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A general EMC test method is difficult to prepare. A group of specialists can prepare a specific
document, as an example, for airplanes, or satellites, etc. This will take a significant effort but
with adequate time and expertise can be accomplished. The problem arises in that unigque
characteristics associated with ships or ground vehicles, or specialized equipment may not be
addressed.

The SAE AE-4 EMC Committee is in a unique position to solve this problem. The specialists in
each area are available and with the large number of participants, most perspectives of EMC
testing on various products have been presented. This document represents the results of such
an effort started in 1978.

Thus, the test methods presented in this document do not represent a modification of an
existing set of test methods. Rather, they represent a series of test methods which the
committee felt would provide the basic information for any type equipment. A system integrator
will need to determine which tests are meaningful to his application.

An effort has been made to establish shield room test methods that give results that will
approximate those made in an actual installation.

A major concern of those involved in preparation of this document is the need to establish
meaningful limits for the tests. Measuring emissions on a signal line is only meaningful in
conjunction with the susceptibility levels. And these levels are highly dependent on the
equipment operating scenerio. This area needs to be addressed in the future.
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Section L
MEASUREMENT RECEIVER BANDWIDTHS

Background and Philosophy: Those who want to analyze a system for its EMC performance
heed to do specialized tests and scans to get the detailed resolution desired. This detail differs
significantly between equipment types. It is not feasible to provide this detail in a generalized
EMI test. The EMI test should provide a general criteria to overall levels. It should be
specifically noted that a distinction is thus being made between running a qualification test and
doing a performance evaluation. Thus, to evaluate individual equipment performance will
require scans with a receiver or an analyzer to determine the type of emission. This may be a
random noise signal, impulsive noise, or a CWV signal which will each react differently with
different receiver bandwidths. This identification is needed in order to appropriately identify the
source for possible corrective action.

The concept presented in this test method is to set a limit such that a worst case condition is
evaluated. If there is a failure, then further analysis, as discussed above, may be performed to
determine the degree of possible corrective action.

Actual bandwidths for the qualification test need to be selected as a trade-off between signal
selectivity, scan time, etc. The attached list considers the following criteria:

AF Application Note ASD/ENA-TR-80-3 so that there is not a vast disparity between
these results and those taken previously.

ANSI C63.2-1980 so that those chosen agree with the options.
Availability on receiving systems of the major manufacturers.
Coordination with those used in the European community.
Recommendation: The subcommittee's recommendation is that a single scan with a specified

bandwidth be used with one set of limits. The topic of broadband - narrowband should be
removed from the specifications.

Tuned Frequency Bandwidth Type
20Hz - 1kHz 20Hz or less *
1kHz - 10kHz 200Hz or less *

10kHz - 1 MHz 1kHz £ 10% {Impulse)
1MHz - 30MHz 10kHz + 10% "
30MHz - 1GHz 100kHz + 10% "
1GHz - 18GHz 1Hz £ 10% "
18GHz - Open Not Decided "

* The impulse bandwidth is recommended, but because of the difficulties in measuring it and the
fact that the 6dB bandwidth is not much different, the 6dB bandwidth may be used.
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There will be situations where older equipment with non-standard bandwidths must be used. In
this situation, the nearest bandwidth greater than the specified value shall be used. A 20 log
bandwidth correction factor shall be used if the receiver reading in the average detector function
is 6dB or more below the level in the peak detector function. Where the difference is less than
6dB, no correction factor is needed.

JUSTIFICATION AND RATIONALE:

Bandwidth Type: In addition to picking the suggested measurement bandwidth, considerable
discussion was held concerning the "type" of bandwidth, i.e. 3dB, 6dB, or impulse bandwidth.

The advantage of a 3 or 6dB bandwidth is the ease of understanding and measuring them. For
users of receivers of standard intentional information, this is worthwhile. The limiting problem is
that the shape factor is not defined by these terms alone. For a narrowly tuned intentional
source, this is not critical. The same reading will be obtained with any of the bandwidth types.
However, in EMC work, the signal to be measured extends past the band edges. The
bandwidth shape will influence the detected signal levels. Thus, an impulse bandwidth is
recommended as being the most technically correct for performing EMI measurements. With a
bandwidth so defined, readings of EMC noise by different receivers (and shape factors) can be
compared.

Receiver (and analyzer) manufacturers have agreed that this B.W. definition is the most
technically correct for the EMC community. The British EMC specification also calls out the
impulse bandwidth as their standard and the trend seems to be this way in the European
military work.

Measuring Impulse Bandwidth (BW): The Impulse Bandwidth, BW, of a system is defined as
the bandwidth of a rectangular filter having the same voltage response as the system
measurement bandwidth. In general, a receiver's equivalent BV, is dependent on the
bandwidth and shape of the receiver bandpass filter (IF filter) and the effects of post detection
filtering (video filtering). Receivers having a particular shape of IF bandwidth filters (i.e.
rectangular) may or may not have the same equivalent BW, (i.e. the 6dB BW is not necessarily
+ BW). Fortunately, the equivalent BW, of receivers having a variety of filter shapes can be
easily measured.

A simple method of determining a receiver's equivalent BW, involves making two measurements
on an impulsive signal of a known Pulse Repetition Frequency (PRF) peak voltage (Vp) and
duration (t). The first measurement uses peak detection and the second uses average
detection, both in linear.

Measure the impulsive signal's peak voltage V4, using a receiver |[F bandwidth wider than the
signal PRF. The post detection filter should be set at least 10 times wider than the IF bandwidth
S0 no averaging occurs.
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Next, reduce the post detection filter (video filter) to be narrower than the signal PRF. The
measured voltage (V») will be the average value of the impulsive signal.

The receiver's equivalent impulse bandwidth, BW, can then be determined from the expression:
BW, = (PRF) (V4/V2)

as shown in Figure L-1.
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Section A

CONDUCTED EMISSIONS, POWER LEADS

Background and Philosophy: The SAE subcommittee working on MIL-STD-461 test methods
and procedures has studied numerous methods of performing conducted emission
measurements. The committee has met many times over the last few years and discussed
various methods for measuring conducted emissions. Various test methods with their pros and
cons have been presented in these meetings. Questionnaires have been submitted by others
listing pros and cons to various methods. A wide variety of commercial and military
specifications have been submitted and reviewed. These have been combined and
summarized.

Depending on the need of the user one method or another may be most useful. However, the
majority of people in responding to questionnaires indicated they favored a method of
measurement that gave absolute levels as opposed to levels dependent on a specific test setup
or line impedance. A specific concern was that the method provide information that could be
used in susceptibility testing and in design.

Recommendation: This subcommittee has decided on a recommended test procedure which
consists of using the SuH LISN in the line to standardize the impedance. The measurements
are made with a standard current probe between the LISN and the test sample.

Justification and Rationale: The following paragraphs discuss the rationale and justification for
this test method.

Measurements of conducted emissions need to provide absolute levels in terms such as
maximum neoise power. Various proposals of measuring both voltage and current, measuring
current with two different line impedances, measuring the line impedance

and current, etc. have been put forth to accomplish this. The concensus was that the most
practical method was to use an LISN to define the line impedance and a current probe to
measure the current. This uses standard equipment items and requires only one test scan.
This paper will, therefore, recommend this method.

A number of studies have been made which have determined the typical power line impedance.
The use of the SuH LISN appeared to be a realistic approximation to these values prior to
MIL-STD-826 or MIL-STD-461. The characteristic established about 1940 was based on
measurements taken on several typical aircraft and ships of that period. An Cctober 1960
report by Stoddart under contract NY 3139 presents the average of measurements on 5 aircraft
with the results. Figures A-1 and A-2 present some of this statistical data of typical power line
impedances. Figure A-3 shows the curves for various LISN's that are on the market. The SuH
unit still appears a good choice since it allows for the additional inductance of the test
configuration. Measured data indicate that the upper amplitude limit is more closely
approximated by 100 ohms than 50 ochms. The objective of this whole analysis is to pick an
impedance that approximates actual values. While actual values vary, the chosen value is
close enough for most applications to give good results.
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If the LISN using SuH is placed in the power line, the current measured with a current probe would
be indicative of that measured in a real system installation: A review of the accuracy of this method
is made by an example. If the current measured with the LISN (100 ohms) in the line is 1 mA it
would mean that the noise source generated 100u watts. If R changes to 200 chms or to 50 ohms,
the value would be 200u watts or 50u watts, respectively. This is within 3 dB.

At the low frequencies the source impedance of the power supply must be less than 1/10 of the
load impedance for it to provide adequate regulation. The error associated with the source
impedance will be less than £1 dB. Thus, the noise current will be essentially independent of
the source impedance. For dc sources, a large capacitance (30,000uF) will be used to assure
this low impedance source.

Current probes provide an easy way to perform the measurement. There is freedom from low
frequency ground currents and they can be used on both signal and power leads.

Measurements taken in this manner can be used to relate susceptibility and emission levels.
The emission current levels represent that which will exist in an actual system. If the generator
impedance is known, then the noise voltage appearing across it can be calculated. This voltage
then represents the level that can be transferred as a susceptibility signal to some other
equipment. A typical generator impedance is .03 +j.07. By knowing this or the impedance for a
specific power source, system susceptibility requirements can be established knowing the
emission levels. |n reverse, the emission limits can be set by knowing the susceptibility levels.
The upper frequency was selected at 100MHz to correlate with the lower range of radiated
emission measurements.

CONSIDERATION FOR HIGH CURRENT SITUATIONS

High Current Sources: Let us assume a power source of 100 amperes dedicated to one load.
The measurement in this case is more of a control and signal lead type than a straight forward
power lead measurement. The only impedance in the circuit should be a simulation of the
actual dedicated load impedance.

When the same power source is to be used with several loads, as is typical, there will be some
length of heavy bus and then a point of divergence. It is hard to picture this common bus as
having the 100 chms impedance characteristic. A realistic approach might be to split a high
current source into two or more 50 ampere identical loads with an LISN in each 60cm lead from
either a short length of common bus or directly from the output terminal of the source. The
conducted emissions could then be measured either on the common bus or on one individual
line to an LISN. This latter method would permit realistic EMI outputs from high current
supplies, while using the standard limits. It would seem logical that the purpose of the
measurement would be to indicate the magnitude of the EMI current injected by the source into
one of these individual branches.

High Current Loads: Conversely, if a very high current load exists, it may well have its own
dedicated source. The source and the load should again be tested together as a system and
special limits employed. If an auxiliary low current load is to be tapped off this system, an LISN
should be inserted in series with the load and the EMI measured in this branch.
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CONDUCTED EMISSIONS, POWER LEADS

A1l. REQUIREMENT: Conducted emissions shall be measured on the power leads over the
frequency range of 30Hz to 100MHz. The allowable limits are presented in Figure A1.-1.

A2. APPLICABILITY:

a. General: This test method is applicable for measuring conducted emissions on ac or
dc¢ power input leads, including neutrals which are grounded external to the equipment.

b. High Current and High Frequency Requirements: This method is applicable to lines up
to 100 amps per phase and up to and including 400Hz. An alternate method will be
proposed in the test procedure for equipment drawing over 100 Amps or for those
systems using "wild frequency” power (above 400Hz).

¢. Transients: Transients occurring less than once every 10 seconds will be measured at
3 frequencies per decade to provide the general emission envelope.

d. Fractional kVA High Frequency Power Sources, Small Alternators and Inverters:
Connecting large values of capacity across the output of 400Hz, or higher frequency,
power sources can result in abnormal load conditions and errors in conducted EMI
data. This problem is very severe when attempting to use a 10uF feed thru capacitor,
but it occurs to a lesser degree with the lufd in an LISN. Even if the reactance of the
capacitor is tuned out by a suitable power factor correction inductor at the primary or
fundamental frequency, the loading impedance becomes less and less as the order of
the harmonic is increased.

In actual use, the amount of capacity connected across the AC line by the utilization
equipment is limited by the power quality specification (usually as a 0.95 minimum
leading power factor). Prior to measurements and preferably in the test plan writing
stage, a calculation will be made to insure that the value of capacity to be used in the
test setup does not result in a power factor less than 0.95 leading without
compensation (power factor correction), or that specified by the power quality
specifications.
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A3. APPARATUS:
a. Current Probe.

b. Line impedance stabilization network (see Figures for the schematic and frequency
response characteristics).

c. Frequency selective measuring instrument. Shall use the peak detection capability.
d. 100 ohm terminations for LISN's.

A4. TEST PROCEDURE:

a. The test setup will be as shown in Figure A4.-1.

b. A receiver bandwidth as indicated under "measurement receiver bandwidths" will be
used.

c. The receiver will receive power through an isolation transformer to break the ground
path. Ground the receiver at only one point. This shall be either at the shield room
coaxial penetration between receiver and the current probe or by bonding the receiver
to the ground plane.

d. Power lead length between the equipment under test and the LISN's will be 1 meter
unless specific equipment specifications indicate differently.

e. The current probe will be positioned 10cm from the LISN.
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Section B

CONDUCTED EMISSIONS, SIGNAL & CONTROL LEADS

Background and Philosophy: Unwanted electromagnetic energy on signal, control, and if lines
can create interference conditions by two mechanisms: 1) conducting interference directly into
another equipment, and 2) radiating from the cable onto other cables.

1) The objective of the first test is to determine the signals being conducted on a single wire
from one box into another. The intentional signal on a given line is exempt from the limits
for this test.

2) The objective of the second test is to ensure that a wire, or cable bundle, does not have
emissions that could couple into an adjacent bundle. In this case the intentional signal on a
line is not exempt from the limits, since if it couples onto an adjacent line, it is as much a
source of interference as any other signal.

The procedure addresses the first method listed above.

Recommendation: The conducted emissions measurements will be made with a standard
power lead probe around each lead to be tested.

Justification and Rationale: Interference on a line is directly a function of the source and load
impedance. Use of the current probe is the most practical way of measuring the interference on
the line without having to break into the cable or wire.
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B1.

B2.

B3.

B4.

CONDUCTED EMISSIONS, SIGNAL LEADS

REQUIREMENT: Conducted emissions shall be measured on the control and signal lines
over the frequency range of 30Hz to 100MHz. The allowable limits are presented in
Figure B1.-1.

APPLICABILITY:

a.

Applies to interconnecting control and signal lines as individual wires.

b. Power leads which are derived from other equipment, i.e. secondary power, are
subject to this test method.

¢. The limits do not apply to the intentional signhal on the line.

APPARATUS:

a. Current probe.

b. Frequency selective measuring instrument, using the peak detection capability.

TEST PROCEDURE:

a.

b.

The typical test setup is shown in Figure B4.-1.

A receiver bandwidth as indicated under "measurement receiver bandwidths" will be
used.

The receiver will receive power through an isolation transformer to break the ground
path. Ground the receiver at only one point. This shall be either at the shield room
coaxial penetration between receiver and the current probe, or by bonding the receiver
to the ground plane.

The test sample shall be bonded to the ground plane in a manner representative of
that used in service.

The interconnecting wire lengths specified in B4.f shall be supported on insulated
standoffs of 5cm height to maintain the capacitance effects between cables and
ground plane constant.

The interconnecting wires shall be one meter in length unless the actual system
installation configuration is known and can be used.

All interconnecting wires shall be terminated in loads that simulate those of the actual
installation.

The receiver shall use a peak detector function for all measurements.
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Section C

CONDUCTED EMISSIONS, SIGNAL CABLES

Background and Philosophy: Unwanted electromagnetic energy on signal and rf lines can
create interference conditions by two mechanisms: 1) conducting interference directly into other
equipment and 2) radiating from the cable onto other cable lines.

1) The objective of the first test is to determine the signals being conducted on a single wire
from one box into another. The intentional signal on a given line is exempt from the limits
for this test.

2) The objective of the second test is to ensure that a wire/conductor, or cable bundle, does
not have emissions that could couple into an adjacent bundle. In this case the intentional
sighal on a line is not exempt from the limits, since if it couples onto an adjacent line, it is as
much a source of interference as any other signal.

This procedure addresses the second method listed above.

Recommendation: Conducted emissions will be measured on the overall cable bundle with a
standard current probe.

Justification and Rationale: Some test specifications have developed a test fixture as shown in
Figure C-1. The copper wire/conductor can be open or short circuited at one end, and the level
coupled from the cable under test onto the tube can be measured with an EMI receiver.

Since most testing is done with current probes, it was desirable to determine if comparable
results to the parallel rod could be obtained with a current probe to promote a common test
method. Use of the current probe was also desirable since the method can be used in actual
installation conditions where the cables cannot be placed in a fixture.

Tests described in the following paragraphs were performed to determine the applicability of the
current probe.

A digital signal was applied to the source wire. The load on this wire was varied between 10 2,
50 Q, 600 Q, 1K 2, and 10k €2 as typical of most source resistances. A current probe reading
was taken for each of these loads. A measurement on the pickup wire with it shorted at one
end and then open on one end was also taken to correspond with each of the source loads.

A comparison of the current probe readings with those of the pickup line under the shorted
condition showed a fixed difference regardless of the load. This is plotted as Figure C-2. This

indicates the two methods have a direct relationship as a funtion of current flow in the source
wire.
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A comparison of the current probe readings with those of the pickup line under the open

condition showed a difference roughly inversely proporional to the source line impedance
(Figure C-3).

It is concluded that a cable bundle reading as measured with a clamp-on current probe can be

directly correlated to cable induced interference. When used with appropriate limits it can be
used to establish compatible conditions for cable coupled interference.
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Figure C-1
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ELECTROMAGNETIC INTERFERENCE

UNIT UNDER TEST,
TvPE OF MEAsurement_CUrrent Probe Reading (-) Pickup Line Shorted Reading

TEST BY, DATE

APPLICABLE SPECIFICATION,

LINE OR CONDITION
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Figure C-2
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ELECTROMAGNETIC INTERFERENCE

UNIT UNDER TEST.,

TYPE OF MEASUREMENT__cuXrent Probe Reading - Pickup Line Open Readinga

TEST BY. DATE

APPLICABLE SPECIFICATION,

LINE OR CONDITION
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Figure C-3
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