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Vehicle Electromagnetic Immunity—Off-Vehicle Source

Foreword—This SAE Standard is similar ISO 11451-2:  Road vehicles—Electrical disturbances by narrowband
radiated electromagnetic energy—Vehicle test methods—Part 2:  Off-vehicle source.  Appendix A has been
modified in accordance with the concepts of SAE J1812 and SAE J551-1.
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1. Scope—This part of SAE J551 specifies off-vehicle radiation source test methods and procedures for testing
passenger cars and commercial vehicles.

Two methods for calibrating electromagnetic fields are defined in the document:  a substitution method and a
closed-loop method.  The substitution method is the method most commonly used.

SAE J551-1 specifies general, definitions, practical use, and basic principles of the test procedure.

2. References

2.1 Applicable Publications—The following publications form a part of the specification to the extent specified
herein.  Unless otherwise indicated, the latest revision of SAE publications shall apply.

2.1.1 SAE PUBLICATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAEJ551-1—Performance Levels and Methods of Measurement of Electromagnetic Compatibility of
Vehicle and Devices (60 Hz to 18 GHz)

SAEJ1812—Function Performance Status Classification for EMC Susceptibility Testing of Automotive
Electronic and Electrical Devices

2.1.2 ISO P UBLICATION—Available from ANSI, 11 West 42nd Street, New York, NY 10036-8002.

ISO10305—Road vehicles—Generation of standard electromagnetic fields for calibration of power
density meters—20 kHz to 1000 MHz (equivalent to NBSIR 75-804—available from NIST)

ISO 11451-2—Road vehicles—Electrical disturbances by narrowband radiated electromagnetic energy—
Vehicle test methods—Part 2: Off-vehicle source

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.
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For tests that require the vehicle engine to be running, the electrical charging system shall be functional.  For
tests where the vehicle engine is not required to be running, the battery voltage shall be maintained above
12.2V and 24.4 V for 12 V and 24 V systems, respectively.

3.2 Frequency Range—The applicable frequency range of this test method is 100 kHz to 18 GHz.  Testing over
the full frequency range may require different field-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 of 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 be 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.

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 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 energy.

A frequency range of 20 MHz to 18 GHz has been achieved in some chambers but because of absorber
material sizes required for 20 MHz cutoff, several absorber-lined facilities have been designed with cutoff
frequencies of 200 MHz or greater.  Testing below cutoff is then accomplished using customized antennas and
specialized methods (see 4.2.1).

The vehicle is operated during the performance of this test generating heat in the enclosed chamber.
Sufficient cooling must be provided via chamber air conditioning and cooling of the radiator to ensure that the
engine does not overheat.
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FIGURE 1—EXAMPLE OF ABSORBER-LINED CHAMBER

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-generating device shall be such that the generated field can be
polarized in the mode called out in the test plan.

The TLS generating device may have to be custom designed.  An example of a parallel plate TLS is shown
in Figure 2.  An example of equipment block diagram is shown in Figure 3.
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