test method using the closed-loop method with power limitation,

— 1 000*208 mm for the HV lines, LV lines and AC lines for the BCI test method using the closed-loop
method with power limitation,

— |less than 1 000 mm for the three phase lines between DUT and electric motor(s).
Thg HV/LV/AC wiring type is defined by the actual system application and requirement.
Thg HV/LV/AC wiring harness shall be straight:

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

— |over its entire length for the BCI test method using the closed-leop'method with power limitation.
Thg HV/LV/AC wiring harness should be fixed (position and number of wires).

Thg long segment of HV lines test harness shall pass_thtough the current injection ahd current
megsurement probes or the tubular wave coupler and shall'‘be located parallel to the edge of fhe ground
plane atleast at 200 mm from the edge of the ground plane. The long segment of the LV lines test harness

shall be located at 100+108 mm from the HV lines teést harness (as shown in Figures 4, 5, 6, B, 9, 10, 12,
13 and 14).

Unless otherwise specified in the test plam; the configuration with the long segment of LY lines test
harpess passing through the current injection and current measurement probes or the tubular wave
coupler with no change of the HV linesfest harness and LV lines test harness positions on the test bench
shall be tested.

The length of the wires in thesload simulator should be short by comparison with the lepgth of the
harhess. The wires within theload simulator should be fixed.

NOTE If all wires in.the load simulator and the wiring harness have the same lengths, strong resonance
effefts might occur. Thiscan be avoided by using or adding wires of different lengths in the load simylator.

All pf the harnesses’/shall be placed on a non-conductive, low relative permittivity material [¢,. < 1,4) at
(50]= 5) mm abeve the ground plane.

The shielded harnesses used for this test shall be representative of the vehicle application |n terms of
cable canstruction and connector termination as defined in the test plan. Unless otherwise spgcified, the
shiglémg of the shielded harnesses shall be bonded to the load simulator case with a 360° connection.

For inverter / charger device, the setup in Figures 7, 11 and 15 are examples for further HV and LV load
simulators and supplies attached to the DUT, like for example for testing an on-board charger and its
communication links. The distance between the AC power lines and the closest harness (LV or HV) shall

be 100+108 mm . Various combinations of the shown setups are possible based on the true application
of the HV DUT.

Unless otherwise specified in the test plan, for inverter / charger (see Figures 7, 11 and 15) the
configuration with the AC power lines passing through the current injection and current measurement
probes or the tubular wave coupler with no change of the HV lines test harness and LV lines test harness
positions on the test bench shall be tested.
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For inverter / charger, communication line(s) and AAN(s), if used, shall be defined in the test plan (they
are not shown in Figures 7, 11 and 15).

Unless otherwise specified in the test plan, if there are three phases and/or signal lines between the
electric motor and the DUT with a length greater or equal to 1 000 mm, the configuration using both HV
lines (e.g. the three phases) and the LV signal lines passing simultaneously through the current injection
and current measurement probes or the tubular wave coupler shall also be tested. The detailed test
configuration shall be defined in the test plan. Examples of setup are shown in Figures 6, 10 and 14.

8.5 Location of load simulator

Unless othgrwise specified in the test plan, the load simulator should be placed directly on the ground
plane. If the load simulator has a metallic case, this case shall be bonded to the ground plane.

Alternativ¢ly, the load simulator may be located adjacent to the ground plane (with the case of the load
simulator bonded to the ground plane) or outside of the test chamber, provided the test harness ffom
the DUT passes through an RF boundary bonded to the ground plane. The layout, ofthe test har:tess
that is conpected to the load simulator shall be defined in the test plan and recorded in the test repgrt.

When the Ipad simulator is located on the ground plane, the DC power supplydines of the load simulator
shall be copnected through the AN(s).

Unless oth¢rwise specified, the electric motor shall be mounted on a nox-conductive insulating support
and its hoyising bonded to the ground plane. The load machine emnilation may be placed outside[the
shielded r:Eom. In case of using a load machine emulation, the test plan shall define the connection
conditions| between the DUT and the load machine emulation' and also the necessary grounding
conditions| The load machine emulation will replace the “eleéfric motor”, the “mechanical connection”,
the “filtereld mechanical bearing” and the “brake or propulsion motor”. The three phase motor supply
lines will ble fed through a power line filter.

The electr|c motor may be placed on a separate_ground plane. In this case, the test plan shall define
the connedtion configuration between this separate motor ground plane and the DUT ground plane
(representing the vehicle grounding configuration).

8.6 Location of the harness excitation
8.6.1 Bl test method

8.6.1.1 Substitution method

The injectlon probe shall"be placed at (150 * 50) mm from the HV/LV/AC connector of the DJUT.
Additionalftests at =450 * 50) mm and d = (750 = 50) mm may be required.

If a currenf measurement probe is used during the test, it shall be placed at (50 # 10) mm from the HV/
LV/AC conneegtor of the DUT.

The probes may need to be elevated above the test bench to meet these requirements.

An example of a test configuration is shown in Figures 4, 5, 6 and 7.

8.6.1.2 Closed-loop method with power limitation
The injection probe shall be placed at (900 + 10) mm from the HV/LV/AC connector of the DUT.
The current measurement probe shall be placed at (50 + 10) mm from the HV/LV/AC connector of the DUT.

An example of a test configuration is shown in Figures 8, 9, 10 and 11.
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8.6.2 TWC test method

The tubular wave coupler shall be placed at (100 = 10) mm from the DUT and isolated from the ground
plane. It shall be connected to the RF signal generator and amplifier at the port, which is closer to the
DUT. The 50 Q load resistor shall be insulated from the ground plane and placed at a minimum distance
of 200 mm from the closest wiring harness and connected to the second port of the TWC.

Figures 12,13, 14 and 15 give an example for the test set-up.
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DUT 13 LV powersupply 12V /24V /48V
(should be placed on the bench)
ground plane 14 additional shielded box (if necessary)
low relptive permittivity support (e, < 1,4); 15 HV power supply (should be shielded
thickngss 50 mm if placed inside shielded enclosure)
ground straps 16 power line filter
LV harmess 17 fibre optic feed through
HV lings (HV+, HV=) 18 bulk head connector
LV load simulator 19 stimulating and monitoring system
impedgncé'matching network (optional) 20 injection probe
(see ISP'1D452-1)
AN 21 high frequency equipment (generator, amplifier
and measuring instruments)
HV-AN 22 optical fibre
LV supply lines 23 50Qload
HV supply lines
See 8.6.1.1.

Figure 4 — Example of test set-up - BCI Substitution method - Injection on LV (or HV) lines
for DUTs with shielded power supply systems
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’ 23|
jan :
2200
\
Key
1 |DUT 15 HV power supply (should be shielded
if placed inside shielded enclosure)
2 | ground plane 16 power line filter
3 | low relative permittivity suppert (¢, < 1,4); 17 fibre optic feed through
thickness 50 mm
4 | ground straps 18 bulk head connector
5 | LV harness 19 stimulating and monitoring system
6 | HV lines (HV+, HVZ) 20 injection probe
7 | LV load simulator 21 high frequency equipment (generator,
and measuring instruments)
8 | impedance matching network (optional) 22  optical fibre
(see 15O 11452-1)
9 | AN 23 50Qload
10 HV-AN 24 electric motor
11 LV supply lines 25 three phase motor supply lines
12 HV supply lines 26 mechanical connection (e.g. non-conductive)
13 LV power supply 12V / 24V /48 V (should be 27 filtered mechanical bearing (if brake or propulsion
placed on the bench) motor placed outside the shielded room)
14 additional shielded box (if necessary) 28 brake or propulsion motor (can be placed inside

See 8.6.1.1.

the shielded room)

Figure 5 — Example of test set-up - BCI Substitution method - Injection on LV (or HV) lines
for DUTs with shielded power supply systems with electric motor attached to the bench
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Dimensions in millimetres

>100

+200

1000 -0

100%%

2200
DUT 15
ground plane 16
low relptive permittivity support (&, < 1,4); 17
thickngss 50 mm

ground straps 18

\

HV power supply (should be shielded
if placed inside shielded enclosure)

power line filter
fibre optic feed through

bulk head connector

LV harmpess 19 stimulating and monitoring system

HV lingds (HV+, HV-) 20 injection probe

LV load simulator 21 high frequency equipment (generator, amplifi¢r
and measuring instruments)

impeddnce matching network (optional) 22 optical fibre

(see ISP 11452:1)

AN 23 50Qload

HV-AN 24. alectric mator

LV supply lines X1 three phase motor supply lines

HV supply lines X2 sensor lines (e.g. resolver, temperature, ...)

LV power supply 12V / 24V / 48V (should be 26 mechanical connection (e.g. non-conductive)

placed on the bench)

additional shielded box (if necessary) 27 filtered mechanical bearing (if brake or propulsion
motor placed outside the shielded room)

See 8.6.1.1. 28 brake or propulsion motor (can be placed inside

the shielded room)

Figure 6 — Example of test set-up - BCI Substitution method - Injection on electric motor lines
for DUTSs with shielded power supply systems with electric motor attached to the bench
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Key
1 |DUT 14 additional shielded box (if necessary)
2 | ground plane 15 HV power supply (should be shielded
if placed inside shielded enclosure)
3 | low relative permittivity suppert (¢, < 1,4); 16 power line filter
thickness 50 mm
4 | ground straps 17 fibre optic feed through
5 | LV harness 18 bulk head connector
6 | HVlines (HV+, HV9) 19 stimulating and monitoring system
7 | LV load simulatot 20 injection probe
8 | impedanee matching network (optional) 21 high frequency equipment (generator|jamplifier
(see [SON1M452-1) and measuring instruments)
9 | AN 22 optical fibre
10 | HV*AN 23 50 Qload
11 LV supply lines 24 AClines
12 HV supply lines 25 AMN for AC power mains
13 LV powersupply 12V / 24V / 48V (should be 26 AC charging load simulator
placed on the bench)
a  See8.6.1.1. 27 AC power mains

Figure 7 — Example of test set-up - BCI Substitution method - Injection on LV (or HV or AC)
lines for DUTs with shielded power supply systems and inverter/charger device
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1 DUT 13 LV powersupply12V /24V /48V
(should be placed on the bench)
2 grounld plane 14 additional shielded box (if necessary)
3 low rqlative permittivity-support (&, < 1,4); 15 HV power supply (should be shielded
thickrless 50 mm if placed inside shielded enclosure)
4 groun(d straps 16 power line filter
5 LV hafness 17 fibre optic feed through
6 HV lines (HV#;, HV-) 18 bulk head connector
7 LV load‘simulator 19 stimulating and monitoring system
8 impedance matching network (optional) 20 measuring probe
(see1SO 11452-1)
9 AN 21 high frequency equipment (generator, amplifier
and measuring instruments)
10 HV-AN 22 optical fibre
11 LV supply lines 23 injection probe
12 HV supply lines 24 50 Qload

Figure 8 — Example of test set-up -BCI Closed-loop method - Injection on LV (or HV) lines
for DUTs with shielded power supply systems
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Key
DUT 16 power line filter
ground plane 17 fibre optic feed through
low relative permittivity support (&, < 1,4); 18 bulk head connector
thickness 50 mm
4 ground straps 19 stimulating and monitoring system
5 LV harness 20 measuring probe
6 HV lines (HV+, HV<) 21 high frequency equipment (generatof, amplifier
and measuring instruments)
7 LV load simulator 22 optical fibre
8 impedaneg/matching network (optional) 23 50 Qload
(see 1SO¥1452-1)
9 AN 24  injection probe
10 | "HV-AN 25 electric motor
11 LV supply lines 26 three phase motor supply lines
12 HV supply lines 27 mechanical connection (e.g. non conductive)
13 LV power supply 12V / 24V /48 V (should be 28 filtered mechanical bearing (if brake or
placed on the bench) propulsion motor placed outside the shielded
room)
14  additional shielded box (if necessary) 29 brake or propulsion motor (can be placed inside
the shielded room)
15  HV power supply (should be shielded if placed

inside shielded enclosure)

Figure 9 — Example of test set-up - BCI Closed-loop method - Injection on LV (or HV) lines
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DUT 16 power line filter
ground plane 17 fibre optic feed through
low rglative permittivity support (&, <.1,4); 18 bulk head connector
thickrjess 50 mm

4 grounyd straps 19 stimulating and monitoring system

5 LV hagness 20 measuring probe

6 HV linfes (HV+, HV-) 21 high frequency equipment (generator, amplifier
and measuring instruments)

7 LV load simulator 22 optical fibre

impedance matehing network (optional) 23 50 Qload
(see [$0 114521

9 AN 24  injection probe

10 HV-AN 25 electric motor

11 LV supply lines X1 three phase motor supply lines

12 HV supply lines X2 sensor lines (e.g. resolver, temperature, ...)

13 LV power supply 12V / 24V /48 V (should be 27 mechanical connection (e.g. non conductive)

placed on the bench)

14  additional shielded box (if necessary) 28 filtered mechanical bearing (if brake or
propulsion motor placed outside the shielded
room)

15  HV power supply (should be shielded if placed 29 brake or propulsion motor (can be placed inside

inside shielded enclosure) the shielded room)

Figure 10 — Example of test set-up - BCI Closed-loop method - Injection on electric motor lines
for DUTs with shielded power supply systems with electric motor attached to the bench
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1 DUT 15 HV power supply (should be shielded if placed
inside shielded enclosure)

2 ground plane 16 power line filter
3 low relative permittivity support (¢, < 1,4); 17 fibre optic feed through
thickness 50 mm
4 ground straps 18 bulk head connector
5 LV harness 19 stimulating and monitoring system
6 HV lines (HV+,1V3) 20 measuring probe
7 LV load simalator 21 high frequency equipment (generatof;, amplifier
and measuring instruments)
8 impedance matching network (optional) (see 22 optical fibre
[SO\11452-1)
9 AN 23 50 Qload
10  HV-AN 24 AClines
11 LV supply lines 25 AMN for AC power mains
12 HV supply lines 26 AC charging load simulator
13 LV power supply 12V /24 V / 48 V (should be 27 AC power mains
placed on the bench)
14  additional shielded box (if necessary) 28 injection probe

Figure 11 — Example of test set-up - BCI Closed-loop method - Injection on LV (or HV or AC)
lines for DUTs with shielded power supply systems and inverter/charger device
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1 DUT 13 LV powersupply12V /24V /48V
(should be placed on the bench)
2 ground plane 14 additional shielded box (if necessary)
3 low relptive permittivity supporti(g} < 1,4); 15 HV power supply (should be shielded
thickngss 50 mm if placed inside shielded enclosure)
4  ground straps 16 power line filter
5 LV harnpess 17 fibre optic feed through
6  HVlinds (HV+, HV-) 18 bulk head connector
7  LVload simulator 19 stimulating and monitoring system
8  impedgnce matching network (optional) 20 TwWC
(see ISP 11452-1)
9 AN 2H—Hhishfreqreneyeqiipment{eeneratoramphtier
and measuring instruments)
10 HV-AN 22 optical fibre
11 LV supply lines 23 50Qload

12 HV supply lines

Figure 12 — Example of test set-up - TWC method - Injection on LV (or HV) lines for DUTs with
shielded power supply systems
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1 |DUT 15 HV power supply (should be shielded
if placed inside shielded enclosure)
2 | ground plane 16 power line filter

3 | low relative permittivity suppert (¢, < 1,4); 17 fibre optic feed through
thickness 50 mm

4 | ground straps 18 bulk head connector

5 | LV harness 19 stimulating and monitoring system

6 | HVlines (HV+, HV9) 20 TwWC

7 | LV load simulatot 21 high frequency equipment (generatorjand

amplifier)

8 | impedahc¢e matching network (optional) 22 optical fibre
(see 15O 11452-1)

9 | AN 23 50 Qload

10 HV-AN 24 electric motor

11 LV supply lines 25 three phase motor supply lines

12 HV supply lines 26 mechanical connection (e.g. non conductive)

13 LV power supply 12V / 24V / 48V (should be 27 filtered mechanical bearing (if brake or propulsion
placed on the bench) motor placed outside the shielded room)

14 additional shielded box (if necessary) 28 brake or propulsion motor (can be placed inside

See 8.6.1.1.

the shielded room)

Figure 13 — Example of test set-up - TWC method - Injection on LV (or HV) lines for DUTs with
shielded power supply systems with electric motor attached to the bench
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DUT 15 HV power supply (should be shielded if placed
inside shielded enclosure)
ground plane 16 power line filter
low relptive permittivity support (&, £.1,4); 17 fibre optic feed through
thickngss 50 mm
ground straps 18 bulk head connector
LV harmess 19 stimulating and monitoring system
HV lings (HV+, HV-) 20 TWC
LV load simulator 21 high frequency equipment (generator and
amplifier)
impeddnce matching network (optional) 22 optical fibre
(see ISP 11452x1)
AN 23 50 Qload
HV-AN 27— electric motor
LV supply lines X1 three phase motor supply lines
HV supply lines X2 sensor lines (e.g. resolver, temperature, ...)
LV power supply 12V / 24V / 48 V (should be 26 mechanical connection (e.g. non conductive)
placed on the bench)
additional shielded box (if necessary) 27 filtered mechanical bearing (if brake or propulsion
motor placed outside the shielded room)
See 8.6.1.1. 28 brake or propulsion motor (can be placed inside

the shielded room)

Figure 14 — Example of test set-up - TWC method - Injection on electric motor lines for DUTs
with shielded power supply systems with electric motor attached to the bench
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1 DUT 15 HV power supply (should be shieldedl
if placed inside shielded enclosure)

2 ground plane 16 power line filter
3 low relative permittivity support (e, < 1,4); 17 fibre optic feed through
thickness 50 mm
4 ground straps 18 bulk head connector
5 LV harness 19 stimulating and monitoring system
6 HV lines (HV+,.1HV3) 20 TwC
7 LV load simulator 21 high frequency equipment (generatof, and
amplifier)
8 impedance matching network (optional) 22 optical fibre
(seé1S0 11452-1)
9 AN 23 50 Qload
10  HV-AN 24 AClines
11 LV supply lines 25 AMN for AC power mains
12 HV supply lines 26 AC charging load simulator
13 LV power supply 12V / 24V / 48 V (should be 27 AC power mains

placed on the bench)
14  additional shielded box (if necessary)

Figure 15 — Example of test set-up - TWC method - Injection on LV (or HV or AC) lines for DUTs
with shielded power supply systems and inverter/charger device
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9 Test procedure

9.1 General

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

The DUT shall be made to operate under typical loading and other conditions as in the vehicle. These
operating conditions shall be clearly defined in the test plan to ensure that supplier and customer are

performin

9.2 Test
Prior to pe
— testse
— testm
— freque
— DUTm
— DUTa
— testse
— DUTm
— injecti
— injecti
— testre
— detailg

— detailg

LA | e 14 n
b TUTTILILAT TTSLS.

plan

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

bthod;

ncy range;

ode of operation;

ceptance criteria;

verity levels;

onitoring conditions;

bn and measurement probes locations;

bn conditions for wiring with multiple connectors and/or multiple branches;
port content;

on load simulator;

and DUT;

— anysp
— detailq

Every DUT]
road safety
excited.

ecial instruction's-and changes from the standard test;
d configuration of communication line(s) and AAN(s) if used.

shall bextested under the most significant operating conditions depending on significang
r and Usability, that is at least in stand-by mode and in a mode where all the actuators cat

d configuration for teSton three phases and/or signal lines between the electric m¢tor

e of
1 be

9.3 Test

methods

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.

9.3.1 BC

I test method

9.3.1.1 General

Two BCI test methods are specified:

— the substitution method;
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— the closed-loop method with power limitation.
9.3.1.2 Substitution method

9.3.1.2.1 General

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

This method is performed in two phases:

— |calibration (on fixture);

— |test of the DUT.

9.311.2.2 Calibration

Theg specific test level (current) shall be calibrated periodically by recording the forwjard power
reqpired to produce a specific current measured on a 50 () calibration fiXture as defined in[Annex A at
frequency steps not greater than the maximum frequency step sizes defined in ISO 11452-1.

For|smaller incremental test frequency steps, interpolation between calibration frequencied is allowed
with a maximum interpolation error of 0,5 dB.

Thip calibration shall be performed with an unmodulated-sinusoidal RF signal.

The values of forward and reverse power recorded in¢the calibration file should be included in the test
repprt upon request.

The calibration fixture shall be terminated by @50 Q (high power) load at one end and byja 50 Q RF
power measuring instrumentation at the other end, protected by a 50 () attenuator of adeqpiate power
rating as defined in Annex A.

9.3]1.2.3 DUT test

Theg DUT, harness and all peripheral devices (e.g. load simulator, AN(s), power supply, battery, ...) are
instlalled on the test bench as'shown in Figures 1, 4, 5, 6 or 7.

Install the DUT, harness.and all peripheral devices (e.g. load simulator, AN(s), power supply, battery,
...) ¢n the test bench.in accordance with Clause 7 (for DUT powered by an unshielded power|system) or
ClaIse 8 (for DUT pewered by a shielded power system).

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

When 4 harness containing several branches is used, the test should be repeated with the injection
prope®lamped around each branch. Detailed branches configuration to be tested shall be defined in the
test plan and recorded in the test report.

When a DUT has multiple connectors, the test should be repeated with the injection probe clamped
around each separate connector bundle, if applicable. Detailed connectors configuration to be tested
shall be defined in the test plan and recorded in the test report.

A current measurement probe may be optionally mounted between the current injection probe and the
DUT (see 7.6.1.1 and 8.6.1.1). It can provide extra useful information during investigative work on the
cause of events and the variances in test conditions after system modifications. Care should be taken
because the monitoring probe may affect the injected current.
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9.3.1.3 C(Closed loop method with power limitation

9.3.1.3.1

General

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

This method is performed in two phases:

calibration (on fixture);

— testof

The power;

The distur

9.3.1.3.2
This proce
The specifi

Prior to th
ona50Qd

This calibr

The values
report upo

The calibr

the DUT.
limit Py, is determined using a calibration fixture.

bance (Iyisturbance) applied to the DUT is determined using a limit curve versus, fréquency

Calibration
Hure determines the power limit applicable for the test with DUT.
c test level (current) shall be calibrated prior to the actual testing as defined in Annex A.

b actual test with DUT, the forward power required to preduce a specific current measy
alibration fixture as defined in Annex A shall be determined for each frequency.

htion shall be performed with an unmodulated sinusoidal RF signal.

of forward and reverse power recorded in the ealibration file should be included in the
h request.

ition fixture shall be terminated by a 50 € (high power) load at one end and by a 50 ()

red

test

RF
wer

L

power medsuring instrumentation at the other end; protected by a 50 () attenuator of adequate po
rating as dgfined in Annex A.
The current test signal level is applied to the fixture and the corresponding forward power (P,
recorded.
The power|limit is:
Pew) = ¢ Peal
where
Pew is¢heforward power limit;
P., is the forward power applied to reach the current test signal level in the fixture;
k is a factor equal to 4 unless otherwise specified in the test plan.
9.3.1.3.3 DUT test

The DUT, harness and all peripheral devices (e.g. load simulator, AN(s), power supply, battery, ...) are

installed on

the test bench as shown in Figures 2, 8,9, 10 or 11.

The test procedure uses a closed loop method with power limitation (Pcy). The procedure used at each

frequency
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is described below.
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The forward power applied to the current injection probe is increased and the injected current (I
measured until:

) is
— the measured current reaches the specified test level, or

— the forward power reaches the power limit (P¢yy).

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

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

When a harness containing several branches is used, the test should be repeated with(the injection
prope and the current measurement probe clamped around each branch respectively at((909 * 10) mm
and| (50 + 10) mm from the connector of the DUT. Detailed branches configuration to'be tested shall be
defined in the test plan and described in the test report.

When a DUT has multiple connectors, the test should be repeated with the\injection prope and the
curfent measurement probe clamped around each separate connector bundle, if applicable. Detailed
conpectors configuration to be tested shall be defined in the test plan andydescribed in the t¢st report.

9.3]2 Tubular wave coupler test method

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

— |calibration, using a calibration fixture, and

— |testing the DUT.

9.3]2.1 Calibration

For|calibration, the insertion loss of the used tubular wave coupler in a calibration fixture with a
chafacteristic impedance of 150 () shall-be measured at frequency steps not greater than thg maximum
frequency step sizes defined in [SO 11452-1.

For|smaller incremental test freéguency steps, interpolation between calibration frequencied is allowed
with a maximum interpolatiowerror of 0,5 dB.

The calibration fixture shall include a broadband matching network to the 50 ) impeddnce of the
megsuring equipment: The manufacturer of the calibration fixture shall give the correctign factor of
thid matching netwaork with a maximum uncertainty of 1,5 dB.

Singe the tubular wave coupler and the calibration fixture are linear systems, the coupler ingertion loss
shopld be méasured using a network analyser.

The calibration set-up using a network analyser is shown in Figure 16.

The analysing of coupler insertion loss §5,; using the test power is possible but not necessary. For
full power calibration, the maximum power handling capability of the calibration fixture shall be
considered.

The network analyser shall be calibrated including all cables connecting the tubular wave coupler
and the calibration fixture. Alternatively, the cables shall be appropriately taken into account for the
de-embedding, e.g. by full 2-port characterisation of the cables.

The S-parameter S,, shall be measured.
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3
6
4
| 1 | 3
7
| e
/ 5
2
Key
1  tubularfwave coupler 5 insulating support
2 calibrafion fixture with internal matching unit 6  coaxial cable (network analyser output)
to 50 - system
3 50 Qlofd resistor, VSWR 1,2:1 maximum 7  coaxial cable (network-analyser input)

network analyser (50 (1)

Figure 16 — Tubular wave coupler calibration set-up

The insertion loss of the coupler is given by:

I, =- 1%l -F
where
I is the insertion loss of the tubularwave coupler, in dB;

|521| is the amplitude of the S,; parameter, in dB;

F is the correction factor,efthe calibration fixture, in dB.

9.3.2.2 IDUT test

The DUT, harness and all peripheral devices (e.g. load simulator, AN(s), power supply, battery ...)[are
installed oh the test behth as shown in Figures 3, 12, 13, 14 or 15.

The forward powenrP;. for DUT testing shall be calculated by:

T t+IL

where

P, is the required test power according to the test plan, in dBm;

P;.  isthe forward power, in dBm;

r

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

9.4 Testreport

As required in the test plan, a test report shall be submitted detailing information regarding the test
equipment, load simulator, test area, systems tested, frequencies, power levels, system interactions and
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any other relevant information regarding the test. Any deviation from the test plan shall be specified in
the test report.

For the BCI closed loop method with power limitation, the following additional information shall be
included in the test report:

— thevalues Lep Prep Iauiv Prauie Powr

— the test bench transfer impedance (the voltage injected at the plane of the current injection probe
divided by the current measured by the current measurement probe). A precise description of test
bench transfer impedance measurement or calculation methods is given in Annex B.
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Annex A

(normative)

Calibration configuration (current injection probe calibration)

A calibration fixture is used to determine the injected current. Figure A.1 shows an example of a test

equipment

conficguration fortha currant iniaction nroho calibheatingy
o } 33 HOHP

Mount the
test freque
be conduct]

Key
shielde
50 Qco
calibrat

injectio
5 50Qat

cOTIIT

TOTTTror—crre-coarremreT

TOoC-CorroTrTtIoTT

injection probe centred in the calibration fixture (see Figure A.2) and, while sweeping|the

ncy range, measure the forward power required to achieve the current at which testing is to
ed.
1
3
2 5 6
4
TIT
Il
I
Il
Il
I
Il
8 9 10
H enclosure 6  spectrum analyser or equivalent
axial load, VSWR 1,2: 1 max 7  RF power level measuring device (two are required)
ion fixture 8 RF 50 Q dual directional coupler (with 30 dB minimum
decoupling coefficient)
n probe 9  broadband amplifier with 50 Q output impedance
fefiuator 10 RF signal generator

32

Figure A.1 — Example of current injection probe calibration configuration
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Ul s W N

Thd
req

! \
1
insulation
removable metal cover
current injection probe
direct connection to 50 2 measurement equipment
direct connection to 50 Q load

Figure A.2 — Example of calibration fixture

physical size of the calibration jfixture shall be in accordance with the probe man
1irements.

ufacturer's
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Annex B
(informative)

Test set-up transfer impedance

B.1 Gen

The test se

Z

tr

I

where

Zy. is

Vind iS

L.

ind 1S

It is used
independe
carried out

It can be m
current me

B.2 Meqg

B.2.1 De

infjection probe;

ral
t-up transfer impedance is defined as follows in Formula (B.1):
nd (
nd

the test set-up transfer impedance;

the common mode voltage induced in the wiridg harness by the curr

the common mode current induced at the measurementpoint.

to characterise the system comprising the .wir¥ing harness, the DUT and the lo
htly of the injection and current measurement probes, to make it easier to compare t
in different laboratories or using different test wiring harnesses.

easured using a network analyser as described in B.2 or deduced from the direct power
asurements during calibration and testing as described in B.3.

suring the transfer impedance using a network analyser
fining the parameterrelationships

1

/

/

B.1)

ent

hds,
bsts

and

Key
1

S parameter quadripole

Figure B.1 — Definition of incident and reflected waves

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

as follows.

34
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For port 1 of the network analyser follow Formulae (B.2) and (B.3):

Vi+Z.1
1 c1
a=—1—=1 (B.2)
PN
V,~Z 1
I (B.3)
N2
where

a; 1stheincident wave;

b, isthe reflected wave;
V; isthe common mode voltage induced in the wiring harness by the current ifjection probe;
I; is the common mode current induced at the measurement point;

Zc s the characteristic impedance (here, Z. = 50 ().

For[port 2 of the network analyser follow Formulae (B.4) and (B.5):

Vo+Z: 1
2 C"2
a,=—2—=2 (B4)
2 2z,
V,~Z I
=22 (B.5)
> 2z,
wh¢re

a, isthe incident wave;

b, isthe reflected wave;
V, isthe common mode veltage induced in the wiring harness by the current injection probe;
I, is the common mode/current induced at the measurement point;

Z

. is the charactetistic impedance (here, Z; = 50 Q).

In ghysical terms,\the incident and reflected waves carry the input and output power to arld from the
four-terminal network.

The relatienship between the incident and reflected waves is given by the S parameters|[Formulae

(B.4) and{(B.7)]:

lll - Sllul T Slzuz aud llz = 521(,{1 T 522!.42 (B.6)

When the output of the network is loaded with 50 :

a, = 0, therefore b, = §;,a; and b, = S,,a4 (B.7)

where

S11  is the coefficient of reflection;

S,1  is the coefficient of transmission of the four-terminal network.
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B.2.2 Calibrating the current injection probe

Key

1

2 portl
3 port2
4

5 50Qlo
6

By definitipn, the insertion loss I, of theicurrent injection probe is given by Formulae (B.8) and (B.9):
D
2= 23_ =S2
L b~ 221 inj
il
where
IL2 is the power insertion loss of the current injection probe, in decibels (dB);
b% is thepower induced on the calibration fixture port, in decibels (dB);
aZ 1ctha nowar annhiod o tha cyprant i ction neoha 10 do~ibhale (AR
¢ Listh e-power-apphied-to-the-currentinjectionprobe-in-decibels By
5%1 inj 1s the power transmission coefficient of the current injection probe, in decibels (dB).
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1

3

o

network analyser

currentinjection probe

hd

calibration fixture with metal cover in place

Figure B.2 — Calibrating the current injection probe

3.8)
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