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1 SCOPE.

1.1 This document describes a measurement procedure,
methods of detection, and allowable levels of radiated emis-
sions from electrical and electronic components. Applications
for electrical/electronic components in the vehicle are growing
rapidly. Along with our present entertainment and citizens
band radios, communications radios with operating frequencies
in and above the Land Mobile VHF (30 - 174 MHz) and UHF
(450 - 512 MHz) bands have also found increased application
in the vehicle. (See Appendix A for detailed list of authorized
communication services.). The process and design improve-
ments made in RF communications equipment have
significantly improved the signal-to-noise ratio and sensitivity
capabilities of this type of equipment. These conditions have
made it necessary to develop this procedure, which can be
used by GM Allied and non-Allied suppliers. This procedure
should be performed on early prototype devices, as well as,
pilot and production versions. Small and seemingly unimpor-
tant changes in board layout and signal routing can have
dramatic effects on RF emissions.

1.2 This document is one of a series of component EMC test
procedures. See GM9100P for information on the complete
series. Successfully passing the component tests will greatly
improve the chances of passing the full-vehicle tests which are
the final buy-off for automotive components.

2 REFERENCED STANDARDS.
GM9100P ANSUIEEE

3 DEFINITIONS OF TERMS AND
ABBREVIATIONS. (For additional definitions, See ANSI/
IEEE 100-1992.)

3.1 BROADHAND RADIO NOISE. Electromagnetic
energy which has a bandwidth greater than the measurement
receiver bandwidth. Broadband radio noise is also referred to
as Broadband Emissions in this document.

3.1.1 Broadband Source. Ignition systems and brush type
DC motors.

3.2 DEVICE UNDER TEST (DUT).

3.3 ELECTROMAGNETIC COMPATIBILITY (EMC).

The capability of electrical and electronic equipment or sys-
tems to operate as designed in the electromagnetic
environment at designed levels of performance.

3.4 ELECTROMAGNETIC INTERFERENCE (EMI).
Impairment of the reception of a desired electromagnetic sig-
nal, caused by an electromagnetic disturbance.

3.5 FREQUENCY WINDOW. The frequency interval
defined by a start and stop frequency that is used for measure-
ments or data reporting. When using a spectrum analyzer for
data measurements, this may also be referred to as a frequency

span.

3.6 IMPULSE BANDWIDTH. The bandwidth of a rectan-
gular filter with the same voltage response as the actual filter
being used.

NOTE: The impulse bandwidth of the spectrum analyzer used
in developing this procedure is specified as 1.5 * RBW
selected.

3.7 MODE STIRRING. The technique of operating a
shielded enclosure as a reverberation chamber to establish time
averaged, randomly polarized, uniform electromagnetic fields
as a function of spatial position and frequency.

NOTE: For further information, refer to National Bureau of
Standards Technical Note 1092, "Design, Evaluation, and Use
of a Reverberation Chamber for Performing Electromagnetic
Susceptibility/ Vulnerability Measurements" by M.L. Crawford,
G.H. Koepke, April, 1986,

3.8 NARROWBAND RADIO NOISE. Electromagnetic
energy which has a bandwidth less than the measurement
receiver bandwidth. Narrowband radio noise is referred to as
Narrowband Emissions in this document.

3.8.1 Narrowband Source. All devices except ignition sys-
tems and brush type d.c. motors. Narrowband sources include
microprocessors, clocks, pulse width modulated motor drivers
and light dimmers, chopping type power supplies, etc.

3.9 RADIO NOISE METER. The instrument that receives
and measures the available RF energy. For this procedure, a
Hewitt Packard 8568B spectrum analyzer or equivalent is used
as the radio noise meter.

3.10 RESOLUTION BANDWIDTH (RBW). The -3 dB
bandwidth (sometimes —6 dB bandwidth, depending on the
specification) of the filter used to resolve the noise frequencies
emitted by the electrical/electronic systems.

3.11 TEST PLAN. The document that describes the specific
information and instructions to be used in performing the test.
In general, the Test Plan is based on the Product Specification
developed by the responsible product engineer. The Test Plan
shall be developed and agreed upon by the purchaser and the
supplier prior to any testing. It should include specific details
necessary to performing the test, such as the modes of opera-
tion of the DUT to be established, as well as a description of
the corresponding simulator configuration.

4 TEST EQUIPMENT.

4.1 MEASURING INSTRUMENTATION. This procedure
was developed using a spectrum analyzer as the radio noise
meter. Other radio noise meters may be used if correlation with
the spectrum analyzer has been established.
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4.1.1 Calibration. The calibration of the measuring instru-
mentation should be checked frequently to ensure its accuracy.
Adjustments should be made and correction factors applied in
accordance with instructions contained in the manuals for the
instrumentation.

4,1.2 Display Units. Logarithmic scaling is preferred for
testing. Linear scaling yields more readable data at low signal
levels, while logarithmic scaling permits a wider range of lev-
els to be shown on a single plot or display. A signal level may
be converted from linear to logarithmic units by using the
expression:

Level in dBRV = 20 * log,, (Level in uv)

4.1.3 Preamplifier. Due to the extremely low level signals
that must be observed, a preamplifier (or preselector) may be
required ahead of the radio-noise meter to improve the system
sensitivity, A Hewitt Packard 8447D Preamplifier (or Hewitt
Packard 85685 Preselector) has been found to give satisfactory
results. Experience has shown that double shielded coaxial
cable is necessary to connect measurement equipment.
Additionally, RF common-mode chokes, such as ferrite cores,
may be required on the cabling to reduce measurement errors.

4.1.4 Instrumentation Overload. Steps shall be taken to
guard against radio-noise meter or preamplifier overload. An
example of a procedure that can be used with spectrum analyz-
ers is described in Appendix B.

4.1.5 Equipment Noise Floor. The measurement system
noise floor shall be lower than the Narrowband Emissions
Performance Objective (See Figure 1) by 6 dB or more. If the
6 dB criterion is not achieved, data documenting the noise
floor (typically referred to as room ambient) shall be provided
with the performance data for the DUT.

42 ANTENNAS.
4.2.1 Loop.

Frequencies covered........covnuerunerurerenns 10 kHz to 20 MHz
Reference point . Center of loop
Rhode & Schwarz HFH 2-Z2, or equivalent.

NOTE: The loop antenna is used for A-B comparison testing
only. The emissions performance objectives contained in this
document do not apply to the data for the loop antenna. The
procedure, however, is still valid for comparative and diagnos-
tic testing.

4.2.2 4l-inch Monopole.

Frequencies covered......cuevunrviennineane 10 kHz to 20 MHz
Reference point......... Intersection of rod and ground plane
Electro-Mechanics Co. Model 3301, or equivalent.

NOTE: If an antenna other than the EMCO Model 3301 is
used, performance must be correlated with the Milford Proving
Ground facility. This is due to the sensitivities associated with
active monopole antenna measurements performed inside a
shielded enclosure.

4.2.3 Biconical.

Frequencies covered ........ccvniavennenas 20 MHz to 200 MHz
Reference point.........eveceercercrncersuenss Midpoint of elements
Tensor Model 4104 or equivalent

4.2.4 Log-Periodic.

Frequencies covered .........coveeenreens 200 MHz to 1000 MHz
Reference poilt.........ccceeiesiesserarsnsnreissesininas Front boom tip
Electro-Mechanics Co. Model 3146 or equivalent

4.3 DUT AND DUT SUPPORTING EQUIPMENT.

43,1 The DUT shall be in 2 form close to the production
configuration.

4.3.1.1 A simulator with a 3 m hamess containing all power/
signal leads and loads necessary to operate the DUT shall be
supplied. Shielded or twisted leads should be present if and
only if designed into the actual production system.

4.3.12 Any software necessary to exercise the DUT in its
production-intent operating mode for radiated emissions shall
be provided, unless otherwise specified in the test plan.

4.3.2 Power for the DUT should be supplied from a source
free of EML Such sources include batteries and linearly-regu-
lated power supplies. The use of switching power supplies is
not recommended. :

NOTE: Simulators, electrical components, or other equipment
necessary to support the DUT functional operation should be
as follows:

EMI free, or properly shielded, or have consistent emission
levels at least 6 dB below the emissions performance objective
so that their noise can be considered part of the measurement
system noise.
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FIGURE 1 - RADIATED EMISSIONS PERFORMANCE OBJECTIVES NOTE: BROADBAND LIMIT APPLIES
TO MEASUREMENTS TAKEN WITH THE RESOLUTION BANDWIDTH(S) SPECIFIED IN TABLES 2 AND 3.

5 TEST SET-UP.

5.1 TEST SITE. This test procedure was developed to be
performed in a shielded enclosure not smaller than 3.66 x 4.88
x 3.05 m without the benefit of RF absorbing material, unless
correlation has been demonstrated with the Milford Proving
Ground facility. If RF absorbing material is used, the available
test region shall not be smaller than 3.66 x 4.88 x 3.05 m. The

test setup is illustrated in Figure 2. Larger test sites or test sites
that use absorber material are acceptable if correlation with the
Milford Proving Ground Test Facility has been established.

5.1.1 Shielding Effectiveness. The shielding of the enclosure
must be sufficient to reduce the ambient signals to the mea-
surement system noise floor specified in 4.1.5.
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FIGURE 2 - RADIATED EMISSIONS TEST CONFIGURATION

TABLE 1
Frequency Range Antenna Type Antenna Position Antenna Polarization
Preferred Optional Preferred Optional
10 KHz - 20 MHz Loop - A, B, C N/A |3 Orthogonal Axes
10 kHz - 20 MHz 41" Monopole B B Vertical Vertical
20 MHz - 200 MHz Biconical B A, B Vertical Vertical & Horizontal
200 MHz - 1000 MHz Log Periodic B A, B Vertical Vertical & Horizontal

NOTE: The Loop antenna is for comparative measurements only.
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