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ELECTROMAGNETTC INTERFERENCE

CHARACTERISTICS, MEASUREMENT OF

1. SCOPE

1,1 Scope. This svandard establishes technigues to be used for the
measurement and determination of the electromagnetic interference
characteristics (emission and susceptibility) of electrical, electronic,
and electromechanical equipments, sub-systems and systems as required
by MIL-STD-L614, NOTICE L.

1.2 Format.

1.2.,1 Numbering System. « The test metheds contained in this standard
are designated by an alpha numeric identificaticn scheme., Esch method
is identified by a two (sometimes three) letter combination followed
by a two digit number. The meaning of the individual letters is:

Radiated

Conducted

Emission

Susceptibility

New or modified test procedure included
for trial use, or as required by
procuring activity.

SE O
4t onouoa

(a) Conducted Emission tests are designated by "CE-~."

{(b) Radiated Bmission tests are designated by "RE.-."

{c) Conducted Susceptibility tests designated by "CS--,"

(d) Radiated Susceptibility tests designated by "RS--,"

(e) Radiated and Conducted Emission testing techniques for
transient interference measurement and for testing the presence
of high ambient conditions are designated "CRE-~-" tests.

(£f) The number following the letters in task sequence from
01 to 99.

1.2,2 Revision of Test Methods. - Revisions of test methods are
indicated by a letter following the method number, for example, the
original number assigned to the conducted emission 30 Hz to 50 KHz
Power Leads Method is CEO1; the first revision of that method is
CEO1A, the second revision, CHO1B, etc.
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1.2.3 Test Method Applicability. ~ Unless otherwise specified, the

test methods contained herein are invoked by MIL-STD-L61 NOTICE .

1.3 Units., The international system of units, specified in

MIL-STD-L63 is used.

2. Referenced Documents

Spec ifications

EL.CD-6003~0009A Electromagnetic Intexrference Measurement

MIL-C-h5662
Standards
MIL-STD-L61
NOTICE L
MIL-STD-163

MIL-STD-285

MIL-~STD-633B
MIL-STD-2204
MIL-STD~70LA

Drawings

ES-DL-198697
SK.N 1791
ES-F-201286
ES-DL-176L39
6234040
6274041
DL-~-ES-A-~217563
DL~ES-A~217311

and Drawings
thereto

Instrumentation Characteristics for

Calibration of Standards

Electromagnetic Interference Characteristics,
Requirements for Equipment, Sub-system ang
System

Definitions and Systems of Units, Electromagnetic
Interference Technology

Attenuation Measurements for Enclosures, Method of u
Mobile Electxric Power Engine Generator Set Family
Method of Insertion Loss Measurement

Electric Power, Aircraft Characteristics and
Utilization of

Line Impedance Stabilization Network 2MHz to 65MHz
Line Impeédance Stabilization Network 10KHz to 10MHz
Antenna, Biconical 30MHz to 300MHz, less Balun
Bifalar Balun, 30 MHz to 300MHz

Antenna, Conical Log Spiral, 200 to 1000 MHz
Antenna, Conical log Spiral, 1 to 10 GHz

Antenna, Double Ridged Horn, 200 to 2000 MHz

Antenna, Double Ridged Horn, 1 to 12.L GHz
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ES-DL-~2010%90 Antennas, Microwave 12 to L0 GHz
and Drawings: Detall Assembly
thereto

Copies of these orawings may be obtained from the contracting officer
or from the followling activities:

62J40L0 ang 62J4041

Hq, USAF Logistics Cormand

Engineering Data Center (SGCDC)

Wright Patterson Air Force Base, Ohlo LShL33

US Naval Applied Science laboratory
Brooklyn, New York, N.Y.

Others: SK.N 1791

Commanding General,

US Army Electronics Command

ATTN: AMSEL-TD.TE-C

Fort Monmouth, New Jersey 07703
Other Publications.

The documents referenced below form a part of this standard to the extent
specified herein.

Society of Automotive Engineers, Inc. {SAE)
SAE-ARP~936 - Ten Microforad Capacitor

SAE-JS551 - Measurement of Electromagnetic Radiztion from
Motor Vehicles

Interference (20 to 1000 MHz)

{Copies may be obtained from the Society of Automotive Engineers, Inc.,
2 Penngylvania Plaza, New York, New York 1001)

3. Definitions. - The terms used herein are defined in MIL-STD-L63.

4. Requirements.

k.t General Reguirements. - General requirements pertaining to the
application of thils standard, and applicable test limits, are
specified in MIL-STD-Lh61 NOTICE L. The test procedures contained in
this standard shgll be used 'r complying with MIL-STD-}61, NOTICE L
measurement requirements and in preparing the EMI test plan.

h.2 Specific Requirements for Testing to the Reguirements of
MIL-STD-401 NOTICE L, Details pertaining to the performance of the
tests contained in this standard are presented in this section.
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h.2.1 _Test Conditions. -

#.2.1.1 Ambient Eleciromesnetic lLevel., - The ambient electromagnetic
field level, during testing, measured with the test sample de-energized,
shall be at leasl 64dB below the allowable specified limit. Conducted
ambient levels need not be measured, provided that the primary pover is
adequately filtered. Precautions for avoiding ombient signals pgenerated
by test eguipment, as outlined in the various test precedures, shall be
observed. At the lower frequencies, where screenrcom filtering may be
inadequate and where the power line 10UFad capacitor represents a
significant impedance, various methods for verifying the source of an
excessive emission can be vtilized, such as the technique discussed in the
notes to Method CRO2, and should be made a subject of the test plan, If

a test site does not meet the requirements specified herein, measurements
shall be performed using the procedure specified in Method CRE 02. When
instrumeniation for performing CRE 02 is not available, the contractor may
use an equivalent method with the approval of the procuring activity.

}.2.1.2 Ground Plane, - A copper or brass ground plane (solid Plate)

shall be used that has a minimuwn thichness of 0.25mm for copper or 0.83mm,
for brass and is 2.25 square meters or larger in area with the smaller

side no less than 76cm. UWhen testing is performed in a shielded enclosure,
the ground plane shall be‘'bonded to the shielded room such that the de
bonding resistance shall not exceed 2.5 milliohms. In addition, the bonds
shall be placed at distances no greater than 90cm apart. For large
equipment mounted on a metal test stand, the test stand shall be considered
a part of the ground plane for testing purposes and shall be bonded
accordingly.

5.2.1.3 Accessory Equipment Precaution. - Care shall be taken to insure
that accessory equipments (spectrum monitors, oscilloscopes, earphones
and other equipments) used in conjunction with interference meters do
not affect measurement integrity.

L.2.1.1i Excess Personnel and Equioment, - The shielded enclosure shall

. be kept free of unnecessary equipment, cable racks, and desks. Only the

¢ equipment essential to the test being performed shall be in the enclosure.
Personncl not actively involved in the test shall not be permitted in the
enclosure.

h.2.1.5 Power Supply Characteristics. - Power sources which are required
[ for the operalicon of the equipment, sub-system or system under test, and
which are not supplied by the Government, shall have characteristics and
tolerances astspecified in MIL-STD-70L, MIL-STD-633 or in the cquipment
specification as is applicable.

4.2.1.6 R L Absorber Material. - R f absorber material may be used in
ghielded enclosures 1o reduce reflections from the surfaces of the
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enclosure to the measurement antennas. It is encouraged that this

material be used immediately behind the test specimen against the
enclosure wall in line with the test antennas.

L.2.1.7 Test Site.

L.2.,1.7.1 Shielded Enclosures. -~ Shielded enclosures shall be of
sufficient size to adequately accept the item under test without
sacrificing test accuracy or requiring deviation from the methods
specified herein, Shielding ond filtering characteristics shall meet
the following minimum requirements:

(a) Shielding effectiveness to electric fields and plane waves,
as measured in accordance with MIL-STD-285, shall be at least 80 aB
over the frequency range of test.

(b} Power line filtering must be included and shall have an
attenuation to frequenci€s above 10 KMz of at least B0 dB as measured
in accordance with MIL-~-STD-220A.

L.2.1.7.2 Open Areas. -~ Open field sites may be used when sufficiently
large screen rooms are not available or when the nature of the equipment
tested precludes their usage, The ambient requirements of paragraph
L.2.1.1 must be observed.

.2.1,8 Test Site Atmospheric Uonditions. - Testing shall be performed
under the following atmospheric conditions where possible:

Temperature 20 to 30 °¢
Pressure 78 Cm Hg
Relative Humidity 70 % of Saturation

L.2.2 Measuring Equipment. - This section describes the test equipment
used in the test methods contained in this standard.

#.2.2.1 Test Antennas. ~ Table I lists antennas which shall be used for
performing radiated emission (RE) and radiated susceptibility (RS)
measurements. Where antenna frequency ranges overlap either may be used,
receiver sensitivity permitting. EL-CL-(6003-0009A states requirements
and testing techniques for antennas used in testing to this standard;
antenna factors shall be determined In accordance with the testing
techniques of that standard.

L.2.2.1,1 %Fest Antenna Counterpoise (Monopole). ~ The test antenna
counterpoise shall be relercinced to the same ground reference used for

D
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shielded enclosure measurements, this would require
counterpoise to the refercnce ground plane. The bond must
by use of a solid metal sheet having the same width as the
- se and by welding along the entire edge at the points of
ct., If desired the counterpoisc may be configured so that one

C k_ s of adequate length to reach the equipment ground planec.
out-of-door measurcments the counterpoise and I meter should be
nced to a good earth ground. The antenna matching network must
f.' ed below the counterpoise,
L o
2 Other Equipment Characteristics., - Requirements for measuring
characteristics are contained in EL~CD-6003-00094 along with
s for mcasurcment of these characteristics. Table II represents
sted list of equipments for each test. In some cases the list
ents more than 1 model capable of performing a given function. Any
pment equivalent to those listed may be used with the approval of

he Tring activity.

02, 3 Use of Measuring Equipment. - 211 laboratory equipment shall be
rated as prescribed by the applicable instruction manuals unless
therwise specified herein. This standard takes precedence in the event
nflict with instruction manuals or other such documents issued by

lustry or other governmeni agencies.

.1 Grounding of Measuring Eguipment. - It is important thal grounding
1strumentation be accomplished in accordance with the following

o avoid false data that may be introduced by ground loops.

1 The antenna shall be remote from the measuring instrument.
]
The EMI measuring insirument shall be physically grounded with
N

: tion to the egquipment ground plane or to earth ground,
.;. ‘ound shall dbe broken by means of an isolation transformer.

; t Warm-Up Time. - Prior to commencing data ccllection,
7 equipment shazll have becn switched on for a period of time
low parame ter stabilization. If the operation manual does

1fic wax h];;t';ime, a period of one-hour shall be

R
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FIGURE 7 Powerline slabilization neluvork schematic diagram,perzs -DL-198697

X MIL-STD-462 NOTICE .
\d 9 Fabmr“'y 1971 HE)
2 Al

/S I

| POWER SOURCE
o Li ~ OR LOAD
TEST 1 & AN - it
SAMPLE  LJ - L
TR s 5
COAXIAL
TERMINAL FORMH——
MEASURING i é
SET {

1 {

EXCIOSURE DATA: 1k GAGE (B%S) ALULFINUY SUGGESTED SIZE 9-3/8 IN, BY L BY L IN.
FORM DATA: S-1/h IN. LRIGTH, 3 IN. DIA (OD), .125 IN. WALL DRILL 3/8 IN. HOLE
7/16 IN. FRO¥ EACH EUD.

WIRE DATA: AWK 6, 60CYOLT, .310 IN. DIA (OD)
O0IL DATA: L1 ~ 5 MICROUENRIES, 13 TURNS SIHGLE LAYER, h IN. WINDING LEIGTH,
CAPACITOR: C1 SHALL BE MDUKTED ON 1 IN. INSULATING BY.OCK AROVE GROUND.
CAPACITOR DATA: C! * .1 UF, 600-VOLT DC, FEEDTHRU

¢2 = 1 UF, 600-VOL? BC, FESDTHRU -
RESISTOR DATA: R1 = 5,000-0!B; S-WATT CARDON ﬂ

1. THE VALUES GIVEN FOR THE COMPOKENT PARTS OF THE LEIWORK ARE NOMINAL.
REGARDLESS OF THE COXSTRUCTION OR DEVIATION FROMN NOMINAL VALUES, THE
NETWORK MUST HAVE AN IMNPEDANCE WITHIH 20 PERCEIT OF THAT GIVEN IN FIGURES.

2. COMNNECTING LEADS TO CONDENSERS AND RESISTORS SIDULD BE AS NEARLY AS
TOSSIBLE TO ZERC 1EKGTH.,

3. NETHORKS MAY ALSO BE CONSTRUCTED HAVIEG A 1-OHM SERIES RESISTOR BETWEBN THE
LINE AND CAPACITOR C2. TiHIS 1-OHM RESISTOR SHALL BE MADE BP FROM TEN 10-041,
1-WATT COMPOSITION RESISTORS.

4, THE DATA GIVEM IN THIS FIGURE IS SUITABLE FOR THE CONSTRUCTION OF S0-AMPERE
. NETWORKS. IARGER CURRENT-CARKYING NEIVOIXS MAY BE (ONSTRUCTED BY IMCREASINLG
‘ THE WIRE SIZE GIVEM FOR THE COIL AND THE SIZE OF THE OVERALL ENCLOSURE.

‘l i . THE 50-0IM TRANSHISSION LINE SHOULD BE EXTENDED WITHIN THE ENCLOSURE RIGHT
UP T0 THE LOCATION WHERE IT CORNECYS WITH CAPACITOR C1.

CAUTION: THE NETWORK SHALL BE PROMINENTLY AMD PERMANDBITLY MARKED "CAUTION-
SHOCK HAZARD - COMRECT CASE 90 EARTH GHOUID BEFORE COUNECTING A-C POVER LILE."

{CE REQUIRIZBNTS OF FIGURE 8, MAY STILL BE USED.

HETWORK SHATL BE PERMANINTLY LABELED WITH THE IOLIOWING DATA: CURKENY
IN AMPERES AND VOLTAE RAYHIG I8 VOLTS AT DIRECT CURREIT, &0, 400, AR
cPs. Ny

XS PROCURED PIIOR 10 THE DATE O THIS SPECIFICAYION, BUT HEETING THE ’
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50 OHM COAXIAL
A TERMIKATION IN PLACE OF RIFI METERS

{—— IMPEDANCE PRESENTED TO THE EQUIPMENT WHEN
CONNECTED FOR MEASUREMENTS.

Zs — IMPEDANCE OF THE POWER SCURCE USED,

BP— HEAVY DUTY BINDING POSTS (MFR.STANDARD ELEGTRIC TIME CO.)
’k,-g‘opowsn RECEPTACLE, IS V., |5 AMPS. (3-WIRE POLARIZED
 TWIST LOCK, MALE BASE)
Rp— POWER RECEPTACLE, 115V, [5AMPS. {3-WIRE NON-POLARIZED,
' "U“SHAPED GROUNDING SLOT.®
S - . YPE "N" CONNECTOR {UG-58/U) PANEL MOUNTING.
COIL~26 TURNS OF NO.6~ 600 VOLTS INSULATED WIRE

TRAN D m,wouun ON 53" DIAMETER COIL FORM.

"

k \ ‘x a 'H BRASS {DIVIDED IN TWO SECTIONS BY
%‘t}éh a%." fg"mlcx.

\

b
ILIZATION NETWORK CONSISTS OF TWO OF

- ,q:}-

_I.N.E IMPEDANCE STABILI-
QUENCY )} per SK.X 1791
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lRERRg pTIcE 3(e)
%.2.3.3 Detector Function. - A peak detector shall be used for all
neasurements required by HIL-STD-L61 NOTICE L; however, for narrowbang
measurcments, the average or rms functions may Le used, if auvthorized
by the procuring activity. Substitution generator output levels 'shall
be corrected when the detcctor output and the signal generator output
calibration are different functions of sign wave (peak, average, rms).

L.2.3.4 Monitoring of Measuring Equipment. - The IF output of the EMI
measuring instrument shall be monitored with a device that gives an
amplitude versus frequency presentation on a cathode ray tube. This
monitor is used to obtain information on the characteristics of the
signals being measured. The measuring equipment shall also be
monitored with headphones—or a speaker.

— :‘F “11’)0/,03

5;.2.3.5 Igentification of Spurious Responses in Measuring Equipment, -
The measurement equipment shall be checked for spuricus responses,

False data caused by such spurious responses shall be so identified on the
X-Y recordings or data sheets.

k.2.3.6 Calibration of Measuring Equipment. - Measuring instruments

and accessories used in determining compliance with this standard shall

be calibrated under an approved program in accordance with MIL-C-h5662.

The calibration program document reguired by MIL-C-45662 shall be submitted
for government approval as part of the test plan. See EL-CD-6003-0009A
for calibration methods for implilse generators.

L.2.3.7 Accuracy of Measurement. ~ Al) measurements made in accordance
with this standard shall have the following accuracies. Proof of such
accuracy shall be documented in the test report.

(a) Frequency Accuracy:

Where specified limits are exceeded in the spurious response and
harmonic and spurious emissions tests (antenna terminal), the freguency
of measurement shall be accurate to within +0.1%. Since signal generators
and EMI meters usually do not offer this accurzcy, it will be necessary
to employ a frequency counter or other similar standard, All other tests
shall be subject to a frequency accuracy of :2%.

(b) Amplitide Accuracy

Amplitude Accuracies shall be +2dB,

L.2.; Positioning of Measurement Antennas. =

L

5i.2.4.1 Each face of the test sample shall be probed with a loop or

other suitable sensor to determine the localized area producing maximum
g emission or susceptibility. Probing shall be performed at frequencies
known or calculated to represent worst case interference; or, if no such
information is available, probing shall be porformed at no fewer points
than 1 frequency for every two ectaves over the frequency range of test,

2%
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The face exhibiting worst case characteristics in any octave or band,
provided that a band is not less than two octaves, shall face the test
antenna for that par tion of the frequency scan. Automatic scan
techniques may be used to scan all sides.

li.2.,.2 When performing radiated emission and susceptibility tests no
point of the antennas shall be less than 1 meter to the walls and 0.5
meters to the ceiling of the shielded enclosure or obstruction.

L4.2.4.3 For radiated emission measurements between 30 MHz and 12.l GHz
linearly polarized antennas shall positioned alternately to measure the
vertical and horizontal components of the emission. For radiated
susceptibility measurements between 30 MHz and 12.L GHz, linearly
polarized antennas shall be positioned so as to generate alternately
vertical and horizontal fields.

Lk.2.5 Measuring Frequencies. - The entire specified frequency range
for each applicable test shall be scanned. Measurements shall be taken
at not less than three frequencies per octave representing the maximum
indications within the octave. In addition, measurements shall also be
made at the test sample's critical frequencies (power fréquency and
harmonics, local oscillator frequencies, I.f. frequency and others} as
specified in the equipment, sub-system or system specification and the
government approved test plan.

L.2.6 Tdentification of Broadband and Narrowband Emissions, -
Identification of broadband and narrowband interference may be
accomplished by use of the monitoring equipment specified in 4.2,3.4 or
by cbserving affectsdue to switching of bandwidths or detection
functions. Also, a differentiation can be made by measuring the pulse
repetition rate of the emission (Optional). If the pulse repetition
rate is less than the rate specified in the following table it should
be considered a broadband emission and should be measured with an
instrument havihg a bandwidth equal to or greater than the value of
the specified rate; if the repetition rate is greater than specified
below, the emission should be considered narrowband and should be
measured with an instrument having a bandwidth less than or equal to
the value of the specified rcepetition rate.

Frequency Range Repetition Rate
20KHz - 150KHz 200Hz

150KHz -~ 30MHz SKHz

30MHz ~ LOOMHz 100XHz

L;00MHz - 1000MHz 300K Hz

4.2.6.17 Pulsed CW Requirements. - The pulse vepetition eriteria
expressed in the forcgoing shall apply for pulsed CW up to YOOOMHz.

25
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Above 1000 MHz pulsed CW emission shall be compared to narrowband
limits; however, bandwidth corrections-should be employed to normalize
the measurements to 1 MHz bandwidth.

h.2.7 Arrangement and Operation of Test Sample.

4.2.7.1 Control Adjustment. - For all modes of operation, controls on
the test sample shall De operated and adjusted as prescribed in the
instruction manual or as required by the equipment specification to
obtain optimum design performance.

h.2.7.2 Signal Inputs, - Actual or simulated signal inputs required to
activate, utilize, or operate all circuits shall be used during emission
and susceptibility testing.

.2.7.3 Arrangement and Operating Conditions, ~ Interconnecting cable
assemblies and supporting structures shall simulate actual installation
and usage. Shielded leads shall not be used in the test setup unless
they have been specified in government furnished installation drawings
or in the government approved electromagnetic compatibility control plan,
Cables shall be checked against the installation requirements to verify
that no extra shielded wires have been used. Cables and equipments
shall be so arranged that there is no shielding interposed between the
test sample cables and the measurement antennas. Whenitesting in
shielded enclosures, the faces of the test sample shall be located 10 + 2
centimeters {cm) from the edge of the ground planc., Al) leads and
cables shall be within 10 + 2 ¢m from the edge of the ground plane, and
shall be approximately S cm above the ground plane.

5.2.7.4 Bonging of Test Sample. -~ Except as indicated for conducted
emission tests, only the provisions included in the design of the
equipment or as specified in govermment approved installation drawings
shall be used to bond units such as equipment case and mount together,
or to the ground plane., When bonding siraps are required to complete
the test setup, they shall be identical to those specified in the
installation drawings. Portable equipments that are intended to be
grounded through the third wire of the power cable shall be grounded as
indicated in the applicablce test procedure, and shall not be grounded
by any other means; for radiated emissions testing, this would require
the use of an isolation test stand.

k.2.7.4.1 Shock and Vibration Isolators. - Test samples shall be

secured to mounting bases having shock or vibration isolators, if such
mounting bases are used in the installation. The bonding straps furnished
with the mounting base shall be connceted to the ground plane. When
mounting bases do not have bonding straps, bonding straps shall not be
used in the test setup,

26
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4.2.7.h.2 FExternal Cround Terminal. ~ When an external terminal is
provided for a ground connection on the test_sample, this terminal
shall be connected to the ground plane.

%k.2.7.5 Joads. - The equipment under tecst shall be loaded with the full
mechanical and clectrical load, or equivalent for which it is designed.
This requirement specifically includes electrical loading of the contacts
of mechanisms which are designed to control electrical loads even though
such loads are physically separate from the equipment under test.
Operation of veltage regulators and other circuits that function inter-
mittently is required during testing. The loads used shall simulate the
resistance, inductance, and capacitance of the actual load. Mechanical
devices shall also be operated under load. The device under test shall
be actuated by the same means as in the installation. Example: If a
solenoid is actuated by a silicon-controlled rectifier, do -ot use a
toggle switch to operate the solencid for the test.

h.2.7.5,1 Source and leoads for C-E Bouipment. - All RF outputs of C-E
equipment shall be terminated with shielded dummy loads as appropriate

for the cquipmeni under test and the test being run to produce maximum
normal output. At the frequencies of concern, the VSWR of resistive dumy
loads, attenuators, directional couplers, samplers, power dividers, and
the internal output impedance of standard signal generators shall be no
greater than:

Transmitter Loads 1.5:1
A1l other dummy loads and pads 1.3:1
Standard Signal Generators 1.3:1

4.2.7.6 Operating Frequencies. - Measuremenis shall be performed with
the test sample tuned according to the following rule:

{(a) Where the test sample has only one continuously tunable band
{without band switching) or a single range of fixed channels, perform
tests with the test sample tuned to frequencies or channels not more
than 5 percent removed from the lower and upper tunable frequency
limits., If these selected frequencies are of ratio greater than 2 to 1,
perform tests with test sample tuned to the center frequency of the
tunable band or range, also.

{b) Tor test samples with multiple tuning bands or ranges of fixed
channels, perform tests with test sample tuned to frequencies S percent
removed from the extremes of each band or range. Vhare this would
involve greater than 6 tests, perform tests with test sample tuned to
the center frequency at each band or range only.

{c) In addition to the above, narrowband tests shall be conducted
with the test sample tuned to- frequencies or chammels as indicated in the

27
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oﬁtml and test plans as being potentially subject

1ses and emissiomns.

title.
%
i

‘ ]
y ~Date
% Sept 1969
.2 o
5 Zept 1969
’5 Sept 1969
o 't. 1969

t Procedurcs. -~

: n ¢ontains the measurement procedures to be used in
pliance with the emission and susceptibility reguirements
ICE L. The test procedures arc for the entire specified
however, certain equipments sub-systems or systems may
‘testing throughout the complete measurement frequency range.
ications are specified in MIL-STD-461 NOTICE L

I1Tis an index of measurement procedures by method number,

Table III - Index of Measurement Procedures

Conducted Emission, 30 Hz to 50 KHz,
dc Power Leads

Conducted Emission, 10 KHz to 50 KHz,
ac Power Leads

Conducted Emission, 30 Hz to 50 KHgz,
Control and Signal Leads

Conducted Emission, 50 KHz to 50 MHz,
Power Leads

Conducted Emission, 50 KHz to 50 MHz,
Control and Signal Leads

Conducted Emission 10 KHz to 12.L GHa,
Antenna Terminal

Power Source, Tactical Vehicles
1.5 to 65 MHz

Conducted Susceptibility, 30 Hz to
50 KHz, dc Power Leads

Conducted Susceptibility, 50 KHz to
100 MHz Power Leads

Conducted Susceptibility, 30 Hz to
10 GHz, Intermodulation, Two Signal

Conducted Susceptibility, 30 Hz to 10 GHz,

~ Rejection of Undesired Signals at

nput Terminals (2-Signal Generator

. Med Od),
Conducted Susceptibility, Spike, Power

B [0
0.1 b

~—



Cs0?
CRED?
CRED2
RED?
RED2
REO3
REO3
REOL
REDS
RIDS
RSO
RSO2

R303

31 July 1967
S Sept 1969
5 Sept 1969
31 July 1967
S Sept 1969
5 Sept 1969
S Sept 1969
S Sept 1969
31 July 1967
31 July 1967
31 July 1967
S Sept 1969
S Sept 1969

Conducted Susceptibility, Squelch
Circvuits

Transicnt Measurements of Manual
Switching and Low chetit:l.on Neoise

BEmission Measurements in a High A
Ambient Field

Radiated Bnission, 30 Hz to 30 KHz,f >
Magnetic Field

Radiated Emission, 14 KHz to 12, h' Gite,
Electric Field !

Radiated Fmission, Spurious and
Harmonic Emissions 10 KHz to kWO GHz

Radiated Emission, 20 Hz tolk0 KHz,
-Magnetic Field

Radiated Emission, 20 Hz to 50 KBz,
Magnetic Field

Radiated Bmission, 150 KHz to LOO MHz
Vehicles and Engine-Driven Equipment

Radiated Emission, 1l XHz to 1 GHz,
Overhead Power Lines

Radiated Susceptibility, 30 Hz to 30. K H:
Magnetic Field

Radiated Susceptibility, Magnetic
Induction Fields

Radiated Susceptibility, 1hKHz to 12.

Electric Field

-l,



METHOD CEO1

- CONDUCTED EMISSION, 30 Hz to 50 KHz DC POWER LEADS

e F |

« Applicability - This test method is applicable for measuring conducted !

ssions in the frequency range of 30 Hz to 50 XHz on dc power input and |
ads. It is especially useful where flat frequency response or

increased sensitivity is desired.

. Apparatus -
18!

&, Solar Electronics Co., Audic Isolation Transformer Type 6220-14
or equivalent,

b, Klectromagnetic Interference Meter.
¢, Ten-Micro-Farad Feed-Through Capacitor.

3. Test Setup - The test setup shall be as shown in Figure CED1-1  The
esister R shunis the primary, its value determining the system transfer
npedance., The fransfer impedance or correction factor shall be deter-
mined as shown in Figure CE01-2 and plotted as shown in Figure CO1-3

‘A value of R less than 5 ohms should be chosen so as to give essentially a
lat response across the frequency range. The transfer impedance can

so be determined by a single calculation as follows.

d z = 20 log _151 = db relative to one ohym (R<< 50 ohms)

4 8
correctivn factor is then just the negative of z, (This calcéulation
1 ﬂ'in slight error if the transformer turns ratio is not exactly
o 1. In such case z = 20 log R where n is the turns ratio). In
S 3 n
o maintain required sensitivity a value of R less than .5 ohms

t be used,
asurement instrument bandwidth between 50 and 75 Hz shall be used.

- b

1.4




METHOD CLOY

WOTES:
1, Technique for Dsiermining Source of Conducted Emission {ambient or

Sample Generated)

M

2. N

AY v

i
|

11 = Iz + 13
1'1 is always greater than I2

-

When taking measurements on both sides of the capacitor, the highest
.
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ML-STD-L62 C

ebruary 19
METHOD CEO2

CONDUCTED EMISSION, 10 XHz to 50 KHz, AC POWER LEADS

1, Applicability - This test method is applicable for measuring condue

emissions on ac power input and output leads, including neutrals which
are grounded externally to the equipment and whose length exceeds & inche:
- A' -

2. Apparatus - 2

a. Current Probe,

LA}
-

.6|

- b/ Matching Transformer --If required between current probe and i "
interference meter to allow the measuring system to meet the sensitivity
requirements nceded to perform the test. -

¢, Electromagnetic Interference Meter,

d., Band « Reject or High Pass Filter -~ A filter shall be used in tt
measuring circuit to attenuate all frequencies below 10 KHz, .

-

e. Line Impedance stabilization networks. See Figures 9 and 10 for
details of LISN covering applicable frequency range. | =5 .
4

* NG

1

f. Headphones and IF monitor, e

g. 50 onm resistive terminations for LISN's -9

1 il /
I8 S

-

a
3. Test Procedure - The test setup shall be as shown on Figure
18

3.1 A meter bandwidth between 50 and 75 Bz shall be used. { v
L ]
#.1 ‘_‘“'

Notes:

a. When matching transformers or band-reject filters ar u
characteristics must be described in the test plan and/or 1

b. Conducted emissions shall be measured separately
1ead-



: i

1
power ground shall be referenced to the ground plane
.L:

separation between cables, leads, and ground plsne shall

h of power lead from the test sample to the stabilization .
_~E be at least 2 meters long but not greater than 3 meters long.
th of each power lead between the point of separation and
l" 0 the stabilization network shall be 30 + 2cm.
st sample and EMI instrumentation should derive their power
bs from scparate phases of the ac power source, if possible.
 of this requirement is to provide isolation between the
an neasurement instirumentation threugh the shielded
_4'\ r line filters.
. measurement ingtrument chassis power ground must be broken
on transformer to prevent circulation of r.f. ground
test equipment.

nerators and other electronic measurement instrumentation
adversely to the power line ambient level. Separate

s filters, reversed line impedance stabilization o
: ;"*LT"‘IS be used as required to provide r.f. isolation.

&1 test instrumentation is properly bonded to the
2 applying power to prevent a potential shock hazard

i
>
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METIDD CEO3

1

CONDUCTED FMISSIONS, 30 Hz to 50 XHz, SUB_SYSTE}M CONTROL AND SIGNAL LEADS

1. Applicability -~ This test method is applicable for measuring conducted
emissions on control and signal leads which interconnect sub-systems of a
system. Interconnecting cables, signal leads and control leads existing
at the interface of Contrist Fnd Items being supplied under a single
contract by a single contractor need not be tested.

2, Apparatus - The test appratus shall inelude the following.

a. Current Probe.

b. Matching Transformer - If required between current probe and the
interference meter to allow.the measuring system to meet the sensitivity
requirements needed to perform the test.

¢. Electromagnetic Interfercnce Meber with 50 to 75 Hz bandwidth.

3. Test Setup and Procedure - The test setup shall be as shownnin
Figure CEC3-1

3.1 Measurements shall be taken with the EMI meter bandwidth selection —~
control set to SO to 75 Hz. g

. Notes:

8, Where indivigual or groups of leads, contained in a shielded or
sheathed bundle, must be tested, an extension or segment, fabricated
especially for the purposes of this test;, must be added to the cable.
This segment would be unsheathed and wouid include no shields. Rules
for grouping signal and control leads, within the same lead bundle, for
testing are as follows.

{1) In no case shall a group of leads be probed with both the
high and return leads in thie test group. Twisted pairs will be tested in
the same manner at the bundle test extension or segment where the twisting
is discontinued,

{2) The size of the group tested should not exceed % inch in
diameter. Each group which results from the division should contain a
approximately the same number of conductors.

(3) When a group of leads exceeds the limits of this standard,
the offending leads shall be identified and measured separately.

38
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b. When the test sample provides secondary powaz- to another
equipment which is not included in the test, the power lines shall
approprlately loaded, excluding LISN's and measurements shall be ma
using method for signal and control leads.

FIGURE CED3-1 NOTES

1. The d.c. bond resistance between the ground plane and the enclosw
shall not exceed 2,5 milliohms.

2. The minimum separation between cables, leads and ground plane shall
be 5 cm,

3. The test sample and RMI instrumentation should derive their power
requirements from separate phases of the ac power source, if possible.
The purpose of this requirement is to provide isolation between the
test sample and measurement instrumentation through the enclosure powe

line filters.

L. The EMI measurement instrument chassis power ground must be broken
at the isolation transformer to prevent circulation of r.f. ground
currents in the test equipment.

5. Calibration generators and other electronic measurement instrumen-
tation must not contribute adversely to the power line ambient level
Separate power source phases, filters, reversed impedance stabilization
netwerks, etc., should be used as required to provide r.f. isolation.

CAUTION: Be sure the instrumentation is properly bonded to the groun

‘plane before applying ac power to prevent potential shock haz

personnel. a:ni
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METIOD CEDY
(A) CONDUCTED EMISSIONS 50 KHz to 50MHz, POWER LEADS

1. HApplicability - This test method is applicable for measuring conducted
emissions on equipment/sub-system a.c. and d.c. power leads, including
neutrals which are grounded externally to the equipment. This includes
equipment-sub~system leads supplying unfiltcred primary a.c. and d.c.
power to other equipmentis or sub-systems. To be used in testing to the
requirements of Tables I thru VII of MIL-STD4:61 NOTICE k

2. Apparatus: Measurement instrumentation shall) include.

a. Current Probes.
b. Electromagnetic Interference Meter.

¢. Line Impedance Stabilization Networks - Two such networks,
covering separate frequency ranges, are required for each line to be
tested (See Table II and Figures , 7, 8, 9 and 10},

d. Headset and IF Monitoring Device
2., 50 ohm resistive verminations

3. Test Proceaure - The teslt setup shall be as shown in Figure CHED2.
See Figure CuoLn~1ilor details of LISN setup.

NOTES:

1, The current probe shall be positioned along the length of power
lead to produce a maximum reading on the EMI meter.

2, Fngine Generators - No LISN is required in the output power leads.
Measuremenls shall be made with the output end of the power cable
terminated with a normal operating load. A cable length of 50 feet
should be used and measurements made near the 1load end.

{B) CONDUCTED INTERFERENCE, POWERLINE -,150 to 65 MHz LISN METHOD

1. Applicability - This test method is applicable for measuring
conducted emissions in the frequency range of .150 to 65 MHz on A.C.

and D.C. power leads for all electronic and electro-mechanical equipment
except enginc generators and vehicles. To be used in testing to the
requiremenis of Tables A-I thru A-VI of MIL-STD-461 NOTICE i.

Y
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- The test apparatus shall include the following:

0

mped ance stabilization networks (impedance characteristics
l‘n‘.-L 10.
L

;;’ !’Esi‘sz;.vo terminations {VSWR not greater than 1.3 at
>f concern) .,

AT -§

ation transformer.

¢

Procedure -~ The test setup shall be as shown in Figure CEOL-2.
ssions, both narrowband and broadband, shall be measured on
3 D.C. power input and output leads, including neutrals which
ed externally to the equipment, Bonding straps do not have to
The limits of Figures A-3a through A-3d of MIL-STD-hE1 ROTICE |

s
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NOTES - Figure CEO)~2 i,
1. The D.C. bond impedance between the ground plane and enclos
shall not exceed 2.5 milliohms. g
2. The EMI meter shall be bonded to the ground plane at one point
The chassis ground lead shall be Broken, .

3. Line impedance stabilization networks and isolation transformer
shall be bonded to the ground plane. ool 5

4. The minimum separation between cables, leads and ground Q‘,La‘s :’?"_
he 5 CM. 3

5. When possible, the test sample and EMI measuring instrumentatio
shall derive their power from two separate phases of the A.C.

The purpose of this is to provide additional isolation betweengar
sample and measuring instrumentation through the enclosure's power
line filters. B i
CAUTION: Be sure all test fnstrumentation is properly bonded to the
ground plane before applying power to prevent a potential shocka A% ar
to personnel. g
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METHOD Ci0S ,

CONDUCTED EMISSIONS, 50 KHz to 50 -Miz SUB-SYSTEM CONTIOL AND SIGMAL LEADS
1. Applicability - This method is applicable for measuring conducted ,
emissions on control and sighal leads which intexrconnect sub-systems of a
system configuration., Inlerconnecting cables, signal leads and control leads
existing at the interface of Contract End Items being supplied under a
single contract by a single contractor need not be tested.
2. Apparatus - The test apparatus shall include the following:

a. OCurrent prohes.

b. électromagnetic Interference Meter.

¢. Headset and IF monitoring device,

3. Test Setup and Procedure -~ The test setup shall be as shown in
Figure Cm3"1 .

L. Notes:

a. Where individual or groups of lcads, contained in a shielded or
sheathed bundle, must be tested, an extension or segment, fabricated @

especially for the purposes of this test, must be added to the cable.
This segment would be unshcathed and would include no shields. Rules
for grouping signal and control leads, within the same lead bundle, for

testing are as follows.

{1) In no case shall a group of leads be probed with both the high
and return leads in the test group. Twisted pairs will be tested in the
same manner at the bundle test extension or segment where the twisting
is discontinued.

{(2) The size of the group tested should not exceed % inch in
diameter. Each group which results from the division should contain
approximately the same number of conductors.

{3) When a group of leads exceeds the limits of this standard, the
offending leads shall be identified and measured separately.

b, When the test sample provides secondary power to another equip-

ment which is not included in the test, the power lines shall be avoroopriately
loadad, excluding LISN's and measuremenls shall be made using the method

for signal and control lines.

6 =/




\FhERa BTCE 206
¢. The current probe shall be positioncd along the length of
interconnecting cable to producec a maximum reading on the EMI meter.

d. The equipment shal? be loaded as specified under the test
gsample requirements in this standard.

u7
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" CONDUCTED BMISSION, 10 Kilz to 12.LGHz

—_

TENNA TERMINAL, EQUIPMENT, SUB-SYSTEM, SYSTEM

ity - This test procedure shall be used to measure the

r missions appearing at eguipment, sub-system and system antenuna

inals. The procedures outlined herein for the range from 10 KHz to 12.'3Yz ==
licable for receivers, transmitters (key-up and key-down) and r.f. E
ifiers operating below: 1.2k GHz., These procedures do not apply to

ments designed to operate into a fixed nonrcmovable antenna, for

smitters whose average output power is greater than five kilouatts,

or transmission systems above the frequency vhere multimode

‘-:;_; can exist,

 Frequency Range of Test - Frequency range of the test is as follows:
I

 Equipment {test Sample) Range of Test
- Operating Range
- Uperatang Range

¥ {10 to 30 XHz) 0.01 to 10 Mz
LF (30 t0300 KHz) 0.01 to 100 MMz
* {.3 to 3 fHz) C.01 to 600 Miz

(3 to 30 Miz) 0.01 to 1,000 Mz

P (30 to 300 MHz) 0.01 to 3,000 Miz)

(300 to 1240 MHz) 0,01 to 12,400 MHz

ratus - The measuring apparatus shall be as indicated in Figures
"~ ClD6-2, CH6-3 and CHO6-h as applicable.

ety p - The test procedure shall be selected in accordance with
ata;p'tions of Figures CEO6-1, CR06-2 and CED6-3,.

e quipment is designed for operation into a specified antenna,
"d using the actual antenna as the load.

-

1g receivers and transmitters in the key-up condition, the
3 d attenuators should not be used. Measurements
interposing an appropriate matching network between
and the EMI meter.

yilable at the|antenna terminals is greater than
sency of the test sample is greater than

oW 2.1 GHz in waveguide

e made in the radial ed field,
- ' .k’ -

-

MEgRiof tho

1.3
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Lk Selectlon of directional couplers for use in this test should be
based on the following criteria.

a. Insertion loss between test sample and locad shall not exceed
1dB over the frequency range of test.

b, Coupling arm calibration error shall not exceed +.25 dB over
the frequency range of test.

c. The coupling arm isolation shall be consistant with adequate
reduction of the transmitter's fundamental power and the test configu-
ration sensitivity required to measure spurious and harmonic levels
indicated in the limit curve of MIL-STD L6} NOTICE L.

5, Procedure to be Used in Conjunction With the Test Setup of Figure CED6-h.

a, Tune the transmitier to a specified test frequency. With the
coaxial switch of Figure CHO6-l in position 1, and the fundamental
frequency rejection network bypassed, tune the frequency - selective
volt meter to the transmitter frequency. Adjust the variable atten-
uator and the voltmeter controls for a convenient reading on the meter.
Record all settings and attenmuator settings including power monitor
level.

b. Using the transmitter settings of (a) above, insert the funda-
mental frequency.rejection network, and tune it to reject the transmitter
fundamental freguency.

¢. With minimum system attenuation and maximum instrument sensi-
tivity, tune the frequency selective voltmeter through its full frequency
range/s to detect all emissions.

d. Each time a spurious transmitter output is found, adjust the
meter sensitivity to give a convenient reading. Set the coaxial switch
to position 2 and determine the signal level of the responses by
substituting an equivalent signal from the signal generator. Record
these values. When determining the level of the responses, the
attenuation of the signal coupling device, at the spurious frequency
shall be known to within +.25 db.

e. Repeat the foregoing steps at each specified transmitter test
frequency.

6. Notes,

6.1 An impedance match between the test sample and the measuring
equipment shall be maintained.

L9
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to damage cquipment dur.’mg this test or to gcnerat,e
ses in the interference measuring set. To minimize

it is recommended that the fundamental frequency be
,ro:dmately - 304BW at the input to the rejection
®

= W0 MR
ation of spurious responses can be simplificd by moni-
asurement instruments IF with a spectrum analyzer or
gample shall always operate into a matched resistive load
antenna terminal tests except when the test setup of CED6-3 is

re ‘e actuel equipment antenna is used as a load.
ins . ﬁn loss of fundamental frequency rejection networks
known:, at the frequencies of the spurious output being measured,

loads shall be of adequate power handling capacity io
4" e transmitters.

Iy —

-
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TEST ATTENUATOR REJECTION
SAMPLE LOAD NE";\:ORK

AVERAGE POWER AT INPUT TO EM! METER AY fo SHOULD NOT BE GREATER
40dB ABOVE METER SENSITIVITY LEVEL.

FIG.CEO6-1 TEST SETUP FOR CONDUCTED EMISSIONS, ANTENNA
TERMINAL WHERE fo ISINRANGE OF i0 KHz TO {OOMitz
AND AVERAGE POWER DOES NOT EXCEED 304BW.

INGERTION LOSS <143
DIRECTIONAL COUPLER

L [N

o

d

3,
{

i
Y
TEST SAMPLE] i
\ 1

E

\AL

REE_‘ * | .
FILTER [

e

-
.
'
3
K
i~
'

gl |
L comne

SVITCH

AVERAGE POWER AT INPUT TO EMIMETLR AT fo SHOULD NOT
40dB ABOVEMEYER. Sensitivity Level

s-‘.

FIG. CEO6-2 TEST SETUP FOR CONDUCTED EMISSION
TERMINAL WHERE fo IS INRANGE (0!

AND AVERAGE POWER DOES NO
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EQUIPMENT, SUBSYSTEM OR SYSTEM

FO
POWER
MONITOR

SAMPLING NETWCORK
{2 REQUIRED iF
BALANCED LINE )

TRANSMITTER
UNDER
TEST

- W WY S

VARIABLE
ATTENUATOR

SHIELDEN ENCLOSURE,IF REQUIRED

e e e i bt — - . e

1
{
!
!
§
!
!
!
!
1
1
|
!

50 OHM
ATTEN. 2 ————

FUNDAMENTAL FREQ.
REJECTION NETWORK

r-- — e — gy e ey e W W e v v e —

FIG.CEO6-4
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- METIOD CEDT

wil
)NDUGTED BAISSICN, TACTICAL VEHICLE POWER SOURCE LEADS - 1.5 to 65 13z
) COUPLING BLOCX METHOD

Applicabjlity -~ This method is applicable for measuring interference
age on electric power outpuil terminals of vehicular electric terminzl
oxes, and other power generations, and conversion equiprent where the
ominal line voltage does not excoed LNO volts r.m.s. ac or 500 volts dec.
he interfercnce voltage to be measured is from each linc to ground for
_ unded systems and from each line to neutral for ungrounded systeme,

2, A.EEraﬁus ~ The measuring equipment required is as follows.

~ a. Interference measuring set having 50-ohm resistive input

‘." pedance over the frequency range required for the test, and the
apability of measuring broadband interference.

|

b. One each Coupler, Radio Frequency Interference, CU-891/URH-85.
¢. One each Coupler, Radio Frequency Interference, CU-896/UR:-85.

. Test Procedure -~ The test setup shall be as indicated in Flgure CEO7-1.
asurements shall be made at normal operating leoad or simulated norrmal

perating conditions, and, if applicable, at no load. The equipment shall

oaded electrically or mechanically, or both, as applicable. Vehiculer

r sources shall be tested with the 50 ohm coupling block connected

55 the storage batlery terminals, with all charging circuitry,

di g'_output voltage regulalors, in operation throughout the test.

lon = Care shall be exercised that:

&
The "ground" binding post terminal of the coupler is connected

nd or neutral line of the power line or terminal box under

LYY

I- voltage of the line under test does not exceed the
ve under "Applicability",
‘. he coupler binding post terminals to the line or
rt as possible, and insulated as necessary for
st frequency, the shorter is the permissible
vy

.:__,




9. HNotes -

5.1 Couplers CU-891/URM-85 and CU-896/URM-85, when used wi
measuring set, load the linc to be measured with a 50-ohm rf imped

5.2 The CU-891 has a usable frequency range of 0.150 to 30 Miz, an
the CU-8%6, 20 to 1000 YHz,
5.3 Couplers CU-B92/URM-85 and CU-897/URM-8S are alsc available
providing approximately S500-ohms rf load on the source. The former
covers 0.150 to 30 MHz, and the latier 20 to 1000 MHz. They are used
in the same manner and with the same precautions as the S0-ohm coup:
An approximation can be made as to the magnitude of the rf impedance ¢
source being measured, by comparison of the readings made with a 50C
coupler against those made with +the 50-ohm coupler of the same rated
frequency range. This may be an aid in designing or choosing line f ':'

for the particular application. The 500-ohm couplers have a 20-dB T;_
which must be added to the instrument reading for a proper comparison
against tne reading taken with the S50~ohm coupler. vl

=
-

.



N RS
 2L0AD (NOT REQUIRED WHEN TESTING
VEHICULAR POWER SOURCES)

wdh -
| coupLER
F 1”

EMI
MEASURING
INSTRUMENT

Ml A SUREMENT




%

L%

gikg‘rr&gz‘ J9FICE 3(se) \

METIOB CRED1 (Supplemental to CEO2, CEOL, REO1, REO2)

"

TRANSIENT MEASUREMENTS OF MANUAL SWITCITING AND LOW REPETITIO!
NOISE-CONDUCTED OR RADIATED

1. Applicability - This method shall be used in conjuanction with
Methods CBO7, CEOL, REO1, and RED2 to measure transient interferen
with repetition rates less than 10 pulses per second {p.p.s.) as
specificd hereinafter Apparatus and Setup - See Applicable Metht
Where a "true peak" detector is available and accurate at low repet
tion rates, this procedure need not be used. "

2. Procedure

a. Measure radiated transients at one freguency every oc
over the frequency range reguired for the equipment under test
Measure conducted transients at one frequency every octave fro
to 50 MHz (in the case of transient interference caused by manuz
switching operations, the frequencies at which measurements are
may be selected prior to testing).

b, Use the substitution method with the slide back detector
function, Monitor the detector output with an oscilloscope. Usin
an impulse generator, preset the slideback cutoff point at a leve
which 1s equivalent to the reguired specification.limit.

¢, Operate the test sample so that the transient occurs.
the iransient is not detected above the slideback cutoff, reco:
level on a pre-printed graph as being belowrthe required limit.

d. If the transient is above the slideback cutoff, use t
‘mpulse generator to increase the slideback cutoff setting

A
e. Repeat this procedure until the transient i&‘ lc
letected above the slideback cutoff. 2
N )

f. The amplitude of the transient is now known
that are 10 dB apart. At each measuremeriir-.,rreu ry
a short horizontal dash on the preprinted graph at
indicate that the transient amplitude is between

"

lt,.'ﬂ'

-
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" . METHOD CRED1 (OPTIONAL)
sment of Manual Switching and Low Repetition Rate Noise
Led.

=

-

ily - This method may be used, in lieu of the preceding
o measure transient interference with repetition rates
mlse per sccond (p.p.s)

us and Test Setup
H.P. Spectrum Analyzer Moder 8552A with 8553L RF section
section with variable persistance or equal).

-

specified in applicable test methos (CEO2, CREOL or RECZ),
e E.’Adjust the analyzer controls as follows:

2t bandwidth to 100 Hz for CEO2 testing., For CEOl and RED2,
4 2110 atho

)
L scan time per division so that the product with the
interference repetition rate is at least 10 using seconds as the

%
.

can width per division to allow reasonably accurate
ation of emissions.

-
mine broadband levels by dividing the calibrated equivalent
in microvolts by the employed bandwidih expressed in

)le scope persistance to allow retention of the display
o photograph or record data.
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METHOD CRED2
EMISSION MEASUREMENTS TN HIGH AMBIEWT FIELDS (150KHz - 30 MHz)

1. Applicability ~ The technique specified hereafter can be used for
meastring eieciromagnetic emissions when high ambient signals prevent
the performance of the measurements by the normal methods given in this
standard. This technique shall be used only when authorized by the
procuring activity.

2. Apparatus ~ Because of the special technigues specified, the use of
the Tollowing specific apparatus is required:

a., Raster Generator - HoneywelY RG-3 or equivalent.

b. Dual Beam Oscilloscope with P7 phosphor screen - Tektronix
type 555 or equivalent.

¢. Primary Pickup Device,
a (1) Antenna Unit -~ Honeywell ARP 3005 or eguivalent.
{2} Current Probe - As applicable.
d. EMI Mcter
e. Synch Pickup Probe -L0-205 {part of NF 205} or equivalent.
f. Amplifier {1fliz-150MHz) ~ Hewlett Packard L61A or eguivalent.
g. OSignal Generators.
{1) Hewlett Packard Model 606B or equivalent.
{2) General Radio GR-805D or equivaient.
{3) Hewlett Packard Model 651B or equivalent.

3. Test Setup and Procedure - The basic test setup is showm of Fipure

CREID2. The choice of pickup devices shall depend on the ambient noise

level and the type and level of the emission being detected and
measured. The final test configuration shall conform to the measuring
requirements of this standard.

3.1 Setting of Operating Controls

3.1.1 EMI Meter - The input attenunator, r.f. gain control and audio
level control shall be set so that there will noi be any overloading

59
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- Generator -~ The raster gencrator accepts detected video
eter. Alter amplification in a video amplifier staze,
procossed by a paraphase amplificr where either normal

d signal amplification may be selected. A final video
‘restores the signal to the proper level for cathode follouwer
the 2 output jack and the audio stege. Along with the vigdeo
rocessing, a variable sweep generator produces a sawtoolh wave-
ch can be made to recur at a predetermined rate obtained either
ally or inicrnally as chosen by the operator.

el &mpligg Pickup System - The controls shall be set as follows:

a. Probe - Place the probe at desired point on the test sawple
ck up sufficient synch signal.

b. Amplifier H.P: Model L61A - Set the gain control for a normal
ntation on the oscilloscope. There shall be no c¢lipping or
rtion of the synch signal.

- Dual Beam Oscilloscope - The controls shall be set as follous:

-‘.Trigger ~ Set for external synch.
-~

~ Vertical Sensitivity Controls - Set for normal prescntation on
3 channels. There shall be no clipping or distortion o©f signals.

her Controls - Set to compensate for signal omplitude, shzpe,
) éYo

't

2t nt Procedures - Measurement procedures shall be as follows:

n the full frequency range of the lowest tuning band of the
the frequency of maximwn emission.

st the operating controls of the EMI Meter, raster.generator,
bscope, and signal sampling amplifier to produce the
»;lthe gual beam oscilloscope.

e trace on the dual beam oscilloscope so that the
itioned symmetrically about the zero voltage

A

1 A intensity on the oscilloscope to the Fadeout

7 on the oscilloscope to a point where
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the brightness of the presentation does not obscure the ra
ation on channel A. .

f. Readjust the gain and attenuation controls of the EMI M
raster generator, sampling amplifier, and oscilloscope contro
obtain channel A and B waveforms which do not overload the videc
amplifiers. H

g. Adjust the swecp rate controls on the raster generator a
oscilloscope for the desired frame rate. v

h, Correlated, repetitive interference pulses should appea
vertical columns of dots or solid vertical lines dependingﬂupc <
sensitivity setting of the oscilloscope vertical amplifier.< _This
of segaratmp the source interference signal from any high
random noisec. The interference source signal is thus identi.t‘
this correlation is found between the monitor signal and the
precaertation.

gt
-

i. Adjust the channel A intensity control so that the co
source interference signal is just visible. T

j. Turn off test sample. o WIN
k. Place 81 and S2 in the measure position. =

1. Tune the signal generator to same frequency as the

il

m. Place signal generator modulation control at LC
modulation,

n. Without resetting operating controls of EMI Mete:
generator and oscilloscope, set the rf output of the sig
so that the writing on the oscilloscope equals the inter

step d, .
o B

o. The induced voltage of the emission a Lhie
the output voltage of the signal generator minus 3
network loss. i
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CONDUCTED SUSCEPTIBILITY, 30 Hz to 50 KHz, DC POWER TEADS

METHOD CsOt

plicability - This test method is applicable for determining
tibitity of equipment, sub-systems and systems to electrical
appearing on d.c. power lecads.

L ;L.; atus ~ Test apparatus shall be as follows.

. Audio Oscillator.
—
- b. Audio Power Amplifier (50 watts or greater with output impcdance
) or less than 2.0 ohms or capable of delivering 50 watts into a
0.5 ohm resistive load connected across the isolation transformer secondary)
[ ™

I) ~ e. Oscilloscope, VIVM

3 h--“t.’.. A 100-microfarad capacitor may be required as a shunt to dc

ser source impedance if difficulty is encountered in obtaining the
ired test voltage.

‘e. Transformer (see-suggested 1ist of test equipments - Table II).
- o Al

est Setup and Procedure - The test setup is shown in Figure CS01-1,
procedure is as specified in 3.7to 3.h.
!

he test sample shall be connected as in Figure £S01-1 with
monitoring devices as indicated for various types of test
utputs.

cillator shall be tuned through the required frequency range
“’. adjusted to the specified level, Monitor the equipment
 function, {b) degradation of performance or {c) deviation of
beyond tolerances indicated in the equipment specification.

ample suscepiibility is noted, decrease the output level
sceptibility threshold level., Record this value.

[}
supply voltage applied to the test sample shall
2inediwi th n specified tolerances during the test.
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ANALYZER { OR WAVE
. ANALYZER

- R
VTVM
| OSCILLOSCOPE
‘ ‘ ;'.‘. i LOAD
TO BE SPECIFIED AS: )NOISE LEVEL 3)104B QUIETING
=L 2)10a8 2 4)oTHER

N




PRRRAS? AR 35

METHOD CS02
A. Conducted Susceptibility 50 Kz to LOO MHz, AC & DC Power

1. Applicability - This test method is applicable for determining
susceptibilily of equipments, sub-systems and systems to electrical ene
appearing on ac and dc power leads. To be used in testing to the reguire-
ments of Tables I thru VII of MIL-STD-L61 NOTICE L. >

-

2. Apparatus - The apparatus shall consist of the following:

a. Signal Source - A 50 ohm output impedance source capable of
gencrating the required susceplibility current. e
"3

b. Line Impedance Stabilization Networks (LISN) as specified in
Table II with 50 ohm r.f. resistive terminations. -
L )
¢. Current Probe-for monitoring susceptibility current. - 5
reag e

d. Tunable VIVM. High 2 input meter for monitoring voltage develon
across test sample terminals. For AC lines, a probe device with incorpo,
rated power frequency blocking capacitor will be required.

-
.

e. EMI Meter. |

£. Monitoring Device. An appropriate monitoring device as indicat
in Figure C301-2 is required. » 2

3. Test Setup and Procedure. 4 =
i i
S 4

a, Use the general setup as shown in Figure $s02-1.

b. Apply the susceptibility signal to the type N terminal of
LISN and adjust the level until the readings on the voltage and cus
monitoring devices indicate a power equal to the applicable
Figure 19 of MIL-STI-L61 NOTICE 4 '
- &

c. Slowly tune the generator through the required freq
while maintaining the required signal level (or greater) 555
for signs of susceptibility. ~

d. If the test sample is susceptible to th
decrease the signal output to determine the hra
pertinent data. y

4. Susceptibility Signal Mod
modulated accordin% 6o the




glkg;&ggzimxcz 3liat

Modulate SO% with 1000 Hz tone.

udio Channels/Receivers -

rers: When monitoring signal to noise ratio modulate

1al using 10 KHz deviation. When monitoring recciver

ju ation.

ivers; Use no modulation.
Equipments: Same as for AM receivers.

ples with Video Channels Other Than Receivers - Modulate $0
. pulse of duration 2 and repetition rate egual to BY vwhere
9 W 1600

eo .andwidt}z.

| Eguipment - Use pulse modulation with pulse duration and
ate equal to that used in the equipment under test.

S.1
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B. Conducted Susceptibility, Powerline - .150 to 65 Miz, LISN Metho

1. Applicability - This test method is applicable for all communic
electronic (C-E) equipment. To be used in testing to the requirements
Tables A-I thru A-VI of MIL-STD-L61 Notice k. s

“
il

a. Line impecdance stabilization networks (impedance characteri

2. Apparatus - The test apparatus shall include the following:

:!1
as per Figure 8 and 10,) as applicable. 1
b, 50 ohm rf resistive terminations (VSWR not greater than 1.3 at
frequencies of concern). 4

¢c. Signal source (nominal source impedance of 50 olms). H
' 1
d. TImpulse generator {frequency range of .150 to 1000 MHz - outp
of 100 @BuV/MHz). o v
-
e. 50 ohm 6 dB symmetrical pad. - 3
3. Tesl Setup and Procedures - The test setup for power line condt'xc r
susceptibilily shall be as shown on Figure CEOL-2 except that the signa
source is substituted for the EMI measuring set at the coaxial conne
of the appropriate LISN. When subjected to the following tests, no
malfunction or degradation of CE equipment shall occur, ¢
3.1 Narrowband Susceptibility - The 50 ohm loaded output voltage
CW gencrator shall be 0.1 volt. The frequency range of .150 to 65 M
be scanned. Particular attention shall be given to the specific
indicated by the test plan as being likely to exhibit susceptibili

3.2 Broadband Susceptibilily -~ The imphulse generator shall be te:
by a 50 ohm & dB recistive pad at the coaxial sampling termina
LISN. The output of the impulse generator with its specified
shall be 90 dBuV/HHz, r

v
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METIOD CS03 "I
CONDUCTED SUSCFPTIBILITY, THTERODULATION

3

1. Applicability - This mcthod is appl&cable to receiveré OpE
the Trequency range below 10 Gilz. It is intended for use :'41
measurcnent of susceptibilily chavacteristics of receivers .
from the mixing of two undesired signals in the non-linear el .
the front end of the receiver. f

A

2. Apparatus - Test apparatus consists of the following:

a. Signal generators capeble of delivering the requffzo e
and frequencies necessary for this test.

b. A three-port network or junction providing at lea‘é. 2C
isolation between signal gencrators and maintaining the proper
match at all its signal ports., Since this test does not invo.
scanning, directional couplers could conveniently be employed i
tion with attenuators to provide the required isolation, Ca
exercised to assure that these networks are not a source of
products.

¢. Louw-pass ilters which will attenuate signal g&l
to a level at least 80db below the fundamentsl. b

» d. Frequency measurement equipment capable of mea SRy
to an accuracy of .01%. | i

e. Outputs monitor {to monitor performance of :-;*‘ :
Figure CS01-2 R

B .. 4

N

3. Symbols - Symbols are defined as follows:

N ¥y

a, fo = test sample tuned frequency.

41 2
frequency of the interfering source s:
-

N

c, b

)
J
.
L
1 b, fa
i frequency of other interfering oure

," ’

de AL = fa -fo £
e. IF = Receiver intcrmediate . e
f. m, n«= Intogcrs‘giv ng W ,: s ..l
Test Setup ar':dp:}"‘ ..

- ."
5

CSe r

L.
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L.t General - The measurements to be performed under this test shall
be confined to thc second order, positive and negative AT (fa above
and below fo), third order positive and negative 4 f and the fifth
order negative products (order =r=m+n). Third order difference mix is
potentially the most serious Lype of intermodulation since both signals
may be within thr ¥.f. pass band of the input circuits, An example of
the relationships for this type of mix is given by: fo = 2fa - b,

L.1.1 Special care must be taken in conducting this test to insure that
intermodulation does not occur within The signal gencrators themselves.
Also, appropriate filters shall be employed lo remove unwanted generator
outputs which may interfere with measurcments.

li.2 Measurement Setup - The measurement setup shall be as shown on
Figure CS03-1 or CS0L-1. For non-pulse systems, signal generator lo. 2
shall be unmodulated and signal generalor Ho. 1 shall be modulated 30
percent with 1000 Hz for AM receivers, or unmodwlated for FM and SSB
recievers., For pulsed systems, onc of the input signals shall be
unmodulated and the other shall be a pulsed signal having a pulse width
and repctition rate egnal to the nominal pulse characteristics of the
system under test.

4.3 Measurement Procedure ~ The procedure for receiver intermodulation
measuremnents shall be as follows:

a. Set the receiver conlrols to the same positions as specified
in the detailed equipment specification for the measurement of sensi-
tivity. Tune signal generator No. 1 to the receiver tuned frequency,
fo. Adjust the signal generator output level for a standard receiver
response (see Note 6.1). Compute the receiver sensitivity level by

- subtracting the attenuation (in dB) of the coupling network, and
filter from the signal generator output (in dbom). Record this level.

b. Commence to measure the intermodulation responses. With signal
generator No. 1 turned on and modulated as previously, set output level
to 66 AB above the level obtained in step a. Slowly tune generator above
fo until there is no longer a response at the receiver output. Measure
this frequency to the accuracy indicated above and record as fa. The

‘;' ference between fo and fa is 4f. Leave generator No. 1 at fa,

¢, Tune signal generator No. 2 to fb = fa + fo. The frequency
uld be measured to the required accuracy and the signal level set

e same level as indicated for signal generator No. 1. Note
g change in monitored output level of test sample, if any.
bor No, 2 as reguired to peak, Monitor output level. The
1d have no responcc due to cither fa or fb alone; if such
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3. When an intermodulation response is present, reduce the levels
of both generators until the stundard reference output is obtained.
Record the level and frequencies asgociated with each response. The
differcnce between the resulting signal generator levels and the level
obtained in step a. is the intermodulation rejection.

e. Repeot steps b, ¢ and d only using a negative gf {fa below fo)
and tuning signal gencrator #2 to fb = fo - fa.

f. Repeat steps b, ¢ and 4 to observe third-order intermodulation
products for various positive and negative 4f. For each fa determined
as indicated in preceeding steps determine an f% which will have a third
order product at fo: fo = fo + 2 4f; Af = fa - fo, For example set
signal generator to fb = To + 2 (fa-fo) = 2 fa - fo, or to fb = fo -fa.

2

g. In a like manner test for fifth order intermodulation producte
in accordance with the equation fb = fo + 4 A f where 4f = fa - fo.
However, if no second or third order product were observed, a search for
f£ifth order products need not be undertaken.

5, ¥WOTES:

5.t The standard reference outpul level used in this test shall be as
specified in the section of the test sample's detailed equipment speci-
fication pertaining to reveiver sensitivity measurements. When the
equipment specification does not define this paramcter the following
output refercnce levels shall be used.

a, AM Receivers - stn = 10 dB
n
b. SSB Receivers - sin = 10 @B
n
¢, FM Receivers

{1) Unmoudlated - 108B quieting
(2. Modulated - s+n = 104B
n
d. Pulsed Receivers -~ As sbove.

5.2 Because some generators may drift in freguency, it may be necessary
to retune each generator to be sure the maximum response is being
neasured,

5.3 To verify that each product is a recéiver intermodulation product
angd not a signal generator spuricus cmission, signal generalor intermod-
ulation producit, or a receiver spurious responsc, the following procedure
shall be followed:

71

el 5
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tels .q‘ o.t‘f ecach signal generator (or great?y at.tenunte
the eiver response rémains when one generator is off,
Lermodul i‘on product. If the response disappears, it ray
1l gener intermodulalion or receiver intermodulation.
4
non-pulse receivers, after delermining the levels for a
ONSe; inercase the signal gencrator output levels simultan-

B, Record the receiver output level indication. TInorease
ation on the step atienuator by 3dB. Receiver intermodulation
will vary non-lincarly with the amount of inserted attenuation,
*n g&lera.-or intermodulation products should vary by the zmount

. Thus, if the rcceiver output level drops only 3dB when 343
tion is added, the response is not due to recelver interrmocule-
= that with the signal gencrator levels increased by 3dB, a
receiver response should exist for true receiver intermodulatio
or pulse type rececivers, the same validation procedure shall
but it may be necessary to use a larger atienuator and correspond-
arger signal changes in order to observe the proper changes.

o =
.

.

=1L
~

r Receivers with Waveguide Inputs — The required frequency range
E > from 0.8 fco to 10 GHz (fco is the waveguide cutoff frequency).

i w“ -HES PREPARING ACTIVITY

AV Electronics Commend {EL) ﬁ

{Project EMCS A030)

S EL .1
AT, ME, WC, EL, CE, MD
&
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- METHOD CSOl w

SUSCEPTIBILITY, 30 Hz to 10 Glia, REJECYTION OF UNDESTRED SIGLALS :
AT INPUT TEJMINALS (C W DESENSITIZATION)

bility ~ This test is used for determining spurious response of
perating in the frequency range from 30 Hz to 10 GHz. The
w‘ of this test is as indicated in 5.3.

‘_‘a tus - Test apparafus consists of the following:

~ Signal generators capable of delivering the required signals over
ed frequency raoge.

>. Low pass filters which will attenuate signal. generator harmonics
level at least 80 dB below the fundamental.

s

'I

C Frequency measurement equipment capable of measuring frequency
1 accuracy of .01 percent.

“5 Output monitor (to monitor performance of test sample, sce
CS01-2) .

A three port network providing at least 20 dB isolation between

rators. The network must maintain the proper impedance rmatch
ts ports. The network should be checked to assure that it does
ate intermodulation products.

o = 'I'rst sample tuned frequency.,

= Frequency at which spurious response occurs,

-

Bl sil'. sample intermediate frequency.
samplé' local oscillator frequency.

edures.
3

atus as shown in Figure £S03-1 or CSOL-1, disable

) £

rned off, tune generator #1 to fo and

t note 5.1 below. Set level to produce

in the detailed equipment specification
evel and frequency of generater.



w
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c. Repeat step (b), with signal generator #1 off and signal
gonerator #2 turned on and tuncd to fo with-desired modulation. Record
level and frequency of gencrator.

d. TFor the remainder of the test, turn both signal generators on
with required modulation on signal generator 1 and signal generator 2
unmoduvlated.

e, Set signal generator 1 at the level obtained in step (b) with
proper modulation, and signal generator 2 at the specified level above
that required to obtain the standard reference output in step (c).

f. Scan the applicable frequency range (see 5.3) with sigral
generator 2. Vhen a spurious response is obtained, reduce the output
of signa) generator 2 until the standard reference output is obtained.
Calculate the difference in dB belween this level and that obtained in
step (¢). This is the spurious response rejection.

5. Notes,

5.1 The modulation used in this test shall be as specified in the section
of the test sample's detailed equipment specification pertaining to
receiver sensitivity measurements, When the equipmenit specification does
not define this criteria, the following modulation shall be used.

a. AM Receivers - The signal generator shall be 30 percent modulated
by 1000 Hz sine wave.

b. S85B Receivers -~ The signal generators shall be unmodulated.

¢. FM Receivers - The signal generators shall be modulated at 1000 Hz
with 10 KHz deviation.

d, Pulsed, Receivers ~ The modulation pulse shall be adjusted so that
80 percent of its spectral energy lies within the 3 dB bandwidth of the
receiver.

£.2 The standard reference output level used in this test shall be as
specified in the section of the test sample’s detailed equipment specifi-
cation pertaining to receiver sensitivily measurements, When the equip-
ment specification docs not define this eriteria, the following output
reference levels shall be used,

a. AM Receivers - s+n + 10 dB
n

. SSB Receivers ~ s*n = 10 &B
n

(]
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fodulated - s+n + 10 AB
3 -n-
5 - As ghave.

e _ equency range for this test is as follows:

rator 2 shall be scamned over the entire frequency range

e listing shown herein. The frequency range w. as showm

STD-461 NOTICE ) is exempt from this test. The lower

shall be the lowest value obtained from Column A and the
mit shall be the highest value found in Column B {this

not exceed 10GHz),

olumn A Column B

.05 fo

5F;, + IF
38 fo
|
ple conversion receivers, the IF of Column A shall be the

e frequency while the IF and FLo in Colwmn B shall be ths
es associated with the receiver.

-y
TR/

rs with vaveguide inputs, the required frequency range
8 fco to the higher level obtained from Column B {sce
‘not exceed 10 Gz {fco is the waveguide cutoff frequemncy).

generators emit a substantial amount of harmonics and other
Care shall be taken not to mistake an emission of the

n fo for a spurious response of the equipment, It is
urious response indications at fo/2, fo/3, fo/li, etc.,

bo generator harmonics. Appropriate low pass or band

ed to eliminate this problem.
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METHOD CS06
CONDUCTED SUSCEPTIBILITY, SPIKE, POWER LEADS

~ Purpose - The purposec of this test is to determine equipment suscepti-

bty to spike interference on pouwer lines.

-Jl.licability -~ This test shall be performed or gll ungrounded a.c.
d.c. input power leads.

hfmgrams -~ The test shall consist of the following:

&. Spike Generator with characteristics as fellews:

(1)} Pulse Wigth of 10 usec.

{2} Pulse Repelition Rate of 3 to 10 p.p.s.

(3) Voltage Dutput as required by MIL-STD-L61 NOTICE L.
(h) Output Control.

(5} Phase Positioning from O to 360 degrees.

8
! {6) Adequate Transformer current capacity {commensurate with
; being tested).

(7)) External Synch capability.

- {8) External Trigger capability.
o

{9) Source Impedance of 0.5 ohms or less.

Capacitor - The 10 microfarad feedthrough capacitor as specified
[ ’A_‘

1loscope - Any oscilloscope with 10 MHz bandwidth and
 rates is acceptable.

<
t proccdures shall be as follows:

'.'

and ‘tes ‘:mstmentation as shown in

i 4 6
5 maf be used.

o ;, duration, as
12ls of the test




-

PR 2

sample, shall follow the typical wave shape speeified in the a
limits.

d. Synchronization and triggering shall be used to posit.l
spike to specific test sample signal conditions which will pro v
maximum susceptibility.

e. Alternately - positive and negative, single and repetiti

{6 Lo 10 p.p.s) spikes shall be applied to the test sample's ungroun
input lines for a period not less than 10 minutes in duration. Spike
shall be synchronized to the power line frequency and positioned on
each 90 degree phase position for a period not less than S minute
On equipment employing gated circuitry, the spike shall be triggeie
oceur within the time frame of ‘the gate.
¥

£, If susceptibility occurs, determine and record its thresho
level, repetition rate, phase position on the za.c. waveform and tim
occurence on circuit gates.
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TEST SAMPLE

SNEPTRE
GENERATOR
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L

OSCILLOSCOPE
e

: /REJECTION FILTER TO PROVIDE

AT LEAST 40 dB REJECTION OF
4 POWER FREQUENCY.

5-1 CONDUCTED SUSCEPTIBILITY,SPIKE,POWER
- LEADS, INJECTION IN SERIES.

e
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METIOD €SO7
y

OONDUCTED SUYSC. ‘TIBILITY, SQUELCH CIRCUITS

o - The purpose of this test is to determine whether the
aracteristics are adequate so as to prevent the circuit from
g upon application of impulse signals at the equipment input

licability - This method is applicable to electronic equipment
quelch circuits.

2 r{lﬂ.s. ~ The test apparatus shall consist of the following:
E‘;lgnal éenerator.
Impulse generator.
‘Matching network.

st Setup and Procedure - The test setup and procedure shall be as
ied hereinafter.

17

e test setup shall be as showm in Figure CSO7-%1 .

quelch circuit shall be adjusted so that it opens at the
r.f. input voltage specified by the individual equipment

cessary, a matching network may be used between the impulse
est sampie. The Smpulsg generator shall be terminated

(.-
welch circuit shall not open when the output of the impuls.

at the value specified in the applicable limits is applied
of the test sample.

. P
o
331 "h‘e as shown in Figure CSO7-1,
1

siiall be adjusted so that it opens at the

specificd by the individual equipment
T 5 |

ired to igolate the generators
00 giflpie

R

et «

%
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lj.2.ly The squelch circuit shall not open when two sig
at the test sample input. One shall be an unmodulated r.f,
(test sample's center frequency) whose amplitude is "
used in the second step {sce Lk.2.2) to adjust the squelch th
second signal is an impulse gignal whose amplitude is the sa

limit specified in MIL-STD-LG61 NOTICE L. Sy

MI1-STD-L62 NOTICE =5
D-L po: 3(re)
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METIOD REO1Y

RADIATED ISIISSION, 30 Hz TO 30 Khz, MAGNETIC FIELD _— -

-

1. Application - This method is applicablc for the measurement of %
radiatcd magnetic ficlds frow units, cables (including control, pulse
IF, video, antenna transmission lines and power cables), and inter-
connecting wiring over the frequency range of 30 Hz to 30 KHz. This
applies to the transmitter fundamental, and spurious and oscillator

radiation, but does not include radiation emanating from antennas.

2. Apparatus ~ The test apparatus shall consist of the following: ’
2
a. Iloop Sensor - A loop having-the following specifications s__h

be used:
{1) piameter = 13.3 cm ;
(2) WNo. of turns = 36
(3) wire: 7-b1 lite

(k) Loop shall be electrostatically shielded. The conversi
factor is shown in Figure 1. : ’~
vl

b. FMI Meter — The EMI meter and loop combination shall be capabl:
of measuring magnetic {lux densities at least 6dB below the applica b1
limit for this test, In addition, the meter shall be tunable with a
bandwidth no greater than 10 Hiz at the 3 dB points. i

3, Test Procedure - The test procedures shall be as i‘ollw:i:‘g [

-
&

P

a. Position the loop sensor approximately 7 cm from one
the test sample, with the plane of the loop parallel to the face
test sample. The loop shall be located at a point which may &
considered a lecakage point {seam, joint, connector, or cabl
approved in the test plan. P

b. Scan the EMI meter from 30 Bz to 30 KHz to locate
of maximum radiation, considering the test sample's cx:
(for example, those which intentionally exist in the equ
design, such as power frecquencies and its harmonics,
f£requency, and so forth), if known, and record,-tl}és

¢c. Tune the EMI meter to one of the frequenc
and position the loop sensor 7 cm from the sur
with the plane of ihe lopp parallel to the su
of the loop and the cable shall coincide, and
center of the loop and the cable sha e’
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output of the FMI meter while moving the Yoop sensor
¢ of the test sample.. The point of maximum radiation

1

\

oint of maximum radiation, orient the plane of the loop
maximum reading on the EMI moter.and record this recading.
R

2t s efm. c. thru e, for, at least two frequencics of maximum
ave below 200 Hz and three frequencies of maximum radiation/
200 Z s

b

at Steps a. thru £, for each face of the test sample.

se Figure 1 for loop factor required to convert IMI meter reading 1o
units.
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METIOR RED2

RADIATED EMUSSIONS, ELECTRIC FIELD

1. Applicabiliily ~ This method is applicable for the measurement of
radiated ciissions from all units, cables (including control, pulse, JF,
antenna transmission lines, and power cables), ond interconnecling wiring
of equipments, sub-systems, and systems. This method applies to spurious
radiation, oscillator radiation, and broadband emissions, but is not
intended to be uscd for measurement of radiation emanation from antennas.

2. Freaquency Ranoe of Test,

a. Narrouband Emissions - 1h KHz to 12.}4 GHz

b. Broadband Emissions ~ 1h KHz to 1000 Mhe
3. Apparatus.

a. Tesl antemmas (see paragraph 4.2.2.1)

b. EMI Mcter (see Tablc II}

. Test Setup and Procecdures.

he1 Test Sctup - The basic test setups shall be as shown in Figures
REO2-T and MD2-2. Test sample Antenna terminals if any shall be
comected to shielded dummy leads.

k.1.1 Honportsble Fouipments - Equipment which is permanently connected
either physically or eleclrically to a vehicle, system or installation
shallbe tested in accordance with the setup shovm in Figure RED2-1.

%.1.2 Portable.Eguipment -~ Portable equipment including manpack operable
equipments and test equipment shall be tested in accordance with the
setup shown in Figure RED2-2.

4.1.3 Equipment falling into both of the categories indicated in L.1.1
and #,1.2 shall be tested both ways.

4.2 Procegure.

a. Probe the test sampie as indicated in Section L of this standard
to Jocate the points of maximum radiation from the” test sample.

b. Select and position the test antennas as indicated in Section b
of this standard al a tesl dislance indicated in Table VIIT of
MIL-STD~li61 NOTICE L. In the frequoncy range of.030 to 12.L GHz position
linearl; polarized antennas so as to make both vertical and Lorizontal

87
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METIOD RID3

Ue Lgplicz:‘nility - This method is applicable when the direct coupled
techriiquos of Het :od CHO6 cannot be applied. This procedure, however,
shall be used when any one of the following conditions exist.

a. The transmitter power output is greater than 5 kilowatt average.

b. The fundamental frequency is above 1.2L GHz,

€. The test sample's antenna is an integral part ol transmitter
and cannot be replaced by a suitable dummy load. This method shall
also be used for equipments with waveguide transmission lines and
operating frequencies below 1.2l GHz to measure cmissions in the
frequency range of 2fo tol2.) Gliz,

2. Freaquency Range of Test ~ Frequency ranges of the test shall be
as follows:

Equipment, Operating Freguency Frequency Range of Test

10 to 30 KHz .01 to 10 MHz

30 to 300 Kliz .01 to 100 Miz

0.3 to 3 Miz .01 to 600 MHz

3 to 30 dHz .01 to 1000 MHz

30 to 300 MHz .01 to 3000 MHz

300 to 1,2L0MiIz .01 to 12,400 Mz

1,240 MHz and above The lowest frequency of test
shall be:
a, coaxial trnsmission lines:

200 Mz

b. Waveguide transmission
lines: 0.8 fco

Equipment Operating Frecquency The upper frequency limit

Glz
1.2L to 5.0 10 GHz to 5 fo whichever is greater
5 to 12.4 S fo or kO GHz whichever is less

3. Apparatus - Instirumentation required for testing in the frequency
range of 0.01 to 1,000 ¥Hz are as follows: (also refer to Table IT)

3V EMI Meter.

b. Attemuators ox amplifiers as may be required to insure suitable
signal levels at EMI meter input terminals,

¢. Antennas (sece Table I)

N
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on required for testing in the frequency range above
re as follows: (Also sce Table IT)

r
peetrum analyzer,
A

méi-ing vave tube amplifier.

Preselectors - yig filters.

13

: - Frequency counter.

|":- snal generators.
f. Antennas (See Table 1)
~ Symbols are defined as follows:
= Power delivered to spectrum analyzer's input terminals,

= Power delivered to the transmiiter's antenna at the
s fundamental frequency.

G4 = Gain of the transmitiing antenna over an isotropic
This value is expressed in dB.

s Wavelength of the transmitted signal in meters.

Maximum dimension of the receiving antenna in meters.

Maximum dimension of the transmitting antenna in meters.

- The gain of the receiving antenna over an isotropic
‘gain of the TWT - cable losses - attenuation or insertion
fillers, and other adjustments as the test setup makes necessary.

i g .

Separation between antennas in meters.

~1

ower of spurious emission signal delivered to transmitting
LN '.4-‘

- |

A dth in scconds.

; -j.. uency.

»
ber shown on specirum analyzer.
4

equency of spectrum analyzer.
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n. Fiyr = Intermedinte frequency of the spectrum analyze

0. FEi = Measured field strength in volts/meter. =

« e

5. Test Setup and Procedurcs {CGeneral} - Two separate test proc
are given in thie following paragraphs. The procedure of paragrapt
applics to the testing of equipment with operahng frequencies abc
Glz or at frequencies where adequate antenna gain information is av:
able or can be determined. The procedures of paragraph 5.2 applies
the testing of equipments at lower operating frequencies and in s
where the procedures of 5.1 arc not feasible.

¥ 4
b
5.1 Test .Setup and Procedure ~ (1.0 GHz and above) s
va

5.1.1 The test setup shall be as indicated in Figure RED3-1, RED3-
REO3-3, whichever is applicable, using the following procedure %c
establish the distances and actual equipments to be used. -

v ¥

a, Fguipment Selection. Select the receiving antenna, Tl
or attenuators which will yicld sufficient measurcment system s
tivity to allow detection of the transmitter spurious emissions -‘”
following equations should be solved and equlplm,nt so selected to
assure a Pp of approximately C dBm when Py is the value derived i.
the transmitier’s design data,

{1) P, = Py + Gy +Gp + LOlog Dad - 20log L7 }
4 i ¥
Use this equation when @ 0.hD. NS »

L]
(2) ?‘r=Pt.+Gb+Gz,+h03.og§ - 20log 87

Ry

b. Test Distance. In order to assure far field mea:
conditions, the test antenna should be placed at a dis
the transmitting antenna as determined from the follo: i7

Use this equation when § << O.4D

{1) VWhen d< 0.4 D
R = 20°
T

{2} When 4= 0.L.D

1) R = S_I?_a)e

Farther antenna positioning proccdures s

c. To compleie the test sc
that the reccived power t the g, ;J

b\_
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rurary 1
ng a spurious signal (Psp) level which is 80 dB below the funchu
ﬁ transmitted pover, is at leagt 10 dB sbove the minimun sensitivity
of the speclrwn analyzer used. The mathematical expression is as follows:

. Psp Oy G
'\ - Pr =

{(H7r R)2
»
If the reccived powcr is below lhe sensitivity of the spectrum analyzer,
'fd.‘ncrease the gain of the receiving loop by either removing attenuation
~or by adding amplificalion.

' 5.1.2 Test Proccdure - Measure and record the value of thie power delivered
to the transmitiing anlenna using the following procedure:

g a. Adjust the spectrum analyzcr to receive the transmitied funda-
mental signal. Adjust ilhe spectrum ema].yzcr display and resolution

bandwidth so that the incoming signal is properly displayed. For pulsed

transmitters the display bandwidihs should be at least 10/T and the

Ir(‘;ﬂolut.lon bandwidth should be 1/10T.

~ b. For orientation of the transmitting and test antennas the

following sequence shall be used.

” P {3} Vhere azimuth and elcvation of the system antenma can be
aried, this shall be done to produce the maximum sipgnal at the tect
cnna. The zzimuih anple and clevation angle between Lhe antenna
boresight axis of the syslem and test antenna shall be recorded after

e signal 1s maximized.

-

i {(2) The test antenna shall bLe adjnsted in elevation at cach
erment {requency to obtain a maximum of received cnergy. The
tment should be made over a distance calculated to include two
the elevation interference pattern resulting from ground

5, where they exdst.

'

1 position information shall be recorded together with

A
LTs

¢ jual the spectrun analyzer controls to obtain maximum
ransmiited signal on the CRY display. Once this is
readjust the controls until the measurcment is

Y &

um analyzer from the measurement antenna

cnerator,

-

c nm'.'.ﬂ.or o produce thie
s Indicaled with

o U agﬁl in a
Ak



I
%M‘ch e : :

f. Measurc and record Lhe poucr at fo delivered to the s}'f:

analyzer input from the calibrated signal generator. '

g. Verify the measurcment technique and calibration at fo 'b
sibstituling into the following equatlon:

= (Li R 2R
G Gf\2

The above value of Py should be within + 2 @B of the value measure
the powver monitor connected to the trangmitter output. If a grea
error exists, cheecl: the test sctup for errors in distance measurcnent
substitution, drift, correction faclors, ground reflections, imaro
alipmmenl and so forih. g 8

h. Repeat stcps a. ané f. for the remaining frequency ranﬁ
test.

5.2 ‘Pest Sctup and Procecure -~ for equ:.pments with operating freg
below 1,75 Gz wiuers Lhe procedure of 5,1 cannot be = .,n\ploycd. The
obtained using this procedure will be in terms of ficld intensity
given distance from the {ransmi gt:'.ng antenna. The field intensif:
measured at harmenic and spurious frequencies is compared to the
at the fundamental frequency. The limit is in dB relative to &
measured al the fundameniul frequency, and is derived from the §
limit of Figure 7 of MIL-STD-U6T NOTICE i by comparing the ah s0]
power limib p.aced on harmonics and spurious emissions to the <13
rating of the transiniiting source.

~

5.2.1 The test setup shall be as indicated in Figure RED3-
separation betwecn lhe transmitting antenna and test ants
least at a distance of D=/} or 34, whichever is larger, unle
specified. (D is taken here to mean the maximum dimension of
antenna). Where the received signal at the fundamental fre
less than the applicable 1limit above the sensitivity of TT‘
place a preamplifier, capable of increasing the measurcment s
between the test antenna and the receiver {In Figure REO3.
be placed between the switch and ihe EMI meter) >

$.2.2 Test Procedurc.

a. Tune the transmitter to a standard tes 3
fundamental rejection network bypassed and >
{1). Tune the frequency selective voltmeter
Position the antennas to produce maximum re:
frequency {{fundauenial, spurious, harmonic
in 5.1 above. Set the switch to pos
signal level, Yhis lovel must be D4

- 8 Kl
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3 1rcr sensitivity. Record all settings.
In t.he fundamental frequency recjection network, ang tune
} L the transmitter fundamental frequency. With minimum system
‘and maximum instrument sensitivity, tune the frequency
LV e voa.tmet.er contirously through the required frequency range
ot all emissions. Fach time a spurious transmitier output is
. 2djust the meter to pgive a convenicent reading. Determine the
. Tevel and record all values. When determining the level of the
>nses, the atitenuation of the signal sampling network at the
rious frequency shall be known.
-

c. Repeat the foregoing steps at each transmitter test frequency. .

d. Apply effective height and other correction factors (cables
es, attenuations) as required to determine field intensity Tevels
he antenna.

I0TES
b *' When performing these tests, it may be necessary to enclose the
arement equipment in a shielded enclosure, This necessity arises
oM he fact that the spectrum analyzer nay be suscepbible to radiated

13 It is recommended that the spectrum analyzer be disconnected @
the measurement antenna and the display checked to verify that a
door response is nol being measured.
. oA
b. When using the TWT"s and yig filters, these parts should be
.k as near the antenna as possible. This is done so that maximum
nal may be applied to the TWT input.
" -
is necessary to monitor continually the transmitter’s
duoring test. ITf the power at fo changes by wmore than
shall be terminated until such time that the original
ained. Duty cycle considerations shall be acdhered to,
es tablished as defined in the egquipment's test plan.
= the frequency of the incoming signal, noie the
1¢ harmonic number of the specirwn analyzer. Since
desired signal is derived from

A
- Fg =N F3* Fsip
e ¢ -
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ANTENNA
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MONITOR
TRANSMITTER
UNDER ANTERNNA
nEs

COUPLING
NETWORK
I.F. REQUIRED

AS REQUIRED
ATTENUATOR

ISOLATION

'
NETWORK ..

FUNDAMENTAL
FREQUENCY
REJECTION

NETWORK

(AS REQUIRED)

sienaL | |
GENERATOR

FREQUE
NMETER
REQUIRI
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METIIOD REDL

RADIATED EMISSION, 20 Hz to 50 KHz; MAGNETIC FIELD

1. Application - Any equipnent to which this test method is applicable
will be measured for radialed magnelic fields from all units, cables,
{including control pulse, vadgeo, antenna transmission line and power
cables) and interconnecting wiring, over the frequency range of 20 Iz
to 50 XHz. This mcthod applies to transmitter spurious emanations,

but does not include desired radiation emanating from antennmas. Equip-
ments, that are not cepable of producing magnetic fields, either
intentional or unintentional, need not be subject to this test.

2. Apparatus -~ The folldwing test apparatus shall be used as shown in
Figure REDh-1 or RMOL-2.

2 a. Mapnetic Field Sensor - The loop sensor described in paragraph
2 of Method REQ! or Hagnetic field intensity meter and probe {Electiro-

Mechanics 6640 or equivalent).

b. EMI Meler - Any narrow band EMI meter with adeqguate sensitivity
and characteristics. The meter shall have a bandwidth selcction which

is no grealer than 50 Hz at the 3 dB points.

3, Test Procedure - The basic test setup is shown in Figurcs RDL-1 or
REoL-2

- 3.7 The point of maximum radiation at a distance of 1 meter from the
test sample to the face of the sensor shall be located as follows:

)
3,1.1 For test samples gencrating only broadband emission (that is not
intended 1o gcnerate or receive signals).

a. Position the sensor at the 1 meter distance indicated above
and opposite the center of the test sample.

b. Scan the fuil range of the EMI meter and locate the frequency
giving the maximum meter indication.

. ¢c. At the frequency determined in b, move the sensor horizontally

determine and locate the maximum emission level. This location shall
e the sensor position,

For test samples intended to generate or receive signals -

Position the sensor as in }.1.1 a.

100




PRI e (ee) _
b. Set thc test sample Lo one of its critical

Usyy !
¢. Repeat 3.7.1, b. and c. 7

3.2 At the point of maximwn emigsion, scan the EMI meote
frequency range of 20 Hz 1o 50 Kliz and record data as requi
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B #XIS OF SENSOR

apLe  \ TILTED TOWARD
' TEST SAMPLE

' GROUND PLANE

IALD - POINT

(D ==t TO MEASURING
SET

7\

IMETER
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»
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.




MIL-STD-462 NOTICE 3(EL)
71

9 February 1c
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o
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METHOD RIMS

&

- " ‘“‘
' '! HEP EMISSION, BROADBAHD, 150 XHz 1o 1000MHz

=

)
b d

The purposc of ihis method is to establish test setups and
res for measuving broadband radiated emissiors of vehicles and

en equlment. including the elecirical cquipment, subasscmblies
1 acce sories installed thereon.

plicability - This test method is applicable to the measuremcnt of
ed broadband interferencg cmitted by the following equipment:

. >

Tactical vehicles

- Sp cia‘l—'Purposc vehicles and engine-driven equipment

1r1-t.us ~ Interference measuring ecquipment, and ant.enna.,, shall be
ified in Tables I and IX for radiated measurements in the
red Quency range.
L] -.
est Setup.
=
e vehicle or equipmoeni to be tested shall be set up in a fixed
3 -an the earth (sec gencral test conditions) and opcrated in a
O calse maximum radiation within normal operating procedurcs.
shall be performed with all electrical equipment in opcration,
al load conditions ad;justed so that the charging system,
put %Itage regulators, is in operation throughout the
i
4 '_.\
antennas, within the limits stated below, shall be
d vertically for maximum pickup at as many positions
gnle&‘hare necessary Lo obtain an effective test of
rizontal distance from the refercnce
enna to the uter perimeter of the test sample shall
; : 1ed in Table VIII of MIL-STD-L61 MOTICE L.
cf ence point above ground shall be
s ne ‘c‘ssgry for maximum pickup, excepl as

Y
n top openings over engine compartments
uch openings, the antenna shall be

2 clearance of two meters between
5 ey
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(1) The L1-inch rod shall be tilted over the engi
ment from the end of the vchicle, keeping the antenna horizontal
vertical longitudinal center plane of the vehicle. :

(2) The biconical antenna shall be placed with its a
horizontal over the center of the opening, and in the vertical
tudinal center plane of the vehicle.

(3) 'The conical spiral antenna shall be placed with
point down, axis vertical, over the center of the opering.

5. Procedure - The test procedure shall be as follows: <

a. Scan and record the emissions level as a function of frequenc
for the full required frequency range, in each position of the measu
ment antenna.

1
b. The frequency range from 25 to 200 MHz shall be. scanned ¥ (1
the biconical antenna alternately vertical and horizontal, at the
positions chosen for the vertical tests, except for measurements
top openings.
6. Notes. 5 T
—
6.1 Unless otherwise specified in the equipment specification, 1",\
motors and swiiches associated with starting, short-duration star
alds, and =ngine-protective warning devices do not require tests.
However, low-air warning devicces for air-brake vehicles are requ
meet the emission limits while indicating low air pressure‘

,k':
[#
N

V.J

6.2 When applying this standard to unusual eguipment suc 0]
railroad equipment and watercraft the measuring antenna
shall be placed where the communication receiving antenns

placed for actual wse, 9 ¥

.
]
N

4
»
»

o 27
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g RADIATED EAISSION, 1l Xitz to 1 GHz, OVERHEAD

» METIOD REDG

5 POWER UINES

v rpose and Applicability - The purpose of this procedure is to
surc radiated cmissions from overhead power lines operating at
tages from O to 1000 KV. The measurements shall be made in the

quency range from 14 KHz to 1 GHz

~ Apparatus - Test apparatus shall consist of the following:

a, JMI Meter (in PEAK position).

&

b, Antennas,

¥

;;st-SGtup and Procedure

i
ake ~ The test setup shall be as shown in Figure RBO61

2 HMeasurement Locations - Measurements will usually be required neax
. itical arca. In order to determine if the power line is the source
interference, measurements will be necessary at two or more locations
g the line length. For voltages from O to 70 KV, measurements are

posite tower or pole on one side only, For vol’oapes from 70 to
KV, measurcments shall be made on both sides of the tower as showm
TO Rmé"‘l .

¥

Nonpower Line Interference - If it is suspected that the emission
i is other than {rom the power line, readings at several

es should be taken at several distances greater than 50 feet,
ar to this pover line. Typical measurements of interference
lines show a 1/d3, 1/d2, or 1/d relationship with distance
line, depending on the frequency.

2 olat.:l.on -~ Proximity effects from nearby objects shall be

g measurements. Measurement of radizated broadbang
t&*i‘ercnce will be influenced by conducting objects,
nel, in close proximity to the antenna.

a* s, either indicating or graphic, should be
surement location to monitor the line interference
veing made. Readings should be repeated if the
B changes. It may be necessary to
h~ of linc is within the same weather
“ further measurements; otherwise the
cr data will be included in the line
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h.3 Operating Conch.t].on.

i
|kl
4.3.1 The transmission linc shall be operated near normal
voltage, during the entire time of iest. The actual voltag
thereof can be determined from indicating meters usually

sub-station. 1

-

li.3.1 Weather Conditions - Measurements shall be made at a
hunidily and temperature conditions do not cause condensatiol ;
on the overhead lines. This specification is intended for bo

wet (rain or snow) weather conditions; however, the entire length .
line shall be under the same conditions. I% is permissible to avos
measurements during short term dry spells, when insects, dirt, Eg},
vegetation gather on the conductor or-other line parts and may cav
high interference levels, -

Ii.i  Measurements with the biconical antenna shall be made in ‘bot. j
vertical and horizontal positions. A !
k.5 Measuring antenna shall be positioned on a tripod 1 metex

N F

®
—

5 i
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ENNA LOCATIONS

SURE ON BOTH SIDES OF TOWER
VOLTAGES FROM 70 - 1000 KV

U.RE ON ONE SIDE OF TOWER
NE “E AT VOLTAGES FROM 0-70KV

L4

r &

l, LOCATION OF MEASURING ANTENNA
A3

- | 1

50" ,__ oUTSIDE

LINE TOWER ‘_\ : / J PHASE CONDUCTORS
4. ﬁ?ﬂ /
i 5 A r '
- Y f -
iLAN VIiEW e
T

) |

’ LOCATION OF MEASURING ANTENNA

4

PHASE CONDUCTOR

GROUND WIRE

GROUND LEVEL

NZANRZZAN
~ ELEVATION
)(

4

.

A LOCATIONS INTERFERENCE
REMENTS FOR POWER LINES
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RADIATED SUSCEPTIBILITY, 30 Hz to 30 KHz, MAGHETIC FIEL]

'

1. Applicabil ty - This method is applicable, in the frequency r
30 Hz fo 39 KHz, for the determination of cquipment susceptibilit
magnetic fields.

-

2. Apparatus - Test apparatus shall consist of the following:
a. Radiating Joop - The radiating loop shall be as shown in Figu
RS0O1. The loop is capable of producing a magnetic flux density of
S x 10~5 Tesla/Ampere at a point approximately 5 cm from the face of tl
Joop. It shall be supported on a wooden form or similar non-conducts
material. ' gl
“ 4
b, Signal Source - The loop shall be supplied with sufficie:
current capable of producing magnetic flux densities 20 to 30 dB g we
than the applicable limit at the test frequency.

» Y

c. IMI Meter or Narrowband VIVM - EMI Meter or Narrowband VIVHM
be capable of reading levels 6dB below the specified limit in v.ge' 30
we a ks

30KHz frequency range. The meter shall have a 10 Hz or narro
at the 3dB peints.

3. Test Setup and Procedures -~ Test setup and procedures are as |

a. Position tne field radiating loop 5 cm from the surface o:
test sample. The plane of the loop shall be paraillel to the plar
the test sample’s surface. (See Figure RSO1-1) Al

v

b. Supply ihe loop with sufficient current to produce w
flux densities approximately 20 to 30 db greater than
1imit at the ter frequencies. {See Figure R01-2)

¢.Move the loop over the test sample surface and sig
output cables and connectors to determine the point at w
applied field produces maximum susceptibility.

d. With the loop at the point of maximum sus t
the loop current until the performance of the test sampl
by the applied field. - s

"TET

{1} For test samples with an aural o
current until the test sample giveg a reading @
internal noise. I a 20 dB value cannoi be obt
signal to noisc ratio will be used. e

{2) For test smplq-g with - “-
. ) | e

613
.
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p glhggga 11‘4"621 ‘r;\g;rlcc 3fex) & —
ed in the test plan,

mples with aural and nonaural outputs, the
o umeet both steps d.(1) and (2).

gnitude of the magnetic field density produced by the
mum value of magnetic fiux density required by step d.

LY
steps a. through e. at the test frequencies approved in the
B
- qdiisl
imhd
nitude of the magnetic Tlux density as determined in 3d. above
rted to a volue reprecenting the equivalent interfering
density for a 6 dB signal-to-noise ratio in a system band-
, To make this conversion, the calculations specified
re nNecessary.

* -

. A
1B inlerference signal-to-noise ratio was used the
ff i recorded in step Le. shall be reduvced 1L dB. -

- -

» where a4 fv is the 3 dB bandwidth
3
.

hrf,"zy- when the bandwidth of the test sample 's less
L value shall be recorded and compared with the test
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LOOP (N = IO TURNS)OF NO.16 ——
INSULATED COPPER WIRE /
9.:.}:’{’@

(12 M) —— /0
i /-
{0.3 cmn—_i/_1

A
“a

LY A
L B IS MEASURED HE

NON-CONDUCTING MA

~5 “.
- . =r ‘
NOTE I: B35 x10 TESLA \»r 5 CHNEENEN

AMP

NOTE 2° LOOP SELF RESONANT FREQUE
GREATER THAN 100 kHz.
> 00 kHz.

P



Q731d OILINOVA "ZHY0E -2H OF ‘ALITBILLE0SNS C3LVIQYE ~1-105Y "OId

(40071 JHL OL LNdNI dWY (V SOT3IA YILIWLTOA FHL OL LINdINO LI0A I 3 Sxo,-..m_.

WALA ONVEMOHYHUN
B0 ¥3L3W T3

el

e

.
y

.  ds

'8



*
(8

L

i i ;

L4 o4 5 4
Al LAY ¥ M RN
- 3 / -. » “| o=
Wi ! T
AN A e Rl oy ] Aepi
.Ow.\. - ._r = Jn8 N . M

\21

’
v

Tt

P

| oot e e

el Rt i
- fr———-

‘-

.
ISR

L R
w

. -
D o S B S
; .
s sm we yeteT e
.

Y pi

B T B

B

anw -'v—w e et L 1 T

-SRI SV

svindie
y B

- t— e e .

.

- -u...‘“ -

- " -

i | KT
i T A L

1]

.

- erprad
-,
‘...'

s

{ -
‘L
i

i

ozl .n

1bL Amnagay 6
(TI)E FOLION Z9P-ULS-TIN



e
— IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

;‘gnfgm.hé? NOTICE 3/sz)
i o=
YETIDD RS02 -
RADIATED SUSCEPTIBILITY, MAGMETIC IWDUCTION FIELD, SPTKE

1. Applicsbility - This procedure is applicable for determination of
susceptibiisty of equipments to short duration induction ficlds.

2. Apparatus - The test apparatvs shall consist of the following:

a. Spike Generator - Spike generators shall be as speecified in
¥Method €06 of this standard.

b. 0Oscilloscepe.

3. Test Setup and Procedures.

3.1 Cable Susceptibility Test - The cable susceptibility test shall be
performed as specified hercinafter.

3.1.1 Tape an insulated wire Lo each wire bundle in the test setup,
spiralling at two iurns per meter {equally spaced) and running the
entire length of the bundle to within 15 ecm of ecach end connector
{Sec Figurc RS02-1}. Conncct 10 ohm resistor in series as indicated.
Monitor for susceptibility.

E

k. Notes.
.1 A.C power input and output lcads are exempt from the cable test.

4.2 It is not the intention of the cable test to test individual wires
but to test groups or bundles or wires.

h.3 Keep current carrying wires 15 em away from cable connectors.
L.y A1l cables should be at least S cm above the ground.

5.5 In order to minimize test time, test as many wire bundles at the
.same time as practicable.

1



MIL-STD-462 NOTICE 3(EL}
9 February 1971

J

j-‘—- [5cm —o

el
= [5¢ Jl L

NVATAVAY..

4
AT LEAST
i5 cm

>
2108 Vv
P
€

SPIKE
GENERATOR

NOTE: [} L SHALL BE THE LENGTH OF THE CABLE
IN THE ACTUAL INSTALLATION OR 1.5 METERS,
WHICHEVER 1S LESS

2) SPIRAL WIRE AT 2 TURNS PER METER

FIG.RSO2~-1 RADIATED SUSCEPTIBILITY, MAGNETIC
INDUCTION FIELD CABLE TEST
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METIIOD k803
RADIATED SUSCEPTIDILITY, th KHz to 12.h GHz, ELECTRIC TIELD
_l Applicability ~ These methods are applicable for determination of

- pment, sub-syslien and system susceptibility in the presence of an
‘ ectric field.

2., Apparatus - The test apparalus shall consist of the following:
2 - a. B8ignal source.

b, EMI meter

c. Antennas (Sec Table I)

d. Output Monitor - to monitor performance of test sample.

3. Tesi Setup and Procedures.

3.1 The test selup shall be as required by the general testing require-
ments of this standard for placement of antennas.

3.2 Test sipgnals shall be sclecled in accordance with the rules of
- paragraph L below.

3.3 Fields shall be generated, as required, with the antenna specifie”
in Table I. Care shall be taken so thal the test cquipment is not
2ffected by the test signals.
- The specified ficld strength shall be estoblished prior to the
testing by placing a field measuring antenna at the same distance
d in the same reiative location as where the test sample will be
ced and adjusting the sigral level appl:.ed to the transmititing
‘,ﬂ a until the required field intensity is indicated. The voltage
er at the input terminals of the transmiiting antenna, required
bablish the specificd field shall be monitored and recorded. When
rming this calibration in a shiclded enclosure, the measurement
1a sha be placed in e¢ither the exact location that the test

111 occupy or shall be in a position which simulates exactly
of the test sample location, as regards distances to
~surfaces. (This calibration may be uscd for-all subsequent
vided that the data was tazken in a reflective free area or
me shieldod enclosure test sample location is used).

4

-

pe test sample is to be immersed in a field, the trans-
. be placed ot a dlstance sufficicnt to allow the
o £all within the 3 dB bewwidlh of the transmitted
01 ‘casible becansc of difficulty in gencrating the
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required field at the greater distance or because of the na 1
antenna radiation ClldTGLfC!‘loLLCS, the zample may be tesicd in i
cach scgment being equal in dimension to the 6 4B beamwidth of &k
antenma radiation characteristic. For a vhip transmitting ant
horizontal segments shall. have length no grealer than given by

following cquation:
2
L =« 2\/ Rd-yd"
=

Where R is the test distance and d is the test sample width measured
along a linc forming a right angle with the face of the test sample g
which is directed toward ihe transmitting antenna. 1
3.6 DIctermine those frequencies at which the test sample is susce it
At these frequencies, detcrmine the threshold of sueceptzblht.y. e

all pertinent data. P

k. Susceptibility Signal Modulation Rules - Test signals shall b ‘
modulated according Lo iLhe following rules.

.1 Test Samnles with Audio Channcls/Receivers. .

@. AM Receivers: Modulate 507 with 1000 Hz tone. >y
&

b, ¥M Receivers: Vhen monitoring signai to noise x-:a.tio1

with 1000 Hz signal using 10 Klz deviation. When monitori

quieting, use no modulation.

c. SSB Receivers: Use no modulation,

d. Other Egquipments: Same as for AM receivers.

4.2 Test Samples with Video Channels Other Than Recei
4

100% with pulse of Quration TW and repetition rate equal
is the video bandwidth. -

4.3 Digital Bquipment - Use pulse modulation wﬂ.h pu;
repetition rate/s equal to that used in the egq

k.l Non-tuned Equipments ~ Amplitude modul




162 NOTICE 3(7+)

41L-STD-162 NO
Y February 1971
S. METIOD TOR LONGWIRE AHTENNA

S.1 Applicability - This method is applicable for establishing high
values of {icid intensity in the .01 te 30 Mz range,

5.2 Apparatus ~ Test apparatus shall consist of the following:
a. 2 VIV,
b, RF signal generator capable of 1 volt output into a 100 ohm load.
c. A d.c. resistance bridge.

d. Assoriment of resistorz from 100 to 1000 ohms {™non-inductive™)
of adequate power dissipating capability.

e. Wire - #12 copper

5.3 Test Setup and Procedure for Line Termination,

5.3.1 Test Setup.

5.3.1.1 The test setup is as indicated in Figure RS03-1 The horizontal
line is Jocated al the longitudinal center of the shielded enclosure at a
distance from the ceiling equal to between % to 1/3 the hiight of the
room. The line ig draun taut on insulators. A "non-inductive” resistance
equal to the characteristic impedance of the line is located at the far
end from the signal generator. A concentric feeder line {copper tubing
with #16 wire supported in center) extends from the input end of the line
down to the terminals of a signal generator, The signal gencrator outlpul
is connected to the concentric line input; the signal gencerator ground

and the concentric line tubing {lower end) is connected to the shield.

5.3.2 Line Terminations,

5.3.2.1 Concentric Linc -~ Disconnect long line from top of concentric
feeder line., Comnect the vacuum tube voltmeters as shown in Figure RS03-2
but omit the temporary termination R. until a desirable test frequency has
bren found. Adjust the generator frequency so that it resonates line as
a+ % wave system. This poinit will be indicated by a dip in the output
calibrating meter on the sigral generalor or by maximum voltage at top of
tubing for constant input. This voltage may be read with the VIVM con-
nected as showm in the sketch, This freguency at which the concentric
tube is cleclrically % wave length long is the one at which the greatest
step-up at the end of the line will occur and, thercfore, will give the
most sensitive indication of corrcet termination. A frequency ncar this
resonant frequency may be used if the line absorbs toos much cnergy from

18
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the generztor. Connect By temporarily at top end of concentric line
between centexr wire and pipe. The final value of this resistor is to
be delermincd by "eut wid try methods™; its approximatc value may be
olytained from the formmla for finding characteristic impedance of a
concentric line:

MD-L62 NOTICE 3(ce)

20"

Zo = Ry = 138 log1g dp
il
ds = insidc diameter of pipe
dy = outsidc diameter of central conductor

For a specific case of 1% iube and /14 wire the value is approximately
150 ohms, Across this resistor-Rq connect a VIVH, At the input end
of the tubing ncar the generator conmect the other VIVH (see Figure
RS03-}; with the gencrator set at zero output, adjust the volimeters
for zero reading. With input to concentric tubing raised to one or
two volts, the meters will read the same if the sclected Ry is correct
termination for tha system. If the voltage at the top end of tubing
is higher than the volitage at the lower end, the termination is too
high a volue (and conversely). By successive trials, a value of
resistance can be found which will terminate the line properly.
Several resistors in parallel or series combinations may be used to
get the required value if a single resistor of correct value cannot
be found, Successive louwer frequancies should then be tricd and
should result in idertical readings on the two meters if everything
is in order. This termination can now be disconnected and measured

on a dc resistanc.. bridge, the value being recorded as R .

5.3,2.2 Termination of Horizontal Lince - With the termination of the
concentric line removed, connect ihe end of the horizontal line to

the center wire of the tubing (sce Figure RS03-3), With the voltmeters
in posilions / and C and tempoxary termination Rﬁ {approximated with
following equatjons) removed, the frequency at which the system is %
wave long is found as in section 3.2.1. This frequency is to be used
in the following accurate determination of Rs.

The following eguations can be enployed to determine an approximate
value for Ity

Case 1 Wire is much closer to ceiling than to floox:
Zo = 138 logqy LD
T

¥here D = distance from wire to ceiling
d = dimncter of wire (80.81x10*3 inches for #12 wire)

119
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I
. - greorua h‘
Distance of wirc to coiling is greater than 1/3 room
-

éa,

Zo = E}B logg +5

re h = height of screen room
- d = diameter of wire

he exact valuc of 1328, the voltmcters are connccted in
ay g,c (see Figure RS03-3);.proceed as in section 3.2.1 to
termination., Once the voltmeters read the same or

0lt of one another for several frequencies, the termination

u measured on a bridge and replaced permanently as part

Record termination value as R2 = Zp, the characteristic
1C tpe 1line, to be used later inm calculation of final con-

ic line feeder termination and attenuvation constant.

Matching the Horizontal Line to the Concentric Tube Feeder -
nation found in section 3.2.2 is the correct value for the
orizontal linc alone and will be the impedance one would
in the end opposile Lo that termination. However, this
> 15 pot the correct valuc for pioper termination of the top
centric line. Since the termination of the concentric linc
t is of concern, a resister may be put in as a termination, -
arallel with Lhe fmpedince presented by the horizontal line,
he value of resistance determined in section 3.2.1 as the
mination of the concentric line. The formula for finding
stance is the usual one for finding values of parallel

con iﬁt;ions.
- " R N

i§p for concentric line from section 3.2.%
ﬁar ‘horizontal lone from scction 3.2.2

»
must be put across the top end of
in i%at.ed in Figure RSO3-L.

N .n{- ed in system (see Figure RO3-4),
he voltages at the bottom end
al remain substantially
Iz to 15 Mg,

s
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5., Determination of attenuation constant (K) relating voltag

point A of Figurc RS03~ to ficld strengih {uv/m) around trans:
line at a knoun distance,

Bav/m = 2.36 x 103 EL [ 1+ s S

5 (F " wr

and 1 = 2.36x103 (__1___ * e
o z

d dL d 3 531-3 '_-
or X(lf' i Bav/m " !
» ‘.
where: 1. Fiv/m = field strength at known distance

(microvolts per metex) i\ i
2. B, = uv into line at point A (Figure RS03-5)
from a signal generator. A ..

3. 21 = Characteristic impedance of line. ‘

L. 4, dy, dy (inches) are distances as indicatec
in lgigure RSO3~ 5, : . ]
S. Kg = Attenvation constant (factor). - 0=

[ ] ‘.
K4 is a constant and, for a standard test distance d, in a given roo
can always be used to determine field strength in microvolts
meter in terms of the generator input in microvolts.

For oxanple: If this constant ratio is found %o be 5, ther

a field strc.gth at the test sample of 1 volt/meter the signa
input will be set at 5 volts, Calculations should be checl
measurement of the field, '
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6. Method for Parallol Strip Line. ' ’i
6.1 Apnlication - This method is applicsble to all equip'rcnts
are of sizc compatible Lo the dimensions of this test device v"*
test limitations borein deseribed. It may be used from 14 Kllz 1o
when high inlensity ficlds ave required. It is also useful when
broadband or spike radiated susceptibility tecsts are reguired.

6.2 Apparatus - The test apparatus shall consici of the follo
a. Parallel Plate Line (sce Figures RS03-6 and RSO3-7.

b, Signal Source capable of delivering the required signals, E

,.
i

‘

¢ BMI meter or VIVH.
d. Matching nctworks (see Figure RS03-8 {optional).
e. 30 Mz Low Pags Filter (optional). ™

6.3 Test Procedure - The test shall be performed as specified hereil

6.3.1 Set up the equipment as showm in Figure R303-8 with special
emphasic on placing the test sample as much to the center of the 1L
possible. Tnterconnecting and power leads shall be kept L to 6 ce
nmeters above the ground planc and laid ouvl parallcl to the line
length not less than ) meter. Select test signals in accordanc
applicuble requirements of MIT~STD-LET NOTICE ki or as specified in
test plan. y N
\y &
6.3.2 By meanc of the calibration chart of electric field
a function of the EMI metcr reading, corrected by lhe matek
ingertion loss, adjust the output of the signal gencrator so
fields between the plales correspond te the applicable lim t

-
[

6.3.3 The equipment shall be tested at two orientations
position, one where the front face of the equipment is
toward the side of the line and anotlier vhere the face i
the lengih of the line. Other orientations shall be
which have openings for power leads, shafts, venti
be faced upward toward the top line plate. In no ¢
sample be closcr than 10 cm. to the upper plate .
6.3.4 The chassis of the test samplc shall be ¢

cord only. An insulating material shall
sample and the lower plale of ihe line.
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s sy £ield strength at
e frequencics and the minisaurm fie :
1 isqsuscept.iblc. fecord a1l pertinent date

11y importznt to obtaining a uniform fn}eld is the 1oag;ng
th a noninduclive resistor. This applies equally to the
k used with the BT meter. All resistors should be

+ 1 percent of tolerance.

ould be taken to assure that the resis‘f‘ive load used
o handle the power which is to be applicd.

EMI meter should be placed outside of the screen room if
fields are being generated. Cables leading to the BT
3 be kept as short as possible.

['VM may be used in place of the EMI meter and matching
desired,

N T

|
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FIG. RS03-6 PARALLEL STRIP LINE FOR RADIATED SUSCEPTIBILITY TESTS
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