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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 the normal operation of many items of
motor vehicle equipment. They are generated over a wide frequency range with various electrical
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

intd
sou

Thd
ISO
mef

ISO

the electrical and electronic system, affecting the normal performance of electronic de
'ces of narrowband electromagnetic disturbances include mobile radios and broadcasttry

characteristics of the immunity of a vehicle to radiated disturbances have)to”be e
11451 provides various test methods for the evaluation of vehicle immunity eharacteris
hods need be used to test a vehicle).

11451 is not intended as a product specification and cannot function as-one. Therefore,

Pro
be 4

NOT
mar
secy]
ana

Val\[es for the test severity level are given.

chieved using the various parts of ISO 11451.
E Immunity measurements of complete vehicles are genferally able to be carried out only by

ecy of prototypes, or a large number of different vehiclé.models. [SO 11452 specifies test met
ysis of component immunity, which are better suited fot’supplier use.

vices. Such
insmitters.

stablished.
Fics (not all

no specific

ection from potential disturbances needs to be considered in atetal system validation, ajnd this can

¥ the vehicle

ufacturer, owing to, for example, high costs of absorber-lined shielded enclosures, the desire to }Ilreserve the

ods for the
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Road vehicles — Vehicle test methods for electrical
disturbances from narrowband radiated electromagnetic
energy —
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Scope

5 part of ISO 11451 specifies methods for testing the immunity of passenger cars and d
icles to electromagnetic disturbances from on-board transmitters connected to an extery

portable transmitters with integral antennas, regardless of the yehicle propulsion s
(k ignition engine, diesel engine, electric motor).

Normative references
following documents, in whole or in part, are normatively referenced in this docume

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

11451-1, Road vehicles — Vehicle test methods:for electrical disturbances from narrowba
tromagnetic energy — Part 1: General principles and terminology

11451-2, Road vehicles — Vehicle test imethods for electrical disturbances from narrowba
tromagnetic energy — Part 2: Off-vehicle radiation sources

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 11451-1 and the follo

boral antenna
manent fixed.antenna which may be built-in, designed as an indispensable part of th

trapsmitting device

Test'conditions

ommercial
al antenna
ystem (e.g.

nt and are

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

S.

nd radiated

nd radiated

wing apply.

e portable

anvi el frnannnoy ranagn aftbhatnct o nthod o1 O Mo+ E OC 1T
T e T D00 Ot

o
TP PIICaoICIT CqutTICy TatrgC-oT Tt —TCs TTCTITOC TS 1,0 IV I T T 2 CU 050

The user of this part of ISO 11451 shall specify the test severity level or levels over the frequency
bands. Typical on-board transmitter characteristics (frequency bands, power level and modulation)

are

given in Annex A.

NOTE Users of this part of ISO 11451 should be aware that Annex A is for information only an
considered as an exhaustive description of various on-board transmitters available in all countries.

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

test temperature;

supply voltage;

© ISO 2015 - All rights reserved

d cannot be


https://standardsiso.com/api/?name=3a02ad810e34c6dfa176317281db2e02

ISO 11451-3:2015(E)

— dwell time;

— test signal quality.

5 Testl

ocation

5.1 General

This test would typically be performed in an absorber lined shielded enclosure (ALSE). Where national

regulation

permit, the test can also be performed at an outdoor test site

5.2 Abso¢rber lined shielded enclosure (ALSE)

An absorb
for this teq

NOTE y;
of the vehic

br lined shielded enclosure with the characteristics specified in ISO 11451-2'is adeqyate

t.

\t frequencies where absorbers are not effective, the reflections in the chamberican affect the expo
e.

5.3 Outdoor test site

Where nat
area with 4
site tests,

onal regulations permit the use of an outdoor test site, the putdoor test site should hav

pure

P dn

| radius of 10 m free from large metal structures or objéets. When performing outdoor fest-

are shall be taken to ensure that harmonic suppressiotrregulations are met.

6 Testinstrumentation

6.1 Gen
The follow
— signal
— power
— power
— field gg
— fieldp

6.2 Sign

bral

ng test instrumentation is used:

sources with internal or externalmodulation capability;

amplifier(s);

meter (or equivalentmedsuring instrument) to measure the forward and reverse power
enerating devices: antennas;

robes (for enyironmental monitoring).

al sources

6.2.1 Transmitters with antenna outside the vehicle

Signal sources for transmitters with antenna outside the vehicle can be

— simulated on-board transmitters: use of a signal generator and broadband power amplifier, and

— commercial on-board transmitters installed in vehicle capable of generating radio frequency (RF)

power

in their operational frequency ranges with specific output power.

NOTE When using simulated on-board transmitters, it is advisable to place an RF choke (ferrite or powdered
iron toroid, depending on frequency) around the coaxial cable to the antenna, in order to reduce skin currents and
more closely simulate a transmitter installed in the vehicle.

© ISO 2015 - All rights reserved
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2 Transmitters with antenna inside the vehicle

Signal sources for transmitters with antenna inside the vehicle can be

— simulated portable transmitters: use of a metallic box with similar dimension to the portable

6.3

transmitter and amplifier (if needed), and

commercial portable transmitters with integral antennas.

RF power and field monitoring equipment

Ap
ant

6.4
6.4

6.4

Wh
des

All
less
rec
(sed

Wh

appropriate frequency range. In this case, the VSWR shall not be adjusted, but shall be recor

6.4

Thd
VSV

6.4

bwer meter is required when using simulated on-board transmitters for measuring pd
enna. Both forward power and reverse power shall be measured and recorded.

Antennas
1 Transmitters with antenna outside the vehicle

1.1 Simulated on-board transmitters

en an original equipment manufacturer (OEM) antenna is not inStalled on the vehicle, the
cribed below shall be used.

For frequency ranges lower than 30 MHz, loaded antennas shall be used. Loaded anten
lumped or distributed reactive components with a radiating element physically shorter th
wave at resonance.

For frequency ranges higher than 30 MHz, e.g. for the very high frequency (VHF) and
frequency (UHF) bands, quarter wave anterdinas should be given preference over 5/8 wav
since there are higher skin currents created by quarter wave antennas.

hntennas shall be tuned on the vehjcle for minimum voltage standing wave ratio (VSW
than 2:1), unless otherwise specified in the test plan. As a minimum, the VSWR val
rded with the antenna on the.vehicle at the lower and upper band edge and at a middlqg
Annex B for guidance on influence of cable loss and VSWR).

en an OEM antenna is aCtually installed on the vehicle, this antenna shall be used for thd

1.2 Commereial on-board transmitters

VR shalknot be adjusted.

2~ Transmitters with antenna inside the vehicle

wer to the

antenna(s)

has employ
an quarter

ultra-high
P antennas,

R, typically
e shall be
frequency

test in the
Hed.

vehicle OEM-antenna shall be used for the test in the appropriate frequency range. In thiis case, the

6.4.

2.1 Simulated portable transmitter

Unless otherwise specified the simulated portable transmitter antenna characteristics shall be a passive
antenna as detailed in C.2. Examples of other antennas which can be used are defined in Annex C.

All antennas should have a minimum VSWR (typically less than 4:1), unless otherwise specified in the
test plan. As a minimum, the VSWR value shall be recorded at the lower and upper band edge and at a
middle frequency.

6.4.

2.2 Commercial portable transmitters

When a commercial portable transmitter with integral antenna is used, its antenna shall be used for the
test in the appropriate frequency range. In this case, the VSWR shall not be adjusted.
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6.5 Stimulation and monitoring of the device under test

If remote stimulation and monitoring are required in the test plan, the vehicle shall be operated by
actuators which have a minimum effect on the electromagnetic characteristics, e.g. plastic blocks on the
push-buttons, pneumatic actuators with plastic tubes.

Connections to monitoring equipment can be accomplished by using fibre-optics or high resistance
leads. Other types of leads can be used, but they require extreme care to minimize interactions. The
orientation, length and location of such leads shall be carefully documented to ensure repeatability of
test results.

Any electrical connection of monitoring equipment to the vehicle can cause malfunctions of the vehjcle.
Extreme cqre shall be taken to avoid such an effect.

7 Test get-up
7.1 Tranpsmitters with antenna outside the vehicle

7.1.1 Simpulated on-board transmitters

The test chn be performed with test antenna(s) or with the vehicle’s OEM antenna, as definedl in
6.4.1.1.

When a teqt antenna is used, the location(s) of the transmitting antenna on the vehicle shall be defined
in the test[plan. If no specific location(s) are agreed between ‘the users of this part of ISO 11451,|the
following lpcation (s) are recommended, as illustrated in Figufe 1:

— locatigns 1 (vehicle roof, front) and 2 (vehiclet'roof, rear) are the default locations | for
frequencies 230 MHz;

— locatign 9 (bumper) is the default location for frequencies <30 MHz.

Key

1  vehicle roof (front) 6  fender (rear, right)
2 vehicle roof (rear) 7  fender (rear, left)
3 vehicle roof (middle) 8 trunklid (middle)
4  fender (front, right) 9  bumper (middle)
5 fender (front, left)

Figure 1 — Recommended locations for antennas outside the vehicle

4 © IS0 2015 - All rights reserved
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When the vehicle OEM antenna is used, it should be used as it is installed in the vehicle without any
change of antenna characteristics (location, VSWR, etc.).

Examples of test set-up for simulated on-board transmitters are shown in Figure 2 (use of test antenna)
and Figure 3 (use of vehicle OEM antenna).

NOTE When the vehicle OEM antenna is used for multiple transmitters/receivers frequency, itis advisable not
to use a simulated on-board transmitter (with “broadband” amplifier). The amplifier noise level can be sufficient
to degrade some vehicle functions, like GPS satellite reception. The validation of such functions (relative to vehicle
on-board-transmitter immunity) can only be performed with the vehicle OEM on-board transmitter. In this case,
it might be necessary to operate the on-board vehicle transmltter in real condltlons This can be performed by

+L£3 1.l Al 1 <l
uSl s SpPLLInic C\.iullJlllCllL, ITRACT A U\Jl l uadaostT o\,auuu auuula\,ux LDCC I L L- allu l l;’.ul < TJ

1
/
/

Key
ALSE

RF signal generator (can’be outside test facility)
power amplifier_(ean be outside test facility)

dual directiodal’eoupler (can be outside test facility)
power meter (can be outside test facility)

N U1 A W N

test antenna (positions defined in test plan)

— - i - i fenna

© IS0 2015 - All rights reserved 5
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~
o
<

ALSE
RF sign|
power
dual dif
power
vehicle
on-boa

X N O Ul A W N

vehicle

Figure 3

712 Co

The vehiclg
vehicle, wi

An exampl

pl generator (can be outside test facility)

nmplifier (can be outside test facility)

ectional coupler (can be outside test facility)

meter (can be outside test facility)

OEM antenna

"d transmitter (disconnected from vehicle antenna)
antenna cable connector

mmercial on-board transmitters

b commerciallon-board transmitter and OEM antenna should be used as it is installed in
hout any change of transmitter and antenna characteristics (location, VSWR, etc.).

b of test set-up for commercial on-board transmitters is shown in Figure 4.

— Example of test set-up,for simulated on-board transmitter and vehicle OEM antenna

the

© ISO 2015 - All rights reserved
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Key

1 |ALSE

2 |on-board transmitter (connected to vehicle antenna)

3 |vehicle OEM antenna

4 |antenna (when necessary)

5 [|base station simulator inside or outside testfacility (when necessary)
6 |vehicle antenna cable connector

7.2

7.2

The location(s).of a simulated or commercial portable transmitter in the vehicle shall be det
tesq plan. If no,Specific location(s) are agreed between the users of this part of ISO 11451, th
locdtion(s)}aré recommended:

ISO 11451-3:2015(E)

Figure 4 — Example of test set-up for commercial on-board transmitter

Transmitters with ‘antenna inside the vehicle

1 General

ined in the
b following

the seat

at the passenger’s head position (centred the back of the seat at a height of 0,8 m from the seat

cushion, with the seat in medium position), antenna in vertical polarization;

in specified places where a portable transmitter can be placed, i.e. between front se
vehicle’s centre console, storage compartments;

ats, on the

at the rear passenger’s head position (centred on the back of the seat at a height of 0,8 m from the

seat cushion, with the seat in medium position), antenna in vertical polarization.

7.2.2 Simulated portable transmitters

An example of test set-up for simulated portable transmitters is shown in Figure 5.

©IS
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Key

1 ALSE

2 RF sign|
3  power
4 dual dij
5 power
6

7.2.3 Co

pl generator (can be outside test facility)
nmplifier (can be outside test facility)
ectional coupler (can be outside test facility)
meter (can be outside test facility)

simulated portable transmitter (positions defined.in test plan)

mmercial portable transmitters

Figure 5 — Example of test set-up for simulated portable transmitters

Examples ¢f test set-up for comamercial portable transmitters are shown in Figures 6 and 7 (use of hase

station sim

NOTE
cases, the td
frequency, 4

ulator).

ertain RF s{stems (e.g. GSM phones) transmit with different RF power levels and frequencies. In §uch
st mighthot necessarily be performed at the maximum RF power level. To control output power|and
ither devices with modified software or base station simulators can be used.

© ISO 2015 - All rights reserved
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Key
1 |ALSE

2 |commercial portable transmitter (positions defined int€st plan)

Figure 6 — Example of test set-up’/for commercial portable transmitters

© IS0 2015 - All rights reserved 9
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2 N\

Key

1 ALSE
2 commefcial portable transmitter (positions defined in test plan)
3 base station simulator inside or outside test facility

4  antenng (when necessary)

Figure 7 —+ Example of test set-up for commerg¢ial portable transmitters and base station simuldtor

8 Test procedure

8.1 General

The generdl arrangement of¥¢hicle, transmitter(s) and associated equipment represents a standardjzed
test conditjon. Any deviatigns from the standard test configuration shall be agreed upon prior to tesfing
and recorded in the testreport.

The vehicl¢ shalldbe'made to operate under typical loading and operating conditions. These operafing
conditions|shall be clearly defined in the test plan.

8.2 Testplan

Prior to performing the tests, a test plan shall be generated which shall include:

— testset-up;

— frequency range(s) and associated modulation(s);

— duration of transmission;

— antenna location and polarization;

— routing of the coaxial cable to the antenna in the vehicle (for simulated on-board transmitters);

— vehicle mode of operation;

10 © IS0 2015 - All rights reserved
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— vehicle monitoring conditions;

— vehicle acceptance criteria;

— vehicle exposure methodology (simulated or commercial transmitter);

— simulated portable transmitter antenna or commercial transmitter antenna location;
— definition of test severity levels;

— maximum antenna VSWR value if necessary;

— |test report content;

— |any special instructions and changes from the standard test.

8.3| Test method

IMPORTANT — The appropriate guidelines (national regulation, IGNIRP [1][2] etc]) shall be
follpwed for the protection of the test personnel.

8.3]1 Transmitters with antenna outside the vehicle
8.3/1.1 Simulated on-board transmitters

8.3]1.1.1 General

Thd vehicle, antenna(s) and associated equipment ate installed as described in 7.1.1.
Thetestseverity levels are defined in terms of regt-mean-square (RMS) power measured for a fontinuous
waye (CW) signal.

8.3]1.1.2 OEM antenna configuration
The reference parameter for thetést is the forward power at the vehicle’s antenna cable terrhinal.

For|vehicles with an OEM antenna, the test shall at least be performed with this configuration even if
testls are also performed with test antenna(s).

With the power amplifier output connected at the OEM antenna cable terminal, increase the forward
power level until the/predetermined level is achieved. For modulated signals, the peak conservation
primciple shall b@applied as defined in ISO 11451-1. Perform the test at frequencies within tHe designed
ban/dwidth of the'OEM antenna (at least at the lower and upper band edge and at a middle frequency and
at frequency'steps not greater than those defined in ISO 11451-1).

Corntintie testing until all frequency bands, modulations, polarizations and antenna locatior]s specified
in theest plan are completed.

NOTE At test locations on the vehicle where system interactions are observed (changes/degradations in
performance), the test can be repeated in a second step with commercial on-board transmitters transmitting
with the maximum allowed power level, as defined in 8.3.1.2.

When required in the test plan, the immunity threshold shall be determined.

8.3.1.1.3 Test antenna configuration
The reference parameter for the test is the net power at the test antenna feed-point.

With the power amplifier output connected at the test antenna feed-point, increase the net power level
until the predetermined level is achieved. For modulated signals, the peak conservation principle shall
be applied as defined in ISO 11451-1. Perform the test at frequencies within the designed bandwidth of

© IS0 2015 - All rights reserved 11
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the test antenna (at least at the lower and upper band edge and at a middle frequency and at frequency
steps not greater than those defined in ISO 11451-1). The use of more than one test antenna might be
necessary to cover an entire frequency band.

Continue testing until all frequency bands, modulations, polarizations and antenna locations specified
in the test plan are completed.

NOTE At test locations on the vehicle where system interactions are observed (changes/degradations in
performance), the test can be repeated in a second step with commercial on-board transmitters transmitting
with the maximum allowed power level, as defined in 8.3.1.2.

Wh H pn £l + ol 4] H LR | 1 1d <l 111 Aot H |
en req ITTU 11T LIIT LTS U Plall, LIIC lllllllulll\,y LIIT COTIUIU S1Idll UT UTLTT IIIITICTU.

8.3.1.2 ({ommercial on-board transmitters

The vehiclg is installed in the test facility as described in 7.1.2.

The test shiall be performed with unmodified commercial on-board transmitter characteristics (poyver,
modulatiom, etc.) and the unmodified vehicle OEM antenna. Any exception to this practice shal| be
specified in the test plan.

NOTE IIn general, the commercial on-board transmitter power considered fox this test is the commercjally
available/d¢clared value of rated power.

Operate the commercial on-board transmitter connected to the OEM antenna in the configuration(s)
indicated iph the test plan, noting any anomalies.

Continue t¢sting until all on-board transmitter(s) specified intthe test plan are completed.
8.3.2 Transmitters with antenna inside the vehicle

8.3.2.1 Simulated portable transmitters
This methqd is performed in two phases:
— testleyel setting;

— test of|the vehicle.

8.3.2.1.1 |Test level setting

The adjustment of the net power level shall be performed in continuous wave (CW), with the simulgted
portable tifansmitter antenna placed at a minimum distance of 1 m from any part of the vehicle, ffom
the ground plane aid from the test enclosure, and 0,5 m from any absorber, until the predetermined
level is achfieved.

Record the net power level and the forward power level.

NOTE If a PEP (peak envelope power) meter is used, the modulated signal can be used during the power
adjustment.

8.3.2.1.2 Vehicle test

There are two alternative ways, either of which can be used, to expose the vehicle after the test level
setting phase.

a) Approach the simulated portable transmitter at the various positions indicated in the test plan
without switching off the power of the simulated portable transmitter.

12 © IS0 2015 - All rights reserved
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b) Switch off the power of the simulated portable transmitter, approach the simulated portable
transmitter at the various positions indicated in the test plan, then switch on the power of the
simulated portable transmitter.

The test on the vehicle shall be performed at the various positions indicated in the test plan, with CW
and/or modulated signals indicated in Annex A.

The test on the vehicle shall be performed without any change in the forward power level recorded
during the determination of the net power (test level setting).

For amplitude modulation (AM) and pulse modulation (PM) signals, the test on the vehicle shall be
performed with power level adjustment, In order to fulfil the peak conservation principje given in
[SO[11451-1. The power adjustments shall be performed in the same condition of simulatgd portable
trapsmitter location as described for test level setting.

NOTE1 Due to the position of the simulated portable transmitter antenna close to the-vehicle, [variation in
trarjsmitter net power can occur. If a variation of net power occurs, readjustment of net-power is notfrequired.

If manual positioning of the antenna is required while the RF power is switched on, ther] care shall
be taken, according to ICNIRP Guidelines, to minimize the exposure of the operator to the generated
fieldl. It is recommended that a minimum distance of 0,5 m from the epérator to the simulat¢d portable
trajsmitter be maintained in order to limit operator influence.

Perform the test at frequencies within the designed bandwidtlrof the test antenna (at least 4t the lower
and upper band edge and at a middle frequency and at frequeéricy steps not greater than th¢se defined
in I$0 11451-1).

Corl(inue testing until all frequency bands, modilations, polarizations and simulatefl portable
trajsmitter antenna locations specified in the test plan are completed.

NOTE 2  Becauseitis not practical to perform the\test at every possible location of a portable transrpitter inside
the pehicle, the test can be performed as a firststep for limited defined locations with power levelsfhigher than
the typical one given in Annex A.
NOTE 3 At test locations on the vehicle where system interactions are observed (changes/degradations in

performance), the test can be repeated in‘a second step with commercial portable transmitters transgitting with
the maximum allowed power level, as defined in 8.3.2.2.

8.3j2.2 Commercial portable transmitters
The vehicle and associated equipment are installed as described in 7.2.3.

The test shall be-performed with unmodified commercial portable transmitter characteristiics (power,
modlulation, anteénna). Any exception to this practice shall be specified in the test plan.

NOTE In“general, the commercial portable transmitter power considered for this test is the commercially
available/declared value of rated power.

Op\'vf\{—n tha comnnrcial ot o oo a1 tha configirati o) s dicatbnd 1 b ot lan noting
)

To e tIrIC— CoTmIIICT oo poT taoTT Ll TSI CCCT I e e COTI TS U T o croT (o) Gt et Crre—te ot

any anomalies.

Continue testing until all portable transmitter types and locations specified in the test plan have been tested.

8.4 Testreport

As required by the test plan, a test report shall be submitted, detailing information regarding the
test equipment, test site, test set-up, systems tested, frequencies, power levels, the antenna used, the
portable or commercial transmitter used, VSWR values, system interactions, and any other information
relevant to the test.

© IS0 2015 - All rights reserved 13
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Annex A

(informative)

Typical characteristics of on-board transmitters

Examples of typlcal characterlstlcs for vehicle on- board transmltters are given in Tables A. 1 and A.2,

and an expla are for
informatiopn only: frequency bands can be dlfferent from one region to another and the use of power
levels greater than those indicated can be expected.
For amplityide modulation (AM) and pulse modulation, powers are specified using the peak'conservation
principle (RMS power of a CW signal with same peak amplitude).
Table A.1 — Typical characteristics for transmitters with antenna outside vehicle
i ios- | Frequency band Power : i
Transmlﬂfer desig q y Typical transmitter Test Modulatioh
natlion MHz w modulation
short|lwave 1,8 to 30 100 (RMS) Telegraphy, AM,SSB, FM AM 1 kHz, 80 %
8m 30 to 50 120 (RMS) EM cwW
6[m 50 to 54 120 (RMS) | Telegfdphy, AM, SSB,FM |  AM 1 kHz, 80 %
4m 68 to 87,5 120 (RMS) FM cw
2im 144 to 148 120 (RMS) {+Telegraphy, AM, SSB, FM CW
70fcm 410 to 470 120 (RMS) Telegraphy, AM, SSB, FM Ccw
380 to 390
410 to 420
TDMA/ FDMA, PM 18 Hz,
TETRA/TETRAPOL 450 to 460 20.(Peak) Tetra: /4 DQPSK 50 % duty cycld
806 to 825
870 to 876
PM 217 Hz,
50 % duty cycle
L or
AMPS/G:SM850 82410849 20 (Peak) GMSK, PSK, DS PM 217 Ha,
Ton =577 us
t=4600 ps
PM 217 Hz,
0
20 (Peak) 50 % dg;y cycld
GSM900 876 to 915 . (l;);ak) GMSK PM 217 Hz,
Ton =577 us
t=4600 us
23 cm 1200to 1300 25 (RMS) Telegraphy, AM, SSB, FM Cw
PM 217 Hz,
0
PCS, GSM1800/1900 | 1710t01785 20 GMSK R T
’ 1850to0 1910 1 (Peak) PM 217 Hz,
Ton =577 us
t=4600pus
PM 1600 Hz,
IMT-2000 1885to 2025 1 (Peak) QPSK 50 % duty cycle

14
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Table A.1 (continued)

Transmitter desig-

Frequency band

Power

Typical transmitter

. . Test Modulation
nation MHz w modulation
PM 1000 Hz
LTE 800 832 to 862 4 (Peak) QPSK
10 % duty cycle
PM 1000 Hz
LTE 2600 2500to0 2620 4 (Peak) QPSK

10 % duty cycle

Table A.2 — Typical characteristics for transmitters with antenna inside vehi¢le
i io. | Frequency band Power ; ;
Trpnsmitter desig q y Typical transmitter Teét Mollulation
nation MHz W modulation
10 m 26 to 30 10 (RMS) Telegraphy, AM, SSB, EM AM 1 kHz, 80 %
2m 144 to 148 10 (RMS) Telegraphy, AM, SSB, FM cw
70 cm 410 to 470 10 (RMS) Telegraphy, AM;SSB, FM cw
380 to 390
410 to 420
TDMA/ FDMA PM 1B Hz
THTRA/TETRAPOL 450 to 460 10 (Peak) : : ’
806 to 825 Tetra: m/4 DQPSK 50 % dyty cycle
870 to 876
PM 217 Hz,
50 % dyty cycle
AMPS/GSM850 824 to 849 10 (Peak) GMSK, PSK, DS oM 2°r7 Hy
Ton = p77 pus
t=4600 ps
PM 217 Hz,
0,
16 (Peak) 50 % d;‘ﬁy cycle
GSM900 876 to 915 or GMSK PM 217 Hz
2 (Peak) Ton =p77 ps
t=4600 ps
893 to 898 d
PDC 925 to 958 0,8 (Peak) TDMA " ;Md;? o
1429 to 1 453 o auty ey
PM 217 Hz,
0,
PCE. GSM1809)/1900 | 1710to1785 ’ U:)?rak) GMSK PR e
1850to 1910 1 (Peak) PM 217 Hz,
Ton =p77 us
t=4400 ps
CW -1 (RMS
IMT-2000 1885 to 2 025 (RMS) QPSK CWand PM 1600 Hz,
PM - 1 (Peak) 50 % duty cycle
Bluetooth/WLAN | 2400 to 2 500 0,5 (Peak) QPSK 5(}3)1\;[@ {jﬁ?}?gﬁie
IEEE 802.11a 5725to 5850 1(Peak) QPSK S(P))D‘:IA)ldﬁ?}?cI-}IIi‘le
PM 1 000 Hz
LTE 800 832 to 862 4 (Peak) QPSK
10 % duty cycle
PM 1000 Hz
LTE 2600 2500 to 2 620 4 (Peak) QPSK

10 % duty cycle

© ISO 2015 - All rights reserved
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Table A.3 — Terms

Term
(modulation/access sys- Definition Example of use
tem/name)
AM Amplitude Modulation Broadcast
AMPS Advanced Mobile Phone System —
DECT Digital Enhanced Cordless Telecommunications —
DQPSK Differential Quadrature Phase Shift Keying Iridium Satellite Tele-
phone
FDMA Frequency Division Multiplex Access —
FM Frequency Modulation Broadcast
GMSK Gaussian Minimum Shift Keying GSM
GSM 850 Global System of Mobile Phones 850 MHz Band —
GSM 900 Global System of Mobile Phones 900 MHz Band —
GSM 1800/]1900 Global System of Mobile Phones 1800/1900 MHz BandCA—
HAM Term/Name for licensed Amateur Radio HAM Radio Station
IEEE 802.11a 802.11 refers to a family of specifications developed by |WLAN
the IEEE for wireless LAN technology

IMT-2000 International Mobile Telecommunications.2000 UMTS
LTE Long Term Evolution network 4G mobile
PCS Personal Communications Service —
PDC Personal Digital Cellular —
PM Pulse Modulation PDC
PSK Phase Shift Keying CDMA
QPSK Quadrature Phase Shift Keying UMTS, W-LAN
SSB Single Side Band Military, HAM Radio
Telegraphy|(CW) Morse telegraphy/Coded Work —
TDMA Time Division Multiple Access Tetra 25, DECT, GSM
TETRA Terrestrial Trunked Radio —
TETRAPOL Terrestrial Trunked Radio Police —
UMTS Universal Mobile Telecommunication System —
WLAN Wireless Local Area Network —
10 m/6 m/2 m/70.cm/23 cm|HAM Radio Band as wavelength —
16 © IS0 2015 - All rights reserved
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Annex B
(informative)

Guidance on tuning antennas on the vehicle for minimum voltage
standing wave ratio (VSWR)

Where the test Tevel is specified using net power, the required forward power at the coupler can be
caldqulated based on knowledge of cable loss and measurement of VSWR at the coupler.

At the antenna, the ratio of reflected to forward power is related to VSWR as defined.ih Forjmula (B.1),
and| the ratio of net to forward power is related to VSWR as defined in Formula (B.2):

2
PantREFL [ kyswr,ant —1 J

(B.1)
Ponerwp | Kvswroant +1
2
P k -1
ant,NET 1 VSWR,ant (B.Z)
PantFwp kyswr,ant +1
3 Pt NET
AP = 10x1g| —2nGNET (B.3)
ant,FWD

where

kvswRr,ant 1s the voltage standing wave ratio at the antenna;

PantReFL  is the reflected power at'the antenna;

Pantpwp  is the forward powekat the antenna;

PantNET IS the net powertat the antenna;

AP is the differerice between net power in dB and forward power in dB.

For|a cable (transmission line) with 0 dB attenuation, AP as a function of VSWR is plotted in Figure B.1.
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-0,6
-0,8 \\

-1,2

4.4

Key
X  voltage
Y AP(dB]

-1,6
-1,8

2,5 3

standing wave ratio

Figure B.1 — Relationship between AP and VSWR

The relationship between forward power at the coupler and net power at the antenna can be calculafed.

If the cable

A=—2
P

m

the net poy

Pant,N E

where
P meas, |

Pmeas,l

This can bg

P ant,N

loss between power coupler and antenna is givef'by 4, as defined in Formula (B.4):

nt, FWD

as,FWD

ver to the antenna, Pant NET, as defined in Formula (B.5), is:

1 xP
‘:(AxpmeaS,FWD) A meas,REFL

wp is the measured forward power;

EFL is themeasured reflected power.

 expres$ed in terms of VSWR measured at the coupler, as defined in Formula (B.6):

2

T A_lx(kvswrz,meas—lw

(B.4)

(B.5)

(B.6)

P meas,FWD

AP'=10xlg£

where

kvswr,

The equation results for cable loss values of 0 dB, 1 dB, 2 dB, and 3 dB are shown in Figure B.2.

18

4 \ Kmeas,FwD T1 )
P ant,NET
P meas,FWD

measiS the measured voltage standing wave ratio.

(B.7)
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1
0 [ \\\é
) i e
— \\\ \\\\\\\ 2
i S~ —~< _
N \~\\ ~d
° 4 N L3
R ] N
-8 Ny
-10 \ \
1 1,5 2 2,5 3 3,5 4
Y X
Key
X |voltage standing wave ratio
Y (AP (dB)
1 [A(dB)=0
2 |AdB)=1
3 |A(dB)=2
4 JA(dB)=3

If VSWR and cable loss are low, then antenna'ttet power can be approximated by measurt

Figure B.2 — Relationship/between AP’ and VSWR

power, multiplied by the cable attenuation factor, as defined in Formula (B.8):

However, for high VSWR or cable.loss, the nonlinear interactions described above shall be

P

antNET ~ Ax Pmeas,FWD

conpideration to determine the)net power delivered to the antenna.

bd forward

(B.8)

taken into

© ISO 2015 - All rights reserved
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Annex C
(informative)

Examples of simulated portable transmitter antennas

This anne»
portable tr|

Miniat

— Sleeve

Monop

All dimens
C.2 Mi

C21 G

TTTCTIOUTT

L provides details of the miniature broadband antenna with examples of other simulz
nnsmitter antennas which can be used to perform the tests described in this part of [SO 11

ure Broadband antenna
antennas
ole antennas

ons in the figures included in Annex C are in millimetres.

niature broadband antenna

eneral

The small broadband antenna acts comparable to a symmetrical broadband dipole antenna. In cont

to an ordin|
close dista

reduction ¢f testing time can be achieved. The geometrical characteristics of the miniature broadb

antenna fo

C.2.2 Tl

— Inputi
Balun
Frequeé
Radiat

Maxim

Conne

impedance: 50 Ohms

ary dipole antenna the radiating elements havé&been designed especially for wide bandwi
hce to the EUT and good field uniformity. Bue to the wide frequency coverage a signifi

" simulated portable transmitters are indicated in Figure C.2.

ypical characteristics

fransformation ratio;-1:1

ncy range: 360 MHzto 2 700 MHz

ing element dimmensions: 240 mm x 109 mm
um Power)input 20 W

Ctor: Type N-female

ted
151.

rast
dth,
ant
and

VSWR'et
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Y

6

5

4

3 N

2 \ v A " a\

. s
4
0
350 850 1350 1850 2350

Key
X |frequency in MHz
Y |voltage standing wave ratio

Figure C.1 — Typical VSWR characteristics
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Key

D U1 AW N

elemen

240

o
25

broadbpnd low loss balun 1:1
flat antgnna elements
N-female connector

symmetfrical terminals, M4
22 mm ftube for handling or fixture

C.2.3 Hlectric fields generated by the antenna

Testantenr]
range of 36

centre afte

22

[ fixture and spacing frame (5 mm; non metallic)

Figure €.2 — Construction details of broadband antenna

ahasthree 100 mm x 100 mm testzones where field uniformity is better than +3 dB. In frequgncy
0-MHz to 480 MHz E field is concentrated under the elements of the antenna and moves to| the

IO Tr DT
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Key

100 mm x 100 mm uniform test zones; E field for 800 < f< 2 700 MHz and
field for 360 < f< 2 700 MHz

uniform H

[

i_ J 100 mm x 100 mm uniform test zones; E field for 360 < f< 480 MHz

Figure C.3 — Field uniformity zones

Figlires C.4 and C.5 show field distribution and peak amplitudes respectiyely in volts per nletre (V/m)
and in ampere per metre (A/m) for a 1 W net input at a 50 mm distancefrom the antenna elements. The

gregnest areas (the mid-grey areas toward the grid edges when viewed in monochrome)
degradation of greater than 6 dB from the maximum field.

show a field

© ISO 2015 - All rights reserved

23


https://standardsiso.com/api/?name=3a02ad810e34c6dfa176317281db2e02

ISO 11451-3:2015(E)

¥/m

0.9
8.8
=27
636
54.5
455
X
3
182
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900 MHz; 1 W net input; r\<0
average E field strength: 67 V/ml/Q

Q X
&OO MHz; 1 W net input;
rage E field strength: 89 V/m
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2 450 MHz; 1 W nef input; 2 600 MHz; 1 W net input;

ayerage E field s average E field strength: 137 V/m
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=
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=]

Key O
X mm %QS
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Figure C.4 — E field pattern for the broadband antenna
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400 MHz; 1 W net input; 900 MHz; 1 W net input;
50 mm distance 50 mm distance <O

S ocoo

1800 MHz; 1 W net input; QQZ 000 MHz; 1 W net input;
50 mm distance A

2450 MHz; 1 \&bg@t input; 2 600 MHz; 1 W netinput;
50 mm nce 50 mm distance

Key

Figure C.5 — H field (A/m) pattern for the broadband antenna

C.3 Sleeve antenna

C.3.1 General
Examples of sleeve antenna configuration for simulated portable transmitters are given in Figure C.6.

Explanationofantennaandsleevelength ofeachfrequencybandisgivenin Table C.1. These characteristics
are for information only.
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C.3.2 Typical characteristics

C.3.3 AlJtenna Configuration

Input impedance: 50 Q

Permissible power: 30 W

Connector: Type BNC

Gain: 2,15dB +1dB

VSWR

1<2:1

The antennas are designed as typical 1/4 A sleeve antennas. Each band antenna utilizes a 3D-2V cable, a

BNC conne

cross secti
be applied

26

L mm
X:Y=
A [mm
Fracti

Sleeve

Antennpa diameter: 2 mm (brass rod)

Sleeve
Conne

Cable:

ctor, a brass rod as antenna element and a steel pipe as sleeve element. For keeping a constant
bn along the sleeve and cable, a cable fixing plastic screw and 4 polycarbonate'screws cquld
at the bottom of sleeve element.

EXmm+Ymm=2A/2 x 0,95

b5: 45 (Based on the configuration samples)
: Wavelength of centre frequency

pnal shortening: 95 %

outer diameter: 20 mm (equivalent to S45RP)

inner diameter: 18,5 mm (equivalent to S45RP)
ctor: BNC (UG-625/U, BNC-P-3)
B3D-2V
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Key]

NO7
mat

BNC connector
polycarbonate screw: M3

tightening with a 14,9 mm diameter nut

cable

cable-fixing plastic screw - material:\ayton MC - outer diameter: 13 mm - inner diameter: 6 mm

6 mm - screw hole: M3

Figure C.6 *— Example of 1/4 A sleeve antenna configuration

E The surfaces‘efithe antenna element and sleeve are recommended to be of a rust-resist

erial (e.g. Ni).

Table C.1 — Example of antenna and sleeve element length for each band

— thickness:

hnt metallic

X (mm)
Centre Antenna ele-
Transmitter Fre:‘qnl:‘e‘:l Y Fre- ment length Sle:v(erriggth
(MHz) q(‘;gllg)y Tolerance: X | Tolerance: Y + 5(%)
+5(%)
380-390 395 198+9 162 +8
TETRA/ 410-420 415 189+9 155+8
TETRAPOL 450 - 460 455 172 +8 1417
806 - 876 841 93+5 76 £ 4
70cm 420 - 450 435 180 +9 147 £ 7
AMPS/GSM850 | 824 -849 836,5 94 +5 77 £ 4
NOTE Antenna element and sleeve length could be tuned to attain the specific VSWR.
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Table C.1 (continued)

C.4 Mon

C.4.1 Geperal

for the sig
mechanica
characterig

The anten¥a is integrated into a PVC casing fitted with a PMMA [paly(methyl methacrylate)] winglow

X (mm)
Frequency | Cgnre | Antemace | v (o
Transmitter band Sleeve length
(MHz) (l(llt/?;ll;)y Tolerance: X | Tolerance: Y + 5(%)
+5(%)
GSM900/PDC 876 - 915 895,5 88+4 72
PDC 925-958 941,5 83+4 68+3
PDC hes | 14465 54+3 442
PCS/(igl\(;[&800/ 11791{)0_ 1810 432 35+2
NOTE Antenna element and sleeve length could be tuned to attain the specific VSWR¢

opole antenna

ting of the antenna inside. This casing is also equippedwith an SMA-type bulkhead and a
connector into which a handle is fitted to hold the antenna at a distance. The construcfion
tics common to all such antennas of this casing are,shown in Figures C.7 and C.8.

28
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[¥a] [Fa)
L ~ 1 ~
N o~
e o = : o
80 80
65 65
& &
R1S R\D
e
N 7
M4 ME&
g| 8 L 2| 8 o 0
M10 x'0,75
& &
¢ < \d 4
75 15
M10 x 0,75
T—mrrrm
P _‘
l_m_l I | i I | m
! ‘ | &
o |
Y {4
i 5 i
S % AL MI0 x .5
625
Key]
1 |male supportferantenna mast
2 |coaxial centiector
3 |Altuglasawindow (built into housing)
a  |Altuglas® is an example of a suitable product available commercially. This information is glven for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

Figure C.7 — Common casing construction characteristics — General
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Dimensions in millimetres

NOTE The use of this casing in performing tests with the‘antenna positioned at 50 mm from the DUT plso
requires th¢ use of a 10 mm shim. In order to avoid using'the shim, the casings can be manufactured with an
outside dimension of 100 mm instead of 80 mm.

Figure C.8 — Common casing construction characteristics — Details

C.5 Antenna for 890 MHz to'915 MHz frequency band

C.5.1 Typical characteristies
— AntenE bandwidth:890 MHz to 915 MHz (min)
— Input impedance:\50 Q

— Permigsiblepewer: 20 W

— Connegten: Type-SMA

— Gain: Typically 0,5dB + 0,5 dB
— VSWR < 2:1 over the entire band

C.5.2 Antenna construction and integration into casing

The antenna is produced from a type-FR4 printed circuit and supplied in its centre by a microstrip line.
The radiating element consists of a single pole in the shape of a leaf placed vertically in relation to the
ground plane. The geometrical characteristics of the assembly are indicated in Figures C.9a and C.9b.

The construction details of the casing are indicated in Figure C9c.
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0/111, | 11711

21/100,5

23,5/85,5

Key
aerial element

brazing

RG 402 + SMA female connector

Figure C.9a — Antenna geometrical characteristics — General
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Key

Bow N R

32

-31,5/769 31,5/69

\

-0,82/30 - 1,64/30

2

-0,82/-111,64/-1

-31,5/-6 0/0 3157-6

card diension 75/75 mm

copper|(Cu)

RG 402|+ SMA female

FR4 1,§ mm/35 um Cu - ground plane on lower side

Figure C.9b — Antenna geometrical characteristics — Details
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Figure C.9c — Casing construction — Details

C.6 Antennafor 1710 MHz to 1 785 MHz frequency band

c.6{1 Typical characteristics
— | Anténna bandwidth: 1 710 MHz to 2 025 MHz (min)

— Inputimpedance: 50 £}

— Permissible power: 20 W

— Connector: Type-SMA

— Gain: Typically 0 dB + 1 dB

— VSWR < 2:1 over the entire band.
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C.6.2 Antenna construction and integration into casing

The antenna is produced from a type-FR4 printed circuit and supplied in its centre by a microstrip line.
The radiating element consists of a single pole in the shape of a leaf placed vertically in relation to the
ground plane. The geometrical characteristics of the assembly are indicated in Figure C.10a and C.10b.

The construction details of the casing are indicated in Figure C.10c.
/46
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Key
1  Brazing
2  RG402|+ SMA female connector

Figure C.10a — Antenna geometrical characteristics — General
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Key

1 |card dimension 75/75 mm

2 |copper (Cu)

3 |RG 402 + SMA female

4 |FR4 1,6 mm/35 pm Cu - ground pldneon lower side

Figure C.10b,>— Antenna geometrical characteristics — Details
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Figure C.10c — Casing construction — Details
C.7 Antenna for 2 402 MHzto 2 480 MHz frequency band

C.7.

36

1 Typical characteristics

AntenE bandwidthi2"402 MHz to 2 480 MHz (min.)
Input iimpedance; 50 ()

Permigsible power: 20 W

Connector—Type-SMA

Gain: Typically
0dB+0,5dBat2402 MHz
-1dB+0,5dBat 2420 MHz
-2dB +0,5dBat2 440 MHz
-3dB+0,5dBat2460 MHz
-5dB+0,5dBat 2480 MHz
VSWR < 2:1 over the entire band.
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C.7.2 Antenna construction and integration into casing

The antenna is produced from a type-FR4 printed circuit and supplied in its centre by a microstrip line.
The radiating element consists of a printed dipole coupled with an interference dipole parallel to the

first one. The geometrical characteristics of the assembly are indicated in Figure C.11a.

The

Key

BwWw N R

construction details of the casing are indicated in Figure C.11b.
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FR4 1,6smm/35 pm Cu - ground plane on lower side

Figure C.11a — Antenna geometrical characteristics
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Figure C.11b — Casing construction — Details

C.8 Antenna for 26,96 MHz.to 27,4 MHz frequency band

C.8.1 Typical charactefristics

— AntenE bandwidthi26,96 MHz to 27,4 MHz (min.)
— Input impedance? 50 Q

— Permigsible power: 50 W

— ConnectorTType-SMA
— Gain: Typically 0,5 dB + 0,5 dB
— VSWR < 2:1 over the entire band

C.8.2 Antenna construction and integration into casing

The antenna is produced from a type-FR4 printed circuit and supplied in its centre by a microstrip line.
The radiating element consists of a single pole at the bottom of which is placed a serial helicoidal coil as
described in Figure C.12a.

The construction details of the casing are indicated in Figure C.12b and C.12c.
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Key]

1 |coated copper wire - diameter 1 mm/710 mm (diameterof the winding, number of turns: 9 £ 0,5)
2 |copper patch - dimension 5/5 mm

3 |FR4 1,6 mm/35 pm Cu - ground plane on lower side - dimension 74/74 mm

4 |BNC connector (EMERSON ref: VBM511-1502)

5 |adjustable coil 20W (4 - 10 pH)

Figure C.12a *— Antenna geometrical characteristics
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Figure C.12b — Casing construction — Details
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Figure C.12c — Casing construction — Details (continued)

C.9 Antenna for 144 MHzto 148 MHz frequency band

C.9|1 Typical characteristics

— |Antenna bandwidth: 144 MHz to 148 MHz (min.)
— |Input impedanee: 50

— |Permissible power: 50 W

— |Coninéctor: Type BNC

Fak=< T 3 1l 12 C JdD o 1 JdD
ddAIll. l_y Plbally 1J,JUD — 1 UD

— VSWR < 2,1:1 over the entire band

C.9.2 Antenna construction and integration into casing

The antenna is produced from a type-FR4 printed circuit and supplied in its centre by a microstrip line.
The radiating element consists of a helicoidal single pole at the top of which is placed a perpendicular
metallic cylinder as described in Figure C.13a.

The construction details of the casing are indicated in Figures C.13b and C.13c.
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brass ¢

PVC cylinder - & = 3,3 - diameter 10 mm - length 127 mm

coated

FR4 1,§ mm/35 um Cu - ground plane on lower side - dimension 74/74 mm

BNC co

micros{rip line 35/2/0,8 mm

LCCCOOCOOOOOOOOO OO

ne diameter 50 mm - thickness 0,1 mm
Copper wire - diameter 1 mm/900 mm - number ofturns: 29

hnector (EMERSON ref: VBM511-1502)

Figure C.13a —Antenna geometrical characteristics
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Figure C.13b — Casing construction — Details
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