SURFACE SAE J551-11 MAR2010
! - VEHICLE | d 1994-03
SAE International STANDARD Revieed 200009
Cancelled 2010-03
Superseding  J551-11 SEP2000

Vehicle Electromagnetic Immunity - Off-Vehicle Source

RATIONALE
J551-11 is nearly[technically 1dentical 1o 1SO 1145T-Z and we haveé concluded that we can accept the differences
contained in the ISO document.
FOREWORD
This SAE Standard is similar 1SO 11451-2: Road vehicles - Electrical disturbances by nafrowband radiated
electromagnetic erjergy - Vehicle test methods - Part 2: Off-vehicle source. Appendix A has been modiffied in accordance
with the concepts ¢f SAE J1812 and SAE J551-1.
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3. TEST CONDITIONS
See SAE J551-1 section 6 for additional guidance on test conditions
3.1 Test Temperature and Supply Voltage

Heat is generated in the test facility when the vehicle is operated during the performance of the test. Sufficient cooling
must be provided to ensure that the engine does not overheat.

The ambient temperature in the test facility must be recorded if it is outside the range of 23 °C £ 5 °C.
For tests that require the vehicle engine to be running, the electrical charging system shall be functional. For tests where

the vehicle enginefis not required to be running, the battery voltage shall be maintained above 12.2 . gnd 24.4 V for 12 V
and 24 V systems,|respectively.

3.2 Frequency Hange

The applicable frefluency range of this test method is 100 kHz to 18 GHz. Testing over the full frequency range may
require different fieJd-generating devices. This does not imply requiring testing of overlapping frequency ranges.

3.3 Modulation
See SAE J551-1.
3.4 Dwell Time
See SAE J551-1.
3.5 Frequency Steps
See SAE J551-1.
3.6  Test Signal Quality
See SAE J551-1.
3.7 Threshold off Response
See SAE J551-1.

3.8 Test Severity Levels

Tests shall be conducted in both horizontal and vertical polarizations over the test frequency range. |Any exceptions to
this practice shall lpe specified in the test plan. The user shall specify the test severity level(s) over the frequency range.
Suggested test severity levels are included in of this document. These test severity levels are expressed in terms of
equivalent root-mean-square (RMS) value of an unmodulated wave.

4. TEST INSTRUMENT DESCRIPTION AND SPECIFICATION

The test consists of generating radiated electromagnetic fields by using antenna sets with radio frequency (RF) sources
capable of producing the desired field strengths over the range of test frequencies. The fields are monitored with small
probes to ensure proper test levels. To reduce testing error, the vehicle operation under test is usually monitored by
optical couplers.
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4.1 Absorber-Lined Chamber

The objective of an absorber-lined chamber is to create an indoor electromagnetic compatibility testing facility which
simulates open field testing. The chamber 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 absorber-lined chamber can vary considerably. An example of a rectangular
chamber is shown in Figure 1. The chamber shape is a function of the types of tests to be performed, the size of vehicle
to be tested, and the frequency range to be covered. Basically, an absorber-lined chamber consists of a shielded room
with absorbing material on its internal reflective surfaces (optionally floor excepted). The minimum size of the room is
determined by the size of the test region needed, the size of the field generation device, and the clearances needed

between them andl the Targest vehicle that is to be tesied. To create the test region, the absorb
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FIGURE 2 - EXAMPLE OF PARALLEL PLATE TLS
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FIGURE 3 - EXAMPLE OF EQUIPMENT BLOCK DIAGRAM

4.3 Test Set-Up

4.3.1 Vehicle Placemeént

Ifor a turntable (see

Figure 1).

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.

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

No part of any antenna’s radiating elements shall be closer than 0.25 m to the floor.

The radiating elements of the field-generating devices shall not be closer than 0.5 m to any RF absorbent material and not
closer than 1.5 m to the wall of the enclosed facility. During testing, there shall be no absorbent material between the

transmitting antenna and the vehicle.

NOTE - Depending upon vehicle design, there might be absorber material inside the vehicle.

4.3.3 Test Actuators and Monitors

The DUT shall be tllperated as required in the test plan by actuators which have a minimum effect on\th

blocks on the a

ccelerator, pneumatic actuators with plastic tubes. Connections to equipme

electromagnetic in{erference reactions of the DUT may be accomplished by using fiber optics,'or by hig

Other types of leag
of the latter leads S

5. TEST PROCE

5.1 TestPlan

Prior to performin
operation, DUT ac
verified under the
excited. The test g
5.2 Test Method
CAUTION - HAZA

TAKEN TO ENSU
ARE MET.

A detailed explana

s may be used but require extreme care to minimize interactions. The orieftation, |
hall be carefully documented to assure repeatability of the test results,

DURES

) the tests, a test plan shall be generated which shall include interface test poi
Ceptance criteria, and any special instructions and.changes from the standard test. £
most significant situations, i.e., at least in stand:by and in a mode where all the
lan shall specify whether to use the closed-loop method or the substitution method.

RDOUS VOLTAGES AND FIELDSS*MAY EXIST WITHIN THE TEST AREA. C
RE THAT THE REQUIREMENTS-FOR LIMITING THE EXPOSURE OF HUMANS

ion on basic principles of the test method is given in SAE J551-1.

Place the vehicle ip the test area and operate it according to the test plan.

With the field-geng
noting any events.

Continue the testi
specified in the te|

rating device<n the specified polarization, scan each band at the specified field stre
See 3.3 fofrecommended modulation modes if not specified in the test plan.

ng untilnall modulations, polarizations, frequency bands, vehicle orientations, and

b DUT, e.g., plastic
nt monitoring for
h-resistance leads.
bngth, and location

nts, DUT mode of
Fvery DUT shall be
actuators can be

A\RE SHOULD BE
TO RF ENERGY

Ngth in Appendix A

antenna locations

St plan”are completed. The number of vehicle positions and/or antenna location

increased with fre

s may have to be

quency to ensure complete coverage because of the narrow beam width of the high-frequency

antennas.

If desired, the threshold immunity level and center frequency can be found. Select the mid-frequency of each response
band and slowly increase the transmitted power until a response is seen. Then vary the frequency slightly maintaining
constant power to ensure the lowest response level is monitored.

The vehicle can be tested by one of two methods to be agreed to between the supplier and the customer in the test plan.
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5.2.1 Substitution Method
The substitution method is based upon the use of net power as the reference parameter used for calibration and test.
In this method, the specific test level (E-field, current, voltage, or power) shall be calibrated prior to the actual testing.

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

Measurements using the substitution method can be affected by coupling between the antenna and the DUT 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.

NOTE 1 - If the for

NOTE 2 - If the SV
the reference paral

Place the field gen
(see 5.2.1.1).

An antenna may
orthogonal directio

Measure the field,
maintain the field |4

Place the vehicle
specified in the tes

5.2.1.1
The reference poin

Normally, the facili
field in the test are

5.2.1.1.1 Thefa

vard power has to be increased by 2 dB or more, this shall be indicated in the teStyre

VR in the test system can be demonstrated to be less than 1.2:1, then forward pow
meter to establish the test.

eration device at its intended location. Place a calibrated isotropic field probe at
pe substituted for the isotropic-field probe. In this case,feadings shall be taker
s and the isotropic equivalent field determined.

without the vehicle present, with the field probe or the antenna and record the net
bvel at the specified test level and antenna polarization.

port.

br may be used as

he reference point

in three mutually

ower necessary to

n the test area and maintain the measured-net power for each frequency and aptenna polarization

f plan.

Substitution Method Reference Point

t is the point at which the field-strength shall be established.

h, then the vehicle reference point can be used.

Cility reference paint is defined as follows:

a. Atleast2mh

rizontally ffem the closest part of the antenna phase center or at least 1 m vertically

elements of a TLS.

At the center of thé test area.

ly reference point has to. be’used. Nevertheless, if the test facility is not able to esfablish the required

from the radiating

At a height of 1 m + 0.05 m above the chamber floor for vehicles with roof heights equal or less than 3m, or 2 m £

0.05 m for vehicles with roof heights greater than 3 m. Other heights may be specified and measured.

+3 dB for at least 80% of the test frequency points.

Above 200 MHz, the field uniformity over a 1.5 m diameter horizontal plane centered at the reference point should be

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


https://saenorm.com/api/?name=b9942107457d52fe49ea1f0663b715cf

SAE

J551-11 Cancelled MAR2010

Page 10 of 14

The vehicle reference point is defined as follows:

s centerline (plane of longitudinal symmetry).

m. Other heights may be specified and measured.

At least 2 m horizontally from the antenna phase center or at least 1 m vertically from the radiating elements of TLS.

At a height of 1 m = 0.05 m above the chamber floor or 2 m + 0.05 m for vehicles with roof heights of greater than 3

Depending on the vehicle geometry 0.2 m + 0.2 m behind foremost axle (see Figure 4) or 1 m = 0.2 m inside the

vehicle, measured from the point of intersection of the vehicle windscreen and hood (see Figure 5), whichever results

52112

a.

b. On the vehicle’

c.

d.
in a reference

e. Above 200 MH
+3.0 dB for at |
NOTE - For ex
be included in

5.2.2 Closed-Lo

This method is diff
field probes (usua
increase or decred
reduce the effects

Placement of the g
placed near a disg
resulting measurer

Place the specifieq
Recommended prd
pillar* of the vehid

generator to give the specified field level for eachfrequency and antenna polarization used in the test.

5.2.2.1 Closed-l

Either one or both
test report.
52.2.1.1 Passe

a. 0.3m=0.05m

point closer to the antenna.

z, the field uniformity over a 1.5 m diameter horizontal plane centered at the referer
past 80% of the test frequency points.

sting facilities, this field uniformity requirement may not be met. In those cases, this
he test report. The user should also ensure good reproducibility of the measuremen

bp Field Leveling Method
brent from the substitution method in that during the actual test,’ the E-field levels, m
lly two is sufficient) distributed over the vehicle, are {sed to control the signal

se the field strength until the test level is achieved. . The use of more than one prd
bf standing waves.

ontinuity, such as a sharp bend or corner,gf\the vehicle, or near a resonant cable
nent could be in error by a substantial amaunt.

number of field probes 0.3 m + 0.05 m above the vehicle at the specified locatio
be locations are the front, abovexthe center of the hood slot, and test antenna side,
e (see also 5.2.2.1). Using the indicated field level of the highest reading probe

oop Reference Points

of the following reference points can be used. The selected reference point(s) shall

hger Cars.and Light Commercial Vehicles

aboyve'the center of the hood slot

robes for the closed-loop leveling method is critical to reducing measurement errors.

ce point should be

information should
t.

pasured by several
jenerator to either
be is necessary to

If the probes are
or component, the

ns in the test area.
adjacent to the “A”
, adjust the signal

be recorded in the

b. 0.3 m 0.05 m above the vehicle, adjacent to the “A pillar”

5.2.2.1.2 Buses

a.

and Commercial Vehicles

In the center, 0.3 m £ 0.05 m above the base of the windshield and 30/40 mm from the edge of the hood

b. Near the “A” pillar, 0.3 m £ 0.05 m above and at the center of an arc 0.3 m + 0.05 m away from the intersection of the
windshield and hood

A" pillar is the vehicle’s metal structure on either side of the windshield.
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»—— 0.2m *0.2m

! Vehicle Reference Point
Lies in this Plane

F4

%FIGURE 4 - EXAMPLE OF VEHICLE REFERENCE POINT FOR
%?‘ PASSENGER CARS AND LIGHT COMMERCIAL VEHICLES
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