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Foreword

ISO (the International Organization for Standardizatien) is
federation of national standards bodies (ISO member. bodie
of preparing International Standards is normally jcarried out

h worldwide
5). The work
through 1SO

technical committees. Each member body idterested in g subject for
which a technical committee has been established has thg right to be
represented on that committee. International organizations, dovernmental
and non-governmental, in liaison with ISO) also take part in the work. ISO

collaborates closely with the International Electrotechnical
(IEC) on all matters of electrotechni¢al standardization.

Commission

Draft International Standards-adopted by the technical committees are

circulated to the member bodies for voting. Publication as an

Standard requires approvahby at least 75 % of the member b
a vote.

International
bdies casting

International Standard1SO 11451-2 was prepared by Technicdl Committee

ISO/TC 22, Road. vehicles, Subcommittee SC 3, Electrical a
equipment.

nd electronic

ISO 11454 consists of the following parts, under the genefal title Road

vehicles >~ Electrical disturbances by narrowband radia
magnetic energy — Vehicle test methods:

— Part 1: General and definitions
— Part 2: Off-vehicle radiation source
— Part 3: On-board transmitter simulation

— Part 4: Bulk current injection (BCl)
Annex A forms an integral part of this part of ISO 11451.

ted electro-
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Road vehicles — Electrical disturbances

by narrowband radiated electromagnetic energy —

Vehijcle test methods —

Part| 2:
Off-vehicle radiation source

1 Scope

This paft of ISO 11451 specifies off-vehicle radiation
source |test methods and procedures for testing
passenger cars and commercial vehicles regardless
of the propulsion system (e.g. spark-ignition engine,
diesel gngine, electric motor). The electromagnetic
disturbances considered in this part of ISO 11451Care
limited [to continuous narrowband electromagnetic
fields.

Two mepthods for calibrating electromagnetic fields
are defined in this part of ISO 11451 a substitution
method| and a closed-loop method. The substitution
method|is the method most ¢ommonly used.

Part 1 ¢f ISO 11451 gives "definitions, practical use
and basjc principles of,'the test procedure.

ISO 11451-1:1995, Road vehicles — Hlectrical dis-
turbances by narrowband radiated elegtromagnetic
energy — Vehicle test methods — Paft 1: General
and definitions.

3 Test conditions

3.1 Test temperature and supply poltage

Heat is generated in the test chamber Wwhen the ve-
hicle is operated during the test. Suffiient cooling
shall be provided to ensure that the engine does not
overheat (see 4.1).

The ambient temperature in the tgst chamber
shall be recorded if it is outside the range of
(23 £ 5) °C.

For tests that require the vehicle engine tp be running,
the electrical charging system shall be functional. For
tests where the vehicle engine is not rdquired to be

2 Normative reference

The following standard contains provisions which,
through reference in this text, constitute provisions
of this part of ISO 11451. At the time of publication,
the edition indicated was valid. All standards are sub-
ject to revision, and parties to agreements based on
this part of ISO 11451 are encouraged to investigate
the possibility of applying the most recent edition of
the standard indicated below. Members of IEC and
ISO maintain registers of currently valid International
Standards.

running, the battery voltage shall be maintained above
12,2V and 24,4V for 12V and 24V systems
respectively.

3.2 Frequency range

The applicable frequency range of this test method is
0,1 MHz to 18 000 MHz. Testing over the full fre-
qguency range may require different field generating
devices. This does not imply that testing of
overlapping frequency ranges is required.
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3.3 Modulation

The device under test determines the type and fre-
quency of modulation. If no values are agreed be-
tween the users of this part of ISO 11451, the
following shall be used:

— no modulation (CW);

— 1 kHz sine-wave amplitude modulation (AM) of
80 %.

© |ISO

The user shall specify the test severity level(s) over
the frequency range. Suggested test severity levels
are given in annex A.

These test severity levels are expressed in terms of
the equivalent root-mean-square value of the un-
modulated wave.

3.4 Dwell time
At each fredquency, the device under test shall be ex-
posed to the test level for the minimum response

time needed to control it. In all cases, this minimum
time of expqsure shall not be less than 2 s.

3.5 Frequency step sizes

All tests shall be conducted with linear frequency step
sizes not gregater than those specified in table 1.

Taple 1 — Frequency step sizes

Frequency band Maximum .
frequency step size

MHz MHz

30,1 to <1 0,1
+1 to <10 1
>10 to <200 2
>200 to <1 000 20

>1 000 to <18 000 200

Alternatively|, logarithmic fteguency steps, with the
same minimum number of frequency steps in each
frequency bpnd, may/be used. The values, as agreed
by the userg of this-part of ISO 11451, shall be docu-
mented in the test report.

£

 Tost tescrioti

and specification

The test consists of generating(radiated | electro-
magnetic fields by using antennarséts with radio fre-
quency (RF) sources capable of producing the desired
field strengths over the range“of test frequengies. The
fields are monitored with small probes td ensure
proper test levels. Tazreduce test error, thg vehicle
operation under test is usually monitored by optical
couplers.

4.1 _Absorber-lined chamber

The objective of an absorber-lined chamber is to cre-
ate an indoor electromagnetic compatibility| test fa-
cility which simulates open field testing. The thamber
is lined with absorbing material on as many surfaces
in the chamber as possible to minimize reflections and
resonances. The design objective is to reduce the
reflectivity in the test area to — 10 dB or less].

The size, shape and construction of an absorper-lined
chamber can vary considerably. An example pf a rec-
tangular chamber is shown in figure 1. The fhamber
shape is a function of the types of tests td be per-
formed, the size of vehicle to be tested |and the
frequency range to be covered. Basicplly, an
absorber-lined chamber consists of a shielded room
with absorbing material on its internal refledtive sur-
faces, with the optional exception of the flpor. The
minimum size of the room is determined by|the size

If it appears that—the ououcpt;b;:;ty threshelds—of-the
device under test are very near the chosen test level,
these frequency step sizes should be reduced in the
frequency range concerned in order to find the mini-
mum susceptibility thresholds.

3.6 Test severity levels

Tests shall be conducted in both horizontal and verti-
cal polarizations over the test frequency range. Any
exceptions to this practice shall be specified in the
test plan.

1 a4k = £+ £
of-the-testregion-needed—the—size—of-the—feld gener-

ation device and the clearances needed between
them and the largest vehicle that is to be tested. To
create the test region, the absorber, field generation
system and chamber shape are selected to reduce
the amount of extraneous energy in the test region
below a minimum value which will give the desired
measurement accuracy.

A frequency range of 20 MHz to 18 000 MHz has
been achieved in some chambers but because of ab-
sorber material sizes required for a 20 MHz cut-off,
several absorber-lined facilities have been designed
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with cut-off frequencies of 200 MHz or greater. Test-
ing below cut-off is then accomplished using cus-
tomized antennas and specialized methods (see
4.2.1).

The vehicle is operated during the performance of this
test, generating heat in the enclosed chamber. Suf-
ficient cooling shall be provided through chamber air-
conditioning and cooling of the radiator to ensure that
the engine does not overheat.

ISO 11451-2:1995(E)

4.2 Instrumentation

4.2.1 Field generating device

The field generating device may be an antenna or a
Transmission Line System (TLS).

The construction and orientation of any field generat-
ing device shall be such that the generated field can
be polarized in the mode specified in the test plan.

The—ttSgeneratmgdevice Tay tave tp be custom-
designed. An example of a parallel plate)[TLS is shown
in figure 2. An example of an equipment block diagram
for a field generating device is;shown in|figure 3.
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s Z 2 //\\/ 2222 72722227
Key
1 __Antenna 4 Amplifier room
2 Shielded wall 5 Instrumentation room

3 Dynamometer on turntable®

NOTE — Figure is not to scale.

6 RF absorbers

1) The turntable shown is rotatable through + 180° with two pairs of variable
wheelbase rollers to simulate all vehicle sizes and functions.

Figure 1 — Example of absorber-lined chamber
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Figure 2 — Example of parallel plate TLS
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1¢).Shielded room (can be absorber-lined except for floor)
2~ Metal plate
3  Non-metallic supports
4  Metal floor
5 Signal source feed line (coaxial)
6 Coaxial
7 toad
8 Metal feed lines
9 Signal source feed connection
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Key

Absorber-lined chamber
Coaxial penetration
Field probe

Waveguide filter
Transmitting antenna
Field probe output
Process controller
Power meter

10 RF signal generator(s)
11 Broadband amplifiérs
12 Dual directional-coupler

OCONOOHD WN-—-

4.2.2 |Monitoring of the.device under test

Test equipment, appropriate to the test power levels,
required to monitorthe operation of the device under
test shall be coupled to the control centre by fibre-
optic links ofrhigh resistance leads.

Any elgctrical connection of a monitoring device to the

Optical fibre or high resistance leads

Figure 3 — Example.of-an equipment block diagram for a field generating device

4.3 Test set-up

4.3.1 Vehicle placement

The vehicle shall be placed in the chamber test area.
The test area may contain a dynamorrjeter and/or a
turntable (see figure 1).

device under test may cause a malfunction of the
device under test. Extreme care shall be taken to
avoid such an effect.

4.2.3 Field probes
Field probes should be isotropic. The transmission

lines from the probes should be either very high re-
sistance or fibre-optic links.

4.3.2 Field generating device location relative to
vehicle and chamber

The position(s) of the vehicle relative to the antenna
shall be specified in the test plan.

No part of the radiating antenna shall be closer than
0,5 m to the outer body surface of the vehicle.
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No part of a TLS, with the exception of the ground
plane, shall be closer than 0,5 m to any part of the
vehicle.

Any field generating device which is placed over the
vehicle shall extend centrally over at least 75 % of the
vehicle length.

No part of any antenna's radiating elements shall be
closer than 0,25 m to the floor.

© SO

Place the vehicle in the test area and operate it ac-
cording to the test plan.

With the field generating device in the specified
polarization, scan each band at the field strength
specified in annex A noting any particular events. See
3.3 for recommended modulation modes if not speci-
fied in the test plan.

Continue the testing until all modulations, polar-
izations, frequency bands, vehicle orientations and

The radiatingretementsof thefretdgemeratmgdevices
shall not be loser than 0,5 m to any absorbent ma-
terial and not closer than 1,5 m to the chamber wall.
There shall pe no absorbent material between the
transmitting pntenna and the device under test.

4.3.3 Test actuators and monitors

The device under test shall be operated as required in
the test plan| by actuators which have a minimum ef-
fect on it, ¢.g. plastics blocks on the accelerator,
pneumatic agtuators with plastics tubes. Connections
to equipmen}t monitoring electromagnetic interference
reactions of the device under test may be ac-
complished py using fibre-optics or high resistance
leads. Other|types of leads may be used but require
extreme cafe to minimize interactions. The orien-
tation, length and location of leads shall be carefully
documented to ensure repeatability of such test re-
sults.

5 Test procedures

5.1 Test plan

Prior to perfprming the tests, a test’plan shall be pre-
pared; it shall include interface,test points, mode of
operation for the device under test, acceptance cri-

The test plan shall specity whether to use
loop method or the substitution method.

5.2 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 hu-
mans to RF energy are met.

A detailed explanation on basic principles of the test
methods is given in ISO 11451-1.

antenna locations specified Iin the test plan afe com-
pleted. The number of vehicle positionsDang/or an-
tenna locations may have to be inCreasgd with
frequency to ensure complete coverage, bedause of
the narrow beam width of the high“frequency anten-
nas.

If desired, the threshold-immunity level and centre
frequency can be found.:Select the mid-freqency of
each response band and slowly increase the trans-
mitted power until@response is seen. Then yary the
frequency slightly, maintaining constant powsdr to en-
sure the lowest response level is monitored.

The vehicle may be tested by one of two methods
(see 572.1 and 5.2.2) to be agreed between the sup-
plierand customer.

5.2.1 Substitution method

The substitution method is based upon the ude of net
power as the reference parameter used for cqlibration
and test.

In this method, the specific test level (electfic field,
current, voltage or power) shall be calibrated| prior to
the actual testing.

The test with the device under test is then conducted
by subjecting it to the test signals based on |the cali-
brated values as predetermined in the test plan.

device under test as well as by reflected energy.
During the test the net power shall be maintained
relative to the calibration point up to a limit of 2 dB
increase in forward power.

If the forward power has to be increased by 2 dB or
more, this shall be indicated in the test report.

If the standing wave ratio (SWR) in the test system
can be demonstrated to be less than 1,2:1, then for-
ward power may be used as the reference parameter
to establish the test level.
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Place the field generation device at its intended lo-
cation. Place a calibrated isotropic field probe at the
reference point (see 5.2.1.1).

ISO 11451-2:1995(E)

5.2.1.1.2 The vehicle reference point (see figures 4
and 5 ) is defined as follows:

5.2.1.1

a) at least 2 m horizontally from the antenna phase
An antenna may be substituted for the isotropic field centre or at least 1 m vertically from the radiating
probe. In this case readings shall be taken in three elements of a TLS;
mutually orthogonal directions and the isotropic
equivalent field determined. b) on the vehicle centreline (plane of longitudinal
symmetry);
Measure the field, without the vehicle present, with
the field probe or the antenna and record the net c) at a height of (1 + 0,05) m above the chamber
power necessary to maintain the field level at the floor, or (2 +0,05) m for vehiclgs with roof
specified test level and antenna polarization. heights greater than 3 m (othgf-heights may be
specified);
Place tihe vehicle in the test area and maintain the . _
measured net power for each frequency and antenna d) depending on  the"\" vehicle | geometry,
polarizafion specified in the test plan. (0.2 + 0,2) m behind|the foremost pxle (see fig-
ured) or (1 £ 0,2) m'inside the vehide, measured
from the point~of intersection of| the vehicle
windscreen and bonnet (see figure §), whichever
results in areference point closer to|the antenna;
Substitution method reference point e) above~200 MHz the field uniformity pver a 1,56 m

The reference point is the point at which the field
strength is established.

Normally, the facility reference point is used. Never-
theless| if the test facility is not able to establish the
required field in the test area, then the vehicle refer-
ence pqint may be used.

5.2.1.1.1 The facility reference point is defined as
follows

a) at lgast 2 m horizontally fremy the closest part of
thejantenna phase centfeor at least 1 m vertically
from the radiating eléments of a TLS;

b) at the centre of the test area;
c) at g height-ef (1 + 0,05) m above the chamber

floor for vehicles with roof heights equal to or less
thar|1 3-m, or (2 + 0,05) m for vehicles with roof

diafyieter horizontal plane centred at {he reference

point should be + 3,0 dB for at least
test frequency points.

NOTE 2  For existing facilities, this f
requirement may not be met. In those
formation should be included in the te
user should also ensure good reprodu

80 % of the

eld uniformity
cases, this in-
5t report. The
Ctibility of the

measurement.

5.2.2 Closed-loop field levelling method

5.2.2.1 This method is different fron} the substi-
tution method in that during the actual test, the elec-
tric field levels, measured by several |field probes
(usually two is sufficient) distributed ovef the vehicle,
are used to control the signal generatoq either to in-
crease or to decrease the field strength [until the test
level is achieved. The use of more than|one probe is
necessary to reduce the effects of standing waves.

heights greater than 3 m {other heights may be
specified);

d) above 200 MHz the field uniformity over a 1,6 m
diameter horizontal plane centred at the reference
point should be + 3 dB for at least 80 % of the
test frequency points.

NOTE 1 For existing facilities, this field uniformity
requirement may not be met. In those cases, this in-
formation should be included in the test report. The
user should also ensure good reproducibility of the
measurement.

Placement of the probes for the closed-loop levelling
method is critical to reducing measurement errors. If
the probes are placed near a discontinuity such as a
sharp bend or corner of the vehicle, or near a resonant
cable or component, the resulting measurement could
be in error by a substantial amount.

Place the specified number of field probes
(0.3 £ 0,05) m above the vehicle at the specified lo-
cations in the test area. Recommended probe lo-
cations are the front, above the centre of the hood
slot, and test antenna side, adjacent to the “A"
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pillar" of the vehicle (see also 5.2.2.2). Using the
highest level from the probes, adjust the signal gen-
erator to give the specified level for each frequency
and antenna polarization used in the test.

5.2.2.2 Either one or both of the following closed-
loop reference points may be used. The selected ref-
erence point(s) shall be recorded in the test report.

© 1SO

— in the centre, (0,3 + 0,05) m above the base
of the windscreen and 30 mm to 40 mm from
the edge of the bonnet, and/or

— near the "A" pillar, (0,3 + 0,05) m above and
at the centre of an arc (0,3 + 0,05) m away
from the intersection of the windscreen and
bonnet.

shall be

a) Passenger cars and light commercial vehicles:
— (0,3 £ 0,05) m above the centre of the bon- 5.3 Test report
net s|ot, and/or
When required in the test plan, a test report
— (0,3 # 0,05) m above the vehicle, adjacent to submitted detailing information regarding the test
the “|A” pillar. equipment, test site, systems stested, frequencies,
power levels, system interactions and any other rel-
b) Buses and commercial vehicles: evant information regardingithe test.

0,2%0,2

| /- lies'in this plane
I

Dimensions |n metres

VeHicle reference point

\

7

Foremost axle

7777777,

O

S

(7)’(//7/7//77///77/ Il

10

7/

V777777777777,
|

LY

Figure 4 — Example of vehicle reference point for passenger cars and light commercial vehicles

1) The "A" pillar is the vehicle's metal structure on either side of the windscreen.
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