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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes — Electrical

IMMUNITY TO RADIATED ELECTROMAGNETIC FIELDS (BClI METHOD)
EMC - COMPONENT TEST PROCEDURE
GM9112P

1 SCOPE.

1.1 When a mobile transmitter is used on a vehicle, or when
a vehicle is driven near high power transmitting antennas, the
radiated field couples, either directly or through the wiring
harness, into electronic devices on the vehicle. It is shown
(10.1) that in the frequency range of interest (1-500 MHz) the
predominant coupling occurs through the wiring harness. To
simulate this coupling, using a bench test setup, a method
called bulk current injection (BCI) is used. BCI provides a
non-intrusive method of compatibility evaluation since the wir-
ing harness is not broken.

1.2 This document provides the component design and test
engineers with a test procedure and the performance require-
ments necessary to evaluate the immunity of electronic devices
to radiated electromagnetic fields early in the development
stage as well as pilot and production stages. Ensuring electro-
magnetic compatibility early in the development stage will
minimize costly changes later in the program and will mini-
mize excessive component-level hardening during full vehicle-
level testing.

1.3 BCI performs a dual function:

1.3.1 Initially BCI can evaluate the relative compatibility of
different designs of the same device,

1.3.2 The major function of BCI, however, is to provide a
bench test procedure correlatable to vehicle-level radiated
immunity testing in the anechoic chamber and the mobile
transmitter site.

1.4 This document is one of a series of component EMC test
procedures. See GM9100P for information on the complete
series. Passing the component tests will greatly improve the
chances of passing the full-vehicle tests. Where a component
passes the component-level tests but does not comply with the
vehicle-level] test requirements, the component supplier will be
expected to cooperate with General Motors in determining a
root cause and resolution for the deviation.

2 REFERENCED STANDARDS.

GM9%100P

3 PERFORMANCE OBJECTIVES.

3.1 The performance objectives of the DUT are defined in
Figure 1 covering the frequency range 1 MHz - 500 MHz.
These objectives are applied in accordance with the functional
status classifications as defined in Appendix A. Since resonant
frequencies may change from the bench setup to the vehicle,
frequencies of noncompliance found during bench testing may
not necessarily be the same as the frequencies of noncompli-
ance found during full-vehicle testing.

4 DEFINITIONS.

4.1 BULK CURRENT INJECTION (BCI). A test method
which induces high frequency current into the DUT wiring
harness. Bulk implies that current can be induced in a bundle
of wires.

4.2 DEVICE UNDER TEST (DUT).
electronic device being evaluated.

4.3 BENCH TESTING. Component testing performed in a
laboratory.

The electrical and/or

4.4 dBm. Decibels referenced to 1 mW.
4.5 dBmA. Decibels referenced to 1 mA.
4.6 dBOhms. Decibels referenced to 1 ohm.

47 DUT IMMUNITY THRESHOLD. The minimum
induced current level at which a predetermined performance
deviation occurs.

4.8 INJECTION CURRENT PROBE. A toroidal probe that
is clamped around the DUT wiring harness and that induces
high frequency current in the wiring harness. The current
probe functions as the primary of a high frequency current
transformer, the secondary of which is the DUT wiring har-
ness.

4.9 MONITOR CURRENT PROBE. A toroidal probe that is
clamped around the DUT wiring harness and which monitors
the actual induced current at the DUT.

5 TEST EQUIPMENT.
5.1 RF SIGNAL GENERATOR. 1 to 500 MHz.

5.2 BROADBAND POWER AMPLIFIER. 1-500 MHz, 50
W (47 dBm) minimum. The amplifier should be able to supply
50 W to a load of any impedance mismatch without damage to
itself.

5.3 CURRENT PROBE. 1-500 MHz.

5.3.1 Imjection Probe. Power rating 50 W minimum. Tegam
95242-1 or equivalent.

5.3.2 Monitor Probe. Tegam 94111-1 or equivalent.

5.4 DC POWER SUPPLY. Battery or power supply. If a
power supply is used to simulate the battery, the low output
impedance of the battery must be simulated. Using an actual
battery or power supply capable of supplying at least twice the
rated inrush current of the DUT is recommended.

5.5 SPECTRUM ANALYZER. 1-500 MHz.

5.6 DIRECTIONAL COUPLER.

1-500 MHz, average
power SO W.
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5.7 POWER METER. 1-500 MHz.

5.8 DUT MONITORING INSTRUMENTATION.
Instrumentation and/or observation is used to monitor the
parameters of the DUT in order to determine its performance
region during the test. The monitoring instrumentation and
technique are to be documented in the test report.

5.9 COMPUTER CONTROL. Optional.

6 TEST PLAN.

6.1 Prior to testing, a test plan is to be developed by the prod-
uct engineers responsible for the specific DUT. In general, the
test plan is based on the product specification and is agreed
upon by the purchaser and supplier. The test plan should
include all the details of the tests to be performed, including
the DUT functions to be monitored and their functional status
classifications (See Appendix A), the definitions of DUT per-
formance deviations, and the modes of operation to be
evaluated during testing.

7 TEST SETUP.
7.1 Testing shall be performed in a shielded room.

7.2 The ambient temperature during the test shall be (23 £
5)*C unless otherwise specified in the test plan.

7.3 The supply voltage shall be (13 + 1) V unless otherwise
specified in the test plan.

7.4 The DUT is to be operated in its designed modes.
Therefore, appropriate control signals should be provided and
actual or simulated loads used.

7.5 Proper steps should be taken to prevent the RF energy
from coupling into control and/or monitoring equipment. This
will help prevent erroneous readings.

7.6 The test setup and equipment configuration is shown in
Figure 2.

7.7 The test setp is placed over a ground plane which shall
be constructed from either copper, brass or galvanized steel.

7.7.1 The minimum thickness of the ground plane shall be
0.5 mm. The minimum dimension shall be 2.25 m? with the
smaller side no less than 0.75 m. The minimum size of the
ground plane depends upon the size of the system under test
and shall allow for complete hamess and system component
placement.

7.7.2 The ground plane shall be bonded to the chamber with
bonding straps such that the DC bonding resistance does not
exceed 2.5 mQ. In addition, the bonding straps shall be placed
at distances no greater than 0.9 m apart.

7.8 The negative lead of the power supply for the DUT shall
be tied to the ground plane with a low RF impedance connec-
tion.

7.9 If the outer case of the DUT will be grounded when
installed in the vehicle, it must be mounted to the ground plane
in the bench test. If not, the DUT shall be placed on an insu-
lated support such that the bottom of its harness connector is
positioned (50+ 5) mm above the ground plane. If this is not
physically possible, the DUT position/orientation must be doc-
umented in the test report.

7.10 For component testing, a 1 meter harmess shall be used
unless otherwise specified in the test plan. For subsystem test-
ing, it is recommended that a production intent harness be
used.

7.11 The wiring harness shall be maintained (50+ 5) mm
above the ground plane (measured from the bottom of the wir-
ing bundle) along its entire length (Figure 2).

7.12 Both the injection and monitor probes shall be insulated
from the ground plane and supported (if needed) to keep the
probes concentric about the hamess,

7.13 The monitor probe shall be located (50 + 5) mm from
the outermost edge of the DUT connector (measured from the
center of the probe) as shown in Figure 2. If possible, any wir-
ing fan-out from the DUT connector should occur within the
first 50 mm adjacent to the DUT and not inside the probe.

7.14 The injection probe shall be positioned (120 + 5) mm
from the outermost edge of the DUT connector (measured
from the center of the probe). The test shall be repeated with
the injection probe at (450 £ 5) mm and (750 % 5) mm from
the connector.

8 TEST PROCEDURE.

8.1 At the start frequency (1 MHz), set the drive level of the
signal generator to an initial low level to avoid overshoot of
the intended injection current.

8.2 Check for test limits (as defined in 8.12) or any DUT
deviations. If none are observed, increment the signal genera-
tor drive level by 1 dB. Sufficient time should be allowed
before each drive level increment for the DUT operating con-
ditions to stabilize.

8.3 Repeat the process in (8.2) until a test limit and/or devia-
tion is observed. Temporarily record the drive level at which
one of these conditions is met.

8.4 Set the drive level of the signal generator to a very low
level (i.e. -120 dBm) and reset the DUT to normal operation if
needed. Monitor the DUT for deviations during the following
test sequence:
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