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FOREWORD
L]

This report was prepared within the Electronics Technology Lab-
oratory of the Georgia Tech Engineering Experiment Station. The
investigation results documented by this report were in accordance
with Contract DOT-FA74WA-3372 and were under the general supervision
of Mr. D. W. Robertson, Laboratory Director. Mr. J. C. Toler, Head
of the Electromagnetic Compatibility Group, was the Project Director.
This report summarizes the activities directed to developing recom-
mendat fons for Federal Aviation Administration adoption regarding
radlated electromagnetic emission and susceptibility tests.

The authors wish to express their appreciation to Mr. Richard S.
Smith and Mr. Lee DeHart for their assistance in conducting evaluations
on the various hooded antenna configurations and to Mr. Bernard M.

Jenkins for his consultation regarding hooded antenna design.
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l. INTRODUCTION

The movement of large numbers of persons traveling €-r pleasure and
business purposes is highly dependent on a safe and efficient air trans-
portation system. This system must be capable of accommodating an esti-
mated annual increase in traveler enplanements of eight to nine percent
and an increase in production of general aviation aircraft that approaches
10,000 yearly [1]. Using these estimates, air transportation forecasters
now predict that air transportation in the United States could increase by
as much as six percent per year and thereby double over the next 12 years.
Concerns resulting from these estimates include the fact that there are
no corresponding indications that either the number of major airports, the
number of runways, the altitude range available for aircraft use, or the
amount of radio spectrum allocated alr traffic control purposes will double.
Consequently, the future appears to offer a situation in which a continu-
ally increasing number of travelers will attempt to use an alr transporta-
tion system that (1) is already operating at near maximum capacity in
many instances and (2) will experience at best a low rate of expansion
over the next decade.

With this situation in mind, the Federal Aviation Administration (FAA)
has undertaken numerous efforts aimed at maintaining the .current high level
of flight safety and reliability. This research program, directed to de-
veloping Electromagnetic Compatibility control documents for FAA adoption,
is representative of these efforts. Electromagnetic Compatibility (EMC)
fs 2o technical discipline concerned with electromagnetic performance dep-
radation of e¢lectronic devices as they function In thelr operatlonal
environment. Under this program, the research objective has been to develop
FMC documentat fon that can be (1) used as a FAA management gulde In entab-
lishing, an effective FMC control program and (2) contractually [mposed on
FAA procurements to assure that electromagnetic design and test require-
ments are adequately considered. The developed documents have numbered

four and, in addition to this document, are titled as follows:

e FElectromagnetic Compatibility Rationale Report--Conducted Test
Requirements for Flectronic Fquipments in Air Transportation
Facilities, Report No. FAA--RD-76-69.



e Handbook for Electromagnetic Compatibility Design of Electronic
Equipments, Report No. FAA-RD-76-71.

* Electromagnetic Compatibility Program Plan, Report No. FAA-RD-76-75.

This document, concerned with the rationale supporting radiated test require-
ments recommended for FAA equipment, was developed during a research effort
that included surveys of representative FAA facilities, interviews with FAA
personnel in both operational and management positions, analyses of FAA pro-
curement methods, classification of FAA equipment into electromagnetic crit-
icality categories, technical exchanges with other government agencies with
EMC responsibilities, and an intensive evaluation of the adequacy of currently
imposed military EMC standards [2], [3]. It is organized to provide a glos-
sary of applicable terminology (Section 2) immediately following this intro-
duction (Section 1). Next, applicable documents and the equipment classifi-
cations are provided (Section 3). Then, the rationale for radiated test
requirements (Section 4) is presented and test method recommendations are
provided (Section 5). Finally, referenced documents are listed (Section 6)
and an appendix is provided that stipulates editorial modifications by which

recommended procedures may be incorporated into existing military EMC standards.
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2. TERMINOLOGY

A clearly defined terminology is essential to the efficient communi-
cat ion of concepts and requirements in any technical discipline area.
This is particularly true within the EMC discipline because of both the
similarity between many commonly used terms and the expanding number of
areas where electromagnetic interactions have become a matter of concern.

Numerous EMC terminologies for specific technical applications have
been documented, but because of their narrow range of applicability, they
have often tended to become a barrier to the effective communication of
broader EMC concerns. To assure that this difficulty is avoided within
the FAA, the EMC terminology presented in MIL-STD-463 [4] is recommended.
Although this terminology is directed to military applications, there 1is
more than adequate functional overlap to permit an easy transfer from
military to FAA electronic equipments. To expedite usage of this docu-
ment, definitions of fundamental EMC terms are transferred from military

language to FAA language and presented herein. Additionally, technical

terms peculiar to this document and not included in MIL-STD-463 are defined.

These definitions plus those in MIL-STD-463 provide a sufficient base for

the communication of EMC concepts and requirements within the FAA.

Electromagnetic Compatibility--The capability of electronic

equipments in air transportation facilities to operate, with
a defined margin of safety, in their operational environment
and at designed levels of efficiency without performance deg-

radation due to electromagnetic interactions.

Electromagnetic Emission--Electromagnetic energy propagated

from source via either radiation (air coupling) or conduction

(wire coupling).

magnetic emission incident on a susceptible electronic equipment.

Flect romagnetic Susceptibility--The characteristic of an elec-

tronic equipment that permits performance degradation as a

result of exposure to an electromagnetic emission.




Electronic Equipment--An assemblage of circuit devices mounted

in a chassis and designed to perform either a signal generation
or conditioning function within an air transportation facility.

Electronic Subsystem--A configuration of multiple electronic

equipments interconnected via either air or wire coupling and
performing an air transportation facility function that is
generally more complex than that performed by an individual
equipment.

Electronic System—-A configuration of multiple electronic sub-

systems interconnected via either air or wire coupling and
performing an air transportation facility function that is
generally more complex than that performed by an individual

subsys tem.



3.  EQUIPMENT CLASSIFICATION

During early phases of this program, attention was directed to the matter
of establishiing an equipment classification listing for use during subsequent
considerations regarding equipment criticality versus applicable test methods.
However, prior to adopting such a listing, it was necessary to define more
precisely what was to constitute an equipment. It was noted that the term
"equipment" was not defined in MIL-STD-463 and that MIL-STD-461A and MIl.-
STD-462 generally considered an equipment to consist of an individual elec-
trical or electronic chassis with its associated cabling. Essentially, all
of the figures (for example, Figure RE02-1, MIL-STD-462, Typical Test Setup
for Radiated Measurements) depicting test configurations show an individual
chassis positioned on top of a workbench and bonded to the ground reference
plane covering the bench top. It was noted that the 1958 version of MIL-I-
26600 shows a radiated test configuration for a group of individual equipments
mounted in a single rack and supposedly interconnected in such a way that
they collectively perform some single function. It was also noted that the
specific equipment names given in Table I of MIL-STD-461A were, for the most
part, indicative of electrical and electronic devices housed in an individual
chassis. For example, receivers, transmitters, counters, oscilloscopes,
power supplies, signal generators, auto-pilots, flight instruments, arc
welders, electrical gauges, etc. are typical listings for communication and
non-comnunication equipments.

In one instance, computers and digital equipments are mentioned as ex-
amples of non-antenna communication-electronic equipments. In reviewing
other sources of information regarding MIL-STD-461A and MIL-STD-462, it
was noted that figures depicting the various test configurations were de-
scribed as tending "to imply that the test item is either small (e.g., a
few cubic feet = 0.1 m3, or less) or consists of only one or two black
boxes with power and interconnecting cables [5].

The figures in MIL-STD-461A and MIL-STD-462, therefore, convey a con-~
cept of an equipment as an assemblage of electronic components housed in an
fndividual chassis and interconnected to perform an identifiable function.

If this concept were extended, a system would become an assemblage of equip-

ments typically housed in a multi-rack configuration and interconnected to

0 PRI AN b | Ih




perform multiple interrelated or sequential functions. Somewhat between
the extremes of a single chassis equipment and a multi-rack system con-
figuration of chasses would exist a subsystem level involving a limited
number of individual equipments performing a few identifiable functions.
When equipments, subsystems, and systems were viewed in this sense
and surveys were made of major FAA facilities, it became obvious that a
high percentage of the critical electronic devices must be classified as
systems rather than equipments. This classification resulted from the
faﬁt that these electronic devices were multi-rack configuraticns of ex-
tensively interconnected equipments which performed complex and interrelated
functions. In most cases, the name given to these configurations indicated
that they were considered to represent systems, not individual equipments.

A typical example of such a system was the Central Computer Complex (CCC)
that consisted of the following:

¢ System Control Console

* Computing Unit

e Storage Unit

e High Speed Printer

¢ Printer aud Keyboard

e Disk Storage Unit

®* Time Source Unit

* Data Receiver Group

* Data Control Unit

e Tape Drive Unit

e Tape Control Unit

®* Random Access Plan Position Indicator
¢ Interface Control Unit

® Card Read and Punch Unit

* Input/Qutput Control Unit




e Peripheral Adapter Unit

e Switching Unit

e Flight Strip Printer

* Flight Strip Printer Control Unit
e System Maintenance Monitor Console

Addit ional examples of system configurations would include the Radar Dis-
play System (RDS), the Remoter Transmitter/Receiver (RTR) System, the
Instrument Landing System (ILS), the Automated Radar Terminal System (ARTS),
etc. These systems are not consistent with the '"test items" for which
MIL-STD~461A and MIL~STD-462 provide test methods and performance limits.

Discussions of this matter with FAA management personnel resulted
in a directive to consider devices consistent with those presently ad-
dressed by MIL-STD-461A and MIL-STD-462 during this program. Subsequently,
standards applicable to system level devices could be developed by FAA
if a demonstrated need was shown to exist.

Surveys of FAA facilities revealed a large number of electronic de-
vices conforming to the MIL-STD-461A and MIL-STD-452 concept of an equip-
ment. Typical of these were numerous Very High Frequency (VHF) and Ultra-
High Frequency (UHF) transmitters and receivers, tape recorders, regulated
output amplifiers (ROA), teletype units, time code generators (TCG), backup
emergency communication (BUEC) devices, radio frequency monitors, inner
and outer markers, ground movement radars, etc. In addition there was an
appreciable number of standard electronic equipments commonly used for
test purposes. These equipments included oscilloscopes, counters, spectrum
analyzers, signal sources, power supplies, etc.

When analyzing these equipments for the purpose of developing a sult-
able equlpment classification procedure, efforts were made to conform to
the classaiflcation commonly used by facility personnel. This classifica-
tlon separated equipments into the following four categories: (1) com-
munications, (2) automated processing, (3) electro-mechanical, and
(4) navigational aids. Although useful for many purposes, this classifi-
cation scheme could not be adopted for identifying which equipments were
required to comply with the applicable EMC test methods. The major




difficulty lay in the fact that a classification method based on equipment
ty{e, not utilization, was necessary. Without the type-oriented classifi-
cation, transmitters and receivers, for example, would be classified in
three (communications, automated processing, and navigation aide) of the
four above categories. Consequently, an equipment classification patterned
after the one used in MIL-STD-461A was adopted and is presented in Table I.
Class designations used in this table incorporate some of the features of
the classification commonly used by FAA field personnel, yet differ enough
to make possible a classification scheme that assigns individual equip-
ments to only one category. It is important to note that numerous elec-
tronic devices which must now be classified as either subsystems or systems
may qualify as an equipment in the not-to-distant future. This situation
“esults because the use of solid state circuitry continues to reduce device
¢1ze and, therefore, make bench mounting more feasible. As this occurs,
these newly designated equipments must be added under their appropriate
delignation in Table I. The Class I designation in Table I identifies
equipments that are critical to safe and reliable air transportation;
therefore, test requirements for these equipments must be stringent. Equip-
ments in Classes II and III are progressively less critical, and the strin-
gency of their test requirements can decline correspondingly.




TABLE 1
EQUIPMENT CLASSIFICATION

Class
Designation

Equipment Description

I11

v

IVA

IVB

Communication-Electronic (C-E) Equipments

All electronic equipments which in their operation trans-
mit, receive, generate, store, or process information.
Included in this classification are transmitters with
antennas, receivers with antennas, transceivers with an-
tennas, regulated output amplifiers, backup emergency
communication equipment, inner and outer markers, plan
view displays, etc.

Electronic Equipments

All electronic equipments which are not Class 1. In-
cluded in this classification are oscilloscopes, signal
sources, test sets, counters, spectrum analyzers, time
code generators, radio frequency monitors, etc.

Electro-Mechanical Equipments

All equipments which in their operation have both a me-
chanical and electrical/electronic function. Included
in this classification are teletype machines, portable
electric tools, repair shop equipment, kitchen and/or
lounge equipment, office devices, etc.

Motor Vehicles and Engine-Driven Equipments

All motor-driven vehicles which In thelr operat fon may
interrupt normal operations via ignition system radia-
tion. Included are tug vehicles at airports, maintenance
and installation vehicles used at remote C-E sites, etc.

All engine-driven equipments which in their operation may
emit interference signals from an ignition system or com-

mutator. Included are gasoline engines, motor-generators,
etc.

9/10
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4. RATIONALE FOR RECOMMENDATIONS

4.1 Approach

In efforts to determine whether FAA equipments required particular
types of radiated tests, it was necessary to establish an analysis procedure
that assured consideration of major influencing factors in a consistent and
systematic manner. This procedure basically involved answering a series of
questions while analyzing the technical aspects of test methods currently
. specified by MIL-STD-461A and MIL-STD-462. The questions asked were not
cqual ly applicable to every test method analysis, and no effort was made
to treat them as such; however, they provided a satisfactory basis for the
analysis procedure. The questions asked and the Information base associ-

ated with each were as follows:

¢ What equipments exist at FAA facilities, what are their modes

of operation, and how are they installed?

Information relative to this question was obtained primarily
via surveys conducted at a representative cross-section of FAA
facilities. For example, the Air Route Traffic Control Centers
(ARTCC) at Hampton, GA and Nashville, TN were surveyed as was the
Flight Service Station (FSS) in Atlanta, GA, and the Air Traffic
Control Towers (ATCT) and Terminals at Hartsfield Airport in Atlanta,
GA, the International Airport in Memphis, TN, and the Huntsville/
Madison County Airport in Huntsville, AL. 1In addition, surveys of
¢quipment grounding and installation practices at numerous other
facilities were conducted under an carlier contract (Contract No.
DOT-FA72WA-2850) and were applicable to this effort. These other
facilities included the long range radar sites at Alken, SC and
Smyrna, GA, the ATCT at Jacksonville, FL, and the airport at Robins

Air Force Base, CA.

* What electromagnetic interference and/or susceptibility problems

exist now or have existed in the past in FAA facilities?

Answers to this question were obtained primarily through formal
and informal meetings with FAA personnel at the facilities surveyed.
Additionally, meetings were held with engineering groups within the

FAA Southeast Reglon Office in Atlanta, GA and with personnel In the
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FAA ARD-1350 project management office in Washington, D.C. The
meetings generally followed the format of technical discussions

and interviews during which emphasis was placed on descriptions

of the number, nature, and resolution of observed interference

and susceptibility problems. The dominate result of these meet-
ings was that most EMC problems are "environment related" and in-
volve transmitters and receivers. There was little or no report

of interference, either conducted or radiated, between non-communi-
cation equipments. Also, it was learned that the persons inter-
viewed had no definite knowledge of the electromagnetic environment
within their facilities and no analyses were planned to determine
(1) what electromagnetic influence new equipments might have on the
rellable operation of existing equipments or (2) what electromag-
netic influence the existing equipments might have on the reliable
operation of new equipments. It was also evident that facility and
region office personnel have almost no information regarding the
extent to which equipments in FAA facilities have complied with
radiated test requirements in currently imposed EMC standards.

In addition to interviews with FAA personnel, a limited 1lit-
erature search was conducted to ferret out reports of interference
and susceptibility problems at FAA facilities. This search yielded
less than twenty relevant reports, most of which reinforced the in-

formation obtained via interview.

¢ What are the technical justifications for the present test require-
ments in MIL-STD-461A and MIL-STD-462, and what changes are planned

in these requirements?

A formal meeting was held with Navy personnel responsible for
efforts of the tri-service EMC standards committee to obtain infor-
mation in this area. Additionally, a subsequent meeting was held
with the Air Force representative of this committee todiscuss matters
in this area. No written or published information delineating jur-
isdictions for present requirements was obtained. Although firm

plans for modifying the existing standards have been underway for

12




approximately three years, no information regarding the nature of
planned changes was available. It was concluded that information
justifying requirements in the present standards is either non-
existent or is scattered through numerous documents, some of which

may not be generally available.

* What are the characteristics of electromagnetic environments in
FAA facilities?

This information was obtained from a series of FAA reports
prepared by American Electronics Laboratory under Contract No.
DOT-FA72-NA-728 [6]-[9]. These reports present data from extensive
¢lectromagnetic tests conducted to measure radiated and conducted
emission and susceptibility characteristics in selected ARTCC facil-~
ities. The facilities surveyed included the centers at Oakland, CA,
l.os Angeles, CA, and New York, NY. Measurement procedures were either
verbatim or modified versions of these in MIL-STD-461A and MIL-STD-
462. When modified versions of the military standard measurement
procedures were used, the technical basis for the modification was
generally not provided. Also, it was not indicated whether the
equipments tested had complied with applicable portions of any FMC
standard. In some cases, the recommendations tended to be incon-

clusive in that further investigations were suggested.

e Is it feasible to specify performance of electromagnetic emission
tests without complementary electromagnetic susceptibility tests,

and vice versa?

A major tennent of the EMC philosophy recommended for FAA imple-
mentation in the Program Plan dealt with how equipment level test
data were to be used. This philosophy requires that, where possible,
both emission and susceptibility test data be obtained for each
equipment in a manner such that susceptibility characteristics of
each equipment can be analyzed relative to the emission characteris-
tics of all other equipments. Therefore, in analyzing the need for
particular types of tests, efforts were made to assure that both
emissfon and susceptibility data were obtained over the same fre-

quency range and In the same electrical units.
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¢ What is the rationale for the radiated test methods currently
specified by MIL-STD-461A and MIL-STD-4627

Knowledge of this rationale would have been invaluable in de-
termining the applicability of present test methods to FAA needs.
However, essentially no documentation presenting this rationale
was available; consequently, the extent to which it applies to FAA
needs is one of conjecture. In limited instances it was possible
to postulate why certain agencies within the Department of Defense
desired specific test methods, but the technical considerations

underlying the present test methods are unknown.

¢ Based on a technical analysis of MIL-STD-461A and MIL~-STD-462
test methods, to what extent do they appear to be adequate

for FAA equipments?

Information in this area was gained by conducting a method-by-
method analysis including the applicable modifications stipulated by
notices to essentially every test method in MIL-STD-461A and MIL-
STD-462.

As noted earlier, the procedure used in determining the need for
specific types of radiated tests consisted of answering the above ques-
tions while analyzing each test method in MIL-STD-461A and MIL-STD-462.

The results of this analysis procedure are presented in the following
paragraphs.

4.2 Test Method REO1, Radiated Emission, 30 Hz to 30 kHz, Magnetic Field

The stated purpose of this test method 18 to measure magnetic
field levels from electrical and electro-mechanical equipments over a 30 Hz
to 30 kHz frequency range. The test procedure requires the use of a loop
sensor and EMI meter to measure magnetic field radiation from '"each unit,
cable (including control, pulse, IF, video, antenna transmission lines, and
power cables), and interconnecting wiring." With the exception of antenna
emanations, the procedure is applicable to transmitter fundamental, spurious,

and oscillator radiations. Equipments that operate at frequencies above
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30 MHz are exempt from this procedure. Performance of the test involves
probing each surface and every cable of an equipment with a loop sensor
positioned for maximum pickup. A separation distance of seven centimeters
is to be maintained between the sensor and the radiating surface. As each
equipment surface and cable are probed, the frequency of the EMI meter is
scanned from 30 Hz to 30 kHz, and the bandwidth is maintained no greater
than 10 Hz at the three dB points. The EMI meter output level 18 recorded
for each surface and cable at critical frequencies associated with the
equipment's design (power, power harmonic, local oscillator, etc.) fre-
quencies, at two frequencies of maximum radiation per octave below 200 Hz,
and at three frequencies of maximum radiation per octave above 200 Hz.

In MIL-STD-462 modifications, the Air Force (Notice 2) has deleted the

requirement for this test in its entirety. The Army (Notice 3, MIL-STD-462)

' maintains the test requirement essentially verbatim.

In analyzing the applicability of this test method to FAA equipment,
several uncertainties regarding the test procedure arose. For example,
MIL-STD-462 states that the test is not applicable to equipments "operating"
at frequencies above 30 MHz. It is not clear whether this frequency bound
refers to the fundamental of the radiated signal or to the "operating' fre-
quency of equipment local oscillators, IF amplifiers, etc. It was assumed
that the test method did not apply to equipments with fundamental operating
frequencies above 30 MHz. Also, in MIL-STD-461A, paragraphs 5.2.1(a) and
5.2.1(b), requirements for the two different loop sensors (one for emission
tests, another for susceptibility tests) are presented. In referring to
the figures concerned with effective height and basic construction details,
there are obvious errors in the specified figures. These errors are not
corrected by subsequent notices to the standards. In addition to uncer-
tainties in interpreting the test method applicability and to technical
errors In describing sensor construction, the test procedure also requires
similtaneous performance of several difficult tasks. For example, it 1is
necessary according to the test procedure to simultaneously vary the gyulp-
ment under test through its mode of operation while probing surfaces and/
or cables and while scanning the EMI meter frequency range,

The efforts to determine applicability of this teat method not only

Involved trying to understand the technical requirements of the specified
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tedt procedure, but also efforts to establish whether equipments in FAA
facilities required tests for radiated field emissions in the 30 Hz to

30 kHz frequency range. Interviews with personnel at a cross-section of
FAA facilities and surveys of equipments at these facilities revealed no
interference problems attributable to low frequency magnetic field emis-
sions. The only observed emitter of intense magnetic fields at FAA facil-
ities was the 60 Hz commercial power source, and equipments must of
negessity be compatible with their primary power. 1In the Los Angeles
ARTCC [10], it was concluded that "no malfunctions of other equipment

due to magnetic emissions were found" during a series of extensive radi-
at>d emission measurements. Based on a similar measurement series at the
New York ARTCC [11], it was concluded that "magnetic field emissions from
automated system equipment does not represent a problem area" and that
"no malfunctions of automated or non-automated equipment due to magnetic
field emissions have occurred." Further, low frequency radiated measure-
ments at the Oakland ARTCC [12] led to the conclusion that since “low
levels of emission were found during the test" and ''no malfunctions of
automated or non-automated equipment due to magnetic field emissions

have occurred,"

magnetic field emission "does not present a problem area."
It should be noted that at each of the ARTCC facilities, MIL-STD-461A
limits for low frequency magnetic field emissions were exceeded in at
least one test location and over some portion of the applicable frequency
range. In spite of this, no past malfunctions of equipment were reported
and none were observed during the measurement series.

Efforts to determine the technical basis for low frequency magnetic
field emission tests required by MIL-STD-461A and MIL-STD-462 were gen-
erally unsuccessful; however, in one source [13], abbreviated comments
noted that "REOl tests are intended primarily for equipments and sub-
systems to be installed in submarines and should not be used for other
applications unless specifically required by the procuring activity."
This same source also commended that the limits and test procedures for
low frequency magnetic field emissinn tests 'do not apply to test items

other than those inside submarines."
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4.3 Test Method RSOl, Radiated Susceptibility, 30 Hz to 30 kHz,
Magnetic Field

The stated purpose of this test method 18 to determine the sus-
ceptibility of Class I (communication-electronic) equipments during expo-
sure to radiated magnetic fields in the 30 Hz to 30 kHz frequency range.
lquipments of primary concern are receivers, transmitters, counters, oscil-
loscopes, signal generators, computers, power supplies, etc. and their
associated cables and connectors. The test method is not applicable to
cquipments operating at frequencies greater than 30 MHz. In most respects,
the test procedures are a counterpart to those in Test Method REQl; however,
several differences (REO1 requires a seven cen:iimeter separation distance
between test item and loop sensor, while in this test method, the distance
is five centimeters) exist and are unexplained. The test procedure requires
that each surface, cable, and connector associated with an equipment be
cxposed to a magnetic field with a flux density that decreases at a rate
of 40 dB per decade from 140 dBpT at 30 Hz to 20 dBpT at 30 kHz. This Is
accomplished by slowly moving the loop sensor over surfaces, cables, and
connectors while scénning the 30 Hz to 30 kHz frequency range and observing
performance of the equipment under test. The practical difficulty associated
with simultaneously tuning the signal source, moving the loop sensor, tuning
the FMI meter used to monitor tﬁe exposure field magnitude, adjusting the
current through the loop to set the exposure field magnitude, and observing
performance of the equipment has been noted [14] by those attempting to
perform this test in accordance with the specified procedures.

In modifications to MIL-STD-461A, the Air Force (Notice 3) deleted
the requirement for this test in its entirety. The Army (Notice 4) main-
tained the test method, but made it applicable to alrborne surveillance,
compass, and data annotation equipments only.

The analysis procedure to determine whether this test method was
applicable to FAA equipments followed a course very much like that for
Test Mehod REO1.  Personnel at FAA facilities were aware of no paust or
present Interference problems that could be attributed to low frequency

magnet ic field susceptibility. The measurement series [6]-[9] performed
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at the Los Angeles, New York, and Oakland ARTCC facilities used the radi-
ated susceptibility test procedure in Test Method RS02; therefore, no
data obtained in accordance with Test Method RSOl are available. Efforts
to determine the technical basis for this test revealed only that the
linits and test procedures 'are generally applicable to Navy equipments
that would be used inside submarines, or for airborne ASW equipments of
speclalized types. Otherwise, RSOl is not applicable to military elec-

tronic systems" [15].

4.4 Test Method REQ2, Radiated Emission, 14 kHz to 10 GHz,
Electric Field

4.4.1 General

. The stated purpose of this test method is to measure narrowband
and broadband radiated electromagnetic emissions from electronic, elec-
trical, and electromechanical equipment over a general frequency range

of 14 kHz to 10 GHz. The test method is applicable to essentially all
radiated emissions (antenna radiations excepted) from equipments, cables,
and interconnecting wiring. The frequency ranges of measurement appli-

cability are as follows:

(1) Electronic equipment -

(a) Narrowband emissions - '"14 kHz to 10 times the
highest used or intentionally generated frequency,
or 1 GHz, whichever is greater; however, the mea-
surement frequency shall not exceed 10 GHz."

(b) Broadband emissions - 14 kHz to 1 GHz.
(11) Electrical equipment, except handtools - 150 kHz to 400 MHz.
(111) Electrical equipment, handtools - 150 kHz to 30 MHz.
(1v) Vehicle and engine accessories - 150 kHz to 1 CHz.

The test procedure requires the use of four different probe antennas
(a monopole, a biconical, and two separate conical logarithmic spirals) and
their appropriate matching networks to cover the entire frequency range.
An EMI meter '"capable of measuring the parameters of this standard" is speci-
fied for measuring the emissions. Performance of the test involves probing
each face of the equipment under test with a loop '"to determine the local-

{zed area(s) producing maximum emission." The loop must be maintained at
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a distance of five centimeters from each surface and oriented for maximum
pickup. As each equipment face is probed, the EMI meter is tuned over the
14 kHz to 10 GHz frequency range. The identified areas of maximum radia-
tion are then individually positioned one meter from the applicable probe
antenna and the radiated emission test is conducted. While performing this
test, no point of the probe antenna is permitted to be closer than one meter
to the walls of the shielded enclosure or any obstruction than may be in
the enclosure. For each frequency range, the EMI meter is tuned over the
entire range and emission levels are recorded "at not less than three fre-
quencies per octave representing the maximum indications within the octave."
Also, emission measurements are made at the test sample's critical frequencies
(power and its harmonics, local oscillator, RF, etc.). Over the frequency
range of 25 to 200 MHz, measurements are made with both vertical and hori-
zontal polarizations of the probe antenna. For all other frequencies,
measurements with either vertical or circular polarizations are required.
Notices to MIL-STD-461A and MIL-STD-462 affect this test method only
to a slight extent. Both the Air Force (MIL-STD-461A, Notice 3 and MIL-STD-
462, Notice 4) add 1ists of test instrumentation and change the table of
equipment to be tested. The Air Force requires radiated emission tests to
be conducted on all equipments while the Army provides a detailed list of
equipments to be tested. Both the Air Force and the Army modify the probe
antenna requirements. The Air Fcrce notice allows the use of antennas other
than those specified, if approved by the procuring activity. The Army notice
provides a detailed table describing the permissible probe antennas and
their manufacturers. The Army (MIL-STD-462, Notice 3) also makes the fol-

lowing modifications:

1. The probe antenna required in locating areas of maximum rad{-
ation from equipment faces 18 changed from a '"loop" to a "loop

or other suitable sensor."

2. The frequencies at which the equipment faces are to be probed
are changed from a continuous scan of the entire frequency
range to '"frequencies known or calculated to represent worst

case interference; or, if no such information is available,
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probing shall be performed at no fewer points than one frequency
for every two octaves over the frequency range of the test. Auto-

matic scan techniques may be used to scan all sides."

3. The upper test frequency for narrowband measurements is changed
from a variable limit depending on the highest used or inten-
tionally generated frequency, but not greater than 10 GHz, to

a fixed frequency of 12,4 GHz.

4. The frequency range over which both horizontal and vertical
polarizations of the probe antenna are required is changed from
the originally required range of 25 MHz to 200 MHz to a 30 MHz
to 12.4 GHz range.

In determining the need for this test method for FAA equipments, two
major areas of concern existed: (1) the necessity for equipments in FAA
facilities to be tested for radiated electric field emissions and (Z) the
technical problems, with their possible solutions, related to accuracy,
reliability, applicability, and repeatability in performing this test as
it is presently specified in MIL-STD-461A and MIL-STD-462. The need for
this type of test required considerations of several important factors.
Interviews with personnel at various FAA facilities as well as surveys
of the equipment at these facilities yielded conclusions that limited inter-
ference problems were relatable to electric field emissions from equipments
or cables in the 14 kHz to 10 GHz frequency range. This was also the gen-
eral conclusion reached during the extensive series of radiated measure-
mer ts conducted at the New York [16], Oakland [17], and Los Angeles (18]
ARTCC facilities; however, a detailed analysi{s of the radiation levels
measured at each of these facilities showed that emissions repeatedly ex-
ceeded the MIL-STD-461A performance limits by significant amounta. These
data are summarized in Tables II and III which present frequency ranges
over which measured broadband and narrowband emissions were in excess of
applicable performance limits. It is noted that, although MIL-STD-461A
requires radiated emission tests over the 14 kHz to 10 GHz frequency range,
the upper frequency limit for these measurements was 1 GHz, The data sum-
mary in these tables shows that both automated and non-automated equipments

critical to the safe and efficient operation of ARTCC facilities radiate
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slpnif fcant electric field levels. These levels are, therefore, capable

of belng coupled into other nearby equipments and/or cables and, thereby,
causing performance degradation. This degradation may or may not be recog-
nized by facility personnel, or its effect may be recognized in some inter-
connected equipment while the cause remains unrecognized. Further, if the
ceffect is recognized, it may be designated a design, installation, inter-
ference, environmental (a term heard often during interviews with facility
personnel), etc. problem. Nevertheless, the degradation or potential there-
for exists within ARTCC facilities as a result of radiated emission levels
from equipments and cables. From surveys of equipments and cables in air
traffic control towers, flight service stations, airport terminals, etc.,
there 18 no basis for suspecting that this same situation does not exist

in these facilities as well. This in itself was considered to be a more
than adequate basis for requiring FAA equipments to comply with requirements
of an electric field radiation test over the 14 kHz to 10 GHz frequency
range.

In addition to the performance degradation potential that measurcments
have shown to exist in ARTCC facilities and are suspected to exist In other FAA
facilities, there was an additional basis for requiring equipment compliance
with electric field emission requirements. This basis was somewhat philo-
sophical in nature and related to the need to conserve the limited electro-
magnetic spectrum available for national and international use. The value
of this spectrum in economic and technical terms is so vast that it defles
definition. Yet, there is significant evidence [19] that this value con-
tinues to be reduced by excessive and/or unnecessary radiated emissions.

The results are manifested as complete frequency bands which are so pol-
luted that their use as a resource is severely compromised 1if not negated.
This situation was in mind when determining whether FAA equipment distributed
In significant numbers throughout the United States should comply with
radiated emission test requirements.

4.4.2 Analysis of Measurement Procedures (400 MHz to 10 GHz)

Once it was established that FAA equipments should be tested for
electric field radiation levels, the research effort became one of establishing
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test methods which would yield accurate, repeatable, and reliable data.
That this was an area needing attention is i1llustrated by the estimate
[20] that over 50 sources of measurement error exist and that some-

where between 10 and 30 of these sources will apply during any given

test. These errors may be as great as 40 dB in magnitude and originate
largely from probablistic rather than deterministic sources. Many fac-
tors influence the measurement of electric field emissions, but experience

has shown that the principal error contributors can be ranked as follows:

* an undefined test area electromagnetic environment that

varies as a function of location, time, and frequency,

e the positioning, mounting, and operation of the equip-

ment under test in a given test area, and

e performance of test equipment when operated by test

personnel.

Du?ing this research effort, the first two of these contributors to measure-
ment errors were viewed as being interrelated so closely as to be inseparable.
Consequently, reduction of measurement errors due to these two sources pro-
vijed the departure point for this research effort.

Initially, the research began with the MIL-STD-462 requirement that the
ambient electromagnetic level during testing, when measured with the test
sample de-energized, be at least 6 dB below the allowable specified perfor-
mance limit. This requirement is necessary to eliminate interactions be-
tween external sources (both natural and man-made) and the test sample;
however, it generally necessitates that the test be performed in either

an open-field, an anechoic chamber, or shielded room area,

4.4.2,1 Open-Field

A true "open-field" 1s obviously one means by which an adequate
test area environment can be provided, An open-field eliminates the ad-
verse effects of nearby objects, such as metal walls, structures, personnel,
etc, and 18 located such that it provides a low ambient electromagnetic
test environment. However, realizing such an open-field is very difficult
since a reasonably large, flat area free of significant reflecting objects
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and externally generated signals is required. In most practical open-field
sites, an externally generated ambient electromagnetic environment that varies
in time is present and must be accurately defined so its effects can be ac~-
counted for in data analysis. Further, susceptibility tests which, by their
nature, generate intense electromagnetic fields, must often be conducted on

a non-interference basis with emission tests. Because of these requirements,
the performance of emission and susceptibility tests at a field site which
begins to approach true open-field conditions can be very time consuming,

and test costs can be excessive. Furthermore, operation of an open-field

test site must take into account unfavorable weather conditions which make

test scheduling difficult.

4.4.2.2 Shielded Anechoic Chamber

An alternative to open-field testing is to use a shielded anechoic
chamber consisting of a metal-walled enclosure lined with absorbing material.
The metal walls will reduce the externally generated electromagnetic environ-
ment in the test area and minimize problems associated with unfavorable
weather conditions. Concurrently, the absorbing material on the walls will
reduce the reflection effects of the metal walls on the accuracy of test
data. The major disadvantages of the shielded anechoic chamber are that 1t
provides a relatively small working volume compared to its overall saize,

and it is relatively expensive.

4,.4.2.3 Shielded Enclosures

Radiated emission and susceptibility tests are generally performed
© in a "bare" shielded enclosure because of the difficulties associated with
conducting such tests in either the open-field or in an anechoic chamber.
The shielded enclosure provides significant isolation between the test
configuration and the external electromagnetic environment and thereby mini-
mizes both the radiation and reception of undesired signals. Also, the
shlelded enclosure test area is generally less expensive than either an
anechoic chamber or an open-field test site. On the other hand, radiated
test data obtained during shielded enclosure measurements exhibit signifi-

cant adverse errors attributable to (1) standing waves, (2) the size and
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shape of the enclosure, (3) test configuration location in the enclosure,
(4) spacing between the equipment under test and the probe antenna, and
(5) the presence of test persomnel and equipment in the enclosure. The
primary problem is due to standing waves with the other problems either
dlfectly or indirectly related thereto.

Since the six conducting walls of a shielded enclosure form an elec-
tromagnetic cavity, standing waves will exist within the enclosure at
frequencies above the cutoff frequency. For sufficiently high frequencies
such that distances between test items within the enclosure or between a
test item and the enclosure walls are large relative to a wavelength, far-
field conditions can be assumed to exist; hence, standing waves in the
enclosure are composed of propagating fields that can be approximated as
plane waves. Under these conditions, the standing wave pattern of the elec-
tromagnetic fields within the shielded enclosure may be considered as an
interference pattern produced by the superposition of various waves re-
flected from the enclosure walls. Under these conditions, ''ray theory"
can be used to analyze and interpret the fields. As frequencies more
nearly approach the optical range, this approximation becomes more exact.

Figure 1 illustrates a typical measurement configuration in a shielded
enclosure and depicts the signal multipath conditions that contribute to in-
accurate test results at high frequencies. This figure shows only a frac-
tion of the multiple signal paths that can exist in the shielded enclosure.
During previous research efforts [21], [22], extensive measurements have
been conducted to define the magnitude of these multipath effects on radi-
ated test results. Figure 2 presents the coupling between two antennas
spaced one meter apart in a 8 x 8 x 20 foot shielded enclosure over the
1 MHz to 1 CHz frequency range. These data have been normalized with re-
#pect to open-field coupling so that the resulting variations are due only
to the presence of the shielded enclosure. From one to approximately 30 MHz,
the shiclded enclosure results are 2 to 3 dB lower than the open field
coupling; however, coupling variations of the order of +40 dB with respect
to open field coupling are present in the shielded enclosure at measurement
frequencies above approximately 30 MHz. Similar variations occur in shielded
enclosures of other sizes and configurations and for other antenna separation

distances. For example, the coupling between two antennas as a function of
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separation distance is shown in Figure 3 for frequencies of 615 and 930 MHz.
As can be seen from this figure, an error of approximately one-half inch in
spacing the antennas one meter apart can change the coupling data by 15 dB.
Obviously, data with such large coupling variations as a function of both fre-
quency and separation distance are of little value, and the posslbility of

corrclating such data with data obtained in an open-field test area is8 small.

4,4.2.4 Hooded Antenna

Several measurement techniques for reducing the coupling variations
in shielded enclosures have been investigated on previous research programs
[23]-[25]. A hooded antenna measurement approach which reduces the coupling
errors to a level comparable to those normally encountered in open-field
measurements has been developed for the 200 MHz to 10 GHz frequency range
[21], [22]. For frequencies sufficiently high that 'ray theory' can be
applied, the hooded antenna measurement concept is iliustrated in Figure 4.

A number of possible signal paths are shown in the shielded enclosure; but

as {llustrated, only that signal traveling the direct path reaches the probe
antenna. The antenna hood consists of a metal shield or box, open on one
end, with walls which are lined on the inside with absorbing material. Also,
the wall opposite the open end of the hood is lined with absorbing material
to prevent reflections from this wall to the probe antenna. The absorber-
lined walls of the hood, together with the one lined wall of the enclosure,
approximate for the probe antenna the six absorber-lined walls of an anecholic
chamber: however, the hooded antenna technique requires significantly less
absorbing material.

Early experimental investigations of the hooded antenna concept indicated
that this technique was capable of reducing the coupling variations in shielded
enclosures to a level comparable with the varfations normally encountered
in open field measurements. For example, radiation patterns of an 18=Inch
dish antenna with a log-periodic feed at a frequency of 2 GHz are shown
in Flgure 5. These patterns were made In both open-field and shielded enclo-

sure test areas, and with the probe antenna both unhooded and hooded. As

28




’20 r— -20 r‘
FREQUENCY = 615 MHz FREQUENCY = 930 MHz
-30+ -30
@ @
© ©
; -40 - ' 40 |
g =z
> o
S .50} S -501
] o
(&) (&5
-60 -60
-70 | AR R | -70 L { N J
36 38 40 42 44 36 38 40 42 44
SPACING - INCHES SPACING - INCHES
Figure 3. Coupling Between Antennas in a Shielded Enclosure as a

]

oot

SRR SRR RN R AR R AR R R R SRR

Function of Spacing.

SHIELDED
ENCLOSURE
i
¥
ABSORBING R GNAL PATH g
MATERTAL . DESIRED SI {
SOURCE
RECEIVING N
ANTENNA §
METAL ABSORBING N
SHIELD MATERIAL "
§
SRR € RO N « O T N mn N PORNDNRRNNN N
Mpure 4, pDingram of a Hooded Antenna Measurement Setup In a Shielded

I'nclosure.,

29




R R

- T v T N T T v T YT
PEURRE PRENEE FESRLISURRNNONRL, VSUUEE AOUOEY PHRRAL I e RS RPREERRat snse ﬂk‘m Ha Bt e rras
PR b IRIRRS 50N o kR 00080 | b 3 ! 4 ESSRNS 1
techadeaiie .4....1..... A..F serpidbaigaraid { badb b dand ....‘4,.‘..’1..;/. B R R
SETBRS SER | ] ol 4 a8 il }

}

.4

“**‘**}““*L .

Lhiil

b ek 444 | U SHOPHE BRSRGE 5 B4 IPRRE FUSS ERAERRUBABY EOTN S8 S .;HHHy«wurwn. -t
4 | aEEn] FaERBY NSRS } i ]
! e) BRsa01 FEREE F V8 1R RO0EBIBPUBEENRSAR BOSIRE K i ITNGERDRERE0I ERSR LR RRRAREHE IDURURETRON] DY
. 10+ + - -
AR TRy FERN ) ..ﬁ. 'SEE BPe: vl .N.KH.. RS B bad B RRRE S R PSS RPN RS PR
JERRE A ANRGY RS0 Sl LLL 4
3 ‘ ...1.. 44 l Libiae 1 ind [.X 13 VB .1 } f SHEFESUER (S SRULEE IREBEC IS REGE PRO TP
.. 5
+ t
PUSOES I BAe PRUT SUTS UX i it . +
RRLRLRC TR DR 0 ceY RRRE JUEBURE IRRU SRRDRE QN HH R ORRRI B! 1 }
. .. P SR s - o + S et
T HOB B A S O R T T 4 HE BE 1 UBURSRESDING DORRD
bo aeaeads 8O- ’ JEOI SUSI « v e
H SGRY I 0 0 DARUR | BEN FPHEIRTLIN § W THARHHEH T H
- - - pee
K s s MU RRRRE | PRRUSE DY IORR RERRRE IRERY
H e STSESEeRIEE -
| . IRRE SE IR | PR R .:\.. R ‘4
L SUSSDS GRS
o 1ae . e IR " il
= -~ ' - +
1 i
T 5 BRR RERRY SUTNE: FRNDSIRERARYAR: 0], 1T
Ly i
4
| IR I s v
" -
+
SHSASE FORITE SPSRDE 5t
IRRE ) i ] il
: 2 . : - - +
o D YRERNE RRNA i RN RN SRR ORI SR FRERNC RSN IINNN 1,
1’ " » U » I
T -~ - T r -
voptrbe i ibeetibbad iy e f S IRERRS p—— IREE | { frineed A e e
bt 4 + 4 ad HO0OLD SOSREN 4 " 0
' [ pesrdin ..¢.{, tifee b | IRESRRRE RN H T8 | shbe ) reny Ceras
" ! Lot
t SO
RS SRS SR K "RRN BN .1.‘... +444 4 b biad i :n..r 4 ‘ ;A.\;uo bhase
dos ! 1 {
81 IRRERRREaT TN 1008 00% 17 BRRAFARFURTL IR NRGRRENI f L1 ! HH .I“‘ RRE ERR RN
+ bl -

.i { " 1 1 "
crsrddbis bofrritadrovds S dib b HpH b L ik oy s ‘ 4 Loy rew IEeE' FRRI
- , A

i g l IRy RRENT SRINA AT J l 1 i LA HEHHTE
t"‘ t t T 11
enes 1 4 . :{.. yedad R ‘ I 4 4 = phes I l
¢ . + 4
S o eeaeIRT! ‘ ‘ I.lA‘ dasbasdfids | jo e 444 4 M i - 4 ‘ ¢
bos st @ A Vé + e +
' . o . IFL PR .t ] =110 4 ‘ b v
. | .
A‘< P +hd: B & bt \ Y i 8 4
o 8.0 4 A
- 4
.;.s LY RERERI AL ANl |
e Sedeede +
LSardd
.o - .. —p— -
e It A R 2 IERER ITRURE Y 'RRNS RE s
> I 4
\ ' e RN EX] IR BRI IEZR REER I R R R tihey
o - T t
SRl IRRAE AR A EEREEE ERRRE EREER! ISR REEERETREY RITEEN
- PR et - . 44
Vil bipdled hredy IREY TR RR RERY! ’..-.n.l....
R R S R nEes b R .
R R TR RN RRAAE! ERR RRORRE PR RRRE IRAT!
e o e D A RS SRR
t RS AR SR R Y RN R ARRER! AERREs RN AR AR RE
il 188 488 198l LU L]
TR IS
P IRRRE TREZE2 PRRRRE AR PRRER) :q..‘-' ‘ ‘ "

Figure 5.

Antenna Patterns of an Eighteen

Feed at a Frequency

of

30

2 Glz.

Inch

Dish

with

a [og=Periodic




can be seen, there is good correlation between the two open field patterns
and the pattern made in the shielded enclosure with the hooded probe antenna.
However, severe distortion is apparent in the pattern made in the shielded
enclosure with the unhooded probe antenna.

The development of the hooded antenna concept was based on the hypoth-
esis that the absorber-lined hood produces a secondary field pattern that
closely approximates the field that would be obtained from a plane wave radl-
ating through a circular aperture in an infinite absorbing screen. That (s,
the pattern of the hood 18 essentially the diffracted field that would result
from the aperture of the hood. The normalized field pattern of a uniformly

illuminated circular aperture* in a perfectly absorbing screen of infinite

mA
Jl(T Sin@)
F = (1 + Cos0) PR AR 4.4 (1)

5 Sin6

extent 1is given by

where

A = aperture diameter,

free-space wavelength,

) = angle with respect to the aperture normal, and

_.
L}

1 first order Bessel function.

The patterns calculated from this equation were compared to the measured
patterns obtained with the original hoods [22]. The correlation was suf-
ficient to demonstrate that the pattern of the hooded antenna was determined
primarily by the aperture of the hood. Thus, it was concluded that the

hooded antenna can be designed to provide beamwidth and sidelobe character-
istics on the basis of aperture calculations; therefore, the pattern char-
acteristics of a given hooded antenna configuration can be accurately predicted

over a frequency range of interest.

*See §. Stlver , Microwave Theory and Deslgn, Mcliill Book Company, 1949,
pp. 169-199; E. C. Jordan, Electromagnetic Waves and Radiating Systems,
Prentfce-lall, Inc., 1950, pp. 568-~579; and J. D. Kraus, Antennas,

McGraw-Hi1l Book Company, pp. 343-346.
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Originally, two hooded antennas were designed, constructed, and evalu-
ated. The first antenna for the 200 to 1500 MHz frequency range is illus-
trated in Figure 6 while the 1 to 12 GHz hooded antenna is shown in Figure 7.
Numerous measurements were conducted to determine the characteristics of
these hooded antennas. For example, gain, VSWR, field patterns, and polari-
zation patterns were determined as functions of frequency. Also, the 200
to 1500 MHz hooded antenna was used to measure actual case emissions in both
the open field and in an 8 x 8 x 20 foot shielded enclosure.

To further demonstrate the ability of the hocded antenna technique to
recuce the +40 dB measurement errors in shielded enclosures, the coupling
between two antennas was measured for a one meter spacing in an 8 x 8 x 20
foot shielded enclosure over the 1 MHz to 10 GHz frequency range [22]. Con-
ventional dipole antennas were used as receiving antennas over the range
from 1 to 200 MHz, and hooded receiving antennas were used over the 200 MHz
to 10 GHz range. Results of these radiated measurements are shown in Figure 8.
Again, the shielded enclosure curve has been normalized with respect to a
corresponding coupling curve obtained in the open field. The figure shows
that radiation levels measured in the enclosure over the 1 to 30 MHz fre-
quency range are approximately 2 to 3 dB lower than the open field results.
In the 30 to 200 MHz range, the figure indicates that radiation levels deviate
as much as *40 dB from the open field results; however, when the hooded antenna
approach was used from 200 MHz to 10 GHz, it is seen that the radiation
levels were within 2 to 3 dB, not *40 dB, of the open field levels.

Based on the investigations and tests summarized above, it was con-
cluded that reliable radiated measurements, which can be correlated with
open field measurements, can be made with unhooded probe antennas in con-
ventional 8 x 8 x 20 foot shielded enclosures over the 1 to 30 MHz frequency
range. The corresponding frequency range for cther size enclosures may be
established by scaling the results for the 8 x 8 x 20 foot enclosure. Fur-
thermore, these evaluations indicated that, with only two hooded antennas,
reliable radiated measurements can be made in shielded enclosures over the
200 MHz to 12 GHz frequency range.

Both of the original hooded antennas employed a balanced conical log-

helix design. This design was chosen after considerable evaluation of
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several broadband, circularly-pclarized, balanced antenna configurations
[24], [26], [27]. A broad bandwidth was desirable so that a minimum num-
ber of antennas was required to cover the entire frequency range. The
antenna should have circular polarization so that it would be equally re-
sponsive to all linearly polarized signals. Also, the antennas should be
balanced to eliminate the effects of signal pickup on the transmission
cable. The balanced conical log~helix design was found to be the antenna
type that most nearly satisfied all of these requirements. However, the
axial length of conical log-helix antennas for operation at frequencies
down to 200 MHz required the hood to be four feet long and two feet in
diameter. The combined weight of this hood and the absorbing material
inside the hood was approximately 350 1lbs. This weight along with the

large size caused the hood with a balanced conical log-helix antenna to

be bulky, difficult to move, and costly.
As an extension of the above research efforts, short hoods with cavity-
backed planar spiral antennas were developed to reduce the hood length and,

hence, minimize the slze, weight, and expense [28], Cavity-backed antennas
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with planar spirals were commercially available, and their inherent broad-
band characteristics reduced the number of antennas required to cover a
given frequency range. They also exhibited satisfactory gain, VSWR, and
directivity characteristics. Short hoods using these antennas were designed
based on the assumption of circular aperture field patterns using Equation
‘1). The half-power beamwidth of a hooded antenna as calculated from this
equation was plotted versus aperture diameter-to-wavelength ratio A/) as
shown in Figure 9. A 20 to 60 degree half-power beamwidth was selected to
peimit convenient spacing in shielded enclosures, to illuminate relatively
large equipments, and to minimize the illumination of the enclosure side
walls on which there is no absorbing material. As can be seen from Figure 9,

the 20 to 60 degree beamwidth range restricts A/)\ to

A
15";

.3 : (2)

where
A = aperture diameter and

A = wavelength.

Furthermore, it was hypothesized that since these aperture diameter and
beamwidth considerations are based on a planar wavefront existing at the
hood aperture, the distance (L) from the feed antenna to the aperture of

the hood must satisfy the condition

2
2A
5 3)

This restriction on £ should maintain uniform illumination over the aper-
ture to within a maximum phase error of A/16 (22.5 degrees). If A/)A werc 3
as permitted by Equation (2), then the above equation requires that the hood
length be greater than six times the diameter of the hood, i.e., % 2 6A.
Because of the importance of a short hood length (to minimize hood weight,
size, and cost), it was decided that the short hood design should not be
based entirely on theoretical equations. Instead, a laboratory model of

a short hood should be constructed and evaluated prior to finalizing the
design. To this end, three adjustable-length hooded antennas, one of which

is illustrated in Figure 10, were constructed for evaluation [29]. Antenna
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patterms were plotted for various values of % at several frequencies. Four

important conclusions were made based on the half-power beamwidth data from

these patterns:

1. The hood of the antenna can be made quite short relative
to the diameter and the half-power beamwidth will remain
less than 60 degrees from the frequency at which the aper-

ture is one wavelength to at least three times this frequency.

2 If the hood length is made short relative to the diameter,
the beamwidth of the hooded antenna will be considerably less

sensitive to the frequency of operation.

5 If A/\A is greater than two, beam splitting will occur in

many cases.

4. The minimum hood length did not have to satisfy the predic-
tion 2 > 6A, but instead could be much shorter. 1In fact, a
minimum length between A/3 and A/2 was shown to yield satis-
factory data.

The overall conclusions drawn from these evaluations were that, in addition
to being smaller, lighter, and less expensive, short hooded antennas yield

a more constant beamwidth as a function of frequency than the long hood, and
short hoods with cavity-backed spiral antennas provide reliable measurement
data in a shielded enclosure. This data can be correlated to open field
data over the 1 to 12 GHz frequency range.

Based on the above conclusions from the investigation of adjustable-
length antennas, three short hoods with fixed lengths and cavity-backed
planar spiral antennas were constructed for the 1 to 12 CHz frequency range.
Evaluation of these fixed length hooded antennas satisfactorily verified

the accuracy of conclusions drawn from results obtained using adjustable-
length hooded antennas.

4,4,3 Extended Hooded Antenna Investigations

Results from these previous investigations established the validity
of the hooded antenna concept and provided valuable direction for this pro-

gram. Based on these results, it was decided that short hoods with cavity-backed
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spiral antennas should be recommended for FAA use to assure reliable data
over the 1 to 10 GHz frequency range. Also, the hooded antenna concept
should be extended to frequencies below 1 GHz. A major objective of this
program, therefore, was the design, construction, and evaluation of hooded
antennas for radiated testing at frequencies below 1 GHz. The three primary
goals of this effort were to minimize the hood length, achieve as low an
operating frequency as possible, and obtain accurate, repeatable, and re-
liable radiated data in a shielded enclosure.

The following equations, based on the results of the previous programs,
were used to design the short hood for frequencies below 1 GHz:
A
A

1z

< 2, and 4)

, (5)

N>

A
3 S Imin <
where
A = aperture diameter

£ = hood length from antenna to aperture, and

A = wavelength.

For the initial approach, the upper frequency limit of 1 GHz was used as
the starting point. This yielded a minimum wavelength of 11.8 inches; and

since A/X must be less than or equal to two, the aperture diameter became
A= 2Am1n (6)
= 23.6 inches.

Similarly, since A/X must be greater than or equal to 1, the maximum wave-

length {8

Amax = A (7)
= 23.6 inches.

This predicted a minimum operating frequency of approximately 500 MHz;

further, the minimum value of £ as calculated from Equations (5) and (6)

was 7.9 inches.
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4.4.3.1 Adjustable Length Hooded Antenna

Since definition of a minimum hood length on a before-~the-fact
basis had been difficult on previous programs, it was felt that this effort
should include preliminary measurements using an adjustable-length hood.

The 200 to 1500 MHz hood constructed on a previous program and shown in
Figure 6 formed the basic adjustable-length structure. This hood 18 a

metal cylinder lined with Eccosorb Type NZ-1 Absorbing Material. The out-
side diameter 1s 24 inches, the inside diameter is 22-1/4 inches, and the
overall length is 48 inches. The diameter of the expanded polyethlene

foam support was made to be a tight sliding fit to the inside of the hood
and, hence, was capable of supporting the cavity-backed spiral antenna at
any location along the hood length. This configuration made it possible

to vary the distance % between the hood aperture and the cavity-backed spiral
antenna from zero to 22 inches. Originally, an available AEL Model ASN 117A
cavity-backed antenna with a planar spiral and a specified operating fre-
quency range of 400 MHz to 4 GHz was used as the feed antenna for the ad-
justable hood; however, tests indicated that its main beam was skewed
approximately 10 degrees off boresight. Therefore, it could not be used

for these investigations because it would not uniformly illuminate the hood
aperture. Consequently, a less desirable (because of its reduced frequency
range) AEL Model ASN 113A antenna, which had a specified operating frequency
range of 700 MHz to 2.8 GHz, had to be employed as the feed antenna for

the hood.

Far-field radiation patterns of the unhooded Model ASN 113A cavity-
backed antenna with a planar spiral were plotted over the 200 to 1000 MHz
frequency range by rotating the antenna in the field produced by a tuned
horizontal dipole. Figures 11 and 12 show the patterns for this unhooded
antenna. Although the specified frequency range for this antenna was 700 MHz
to 2.8 GHz, Figures 11 and 12 indicated that it was usable down to at least
400 MHz in hooded antenna evaluations.

Antenna patterna of the adjustable-length hooded antenna employing the
Model ASN 113A antenna as a feed were made in an anechoic chamber at six
frequencies--1 GHz (A = 1.88)), 800 MHz (A = 1.51)), 600 MHz (A = 1.13)),
500 MHz (A = 0.94)), 450 MHz (A = 0.85)), and 400 MHz (A = 0.75))--and for

eleven values of L ranging from 1-1/2 to 22 inches. These patterns were
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made by rotating the hooded antenna in the field produced by a tuned horizon-
tal dipole spaced approximately 9 feet from the hood aperture to insure far-
field conditions (2A?/) = 7 feet at 1000 MHz). Typlcal patterns obtained for
¢ values of 1-1/2, 4, 8, and 22 inches at 400, 600, 800, and 1000 MHz are
shown in Figures 13, 14, 15, and 16. Also, the half-power beamwidth data
from all of the adjustable-length hooded antenna patterns are plotted in
Figure 17. These figures show that, for frequencies below 500 MHz (A < 1),
the beamwidth is greater than 60 degrees as predicted by Equation 7, and
reducing the hood length at these lower frequencies had no significant ef-
fect on the antenna patterns.

For frequencies greater than 500 MHz where the hood aperture is greater
than ), the figures show that reducing the hood length from 22 to 1-1/2 inches
results in appreciable effects on the antenna patterns. The amount of vari-
ation in the half-power beamwidth as a function of length for each specific
frequency increased as the frequency was increased from 500 to 1000 MHz.

The largest variation occurred at the highest frequency (1000 MHz) where the
beamwidth increased from 22 to 65 degrees. In general, Figure 17 shows that
the most significant change for this frequency range was obtained as the

hood length was decreased from approximately 8 to 1-1/2 inches.

4.4.3.2 Four Inch Hooded Antenna

Analysis of the patterns and beamwidth curves of the adjustable-
length hooded antenna indicated that, if the 60 degree maximum beamwidth
constraint were relaxed to approximately 67 degrees, then a hood length
of four inches might be adequate. To confirm these initial measurements
and to determine the effects of a 67-degree beamwidth on the hooded antenna
test configuration, a hooded antenna with a fixed length of approximately
four inches was built and evaluated. Figure 18 shows this hooded antenna
with actual dimensions of 4-1/8 inches length, 22-1/8 inches inside diameter,
~and 24 inches outside diameter. The AEL Model ASN 113A cavity-backed spiral
was used as the feed antenna and Eccosorb Type NZ-1 Absorbing Material was
used to line the inside of the hood.

The measured gain of this short hooded configuration relative to a A/2
dipole and the VSWR referred to 50 ohms over the 400 to 1000 MHz frequency

range are shown in Figure 19. The ton curve shows the gain of the hooded
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antenna relative to a horizontal dipole radiating source, while the second
curve shows the gain relative to a vertical radiating dipole source, The
antenna separation distance for both figures was nine feet. The average
gain of the 4-1/8 inch hooded antenna relative to a A/2 dipole is approxi-
mately -10 dB. The gain curves of the AEL Model ASN 113A antenna in a un-
hooded configuration are also shown for reference. The lower curve shows
the average VSWR of this hooded antenna was approximately 2.0.

The far-field radiation patterns for this short hooded antenna were
plotted in an anechoic chamber using a tuned horizontal dipole to produce
the field. The patterns were made at six different frequencies from 400
to 1000 MHz. Selected patterns over this frequency range are shown in
Figure 20. Since the patterns are similar at all frequencies, those shown
were selected to show the characteristics in the middle and at either end
of the test frequency range. A comparison of these patterns with those in
Figures 11 and 12 indicate that the maximum side lobe suppression effects
of the hood occurred at the lower frequencies below the design operating
frequency range of the unhooded antenna. The half-power beamwidth data
taken from all of the hooded and unhooded antenna patterns are presented
in Figure 21. For comparison, the half-power beamwidth data for the 4-inch
adjustable-length hood is also plotted in Figure 21. These three curves
show that, in general, the hood improves (decreases) the antenna beamwidth
relative to the unhooded antenna for the entire frequency range. However,
this figure also shows that the beamwidth of the 4-1/8 inch hooded antenna
was everywhere approximately i0 degrees wider than the beamwidth of the ad-
justable-length hood with 2 = 4 inches. It was hypothesized that this
unexpected increase in beamwidth for the fixed-length hood could be due to
the fact that the adjustable-length hood was not designed to have exact
dimensions and perfectly fitting elements, but rather to provide a rough,
initial estimate of the beamwidths to be expected for various lengths.
Thus, it was concluded that these beamwidth data were valid for the 4-1/8
inch fixed-length hood. As such, the beamwidth was too wide since it was
preater than 67 degrees at many frequencies and greater than 60 degrees at
all frequencies.

Even though the beamwidth of the 4-1/8 inch hood was considered exces-

glve, it was decided that measurements should be made to determine the
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effects of the wide beamwidth., This decision was made on the basis of the
desire to obtain additional data relative to minimizing the hood length.
Before making these additional measurements, precautions were taken to in-
sure that the orientation angle in the plane of the aperture was the same
for the unhooded antenna, the 4-1/8 inch hooded antenna, and the adjustable-
length hooded antenna. This had been a source of difficulty in earlier
measurements because of the circular shape of the cavity-backed spiral antenna,
and it could cause one set of data to represent Ey, patterns while other sets
were Eo patterns. Therefore, both the unhooded antenna and the hood were
marked such that gain and antenna patterns were made with controlled antenna
orientations. Also at this time, further consideration was given to the
separation distance that should be used between the aperture of the hood
and the transmitting antenna. It was decided that a one meter spacing should
be used since this is the distance presently required in MIL-STD-461A and
is closer to a practical distance that would be used in an actual measure-
ment configuration. Thus, it was decided that subsequent measurements
wotild involve a one meter separation distance, but with a limited number of
measurements made at a spacing of nine feet to verify the far field condi-
tions.

As a result of the above decisions, both the gain and the Ey and Eg
patterns were determined for a one meter spacing. Figure 22 shows the
ga}n of the 4-1/8 inch hood relative to a A/2 dipole as measured with this
spacing between the hood aperture and the receiving dipole. This gain curve
changed very little from that obtained with the nine foot spacing. Repre-
sentative E4 and Eg patterns made with the one meter spacing are shown in
Figures 23 and 24, respectively. The half-power beamwidth data from all of
the Fg and Eg patterns made with one meter spacing are shown in Figures 25
and 26, respectively. These figures also show the beamwidths of FE¢ and Ko
patterns of the unhooded antenna made with a one meter spacing. The results
shown in Figure 25 for E4 were as expected; i.e., the hood improved the
beamwidth at all frequencies except the extremes of the range. However,
in the 6-direction, the hood actually widened the beamwidth by as much as
24 degrees in spite of the fact that the beamwidths for the unhooded antenna
were approximately the same in the ¢ and 0 directions. An explanation for

this unexpected result was not found during this investigation.
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Careful review of the antenna patterns and measurements made up to this
point and especially the VSWR data in Figure 19 indicated that the 4-1/8 inch
hodded antenna should not be considered as a balanced antenna configuration
below approximately 500 MHz. For this reason, it was concluded that the
previous measurements made at frequencies below approximately 500 MHz were
unteliable and, hence, further measurements should not be made below 500 MHz.

The beamwidth curves made with known orientations for the hood indicated
that the Ey and Eg beamwidths were too wide to meet the maximum beamwidth
constraint, even if it was relaxed from 60 degrees to 67 degrees. In order
to check the effects of wide beamwidths on actual measured data, tuned hori-
zorital dipole patterns were plotted over the 500 to 1000 MHz frequency range

in each of the following configurations:
(1) In the anechoic chamber with the 4-1/8 inch hooded antenna,

(2) In the shielded enclosure with the hooded antenna measurement
configuration of Figure 4, i.e., in the shielded enclosure
with the 4-1/8 inch hooded antenna and with absorbing material

on the wall of the enclosure facing the hood,

(3) In the bare shielded enclosure with the 4-1/8 inch hooded antenna,

and
(4) 1In the bare shielded enclosure with an unhooded feed antenna.

The horizontal dipole patterns for 600, 800, and 1000 MHz are shown in Figures
27, 28, and 29, respectively. Patterns were also plotted in each of the four
configurations for a simulated equipment. The simulated equipment was formed
by placing an electrically short dipole in an otherwise empty equipment case.
Thq case had numerous openings representing meter, switch, adjustment, and
ventilating openings on actual cases. The patterns for this simulated equip-
ment were plotted at every 100 MHz over the frequency range of 500 to 1000 MHz.
These patterns for 600, 800, and 1000 MHz are shown in Figures 30, 31, and
32, respectively.

Visual inspection of both the tuned horizontal dipole patterns and the
simulated equipment patterns indicated that the 4-1/8 inch hooded antenna
greatly reduced the coupling errors produced by the existence of standing

waves in the shielded enclosure. With the exception of the depths of the nulls,
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the anechoic chamber hooded antenna and the shielded enclosure hooded
antenna patterns were essentially equivalent. The degradation resulting
from standing waves was obvious in the bare shielded enclosure unhooded
patterns.

A statistical technique that can be employed to numerically compare
antenna patterns is an evaluation of linear correlation coefficients [30].
These correlation coefficients as applicable to antenna patterns are a
measure of the degree of association (relationship) between the amplitudes
of two patterns when the pattern amplitudes are paired according to azimuth.

Correlation coefficients were computed to compare patterns obtained In
(1) the shielded enclosure with a hooded antenna, (2) a bare shielded enclo-
sure with a hooded antenna, and (3) a bare shielded enclosure with an un-
hooded antenna to patterns obtained in the anechoic chamber with a hooded
antenna. The results of these calculations are presented in Table IV.
These correlation coefficients were computed using the antenna pattern
amplitude expressed in microvolts, instead of decibels above 1 microvolt,
in order to emphasize details of the pattern peaks and de-emphasize the
pattern nulls. This was advisable since nulls are less important in this
type of measurement and have variations that are not peculiar to shielded
enclosure measurements.

The data presented in Table IV indicates that the correlation coef-
ficients for the hooded antenna patterns made in the shielded enclosure are
significantly higher than those for the unhooded antenna patterns in the
bare shielded enclosure, especially for the dipole. Also for the dipole
patterns, the correlation coefficients for the shielded enclosure hooded
antenna configuration are more homogeneous with frequency than are those
for the bare shielded enclosure with an unhooded antenna configuration. The
size of the openings along the seams of the simulated equipment case were
not carefully controlled from one test to another; consequently, the cor-
relation coefficients for the simulated equipment case are lower and vary
more with frequency than those for the dipole. However, the tests indicate
that the shielded enclosure hooded antenna configuration provides results
more closely approximating anechoic chamber results than does the bare

shielded enclosure unhooded antenna configuration.
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4.4.3.3 Eight Inch Hooded Antenna

Based on these tuned horizontal dipole and simulated equipment
case patterns and on the correlation coefficients, it was evident that the
4-1/8 inch hood, even with its wide beamwidth, provided a significant improve-
ment in coupling errors relative to the radiated configuration specified in
MIL-STD-462, However, it was desirable to determine the degree of improve-
ment, if any, that could be achieved over this same frequency range but
with a longer hood having a narrower beamwidth. To determine this possible
improvement, a hooded antenna with a fixed length of approximately eight
inches was built and evaluated. Its inside and outside diameters were 23~
1/2 inches and 21-5/8 inches, respectively, and its actual length was 8-1/2
inches. The AEL Model ASN 113A cavity-backed spiral was used as the probe
antenna and Eccosorb Type NZ-1 Absorbing Material was used to line the in-
side of the hood.

The gain relative to a A/2 dipole and the VSWR referred to 50 ohms were
measured for this 8-1/2 inch hooded antenna over the 500 to 1000 MHz fre-
quency range. The measured gain relative to a horizontal dipole radiating
source and relative to a vertical dipole radiating source are shown as the
top curves in Figure 33. A one meter separation distance between antennas
was maintained. The gain curves for the unhooded antenna are also shown for
reference. The average gain of the 8-1/2 inch hooded antenna relative to a
A/2 dipole is approximately -2.5 dB. The VSWR of this hooded antenna is
shown as the lower curve of Figure 33. The average VSWR relative to 50 ohms
is approximately 1.8.

Both the E4 and Ep patterns of the 8-1/2 inch hood were plotted with
a one meter separation distance at each 100 MHz between 500 and 1000 MHz,
inclusive. Representative E4y and Eg patterns are shown in Figures 34 and 15,
respectively. The E¢ and Eg half-power beamwidths for all the patterns are
shown in Figures 36 and 37, respectively. For comparison, the beamwidths
of the 4-1/8 inch hooded antenna and the unhooded antenna are also shown in
these figures. The 8-1/2 inch hood improved the E4 beamwidth by eleven or
more degrees relative to the unhooded antenna at all frequencies. Increas'ng
the hood length to 8-~1/2 inches provided only a slight improvement in the E¢
beamwidth up to approximately 700 MHz; however, above 700 MHz, the degree of

67




Gain Relative to 1/2 Dipole (dB)

Gain Relative to /2 Dipole (dB)

VSWR

5 F ”
3 R
Unhooded_, < / e -
-
- e
" L gt Hooded
/.4
-10 h B s
¥oi Horizontal Polarization
'I
«15 It 4 L 1 i
500 600 700 800 900 1000
Frequency (MHz)
Sk 3
Hooded .,——””—”’
YT ' .,/””””’ Unhooded
/' ----- TP O v
e 1 s 4 S
P" - .
10 .——””—"” Vertical Polarization
-15 4 1 ! 8 i 1
500 600 700 800 900 1000
Frequency (MHz)
3.0 p—
20
1.0
| ] s 1 ]
500 600 700 800 900 1000

Frequency (MHz)

Figure 33. Gain and VSWR of 8-1/2 Inch Hooded Antenna.

68



- e
4

P ey SR

l
|
?
i_
T

i

s ————
1
i |
i
- R
¥ IS

i

. £ ~

Sr

SN SIS T S S SSEENS S

B L T L )

TSI 8

nnn, One Meter Opacing,

Hooded Ante

lneh

’
«

kg T'atterns For 8=1/0

.

[ rare:

LOO=1000 Miz.




! |

+ 33
3 Ja 8
s Ly

- s

¢ 4
o -

A (S5 SEoe ST |5

ANGLE

se—z
=

!

B i

S

1= 000 MHz
-
t
|

O CERSRSI=—

B e L o

——— -

‘
w
|

-

- SENBIS GRS ‘IVA/ITN”';‘OIJ.NI

4
|
>
I}
-

144
s

-

i
{
1
|
|
'
w
v
.

Lo il
g3
2

‘ . @
e

Meter Spacing,

0 Patterns for 8-1/2 Inch Hooded Antenna, One

LOO=1000 Mz,

4.

Plirure

T0




o

(Degrees)

E. Beamwidth

-

E. Beamwidth (Degrees)

100

100 r—

b

b, 8

80

»-~\__;::::. /v///,o——" Bl

Unhooded

1] R N /.

—

s\. ”
‘--
- -
L] ~
—— ~

\\
4-1/8 Inch Hooded Antenna

70 b \\
\./
) [ ]
8-1/2 Inch Hooded Antenna
50
1 [\ e 1 3
500 600 700 800 900 1000

Figure 36.

-

QOF'/---

80 |

P 8-1/2 1
70

-~

Frequency (MHz)
E4 Beamwidth for 4-1/8 and 8-1/2 Inch Hooded Antennas.

[ ]
\\
\\\\\- nch Hooded Antenna

Lt e

e e S S S T N

et Unhooded

L]
- .
/
u ~
~.

nch Hooded Antenna

60
50 P
A s _L ;- A
500 600 700 800 900 1000
Frequency (MHz)
Figure 37. Ep Beamwidth for 4-1/8 and 8-1/2 Inch Hooded Antennas.

71




o

improvement due to the increased hood length increases with increasing fre-
quency. As was the case with the 4-1/8 inch hooded antenna, the 8-1/2 inch
hood widened the Eg beamwidth relative to the unhooded antenna for the center
frequencies; however, the increase in hood length improved the Ej beamwidth
by more than seven degrees at all frequencies. Again, an explanation for
this widening of the beamwidth in the 6-direction was not found during this
investigation; however, the amount and the frequency range over which the
hood increased the Eg beamwidth was much less for the 8-1/2 inch hood than
for the 4-1/8 inch hood.

The beamwidth curves for the 8-~1/2 inch hooded antenna were wider than
the original desired beamwidths; however, the increase in hood length to
8-1/2 inches provided considerable improvement in both the E¢ and the Eg
beamwidths at several frequencies. To further evaluate the influence of
these improved bandwidths on radiated measurement coupling errors, patterns
of a tuned horizontal dipole were obtained. These patterns were plotted
at 2very 100 MHz over the 500 to 1000 MHz frequency range in each of the four
configurat ions described for the 4-1/8 inch hooded antenna. The horizontal
dipole patterns for 600, 800, and 1000 MHz are shown in Figures 38, 39, and
40, respectively.

A visual inspection of these patterns yields the same conclusions that
resulted from visual inspection of the 4-1/8 inch hooded antenna patterns,
i.e., the 8-1/2 inch hood greatly reduces the coupling errors caused by
standing waves in shielded enclosures and the shielded enclosure hooded
antenna pattern, except for the pattern nulls, is essentially equivalent
to the anechoic chamber pattern.

Linear correlation coefficients were again employed to compare patterns
of the shielded enclosure hooded antenna, the bare shielded enclosure hooded
antenna, and the bare shielded enclosure unhooded antenna to reference pat-
terns obtained in the anechoic chamber. The correlation coefficients were
calculated for each set of patterns at each frequency and are presented In
Table V. These correlation coefficlents were calculated from the antenna
pattern amplitudes expressed in microvolts as was the case for the 4-1/8

inch hood.
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These data show that the hooded antenna in the shielded enclosure
yields a much more accurate radiated measurement than does an unhooded
antenna in the bare shielded enclosure. Furthermore, correlation coef-~
ficients for the shielded enclosure hooded antenna configurations are
significantly more homogeneous than those for either of the other two
configurations. At this point it should be noted that both the patterns
and the correlation coefficients for the bare shielded enclosure unhooded
antenna configuration can and will vary drastically with only minor fre-
quency variations. This results because of the high dependence of the
standing waves on frequency within the shielded enclosure.

A comparison of the correlation coefficient data in Tables IV and V
indicates that increasing the hood length in general (1) improved the
correlation of the shielded enclosure hooded antenna configuration
to the anechoic chamber configuration, and (2) improved the correlation
of the bare shielded enclosure hooded antenna configuration to the anechoic
chamber configuration. Similarly, a comparison of the beamwidth data 1in
Figures 25 and 26 to that in Figures 36 and 37, respectively, shows a
significant improvement, i.e., decrease, in beamwidth with the increased
hood length. It is noted the beamwidth is still wider than desired and
this implies that even better measurement accuracy could be obtained with
a hood length greater than 8-1/2 inches; however, other tradeoff factors
such as size, weight, cost, etc. must be thoroughly considered before de-
ciding that a longer hood should be used.

Based on all the evaluations, i.e., recorded patterns and the measured
gain and VSWR of both the 4-1/8 inch hood and the 8-1/2 inch hood, it was
concluded that a significant improvement in radiated measurements within
a shiclded enclosure over the 500 to 1000 MHz frequency range can be achieved

with an 8-1/2 inch hooded antenna.

4.4.3.4 Additional Considerations

In a research program of this type, it is seldom that sufficient
investigations are possible to explain all of the observed effects or sub-
stantiate all of the hypotheses that surface during detailed data analysis.

However, it 18 necessary that these effects and hypotheses be documented
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and probable explanations and substantiations be offered. These paragraphs
document two observed effects plus one hypothesis and offer explanations
and/or substantiation for each.

During data analysis, it was observed that the unhooded tuned hori-
zon*tal dipole pattern at 900 MHz in the bare shielded enclosure configura-
tion closely approximated that of the ideal dipole pattern. Obviously, if
this were the case at all other frequencies, there would be no need for an
improved measurement procedure. Earlier data, however, had clearly indicated
that this was not the case and that this observed effect was a coincidental
ocdurrence with a high degree of frequency dependence. To determine the
frequency dependence of both the bare shielded enclosure unhooded antenna
and the shielded enclosure hooded antenna configurations, tuned horizontal
dipole patterns were plotted for every 100 +2 MHz between 500 and 1000 MHz
inclusive. Representative patterns for the bare shielded enclosure unhooded
antenna configuration are shown in Figures 41 and 42 while comparable patterns
for the shielded enclosure hooded antenna configuration are shown in Figure 43
and 44. As was expected, Figures 41 and 42 show that the patterns made with
the bare shielded enclosure unhooded antenna configuration vary drastically
with only small frequency changes. Also, Figures 43 and 44 show that the
patterns made with the shielded enclosure hooded antenna configuration are
insensitive to small frequency variations. Therefore, in spite of the fact
that, at a few discrete frequencies, relatively accurate measurements can
be made with the bare shielded enclosure unhooded antenna configuration, these
patterns support the earlier expectation that in general such measurements
are in error and, hence, will yield unreliable radiated data.

In another situation, an apparent anomaly was observed as tuned horfzon-
tal dipole patterns were being plotted with the 8-1/2 inch hooded antenna.

As shown in Figure 45, the peak-to-null ratio of the pattern for the shielded
enclosure hooded antenna configuration was only 2.8 dB at 702 MHz, while

at 700 MHz this ratio was 13.4 dB and at 704 MHz it was 18 dB. These abrupt
pattern variations as a function of frequency were unexpected with this con-
figuration; therefore, investigative tests were conducted in an attempt to
determine their cause. The dipole patterns were first plotted at the same

frequencies in the anechoic chamber to verify that the anomaly was related to
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the shielded enclosure. Next, absorbing material was placed at various
locations around the hood to insure that the problem was not caused by

an unbalanced antenna. Also, the interconnecting cables, the signal source,
and the receiver were exchanged with no effect. As these tests were being
copducted, it was noted that movement of test personnel in the shielded
enf]osure. but behind the antenna hood, significantly effected the peak-to-
nuil ratio at 702 MHz. This observation indicated that standing waves
existed within the shielded enclosure. Use of a small dipole antenna to
probe the field in a longitudinal direction behind the hood revealed the
field distributions shown in Figure 46. The distribution shown by the
solid curve was observed while the tuned horizontal dipole for which the
pattern was being plotted was on boresight with the hooded antenna. The
dotted curve shows the distribution measured when the tuned horizontal
dipole was rotated 90 degrees relative to the hooded antenna. Ignoring

the minor variations--which were attributed to the various items 1in the
enclosure such as the antennas, the antenna mounts, etc.--the standing
vaves are essentially the same and their half-wavelength is approximately
fH fnches, i.e., A/2 = 38 inches. One possible explanation of this anomaly
is that, at 702 MHz, the shielded enclosure with the absorbing material

on one wall appears as a semi-infinite waveguide and that the enclosure

had a high Q for a wavelength of 38 inches (Mg = 38 inches). It is noted
that, 1f this explanation is correct, there may be other modes in the enclo-
sure which were not detected (because of such things as the probe polariza-
tion, location, etc) during the extensive series of measurements made
during this investigation. Also if this explanation is correct, the wave-
guide cross-sectional variations (m and n) must be relatively large to
support such a mode. The necessary values of m and n can be determined
from the equation [31] relating the guide wavelength, Ag, to the free space

wave length, Ao, that 1sa,
AR 2 N2 X4
2n a (Zn L mmn + (Q" (8)
Ag PN a b

%& = 38 in. = 96.5 cm,

Assuming

then Ag = 1.93 m
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and since

3x108_

702x10°

SRICEAC R

c
Ao = e = 0.43m,

then

= 2056

In the 8 x 8 x 20 foot shielded enclosure, both a and b are 8 feet or 2.44

meters. Therefore,

2
<§%%Z) (6 + n®) « 205.6 ,

or m 4 n o= 124 -

Because of the small inaccuracies in the measurement of Ag and the pertur-
bations in the enclosure, the number 124 1s an approximate value. However,
if a m,n = 0,11 waveguide mode or a m,n = 8,8 waveguide mode existed in the

enclosure, then the cross-sectional variations would be such that
o L L T TPy Gy

pr . mt Ahat . D wadn .

These values closely approximate the 124 value above. Again, a short dipole
was used to probe the field in the enclosure and, thus, determine actual
cross-sectional variations. The resulting field distributions along the
width and height of the shielded enclosure are shown in Figure 47, Inspec-
tion of the variations along the height of the enclosure indicates approxi-
mately 8-1/2 inches between peaks or between nulls. Since the enclosure

18 8-feet high, this means that approximately eleven variations existed
along the height, or n = 11. Furthermore, there appears to be no distinct
variations along the width of the room, or m = 0. Therefore, these meas

ments lend credence to the explanation that the abrupt pattern variati
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at 702 MHz were caused by the existence of a m,n = 0,11 waveguide mode in
the shielded enclosure.

The hypothesis resulting from analyses of data accumulated during both
this program and previous research efforts investigating radiated measure-
ments in shielded enclosures concerns the lower frequency limit for the
hooded antenna concept. As noted earlier (see Para. 4.4.3), initial hooded
antenna investigations used a AEL Model ASN 117A cavity-backed spiral antenna
with a specified lower frequency limit of 400 MHz. Subsequent investigations
revealed the main beam of the antenna to be skewad off of boresight, so another
antenna (AEL Model ASN 113A) was used to establish a hood aperture and length.
When the results of the theoretical predictions and laboratory measurements
are analyzed concurrently, it appears that the AEL Model ASN 117A antenna
(without a skewed main beam) could be conveniently mounted in a hood whose
leugth and aperture diameter were 12 and 24 inches, respectively. When cor-
relation coefficients and patterns resulting from this program are compared
with results from previous programs and then used as a basis for predictions,
it 1s hypothesized that the lower frequency antenna will also yield radiated
measurements within an accuracy range of approximately *+2 dB. The hooded
antenna concept would then be satisfactory for radiated measurements in

shielded enclosures down to a frequency of 400 MHz.

4.4.4 Analysis of Measurement Procedures (30 to 400 MHz)

As indicated in Figure 2, large measurement errors exist when
cuircntly specified radiated test procedures are used in a bare shielded
enclosure and down to frequencies of approximately 30 MHz. The sources
of these errors in the 20 to 200 MHz frequency range have been investigated
[32]) and found to be associated with (1) enclosure resonances, (2) wall
coupling effects, (3) absorbing materials, (4) design features of probe:
antennas, and (6) certain near-field effects. For all practical purposes,
these error sources reveal the frequency range between approximately 30 MHz
and the lower limit of the hooded antenna measurement procedure (400 MHz for
this study) to be a transitional region over which neither low nor high fre-

quency test techniques are particularly satisfactory.




Although earlier analyses (see Para. 4.4.1) had concluded that radi-
ited measurements were necessary over the entire 14 kHz to 10 GHz frequency
range, the difficulty of accurate tests in the 30 to 400 MHz frequency range
caused this decision to be reviewed. In the review, it was noted that FAA
equipments significant in number and critical in function operate at assigned
frequencies throughout the VHF (30 to 300 MHz) and lower UHF (300 to 400 MHz)
range. Typical of these equipments are the following:

e Marker Beacons . . e« ¢+ o « ¢ « o« « o o o o o « o713 MHz
¢ - BotollRAT . ol e ot o o s e w.aw e s e s 108=«112 Mz
. VOR - . o . . . . . . L . . . - . . . . . 5 = . 1 10 mz

e Remote Transmitter/Receiver Sites. . . . . 118-380 MHz
© COMP@BB. . « + + « « + « o + « o o« + « « o 200-400 MHz
® Glide Slope. . « « « « « + o o« « o o o o o 328-336 MHz

In addition to these equipments, which are characterized by discrete fre-
quency operation, lengthy experience in EMC measurements led to the con-
clusion that broadband signals of concern will also exist between 3C and
400 MHz. Therefore, from the point-of-view of both discrete frequehcy and
broadband signals and for both emission and susceptibility characteristics,
it was again concluded that radiated tests over the 30 to 400 MHz frequency
range were essential.

As was the approach in the 400 MHz to 10 GHz frequency range, brief con-
siderations were given to the possibility of either open-field or shielded
anechoic chamber measurement procedures. An open-field test location, if
sufficiently large and free of reflecting structures, would obvioualy elimi-
nate low frequency coupling and high frequency multipath problems. However,
the cost associated with providing a suitable open-field area and the sched-
uling problems caused by inclimate weather conditions rended this solution
unattractive. A similar conclusion was reached regarding the anechoic cham-
ber test location. Practical absorbing materials that provide appreciable
energy absorption at 30 MHz would be prohibitively large (8.2 feet) since
their length must correspond to approximately one quarter wavelength.
Obviously, materials of this length could not be used on the six walls of
any reasonably sized shielded enclosure. Other absorbing materials in the
form of ferrite tiles approximately one inch high are advertised as providing
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more than -15 dB of energy absorption down to 50 MHz; however, laboratory
evaluations [33] of these materials at Georgia Tech have shown this to be
an overly optimistic statement of absorbency.

An extensive review and analysis effort was then undertaken to deter-
mine the suitability of measurement procedures published in the available
literature. This effort revealed one approach [34] that involved continually
perturbing the field in the shielded enclosure while the radiated test was
in process. During the test, the field level was monitored at numerous points
throughout the enclosure. In theory, the perturbation techniques are an
electrical analog of techniques developed for determining the acoustical
power level emitted by noise sources in reverberation chambers. For radi-
ated EME and EMS tests, this technique would yield data in units of total
radiated power, which must then be related to field strength levels under
open-field conditions. Because of the complexity of the test, the methods
dvailable for perturbing the field, and the lack of data correlating measured
results with open-field signal levels, this measurement procedure did not
appear satisfactory at this time.

* A second measurement procedure noted in the literature analysis was one
that reduced radiated measurement errors by coating the inside walls of the
shielded enclosure with a lossy material [35]. This material reduced the Q
of the enclosure and thereby reduced measurement errors by more than 20 dB
both above the lowest resonance of the enclosure, where resonance coupling
predominates, and below the lowest resonance, where wall coupling predomi-
nates. The lossy material was a mixture of graphite and spackling compound,
and the investigation showed that its surface texture, conductivity, and
thickness were not critical parameters in reducing resonance coupling. The
graphite-to~spackling compound mix ratio was 1.0:1.1 by weight and the result-
ing conductivity was 1.0 mho per meter. This same program investigated a
series of dielectrically-loaded and end-loaded short dipole antennas for
reducing still further the radiated measurement error. It was concluded
that the best probe performance was obtained by utilizing a set of three end-
loaded dipoles to cover the 20 to 200 MHz frequency range. However, the
evaluation and analysis of these probes were limited and there was no op-
portunity to optimize the lossy wall material or the end-loaded dipoles.
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In fact, the lossy wall material and end-loaded dipole probes, even though
promising, to date have been evaluated only in a model of a full-sized

shielded enclosure and under simulated measurement conditions.

4.4.5 Analysis of Measurement Procedures (14 kHz to 30 MHz)

Over this frequency range, the size of typical shielded enclosures
relative to a wavelength is such that signal reflection problems associated
with the 400 MHz to 10 GHz frequency range are negligible. Further, signal
nulls within the enclosure caused by coupling between the monopole antenna
and the enclosure walls are not significant. Therefore, since neither re-
flection or standing wave problems are major, coupling between a source and
receptor in a shielded enclosure and an anechoic chamber can be closely cor-
related. This, of course, assumes that identical test configurations are
used during each series of measurements. That this coupling is closely cor-
related over the 1 to 30 MHz frequency range is shown in Figure 2.

In view of these considerations, the analysis concluded that repeatable
radiated measurements could be made in a shielded enclosure over the 14 kHz
to 30 MHz frequency range. The measurement configuration would utilize the
monopole antenna, and, when carefully controlled, would yield data closely
correlatable with that measured in an anechoic chamber. However, exactly
what the resulting data means or represents, insofar as 'radiated" equipment
characteristics are concerned, is rather vague. This vagueness is attrib-
utable primarily to two factors: (1) the location of the test antenna in
the near field of the test item and (2) the unbalanced nature of the .iono-
pole antenna. Complexity of a radiated wave in its near-field region is
recognized, and measurements made within this region must normally be used
for relative, rather than absolute, purposes. The unbalanced output of the
monopole antenna results in the interconnecting cable to the test equipment
being responaive to the radiated environment. Position and length of this
cable then influence the level indicated by the test equipment. Consequently,
although careful control of the test configuration permits repeatable measure-
ments to be made, it becomes improbable that an accurate measurement can be
made. Therefore, valid interpretation and utilization of the measurement
results in analyzing potential system level EMC probelms will be difficult.
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4.5 Test Method RSO2, Magnetic Induction Fields

It is the purpose of this test method to determine the suscep-
tibility of Class 1 equipments (receivers, transmitters, counters, oscil-
loscopes, signal generators, computers, power supplies, etc.) and their
non-power related cables to magnetic induction fields generated by steady
state and transient currents. As such, the following four tests are required:

(a) Equipment case susceptibility to steady state magnetic fields
(b) Equipment case susceptibility to transient magnetic fields
(c) Cable susceptibility to steady state magnetic fields

(d) Cable susceptibility to transient magnetic filelds

The magnetic field frequency during exposure to steady state currents is to
be that of the power source at the equipment's operational installation site;
therefore, this frequency will be 60 Hz for FAA equipments. The overall
test procedure specifies that equipments and cables be individually exposed
to magnetic induction fields generated by test currents circulating through
wires wrapped spirally around them. Susceptibility performance of the equip-
merits 18 monitored during exposure of the case and cable to the magnetic
field.

Several modifications to the basic test method and its applicability
have been incorporated by the various Notices to MIL-STD-461A and MIL-STD-
46.. For example, the Army (Notice 3, MIL-STD-462) has deleted all require-
ments for the steady state field exposure of equipment cases and has both
changed the method of transient calibration and reduced the transient field
amplitude by a factor of one-half, Also, Army requirements for the test
method were dropped for all power supplies and test equipment (Notice 4,
HIL-STD-G61A). The Air Porce (Notice 3, MiL-STD-461A) required that sup-
port subsystems and equipments have the test procedure imposed only in those
instances in which systems analysis revealed a necessity for magnetic in-
duction field testing. It is thought that MIL-STD-462B, when published,
will further change the amplitude of the transient magnetic fields to which
equipment cases and cables must be exposed [36].

The test procedure specified by MIL-STD-462 has at least one major
point of confusion. Two current-carrying wires are required to be taped
to each wire bundle in the test set-up. Equipment performance is monitored
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for susceptibility while steady state and transient currents are circulated
through one of these current-carrying wires at a time. The confusion arises
because the specified test configurations (Figures RS02-1 and RS02-2) show
only one current-carrying wire; therefore, the location and routing for the
second wire is unknown. Not directly related to confusion with the test con-
figuration but a matter of concern is the fact that the purpose servea by

the second current-carrying wire is also unknown. It is noted that the Army
deleted requirements for this second wire when the entire test procedure was
rewritten (Notice 3, MIL-STD-462).

During interviews at and surveys of FAA facilities, specific emphasis
was placed on determining the extent to which magnetic induction fields
were a source of interference problems. This emphasis was the result of con-
cern regarding the ability to technically justify recommendations that FAA
equipments be tested for magnetic induction susceptibility. No incidence
of such susceptibility was reported to have occurred by any of the technical
and operational personnel interviewed. Additionally, surveys conducted in
a cross-section of FAA facilities failed to reveal magnetic induction fields
to be the source of any identifiable interference problems. These surveys
included an extended observation of typical operational activity in the
various facilities.

Information available regarding the electromagnetic environment in repre-
sentative FAA facilities provided some useful data regarding the need for
magnetic induction field tests; however, none of this data included a measure
of the ambient levels of 60 Hz radiated signals. At the Los Angeles ARTCC,
the steady state 60 Hz magnetic field caused interference in the Plan Display
when the test wire was wrapped around the equipment case. This interference
was in the form of "display displacement in the TV mode and pattern charac-
ter wobble in the CDC mode" [37]. During the tests in which the test wire
was wrapped around cables in the test set-up, the 60 Hz magnetic field
"caused slight displacement in the CDC mode, none in the TV mode" (38].
Several incidences were reported in which transient magnetic fields inter-
fered with equipment operation. In most instances, the transient amplitudes
were 50 volts and above, and the interference was in the form of pattern
jitter, pattern wobble, display distortion, illegal entry, pattern error

indications, lines on displays, etc. In one incidence, however, a translent
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amplitude of 7 volts was reported to cause horizontal lines on an unidentified
display. Much the same type of interference was recorded during magnetic
induction field tests conducted in the New York ARTCC [39]; however, the
number of reported incidences was significantly less than at the Los Angeles
ARTCC. In the Oakland ARTCC, only one incidence of magnetic field suscep-
tibility was reported out of a total of 68 tests. This incidence was one

in which transients with amplitudes greater than 55 volta and pulse rates

of six to ten pulses per second "produced errors on tape which prevented
readout" [40] when induced into the tape drive wire bundle. When data from
the three air route traffic control centers are reviewed, it is seen that
approximately 15 cases of magnetic field susceptibility were recorded during
{erformance of some 225 tests,

It is essential that the above data measured in air route traffic con-
trvl centers be considered in terms of the technical adequacy of test pro-
cedures specified by Test Method RS02. Regarding wire bundle test procedures,
two different susceptibility modes, i.e., common mode and differential mode,
can exist. Common mode susceptibility will exist because of the closed loop
formed by the wire bundle under test and the ground plane or ground conduc-
tor associated with the wire bundle interconnection. Interference currents
flowing longitudinally in the wire bundle will result from magnetic flux
intercepting this loop; however, their magnitude will be unknown because
the test procedure does not define the loop configuration. Consequently,
whether or not an equipment complies with the MIL-STD-461A limits for Test
Method RS02 is significantly influenced, either intentionally or uninten-
tionally , by the test configuration used. Since this configuraiton is
unspecified (insofar as loop area formed by the wire bundle, interconnected
equipments and ground return path is concerned), there will be little data
repeatability from tests conducted by different test personnel and/or at
different test locations. Differential mode susceptibility, if it exists,
will also suffer from a serious lack of data repeatability because the highly
critical spacing between a test wire and wire bundle is unspecified.
However, there is little concern with data repeatability because field
cancellation effects will preclude most differential mode susceptibility.
These effects result from the fact that the test wire wrapping configuration
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will induce canceling voltage components in adjacent sections of the wire
bundle; consequently, differential mode susceptibility will be almost non-
existent in the wire bundle tests.

4.6 Test Method RE0O3, Radiated Spurious and Harmonic Emissions,
10 kHz to 40 GHz

This test method is applicable only to transmitters and would nor-
mally be replaced by a conducted measurement procedure (Tes: Method CE06).
However, at times there are measurement conditions associated with transmitters
that ren” a conducted test method impractical. Typical of these conditions
are (1) very high output power levels, (2) operating frequencies high enough
that waveguide rather than coaxial cable must be used, and (3) design features
in which the antenna and transmitter are inseparable. It is for conditions
such as these that this test method is intended.

The measurement procedures required by MIL-STD-462 are clearly appli-
cable only when the direct coupled techniques of Test Method CE06 cannot
be used. A detailed listing of transmitter operating frequencies versus the
frequency range of the test is provided. Either an EMI meter or a spectrum
analyzer is used as the basic measurement instrument, depending on whether
the test frequency is below (EMI meter) or above (analyzer) 1.0 GHz. No
precaut ions are provided regarding the lower power levels that are tolerable
at the inputs to these instruments. Also, additional precautions regarding
the possibility of spurious response generation within the test instrument
would be desirable. Test procedures that are cumbersome to follow--but essen-
tial if an accurate test is to be conducted--are provided for the 1.0 to 40
GHz frequency range. However, no comparable procedures for frequencies helow
1.0 GHz are provided. Further, procedures are not adequately provided for
test conditions in which a transmitter operates at or below 1.0 GHz where
waveguide interconnections are generally applicable.

Changes to these requirements as a result of notices are highly varied.
For example, the Air Force (Notice 2, MIL-STD~462) agrees with the need for
the test and stipulates that it will be conducted only when the conducted
procedures cannot be used and when approval is obtained from the procuring

activity. On the other hand, the Army (Notice 3, MIL-STD-462) has completely
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rewritten the test method, retaining essentially all of ite basic features
but incorporating numerous changes. These changes are individually minor,
but collectively they yield a test method considerably improved in ita tech-
nical requirements. ~for example, the Army notice adds s test procedure for
tge 10 kHz to 1.0 GHz frequency range and recognizes other measurement situ-
ations likely to arise when testing transmitters.

Interviews with personnel at the various FAA facilities revealed the
primary cause of reported interference problems to be the "environment."
At these facilities, the "enviromment" is a complex summation of radiated
signals from a wide variety of ground-based and airborne sources. It is
therefore understandable that interference problems related to the "environ-
ment" would exist. Further, the surveys of FAA equipments revealed the
expected fact that transmitters and receivers are extensively used. These
equipments are often colocated in the same room or equipment rack; again,

the opportunity for interference is maximized.

4.7 Test Method RSO3, Radiated Susceptibility, 14 kHz to 10 GHz,
Electric Field

This test method is intended to be the susceptibility counterpart
for the emission measurements specified in Test Method RE02. For the 30 MHz
to 10 GHz frequency range, this intent is realized; however, below 30 MHz,
gross errors in this test method exist because of the required low frequency
antenna. Above 30 MHz, all of the Test Method REO2 investigations concerned
with accurate and reliable radiated emission measurements in shielded enclo-
sures are equally applicable to this teat method. Because of their length,

a description of these investigations 18 not repeated; however, in summary,
they resulted in (1) the development of hooded antennas for shielded enclo-
sure measurements over the 400 MHz to 10 GHz frequency range, (2) an analysis
of field perturbation and lossy material wall coverings as possible means by
which accurate measurements can be made over the 30 to 400 MMz frequency
range, and (3) no change in the present MIL-STD=461A and MIL-STD~462 require-
ments over the 14 kHz to 30 MHz frequency range,

Below 30 MHz, both Test Method REO2 and this test method require the
use of a 41 inch monopole antenna with suitable tuning networks. In this

test method, the monopole antenna is required to develop a susceptibility
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environment of 1.0 volt per meter at a distance of one meter, At the lower
end of the 14 kHz to 30 MHz frequency range, the antenna is highly inefficient
and several watts of power must be delivered to the tuning networks if a 1.0
volt per meter field is to be realized. However, at these power levels, the
tuning inductors saturate and overheating with eventual burnout is a definite
possibility. This situation is made even worse for the Air Force because
of their change to the basic procedure (Notice 3, MIL-STD-461A) which requires
a 10 volt per meter susceptibility environment for '"subsystems and equipments
to be installed in an aircraft or other metallic structure."

Efforts were made by the Army (Notice 3, MIL-STD-426) to correct this
situation by prohibiting use of the 41 inch monopole antenna and replacing
it by either a long wire or parallel strip line antenna. This necessitated
the generation of two entirely new test configurations and procedures. For
the long wire antenna configuration, a horizontal wire was located at the
longitudinal center of the shielded enclosure at a distance from the ceiling
equal to approximately one-fourth the enclosure height. The wire is held
taut on insulators and the load-end is terminated with a non-inductive resis-
tance equal to the characteristic impedance. A concentric feeder line extends
from the source end of the wire to the signal generator output. Procedural
details are provided by which the wire antenna and concentric feeder line
are to be terminated and a calibration procedure for relating voltage at a
point on the wire to volts per meter is shown. In the case of the parallel
strip line antenna, aluminum plates spaced 18 inches apart are used to form
an area within which the susceptibility environment is generated. This 18 inch
separation distance introduces a definite restriction on the test item size
(test items must be no closer than four inches to the upper plate), but this
restriction is necessary in order to comply with applicable wavelength versus
separation distance requirements, All test items are tested at orientations
in which openings for power lines, shafts, meters, ventilation, etc, are
positioned toward the top plate. Therefore, a test item with openings on
three different sides could be no larger than 14 inches (18-4 inches) on a
side,

The results of interviews with FAA personnel and surveys of FAA facilities

as presented for Test Method RE02 are equally applicable to this test method.
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4.8 Test Method (T) REO4, Radiated Emissions, 20 Hz to 40 kHz,
Magnetic Field

As indicated by the (T) symbol associated with the REO4 number,
this test method is tentative and intended for "Trial Use" only (see Note
(1) to Table II, MIL-STD-461A). The test method purpose is identical to
that stated for Test Method REOl, except for the fact that Test Method REO1
is applicable to "electrical and electromechanical equipments'" while this
test method is applicable to "electronic, electrical, and electromechanical
equipments." In both test methods, the intent to measure radiated magnetic
fields emitted by equipments plus their associlated cabling and interconnected
wiring (including power, pulse, IF, video, antenna transmission and power
cables). In this test method, the applicable frequency range is 20 Hz to
50 kHz, while the Test Method REO1l frequency range is 30 Hz to 30 kHz. From
the point-of-view of test configuration and procedure, the test methods are
also identical in their essential requirements. The only differences of any
consequence are related to the fact that Test Method REOl specifies use of
an EMI meter as the basic test instrument while this test method specifies
a magnetic field sensor and electronics.

Regarding the need for FAA equipments to comply with this test method,
the comments made for Test Method REO1l (Para. 4.2) are directly applicable.
In summary, these comments noted that (1) no interferernce problems traceable
to low frequency magnetic fields were reported by personnel at FAA facilities,
(2) no evidence of interference problems caused by low frequency magnetic
fields was found during surveys of a variety of FAA facilities, (3) measure-
ments made in ARTCC facilities revealed no low frequency magnetic field
problems, and (4) the limited amount of published information regarding the
rationale for MIL-STD-461A requirements stated that low frequency magnetic

field tests were applicable only to equipments used on submarines.

4.9 Test Method (T) RSO4, Radiated Susceptibility, 14 kHz to 30 MHz

As described in Paragraph 4.8, the (T) symbol indicates that this
teast method is tentative and intended for "Trial Use'" only. This test method's
purpose is to determine the susceptibility of all Class T equipments to "radi-
ated fields of specified spectral content and intensity.'" An electric field
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with an intensi.y corresponding to the applicable limits is produced in a
parallel plate line. The test item is then placed between the parallel
plates and its operation monitored for malfunction or degradation of per-
formance. The test item must be oriented with the front face directed out
toward the side of the line, with the front face directed along the length

of the line, and with the points of maximum radiation, as determined by
probing the faces of the test item, directed toward the upper plate. Also,
the test item must be oriented such that faces with openings for power leads,
shafts, ventilation, etc. are directed toward the upper plate.

The most important advantage of the parallel plate line is that relatively
high (=1 V/m) field intensities for susceptibility testing can be produced
very efficiently over a wide (14 kHz to 30 MHz) frequency range. The major
limitation of the test method is that the test item must have a size compatible
with the dimensions of the parallel plate arrangement. These dimensfons (18
inch height), the requirement that the test item be four inches or more from
the upper plate, and the various orientations required will in general limit

all three dimensions of the test item to approximately 14 inches.

4.10 Test Method REO5, Radiated Emission, Broadband, 150 kHz to 1000 MHz

The purpose of this test method is to measure broadband radiated
emissions from vehicles and engine~driven equipment, including the electrical
equipment, subassemblies, parts and accessories installed thereon. The equip-
ments for which this test method is intended and the associated test frequency
ranges are tactical vehicles from 150 kHz to 1 GHz, engine generators f{rom
150 kHz to 1 CHz, and special-purpose vehicles and engine-driven equipment
from 150 kHz to 400 MHz. The measuring antennas are oriented vertically, ex-
cept to measure radiation from top openings over engine compartments, and then
they are located "at as many positions around the test sample ag are necessary
to obtain an effective test of the maximum radiation.'" They are located
horizontally one meter from the outer perimeter of the test sample and ver-
tically one-to-two meters, as nacessary for maximum pickup, above the earth.
For measuring radiation from top openings over engine compartments, the test
antennas are located directly over the compartment openings. In each position
of the measurement antenna, the emission level 18 recorded as a function of

frequency over the 150 kHz to 1 GHz frequency range.
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There are two basic modifications to this test method as a result of
notices. The Army (Notice 3, MIL-STD-462) changes tne spacing between the
iten under test and the test antenna from one to two meters, and deletes
the applicability to engine generators. These generators are subsequently
included under the test requirements of Test Method RE02 (Notice 4, MIL~
STD-461A). 1t is reported that in MIL-STD-462B, this test method will be
identified as Test Method UMO3 and the upper test frequency will be changed
from 1000 MHz to 400 MHz [41]. This is a desirable change since past ex-
perience has shown that broadband signal levels decay significantly above
approximately 100 MHz and few, if any, such signals exist above 400 MHz.

A deficiency of the test method as presently stated is that the test
antenna must be located "at as many positions around the test sample as are
nedessary to obtain an effective test of maximum radiation.” This statement
is vague and presumably requires receiver frequency scanning while simul-
taneously (1) moving a bulky antenna continuously around the test sample
and (2) maintaining the antenna at a one meter (or two meter persuant MIL-
STP-462, Notice 3) fixed distance from the test sample. It would appear more
logical to probe the test sample as described in Paragraph 4.2.4.1 of MIL-
STD-462 and required by Test Method REQ2. Then actual measurements with the
specified antennas and with frequency scanning could be conducted at the posi-
tions of maximum radiation.

In determining the necessity for requiring this test method, careful
considerat ion was given to the results of surveys at FAA facilities and to
interviews with FAA personnel at these facilities. The surveys indicated
that numerous FAA facilities have one or more engine generators and also
may have numerous FAA-controlled motor-driven vehicles. The generators are
likely sources of both broadband and narrowband signals due to commutator
arcing and rate, respectively. Broadband signals are likely from the Ignition
systems on motor-driven vehicles. Considered with these likely emission

gources were the interview reports of "environmental" interference.

4.11  Tect Method REQO6, Radiated Emission, 14 kHz to 1 GHz, Overhead
Power_ Lines

The stated purpose of this test method is to measure radiated

emlssions over the 14 kHz to 1 GHz frequency range from overhead power lines
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operating at voltages from zero to 1000 kV. Power lines to FAA facilities
are in general owned, operated, and maintained by a utilities company and,
hence, FAA has limited control over their electromagnetic characteristics.
There are, however, situations in which power source performance criteria
can be established by the FAA and imposed on a utility company when a new
site is being constructed. Further, when a new power line is constructed

in the vicinity of an operational FAA facility, the utility company can

be held responsible for any harmful interference that results. As s
evident, these situations do not fit the conventional electronic equipment
procurement request in which EMC standards represent one of perhaps many
different performance requirements. Because of this, it was initially
agreed that Test Method REO6 was not applicable to these investigations.
After preparation and submittal of the draft version of this Final Report,
this agreement was changed and inclusion of Test Method RE06 was requested.
In order to accommodate this within tractable limits on the effort necessary,
the power line radiated emission requirements as they appear in MIL-STD-461A
and MIL-STD-462 are added as Appendix A.
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5. RECOMMENDAT IONS

5.1 Overview

In the previous paragraphs (Section 4), a description was provided
of the basic requirements in each of the MIL-STD-461A and MIL-STD-462 test
methods. Additionally, results of the analysis conducted to determine the
rationale for each test method were presented. In this Section, these
descriptions and results are condensed to a format that permits specific
recommendations to be made regarding the applicability of individual test
methods to the needs of FAA equipments, These recommendations are first
presented in terms of the test methods that should be adopted, then the test
configurations and procedures that should be used, and finally the limits

to be imposed on equipment electromagnetic performance.

5.2 Test Method Recommendations

5.2.1 Test Method REOl, Radiated Emissions, 30 Hz to 30 kHz,
Magnetic Field

It is recommended that FAA equipments not be required to comply
with any magnetic field emission tests in the 30 Hz to 30 kHz frequency
range. This recommendation is consistent with earlier actions adopted
for Alr Force and Army equipments and is based primarily on the following

rationale summary:

1. Radiated magnetic field tests in ARTCC facilities at Los
Angeles, Oakland, and New York concluded that magnetic
field emissions presented no problem.

2, Surveys of equipments and their performance characteristics
at the Atlanta ARTCC led to an identical conclusion. Fur-
ther, this same conclusion was reached after surveying equip-
ments st other FAA facilities (FSS, ATCT, RAGC sites, terminals,

etc.).

3. The only available sources of information which describe the
original basis for this test method state that it 18 intended

for Navy application to submarine equipments.
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As currently specified, the test procedures have obvious

errors, are difficult to interpret and require the simul-
taneous performance of tasks that involve tuning a sensi-
tive receiver, sequencing an equipment through its opera-

tional modes and probing equipment surfaces with a sensor.

5.2.2 Test Method RSOl, Radiated Susceptibility, 30 Hz to 30 kHz,
Magnetic Field

It is recommended that FAA equipments not be required to comply

with any magnetic field susceptibility tests in the 30 Hz to 30 kHz fre-
quency range. Earlier reviews of this test method by the Air Force reached

the same conclusion. Although the Army retained the test method, they

limited its applicability to only airborne surveillance, compass and data

annotation equipments. The primary ratiomal upon which this recommendation

is based is summarized as follows:

1.

This test method is the susceptibility counterpart of the
emission tests required by Test Method REOl. As such,

data obtained while performing this test should be compared
with counterpart data from the tests required by Test
Method REO1l. However, it has previously been recommended
that Test Method REOl1 applicability to FAA equipments be
deleted.

Surveys of equipments and interviews with personnel in a
cross-section of FAA facilities revealed no obvious need
for this test.

As was the case in the analysis of Test Method RE0O1l, this
test method specifies proceduies for which no technical
justification was available.

The only available documentation regarding the original
rationale for this test method was concerned with Navy

application to submarine aquipments.
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5.2.3 Test Method REOZ,‘Radiated Emission, 14 kHz to 10 GHz,

Electric Field

It is recommended that Class I, II, and III FAA equipments be re-

quired to comply with narrowband emission tesets over a 14 kHz to 10 GHz

?
frequency range and broadband emission tests over a 14 kHz to 400 MHz fre-

quency range. Details of the procedures, configurations and limits

recommended for these tests are presented in subsequent paragraphs. The

primary rationale upon which this recommendation is based is summarized

as follows:

1.

Without exception and despite a lack of any published
rationale, the Army, Air Force and Navy each require
an electric field emissions test for their electronic

equipments.

Surveys of equipments in FAA facilities revealed opera-
tional modes, coupling paths, emission levels, and
sensitivities which indicated that electric field radi-

ated emissions must be controlled.

interviews of FAA personnel with equipment operation and
maintenance responsibilities revealed cases of "environ-
mental" interference. Further probing indicated that this
interference was most probably the result of electric field

coupling into sensitive circuits.

Extensive experience in performing emission tests on a
wide variety of military and consumer electronic devices
has shown that narrowband and broadband emissions up to
frequencies of 10 GHz and 400 MHz, respectively, are
prevalent. If compatibility at the syatem level 1is to
be achieved in a cost-effective manner, these emissions
must be controlled.
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5.2.4 Test Method RS02, Radiated Susceptibility, Magnetic
Induction Fields

It is recommended that provisions of this test method not be
imposed on FAA equipments. The basic consideration underlying this recom-
mendation was the fact that the equipments observed during FAA surveys
were designed such that they would not be expected to either emit or respond
to induced nagnetic fields. The equipments did not require large currents
in their operation, and cable loops into which currents would be induced
were relatively small in size. This conclusion is supported by the previously
ment ioned (see Para. 4.5) measurement series in which only approximately 15
cases of magnetic field susceptibility were observed during performance of
225 tests. Few, if any, of these susceptibility cases caused more than a

brief annoyance to facility operation.

5.2.5 Test Method REO3, Spurious and Harmonic Emissions, 10 kHz
to 40 GHz

It is recommended that Class I FAA transmitters be required to
comply with requirements of this test method as modified by Notice 3 to
MIL-STD~462, when:

1. the transmitter output is greater than five kilowatts

average power, and/or

2. the fundamental frequency is above 1.0 GHz, and/or
3. the transmitter and its antenna are designed to be
inseparable.

It is also recommended that the 10 kHz lower frequency limit be changed to
14 kHz to eliminate the need for another compliment of test instruments and
antennas.

This recommendation is based primarily on the fact that (1) transmitters
with reasonably high output levels are prevalent at some FAA facilities, (2)
conducted measurements under any of the above conditions would be difficult
if not impossible to perform, and (3) a majority of the reported interference
problems of FAA facilities are described as being caused by the radiated
ewiromment.
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5.2.6 Test Method RSO3, Radiated Susceptibility, 14 kHz to 10 CHz,
Electric Fields

As was noted in Para. 4.7, this test method is intended to be the
susceptibility counterpart of Test Method REQ2. For the same reasons that
Test Method REO2 is recommended, this test method is also recommended for
all FAA equipments in Classes I, II, and III; however, this recommendation
is applicable only for tests over the 30 MHz to 10 GHz frequency range. It
is further recommended that tests specified by this test method for the
14 kHz to 30 MHz frequency range be deleted. Electric field susceptibility
tests adequate for this low frequency range are subsequently recommended
(see Para. 5.2.8).

5.2.7 Test Method (T) REO4, Radiated Emissions, 20 Hz to 50 kHz,
Magnetic Field

It 18 recommended that FAA equipments not be required to comply
with the provisions of this test method. This recommendation is based on
the lack of observed or reported interference problems caused by low fre-
quency magnetic fields and the fact that the test method's intended appli-
cation is to submarine equipments. An additional consideration is the fact
that this test method is an alternative procedure for Test Method REOl, which
was not recommended for FAA adoption. The major differences between the
test methods lies in the fact that this method's procedures are tailored
to a specific test equipment (the Magnetic Field Intensity Meter by Electro~
Mechanics Company) undergoing trial evaluation [42].

5.2.8 Test Method (T) RS04, Radiated Susceptibility, 14 kHz to
30 MHz

It 18 recommended that Class I, II, and TIT FAA equipments be re-
quired to comply with provisions of this test method as modified and pre-
sented in Method RSO3 of Notice 3 to MIL-STD-462. This will delete tests
that propose to use the 41 inch monopole antenna and incorporate the option
of using either a long wire antenna or parallel plate line to generate the

desired susceptibility environment. In practice, the long wire antenna
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method is preferred because (1) limitations imposed on the test item size

by wavelength versus separation distance factors are reduced and (2) special
test configuration construction is minimized. When the long wire antenna
configuration is used, the wire should be located between the two side walls
of the shielded enclosure and directly over the ground plane center. Sup-
port of the wire can be accommodated by small hooks that attach directly to
the enclosure walls. Formulas provided in Notice 3 to MIL-STD-462 plus
published information [43] regarding long wire antennas in shielded enclo-
sures should be used in determining terminations, calibratlion factors, etc.

for this antenna configuration.

5.2.9 Test Method REO5, Radiated Emission, Broadband, 150 kHz
to 1000 MHz

It is recommended that Class IV engine generators and motor-driven
vehicles over which FAA has control be required to comply with requirements
of this test method; however, the following two changes should be incorporated:
(1) the upper frequency limit should be decreased to 400 MHz and (2) the hori-
zontal distance from the reference point on the antenna to the outer perimeter
of the test item should be increased to two meters.

This recommendation is based primarily on the fact that the most often
reported EMC problems at FAA facilities were attributable to "environmental"
electromagnetic signals. From previous experience, both unsuppressed gen-
erators and ignition systems in motor-driven vehicles are known to be prolific
sources of undesired broadband signals. Further, generators have been shown
to provide appreciable levels of undesired narrowband signal at frequencies
corresponding to their commutation rate. Therefore, both of these devices
are thoroughly capable of contributing undesired "environmental" signals,
and thereby increasing the possibility of interference with equipment func-
tioning. Obviously, this is a situation in which there is a concern with
signal emissions, but nc corresponding susceptibility concern. It is noted
that, if FAA exercised control over motor-driven vehicles (scooters, low
vehicles, trucks, etc.) used on the apron area at airports, the provisions
of this test method would also be recommended for application. This recom-
mendation would be based on the fact that these vehicles exist in relatively
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large numbers and are used at times in close proximity to sensitive elec-
tronic equipment.

The recommended decrease in upper frequency limit is based on test
experience that indicates broadband signal magnitudes decrease rapidly
above approximately 100 MHz. Additionally, mechanical design considera-
tions prevent signals related to commutation rates in FAA generators from
being generated above approximately 10 MHz. The recommended change in sep-
aration distance between the antenna reference point and the test item
perimeter is made to improve measurement accuracy by reducing the test item

influence on antenna performance.

5.2.10 Test Method RE0O6, Radiated Emissions, 14 kHz to 1 GHz,

Overhead Power Lines

As noted in Paragraph 4.11, requirements for radiated emissions
from overhead power lines were added by the FAA after the draft version of
this Final Report was prepared. These requirements are taken directly from

M1L-STD-461A and MIL-STD-462 and are presented in Appendix A.

5.3 Test Cenfiguration and Procedure Recommendations

5.3.1 Test Method REO2, Radiated Emissions, 14 kHz to 10 CHz

5.3.1.1 400 MHz to 10 GHz Frequency Range

Over this frequency range, it is recommended that radiated electric
field tests be conducted in a shielded enclosure with dimensions no less than
8 x 8 x 12 feet and that hooded antennas be used for both emission and suscep-
tibility measurements. The wall of the shielded enclosure behind the test
item should be lined with an absorbing material which provides at least -15 dB
reflectivity down to 400 MHz. The antenna hoods should consist of metal
cylinders lined on the inside with Emerson and Cuming Type NZ-1 Absorbing
Material, or equivalent. 1In one end of the cylinder should be an absorber-
lined metal end plate to which is mounted a circularly polarized cavity-
backed antenna with a planar log-spiral element. The opposite end of the
cylinder should remain open and, in its final position in the shielded enclo-
sure, this open end will be directed toward the test item. The inside
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dinension of the hood from the antenna face to the cylinder opening may be
filled with an electromagnatically transparent material (Dow Chemical Corpora-
tion Ethafoaﬁa, for example) to provide both support and protection for the
absorbing material and antenna. The number of hoods, hood dimensions, and
suitable anternas for this frequency range are given in Table VI. Design
features of a representative antenna mounted in its hood are presented in
Figure 48. 1Initial contacts have been made with Dr. Fred Morris, Tensor, Inc.,
P.0. Box 14843, Austin, TX 78761, phone: 512-873-4900 who indicated an
interest in providing quotes on the manufacture of these hooded antennas.

In the past, Dr. Morris' company has manufactured conical log-spiral antennas
ior EME/FMS testing and a type of hooded antenna used for helicopter appli-
cations. In Figure 49, a hooded antenna is shown positioned in the recom-
mended shielded enclosure configuration. This configuration involves
poéltioning such that the antenna hood is centered in the vertical cross
section of the enclosure. The test item positioner has both azimuth and
elevation rotation capabilities to minimize difficulties in probing the
various test item faces during radiated tests. The support material for the

test item is stacked to a height that centers the test item and hooded

TABLE VI
SUITABLE ANTENNAS FOR USE IN HOODS

Prequency Hood Dimensions g w____ARecggpendgguégggngpjn_“ ‘s

__Range = Inside Diameter Length Model Diameter Depth
(GHz) (Inches) (Inches)

6.0 to 10 2.0 1.0 Model ASN 111A 2.0" 1.86"

2.0 to 6.0 4.0 2.0 Model ASN 118A 3.0" 2.1."

1.0 to 2.0 12.0 4.0 Model ASN 116A 5" 3.25"

0.4 to 1.0 24.0 12.0 Model ASN 117A 13.25" $.73"

*Model numbers and dimensions correspond to antennas available from American

Electronics Laboratory, Lansdale, PA, 19446. Equivalent antennas are
avallable from other commercial sources.
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Figure 48. Representative Hooded Antenna Design Features
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antenna. Like the antenna support material inside the hood, this material
is also electromagnetically transparent. In front and on top of the test
item positioner is a layer of absorbing material used to prevent signal re-
flections that could compromise measurement accuracy. This absorbing material
is necessary only to the extent that metal portions of the positioner extend
into the beamwidth of the antenna. The hooded antenna is positioned in a
cradle mounted to a heavy duty tripod. 1Its feed cable is routed outside the
shielded enclosure by means of a bulkhead coaxial connector. Power and con-
trol cables for both the test item and its positioner enter the shielded
enclosure through filters mounted to the exterior wall of the enclosure.

The test item power cord is routed to an impedance standardizing device re-
quired for conducted measurements and then over the ground plane edge to
troughs in the support material. From there, the power cord is routed to
the test item positioner via a cylindrial hole provided in the support ma-
terial and located over the positioner center. Test item interconnecting
cables such as might be required for control, monitoring, etc. are similarly
routed with the exception that they would bypass the impedance standardizing
devices unless they were the object of conducted measurements. In the posi-
tioner, power and/or interconnection cables may use slip-rings to eliminate
concern with cable twisting as the positioner is rotated. If slip rings are
not used caution must be exercised to preclude excessive cable twisting. A
circular ground plane of either copper or brass material i8 provided as a
simulation of the ground connection the test item will have in its final in-
stallation. Since no single ground plane can simulate all of those possible
in installations throughout FAA*facilities, the recommended dimensions were
chosen primarily for test convenience. These dimensions are a diameter of
four feet and a thickness of 0.125 inches. The ground plane is grounded to
the shielded room by means of a large braided strap soldered to the bottom

of the ground plane and routed through the hole in the support material.

5.3.1.2 30 to 400 MHz Frequency Range

The extensive investigation of test configurations and procedures
applicable to the 30 to 400 MHz frequency range were documented in Paragraph
4.4.4. 1n this paragraph, it was noted that radiated measurements over this

frequency range are essential because of the number and criticality of FAA
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equipments that operate in the VHF frequency band. However, the investigation
of test methods and procedures resulted in no measurement technique that would
yileld accurate and repeatable data., Of the techniques investigated, the one
requiring a lossy material coating on the inside walls of the shielded enclo-
sure was most promising. 1Its evaluation to date, however, has only involved
scale models of shielded enclosures; consequently, it could not be fully recom-
mended until a thorough evaluationusing full size enclosures has been con-
ducted.

In view of this situation, it 18 recommended that radiated measurements
over the 30 to 400 MHz frequency continue to be made using the same shielded
enclosure configuration recommended for the 400 MHz to 12 GHz tests. The
test procedures should be those required by MIL-STD-462 and the biconical
antenna required by MIL-STD-461A for the 30 to 200 MHz frequency range should
be used. In addition, the AEL Model ASN 1232A, or equivalent, antenna should
be used between 200 and 400 MHz. This antenna provides circular polarization
with a planar log spiral design. It is therefore a companion to those an-
tennas recommended for use in hoods at the higher test frequencies.

It is again noted that measurements made with these test configurations
and procedures will yfeld results that are difficult to repeat and inaccurate.
The recommendation that such measurements continue to be made should be inter-
preted only as a means of maintaining pressure regarding the need for further

investigations.

5.3.1.3 14 kHz to 30 MHz Frequency Range

Analysis of the test configuration presently required by MIL-STD-
462 for this frequency range indicates that it yields measurement data com-
parable to that obtained in a shielded anechoic chamber. Therefore, the
currently specified MIL-STD-462 test configuration is recommended for FAA

use over this frequency range.

5.3.2 Test Method REO3, Radiated Spurious and Harmonic Emissions,
14 kHz to 40 CHz

The test configuration and procedures recommended for FAA use over

this frequency range are those specified in Notice 3 to MIL-STD-462, with
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the exception of the test antennas. The recommended antennas as a function

of test frequency areas follows:
14 kHz to 30 MHz: 41 inch monopole antenna with tuning network

30 to 400 MHz: biconical (30 to 200 MHz) and planar log-spiral

antennas
400 MHz to 10 GHz: hooded planar log-spiral antennas
10 to 40 GHz: horn antennas with dish reflectors

These antenna recommendations are made so the same antennas required
for Test Method REO2 can also be used for this test method. Over the 10
to 40 GHz frequency range, the dish reflectors should be 18, 12, and 6 inches
for 10 to 18 GHz, 18 to 26 GHz, and 26 to 40 GHz frequency ranges, respec-
tively.

5.3.3 Test Method RSO3, Radiated Susceptibility, 30 MHz to 10 GHz,

Electric Field

As was the case in Test Method REO2 for radiated emissions,
the procedures of MIL-STD-462 are recommended for FAA adoption; however,
the recommended test configuration involves hooded antennas and an absorber
lined wall in the shielded enciosure. This configuration is described in
detail for Test Method REO2 (Para. 5.3.1.1 and Para. 5.3.1.2). Because of
saturation and overheating problems with the 41 inch monopole antenna and
its tuning network, susceptibility measurements over the 14 kHz to 30 MHz
frequency range are not recommended for this test method (see Para. 5.3.4).
The previously recommended biconical, planar log-spiral and hooded antennas
are applicable for this test method. 1In the case of the hooded antennas,
this recommendation is based on the assumptions that reciprocity holds and
that the AEL antennas will tolerate the power necessary to develop a one
volt per meter field at a one meter separation distance. Although suscep-
tibility tests using the one volt per meter performance limit were not con-
ducted during these investigations, on numerous occasions hooded AEL antennas
were used as the source when antenna patterns are being plotted. All indi-
cations were that reciprocity will hold. If the power necessary to establish
the one volt per meter field can not be developed by AEL planar log-spiral
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antennas, comparable antennas manufactured by Transco, Inc. are available.
These antennas deposit the radiating elements on a ceramic material capable
of handling appreciably more power than phenolic material used by the AEL

antennas.

5.3.4 Test Method (T) RS04, Radiated Susceptibility, 14 kHz to
30 MHz

The recommended configuration and procedures for this test method
are those presented in Method RSO3 of Notice 3 to MIL-STD-462. This notice
deletes use of the 41 inch monopole antenna and its associated tuning net-
work and requires use of either a long wire antenna or parallel plate line
configuration. Although either the long wire antenna or parallel plate
line will yield valid susceptibility data for FAA equipments, the long wire
antenna is preferred since it doesn't require any extensive construction,
can be easily used in the shielded enclosure, and reduces the restrictions

on test item size.

5.3,5 Test Method REO5, Radiated Emissions, Broadband, 150 kHz
tao 400 MHz

The test configurations and procedures recommended for FAA adop-
tion are those required by Notice 3 to MIL-STD-462. These configurations
and procedures are applicable to Class IV generators and engine-driven motor
vehicles. The test item is set up in a fixed position on the earth with a

two meter spacing between the test antenna and test item perimeter. The

upper frequency 1imit for broadband measurements is recommended to be 400 MHz.

Recommended test antennas are the 41 inch monopole with associated tuning
network (150 kHz to 30 MHz), the biconical (30 to 200 MHz), and the planar
log-spiral (200 to 400 MHz).

5.4 Performance Limit Recommendations

5.4.1 Approach to Limit Derivation

Many of the requirements in present EMC standards are confusing
and without apparent explanation; however, no aspect of EMC standards is
as thoroughly unexplained as are the performance limits that have evolved
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as one standard after another has emerged. It has been correctly noted that
"the historical road from the first formulation of interference limits to
their present state has been long in time but short in technical advancement"
[44]. Almost every effort to analyze their scientific basis ends with the
general conclusion that they are arbitrary in origin, perhaps irrelevant and
bear little or no direct relationship to the achievement of system level EMC.
Consequently, efforts to establish new performance limits based on existing

limits is at best a speculative venture.

5.4.2 Test Methods RSO3 and (T) RS04, Radiated Susceptibility,
14 kHz to 10 GHz

With this a priori knowledge of the effort involved in establishing
valid performance limits for recommendation to FAA, a rather simplified ap-
proach generally unencumbered by limits in present and past standards was
adopted. This approach began with analyses of all available data defining
the operational electromagnetic environment at FAA facilities. This environ-
ment is known to vary considerably as a function of such factors as time of
day, facility type, relative size of facility, nature of activity, etc.
Therefore, it is not poasible to have definitive data for each of these con-
ditions. Fortunately, a series of measurements [6]-[9] were recently com-
pleted in which operational electromagnetic environments in three typical
ARTCC facilities were extensively defined. A portion of these measurement
results were in the form of narrowband radiated emission levels at 59 facility
locations chosen to reflect contributions of both automated and nonautomated
electronic equipments. Measurement results for these locations were pre-
sented for each of three different ARTCC facilities. Additionally, comparable
measured data were presented for radiated broadband emission levels. The
applicable frequency range for both narrowband and broadband data was 150 kiiz
to 1 GHz. Correction factors had heen incorporated such that all data were
in units of decibels above one microvolt (dBuV).

To reduce these data to a usable form, five discrete frequencies (150
kHz, 1 MHz, 10 MHz, 100 MHz, and 1 GHz) were selected. The reported narrow-
band and broadband emission levels at each frequency and at each facility
location were tabulated. From this tabulation, a composite emission level
which approached the maximum measured level was identified for each frequency
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at all three facilities. This level was then plotted in units of dBuV
versus frequency and a straight line curve was used to connect the data
points. '"Reverse' correction factors were then determined so the narrow-
band and broadband emission levels could be presented in units of dBuV

per meter (dBuV/M) and dBuV per meter per megahertz bandwidth (dBuV/m/MHz),
reipectively. These factors were then combined with the plotted data, and
the result provided a composite view of the measured operational electro-
magnetic environment in 118 locations in three typical ARTCC facilities.
These results are graphically shown in Figures 50 and 51. As is evident
from the figures, the maximum narrowband and broadband environments were
approximately 76 dBuV/m from 1 to 100 MHz and 115 dBpV/M/MHz from 150 kHz
to 1 MHz, respectively. Therefore, any new equipment located in these
facilities would have to be capable of withstanding these narrowband and
broadband levels.

There was an awareness that these levels were applicable for only three
ARTCC facilities, and that they were not necessarily representative of opera-
tional environments at other FAA facilities; however, no measured data
defining environments at these other facilities were available. Consequently,
20 dB (a voltage factor of 10) was added to the 76 dBuV/m level to account
io; the possibility of higher emissfon levels at other types of FAA facllities,
and the maximum narrowband environmental level became 96 dBuV/m (63 milli-~
volts per meter). Finally, a safety factor of 24 dB was incorporated, largely
for convenience, to make the final maximum narrowband environmental level
120 dByV/m (1.0 volt per meter). Rather than have multiple susceptibility
levels as a function of frequency, the 1.0 volt per meter level was made appli-
cable from 14 kHz to 10 GHz.

The 1.0 volt per meter level derived as described above is recommended
for FAA adoption as the susceptibility limit for the 14 kHz to 10 GHz fre-
quency range. When this recommended level was compared with comparable limits
from other EMC standards and specifications, the 1.0 volt per meter appeared
to represent an average of other limits. For example, this level is coinci-
dent with the level required by MIL~STD-461A (Para. 6.19), but 1s 20 dB lower
than the limit required by MIL-STD-826 [45]. Meanwhile, the MIL-1-6181D
{46], MIL-1~-26600 [47]), and MIL-I~11748 [48] narrowband susceptibility limits

were approximately 20 dB below the recommended 1.0 volt per meter level.
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It {8 noted that present modifications to MIL~-STD~461A (Notices 2 and 3)
increase the susceptibility limit for Test Method RSO3 to 10 volts per
meter (plus an optional 20 volts per meter) over major portions of the fre-
quency band. Also, the proposed MIL-STD-461B will reportedly (49] require
a susceptibility limit of 10 volts per meter and higher for all sheltered
equipments. It is equally interesting to note that the change in MIL-STD-
461B 1s said to be "due to both political considerations and operating
experience'" [50].

Although there was a desire for this recommended limit to be consistent
with future trends in MIL-STD-461A, the fact is the available data obtained
during extensive facility measurements does not support an EMS limit greater

than the 1.0 volt per meter.

5.4.3 Test Method REO2, Radiated Emissions, 14 kHz to 10 GHz,
Electric Field

In the derivation of a narrowband emission 1limit, it was evident
that the total allowable emission level must be below the susceptibility
level. This difference in 1imit levels must not only allow for a safety mar-
gin between the emission and susceptibility levels, but must also account
for (1) the possibility that more than one emission may be present at a given
frequency and time, (2) the decoupling between equipments, and (3) the ac-
curacy with which radiated measurements can be made.

The safety margin needed between susceptibility and emission limit
levels was considered with the anticipation that a future FAA system level
standard will impose a safety margin (possibly 6 dB) in addition to the
equipment level standard. Consequently, a 6 dB separation between limit
levels was felt to be sufficient for inclusion in the equipment level stan-~
dard. It was considered unlikely that two or more narrowband emissions would
occur at the same time and frequency and in phase; however, to account for
the possibility that at least two such emissions might so occur, the emis~
sion 1imit level was further reduced by 6 dB. The accuracy of commercially
available test equipment and personnel operation of this equipment provided
the basis for an addition 3 dB reduction in the emission limit level. The
decoupling between equipments within a FAA facility is virtually impossible
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to predict. For example, equipments may be loczted side-by-side or separated
by & hundred feet and a metal wall. As an arbitrary estimate of this de-
coupling, a further reduction of 3 dB in the emission limit level was
established. Finally, an addition of 40 dB was incorporated as a means
of assuring that undesired emissions were reduced to a point that they didn't
unnecessarily contribute to spectrum pollution. This overall value of 58 dB
was then rounded off to 60 dB and then subtracted from the susceptibility
limit of 120 dBuV/m. The result is a recommended narrowband emission limit
of 60 dByV/m. This limit is plotted in Figure 52 with the present MIL-STD-
461A limit and the relaxed MIL-STD-461A limit required by the Air Force.
Also show for reference is the narrowband emission limit {imposed by the
Comite' International Special Des Perturbations Radioetectriques (CISPR)
and the Verband Deutscher Elektrotechnikes (VDE) organization [51] in Europe.
From this plot, it is seen that the recommended 1imit is more lenient than
the most liberal MIL-STD-461A 1imit by an average of approximately 15 dB.
As was the case for the recommended susceptibility limits, there was a desire
to make these recommended limits consistent with those existing in MIL-STD-
461A; however, the available data defining the electromagnetic environment
at FAA facilities would not permit this without introducing totally arbitrary
"correction" factors.

Derivation of a recommended broadband emission limit was undertaken
along two independent courses. The first of these was parallel to the
course pursued in deriving the recommended narrowband emission limit. There-
fore, “he broadband emission levels measured at the ARTCC facilities and
plotted in Figure 51 provided the starting point. Added to this was (1) a
20 dB factor to account for the possibility that higher level signals
might exist at other types of FAA facilities and (2) a safety factor of
24 dB. The result became a curve that in effect represented a broadband
susceptibility limit comparable in nature to the 1.0 volt per meter narrow-
band susceptibility limit. Then to assure that broadband emissions were
not allowed to exist with sufficient amplitude to exceed this limit, various
factors were derived to modify this susceptibility limit to yield a broad-
band emission limit. As in the case of the narrowband emission limit, these
factors totaled 58 dB. They were applied to the broadband susceptibility
levels to yleld a broadband emission limit as shown in Figure 53.
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The second course taken during this effort involved deriving broadband
emission limits from existing narrowband emission limits.

The broadband 1limits were to be derived such that the previously derived
narrowband emission limits were not exceeded. Two factors had to be consid-
ered in this derivation. First, there exists the possibility that the maximum
peak level resulting from the uncorrelated components of a broadband emission
will not be present during the short time over which a measurement 1s madc.
If this maximum level is present, there is an additional possibility that
it will be of such short duration that the measuring device will ind{cate
the average peak amplitude rather than the desired maximum peak amplitude.
The maximum peak amplitude of the combined emissions is the quantity which
must not exceed the narrowband emission 1imit. Therefore, the broadband
limit must conservatively restrict the average peak amplitude to some level
below the permissible narrowband level. Secondly, a broadband emission by
definition exhibits a frequency spectrum wider than the bandwidth of the
measuring instrument. Consequently, the bandwidth of the measuring {nstru-
ment will influence the detected level. For a uniformly flat spectrum, the
detected veltage level will increase in proportion to the bandwidth of the
measuring instrument. The broadband 1imit must reflect this proportionality
in order to maintain consistencies between measurements made with instruments
with different bandwidths. These factors were separately considered in the
establishment of broadband limits to the extent indicated in the following
discussion.

If the emissions within the measurement bandwidth are uncorrelated, the
peak signal level at the instant of measurement will not necessarily be the
max imum level which could result 1if all emissions were instantaneously added
together. The probability of random emissions adding together to produce
an emission in excess of some predetermined level has been explored In detafll
by communicatfons specialists. If the narrowband limit I8 viewed as an
"emission" level and the broadband 1imit as a "noise" level, then a separation
factor can he established which will minimize the possibility that the broad-
band emission will ever equal or exceed the narrowband 1Iimit.

The 11lkelihood of the peak level of an uncorrelated broadband emission
equaling or exceeding the narrowband limit can be reduced to 1:100 by re-
ducing the broadband 1limit to at least 10 dB below the narrowband limit [52].
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An order of magnitude improvement to 1:1000, which represents a potential
error of leas than 0.1 percent, can be achieved by reducing the broadband
limit to 12 dB below the narrowband limit. To reflect this high confidence

level of 99.9 percent, the broadband emission limits should be expressed as:
Broadband Limit = Narrowband Limit - 12 dB.

Since the bandwidth of the measuring instrument also affects the indi-
cated level on the field intensity meter, a correction factor based on the
ratio of the impulse bandwidth (IBW) to a reference bandwidth is necessary
to relate broadband emissions to narrowband emissions. The IBW is the equiva-
lent noise bandwidth (sometimes referred to as the instrument bandwidth) of
the measuring instrument. The equivalent noise bandwidth is defined as that
ideal rectangular passband function which would transfer the same noise power
to the recelver detector as is actually transferred by the RF and IF filters.*
Historically, in the establishment of broadband limits, a typical or maximum
[BW has been assumed and the narrowband limit then increased by the amount
of the resulting correction factor. With currently available instrumenta-
tion, the IBW will vary from 100 Hz to as much as 10 kHz over a frequency
range of 1 kHz to 30 MHz. Since test instruments with different bandwidths
may be used by different organizations, the proper correction factor is dif-
ficult to predict in advance. Consequently, instead of presenting the broad-
band 1limits in a graphical form based on some assumed bandwidth, the broadband
Iimit should be derived by test personnel using the narrowband limit and it
will be a function of the specific measuring instrument employed. The [BW
must therefore be determined for each measuring instrument {f it is unknown.
Generally, the IBW is relatively constant across the tuning range of a parti-
cular tuning head since 1t 18 generally determined by the IF stage. However,
It quite lLikely will be different for different tuning heads. For measuring
instruments such as gpectrum analyzers and the continuously tunable field (n-
tens ity meters, the TBW {8 probably constant over a particular swept frequency

region.

*For a specific mathematical definition, see Information Transmission,

New York, 1959.
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A first-order approximation of the equivalent noise bandwidth of a syn-
chronously tuned filter is given by the 6 dB bandwidth. This approximation
is not valid, however, for many types of filter responses. The IBW of a
field intensity meter may be accurately determined through the use of a
standard signal generator and an impulse generator calibrated in terms of
voltage per frequency unit. First, the field intensity meter is tuned to
a narrowband signal of known level (determined by the calibrated output at-
tenuator of the signal generator) and the indicated reference level 1is noted.
The field intensity meter function switch is then switched to th2 broadband
or "Peak'" position. The calibrated impulse generator is then substituted
for the narrowband source and the level is adjusted to obtain the previously
noted reference level. The IBW in MHz is then determined from the following
relationship:

1 MHz

IG Output - SG Output = 20 logjp Taw

where IG Output = impulse generator output in dB/uV/MHz and
SG Output = signal generator output in dB/uV.

This bandwidth correction factor in dB is added to the basic 1limit. Conse~
quently, the expression for the broadband emission 1limit then becomes

1 MHz

“IBW 12 dB,

BB Limit = NB Limit + 20 log,g

where BB Limit = broadband limit in dBuV/m/MHz, and
NB Limit = narrowband limit in dBuV/m.

Since the narrowband emission limit is a constant value of 60 dBuV/m over
the frequency range of 14 kHz to 10 CHz, the expression for radiated broadband

emissfon 1imits may be written as

BB emission Limit = 48 dB + 20 log Y§%~%¥£;S .

To 1llustrate the relative levels which might be obtained for various
instruments, some typical measurement bandwidths wecre assumed and the resul-
tant limits were calculated over a 150 kHz to 1 GHz frequency range. These
limits are compared in Figure 53 with the limits presently imposed by MIL-
STD-461A and the limits derived by the first approach described above. For

further comparison, the broadband emission limit used for European EMC tests
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and imposed by Comite' International Special Des Perturbations Radiocelectriques
(CISPR) and Verband Deutscher Elektrotechniker (VDE) standards (51] is also
plotted in Figure 53.

The broadband emission limit recommended for FAA adoption is the one
derived by the first approach described; however, since broadband radiated
tests are recommended only to a frequency of 400 MHz, this limit is appli-~
cable to only 400 MHz. It is noted that, in the mid-frequency range, these
recommended limits are more lenient than the present MIL-STD-461A limits by
as much as 21 dB. At the high and low frequency ends, the limits imposed by
MIL-STD~-461A and those recommended for FAA adoption are essential coincident.

5.4.4 Test Method REO3, Spurious and Harmonic Emissions, 14 kHz
to 40 GHz

No specific data were available on levels of spurious and harmonic
emissions from transmitters at FAA facilities; nowever, it was considered
necessary that these emissions be reduced to the maximum permissible level
by the state-of-the-art. The primary basis for this was the fact that (1)
FAA operations require the use of large numbers of transmitters and receivers
and (2) the most often expressed interference problem at FAA facilities was
caused by environmental radiation. Previous experience in spectrum signature
testing had established that well designed transmitters with relatively low
peak power outputs typically exhibit low order harmonic emissions that were
reduced approximately 60 dB below the fundamental. As either the power out-
put level or harmonic number increased, the harmonic emission level must
correspondingly reduce if interference and spectrum pollution are to be pre-
vented. In most instances, well designed output stages in transmitters
result in spurious emission levels that are somewhat below the permissible
harmonic emission levels.

In reviewing the MIL-STD-461A l1imits for this test method, it was noted
that a constant -60 dB level for both spurious and harmonic emisaions was
required over an appreciable range of output power levels--100 to 10,000
watts peak. The fact that the spurious and harmonic levels were identical
and the constant 1imit over a wide range of transmitter output power levels
were both considered undesirable. 1In Notice 3 to MIL-STD-461A, it was observed
that a more desirable limit was imposed. This limit, shown in Figure 54,
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requires different 1imits for spurious and harmonic emissions, has a variable
level as a function of transmitter output, and requires emission levels to

be consistent with the state-of-the-art in transmitter design. This limit

is therefore recommended for adoption by the FAA.

5.4.5 Test Method REO5, Radiated Emissions, 150 kHz to 400 MHz,
Broadband

In deriving suitable performance limits for the Class IV motor
vehicles and engine driven generators to which this test method is appli-
cable, it was noted that the basic MIL-STD-461A and its Notice 4 modifica-
tion both impose requirements that are applicable for much more critical
equipments. If this approach were followed by the FAA, the same performance
limits for essential ground-to-air communication equipments would be im-
posed on emissions from motor vehicle ignition systems. Although ignition
system emissions could be made to comply with such limits, the requirement
was considered unjustifiable and cost-ineffective. Further reviews of re-
quirements imposed on broadband emissions from Class IV equipments revealed
that the Air Force in Notice 3 to MIL-STD-46iA relaxed the performance
!imits by 30 dB for '"subsystems and equipments not related to electronics
or communications used for many general military needs and usually not
associated with a specific system."” The subsystems and equipments to which
this classification was applicable were listed as portable and semi-portable
tools, construction equipment, automotive type equipment and machine tools.
In view of the fact that engine driven generators and motor vehicles will be
located and operated in areas separate from Class I equipments, radiated
levels which arrfve at these equipments should be significantly reduced.
Therefore, the 30 dB relaxation of 1limits used by the Air Force appears
realistic. Consequently, it recommended that the FAA adopt the broadband
emission limits of Test Method REO2, after a 30 dB relaxation has been incor-
porated, as the Test Method REO5 performance limits. Since this test methed
is applicable over the 150 kHz to 400 MHz frequency range, the Test Method
REOZ 1imits over this frequency range only are applicable.
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6. __ SUMMARY

In the preceding paragraphs, radiated emission and susceptibility test
requirements currently imposed by MIL-STD-461A and MIL-STD-462 have been
extensively analyzed to determine their applicability to FAA equipments.
Resulting from this analysis has been a series of recommendations aimed at
assuring that only justified test requirements are imposed by the FAA, and
that these requirements yield data which are accurate, repeatable, and use-
ful in establishing system level EMC. To assist in determining the recom-
mended tests and their applicable 1imits, Table VIT and Figures 55 and 56
have been prepared. Table VII presents the recommended test methods as a
function of frequency range and equipment class; additionally, the measurec-
ment antennas needed for each test are given. Figures 55 and 56 present the
performance limits recommended for each test method. It is noted that no
test methods are recommended to complement the broadband emission test in
Test Method REO2 or the broadband emission test in Test Method RE05; there-
fore, no performance limits for these tests are shown in Figures 55 and 56.

In Appendices B and C, modifications to the radiated requirements in
MI1.-STD=-461A and MIL-STD-462, respectively, are presented. These modifications
when used with the two basic standards, comprise a FAA document to be included
in future electronic equipment Procurement Specifications for the purpose of
imposing realistic electromagnetic emission and susceptibility controls.

It is noted as a part of this Summary that, throughout these technical
investlgations, efforts were made to determine whether recommendations
hercin were consistent with the conclusions drawn in the reports [6]-[9]
which documented measured radiation levels in ARTCC facilities. For the
most part, consistency has been realized. Where inconsistencies exiut,
they are largely attributable to a difference in philosophy. To illustrate,
the measurement reports recommend in several instances that radiated perfor-
mance limits in MIL-STD-461A be changed to conform with the measured electro-
magnetic environment. This recommendation does not consider the adequacy of
the procedures used to measure the environment, the reliability and repeat-
ability of the resulting data, or the fact that the electromagnetic environ-
ment can be changed via a program of EMC control. During these investigations,

coplneering judgements were made to account for these factors by means of a
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philosophical stance that viewed equipment performance and the ambient elec-
tromagnetic environment as integrally related. A degree of latitude was

then possible in recommending levels for emission and susceptibility per-
formance limits.
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APPENDIX A

Radiated Test Requirements for Overhead Power Lines

A-1




~zT

METHOD REO6
~.. . RADIATED EMISSIONS, 14 kHz to 1 GHz, OVERHEAD

POWER LINES

1.  Purpose and Applicability - The purpose of this procedure is to
messure radlated emissions from overhead power lines operating at volt-
ages up to 1000 kV. The measurements shall be made in the frequency

range from 14 kHz to 1 GHz.

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

(a) EMI Meter (in PEAK position).
(b) Antennas.

3. Test Setup and Procedure

3.1 The test setup shall be as shown in Figure A-1l.

3.2 Measurement Locations - Measurements will usually be required

near a critical area. In order to determine if the power line is the source
of interference, measurements will be necessary at two or more locations
along the line length. For voltages from O to 70 kV, measurements are made
opposite tower or pole on one side only. For voltages from 70 to 1000 kV,

measurements shall be made on both sides of the tower as shown in Figure A-l.

3.3 Nonpower Line Interference - If it is suspected that the emission

measured i8 other than from the power line, readings at several frequencies
should be taken at several distances greater than 50 feet, perpendicular to
this power line. Typical measurements of interference from power lines show
a l/dj. l/dz. or 1/d relationship with distance from the line, depending on

the frequency.




) ANTENNA LOCATIONS

MEASURE ON BOTH SIDES OF TOWER
AT VOLTAGES FROM 70 - 1000 kV

MEASURE ON ONE SIDE OF TOWER
OR POLE AT VOLTAGES FROM 0 - 70 kV

L LOCATION OF MEASURING ANTENNA

LINE TOWER

|

50" OUTSIDE
l PHASE CONDUCTORS

PLAN VIEW

l
A
!
50"

l

LOCATION OF MEASURING ANTENNA

( GROUND WIRE

ELEVATION

&~ PHASE CONDUCTOR

GROUND LEVEL

Figaure A-1. Antenna lLocations for Power Line Interference Measurements.




4. Notes

4.1 Antenna Isolation - Proximity effects from nearby objects shall
be avoided when making measurements. Measurement of radiated broadband
impulse-type interference will be influenced by conducting objects, including

personnel, in close proximity to the antenna.

4.2 Monitoring - Meters, either indicating or graphic, should be
installed near the measurement location to monitor the line interference
while measurements are being made. Readings should be repeated if the
monitor shows greater than 6 dB changes. It may be necessary to determine
that the entire length of line is within the same weather environment before
proceeding with further measurements; otherwise the effects of both fair and

foul weather data will be included in the line measurement.

4.3 Operating Condition

4.3.1 The transmission line shall be operated near normal oper-
ating voltage, during the entire time of test. The actual voltage or
variations thereof can be determined from indicating meters usually available

at a sub-station.

4.3.2 Weather Conditions - Measurements shall be made at a time

when humidity and temperature conditions do not cause condensation of mois-
ture wet (rain or snow) weather conditions; however, the entire length of
the line shall be under the same conditions. It is permissible to avoid
measurements during short term dry spells, when insects, dirt, dust and
vegetation gather on the conductor or other line parts and may cause high

interference levels.

4.4 Measurements with the biconical antenna shall be made in both the

vertical and horizontal position.

4.5 Measuring antenna shall be positioned on a tripod one meter

above ground.

4.6 Emission limits shall be as shown in Figure A-2.
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MIL-STD~461A
FAA Notice 1R
10 March 1976

FAA STANDARD
RADIATED ELECTROMAGNETIC INTERFERENCE CHARACTERISTICS

REQUIREMENTS FOR EQUIPMENT

This notice is applicable to all FAA procurements. It should be filed
in front of MIL-STD-461A, dated 1 August 1968, and supersedes that document
in those areas detailed herein.

TO ALL HOLDERS OF MIL-STD-461A:
Make the following changes.

1. Page 1 - In title delete "Military" and substitute '"FAA".
Delete DoD seal and substitute FAA seal.

2. Page i1 - Delete 'Department of Defense'" and substitute "Federal
Aviation Administration'.
In title delete zip code 20360 and substitute zip code 20590.

Delete paragraphs 1 and 2 and substitute:

1. This standard is mandatory for use by all Departments and Agencies
of the FAA.

2. Recommended corrections, additions, or deletions should be addressed
to Systems Research and Development Service, Code 350, Federal
Aviation Administration, Washington, DC 20590.

3. Page 111 - In second paragraph, delete "military'" and subsatitute "FAA".

4. Pages iv through vi - Delete and substitute the attached Table of

Contents, List of Figures, and List of Tables.

5. Paragraph 1.1 - In the third and fourth lines, delete '"for general or
multi-service procurements and single service procurements" and sub-

stitute "for FAA procurement".

6. Paragraph 1.1.2 - Delete "MIL-STD-462" and substitute "MIL-STD-462,
FAA Notice 1R".




Paragraph 2.1 - Add the following documents:

PROGRAM PLANS
FAA-RD-76-75 - Electromagnetic Compatibility Program Plan

STANDARDS

MIL-STD-461A, FAA Notice 1C - Conducted Electromagnetic Inter-
ference Characteristics, Requirements
for Equipment

MIL-STD-462, FAA Notice 1R - Electromagnetic Interference Charac-
teristics, Measurement of

Paragraph 3. Delete and substitute the following paragraphs:
3. DEFINITIONS

3.1 Definitions.- The terms used in this standard and not defined
herein are defined in MIL-STD-463.

3.1.1 Equipment.- For the purpose of this standard an equipment is
defined as any electrical, electronic, or electromechanical device
intended to operate as an individual unit and performing a singular

function.

3.1.2 Subsystem.- A subsystem is defined as an assemblage of devices
and/or equipments designed and integrated to function as a single
entity but wherein any device or equipment is not required to function

individually as defined in paragraph 3.1.1.

3.1.3 System.- A system is a collection of equipments and/or subsys-
tems integrated as a functional whole and intended for installation

in fixed locations.
Paragraph 4.1.2 - Delete and substitute:

4.1.2 FAA Furnished Equipment. - Equipment furnished by the FAA to a

contractor may, unless the test data is furnished by the FAA, require
additional testing by the contractor for conformance to the equipment
item class and limit requirements. Application of suppression measures
to meet the requirements of this standard shall be detailed in the

Control Plan.




10.

11.

12,

13.

14.

15/

16.

17.

18.

Paragraph 4.1.3.2 - Delete and substitute:

4.1.3.2 When Government approved equipments are selected for use
with or to become a part of any FAA equipment configuration, the
requirements of 4.1.3.1 apply.

Paragraph 4.1.3.3 - Delete without replacement.

Paragraph 4.1.4 - Delete the phrase ''shall meet the appropriate
requirements specified in Appendix A of this standard" and substi-
tute "shall meet the requirements of this standard. Any deviation
from the application of these test requirements must be submitted
for evaluation and approval by the FAA."

Paragraph 4.1.6 - Delete and substitute:

4.1.6 Short-Duration Interference.- Short-duration interference,

such as produced by switching transients, is not exempt from the
requirements of this standard unless specifically indicated in the
individual equipment specification.

Paragraph 4.2 - Delete and substitute:

4.2 Interference Control Plan. - A detailed Control Plan as described
in the FAA-RD-76~75 shall be submitted to the FAA. This Control Plan

shall outline the interference control or reduction program, the engi-
neering design procedures and proposed techniques that will be used to
determine conformance with the requirements of this standard and that
will enable the equipment to perform its operational function within
its specified design parameters without adversely affecting or being
affected by nearby equipments, subsystems, or s?stemu.

{

L

Paragraph 4.2.1 - Delete without replacement.
Table 1 - Delete and substitute the attached Table I.
Table 1I - Delete and substitute the attached Table II.

Paragraph 4.2.1.1 through Paragraph 4.2.1.7 - Delete without replacement.

B-4




19.

20.

21.

22.

23

24.

25.

26.

27.

Paragraph 4.3 - Delete and substitute:

4.3 EMI/EMC Test Plan. - A Test Plan as described in the FAA-RD-76-75
shall be submitted and approved before the start of formal testing.

The Test Plan shall detail the means of implementation and application
of the typical test procedures (depicted in MIL-STD-462, FAA Notice 1R)
that will be performed to verify compliance with the applicable require-

ments of this standard.
Paragraph 4.4 - Delete and substitute:

4.4 Test Report. - A report presenting the results of the tests
described in the Test Plan shall be submitted to the FAA. The contents
and the format of this report shall be as described in the FAA-RD-76-75

Paragraph 4.4.1 through Paragraph 4.4.3 - Delete without replacement.
Paragraph 5 - Delete and substitute:

5. MEASURING EQUIPMENT. - A list of suggested measuring equipments

and their characteristics, characteristics of the required antennas

and their pertinent drawings, and procedures for verification of these
characteristics for FAA approval are presented in the measuring equip-
ment paragraphs of MIL-STD-462, FAA Notice 1R.

Paragraph 5.1 through Paragraph 5.8.2 - Delete without replacement.
Refer to the measuring equipment paragraphs of MIL-STD-462, FAA
Notice 1R.

Paragraph 6.1 through Paragraph 6.10.2 - Delete without replacement.
Refer to the conducted test limits in MIL-STD-461A, FAA Notice 1C.

Paragraph 6.11 - Delete without replacement.

Paragraph 6.12.1 - Delete "in excess of the values shown in Figure 21"

and subetitute "in excess of 60 dBuV/m".
Paragraph 6.12.2 and 6.12.3 ~ Delete and substitute:

6.12.2 Broadband E-field emissions in the required frequency range
shall not be generated and radiated in excess of the values shown in
Figure 22. ’




28.

29.

30.

3l.

32.

33.

364.

35.

36.

i7.

18.

39.

6.12.3 In the frequency range of 30 to 200 MHz, the limit shall be

met for both horizontally and vertically polarized waves.
Paragraph 6.14 - Delete without replacement.

Paragraph 6.15 - In the first sentence delete '"1000 MHz" and substi-
tute "400 MHz'".

In the second line, delete "classes IIIA and IIIB items" and substi-
tute "“Class IV items".

Delete the last sentence without replacement.
Paragraph 6.16 through Paragraph 6.18 - Delete without replacement.
Paragraph 6.19 - Delete "(T)" without replacement.

Page 15 - Delete Paragraphs 7. and 7.1, Custodians, Review Activities,
User Activities, and Preparing Activity without replacement.

Figure 1A through Figure 15 - Delete without replacement. Refer to
related Figures in MIL-STD-461A, FAA Notice 1C.

Figure 16 - Dolete and substitute the attached Figure 16.

Figure 17 through Figure 20 - Delete without replacement. Refer to
related figures in MIL-STD-461A, FAA Notice 1C.

Figure 21 - Delete without replacement.
Figure 22 - Delete and substitute the attached Figure 22.
Figure 23 through Figure 24 - Delete without replacement.

Appendix A - Delete without replacement.

B-6




Paragraph 1.
1.1
1.2
2.
2.
3.1

3.1.
3.1.
3.1.

4.

TABLE OF CONTENTS

SCOPE ..o & 6.8 & w

Scope.

Units. . . .
REFERENCED DOCUMENTS.
DEFINITIONS .

Definitions.

1 Equipment. .

2 Subsystem. . .

3 System . . . .
GENERAL REQUIREMENTS.

4.1 Application of Standard. .

4.1.
4.1.
4.1.
4.1.

4.1.
a.l.

4.2
4.3
4.4
5.
6.

1 Equipment. . . . .

2 FAA Furnished Equipment.

3 Commercial Off-the~Shelf

Equipment

4 Reprocurements of Equipments
Superseded Documents . .

5 Other EMI Requirements .

6 Short-Duration Interference.

Interference Control

EMI/EMC Test Plan.

Test Report. . . . .
MEASURING EQUIPMENT .
LIMITS. ¢ ¢« ¢ ¢ o« ¢ &

6.12 Limits for REO2 .

6.13 Limit for RE03. . .
6.15 Limit for REO05. . .
6.19 Limit for RSO3 and RS04 .

Plan.

.«

.

Designed to

.B-3




LIST OF FIGURES

Page
Figure 16. Transmitter Spurious and Harmonic Emission Limits for. B-12

22. Broadband Emission Limits for Test Methods REO2 and
L e e e T e A S i il




LIST OF TABLES

Page

Table I. EQUIPMENT CLASSIFICATION. . . . . 4 « ¢« « « « « &« « « « B=10
I1. TEST METHODS AS A FUNCTION OF FREQUENCY RANGE AND EQUIP-

MENT CEASSIFICATION s = % s & = & 9 & % & & & & s & o B=}Y




TABLE 1

EQUIPMENT CLASSIFICATION

Class
Designation

Equipment Description

I

ITI

IVA

IVB

Communication-Electronic (C-E) Equipments

All electronic equipments which in their operation
transmit, receive, generate, store, or process
information. 1Included in this classification are
transmitters with antennas, receivers with antennas,
transceivers with antennas, regulated output ampli-
fiers, backup emergency communication equipment,
inner and outer markers, plan view displays, etc.

Electronic Equipments

All electronic equipments which are not Class 1.
Included in this classification are oscilloscopes,
signal sources, test sets, counters, spectrum
analyzers, time code generators, radio frequency
monitors, etc.

Electro-Mechanical Equipments

All equipments which in their operation have both
a mechanical and electrical/electronic function.
Included in this classification are teletype ma-
chines, portable electrical tools, repair shop
equipment, kitchen and/or lounge equipment, office
devices, etc.

Motor Vehicles and Engine-Driven Equipments

All motor-driven vehicles which in their operation
may interrupt normal operations via ignition system
radiation. Included are tug vehicles at airports,
maintenance and installation vehicles used at remote
C-E sites, etc.

All engine-driven equipments which in their oper-
ation may emit interference signals from an ignition
system or commutator. Included are gasoline engines,
motor-generators, etc.
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MIL-STD-462

FAA Notice 1R

15 March 1976
FAA STANDARD

RADIATED ELECTROMAGNETIC INTERFERENCE

CHARACTERISTICS, MEASUREMENT OF

This notice is applicable to all FAA procurements. It should be

filed in front of MIL-STD-462, dated 31 July 1967, and supersedes that

document in those areas detailed herein.

0 ALL HOLDERS OF MIL-STD-462:

Make the following changes.

) ¥

Page 1 - Delete "Military'" and substitute "FAA".
Delete DoD seal and substitute FAA seal.

Page 11 - Delete '"31 July 1965" in upper left corner of page and

substitute '"31 July 1967".

Delete "Department of Defense' and substitute "Federal Aviation

Administration".

Delete zip code '20301" and substitute zip code '20590".

Delete "MIL-STD-426" and substitute "MIL-STD-462".

Delete paragraphs 1 and 2 and substitute:

1. This standard is mandatory for use by all Departments and
Agencies of the FAA.

2. Recommended corrections, additions, or deletions should be
addressed to the Systems Research and Development Service,
Code 350, Federal Aviation Administration, Washington, DC
20590.

Page (11 - Delete the entire Table of Contents, List of Figures,
and List of Tables and substitute the attached Table of Contents,

l.ist of Figures, and List of Tables.

Paragraph 1.1 - Delete "MIL-STD-461" and substitute "MIL-STD-461A,
FAA Notice 1R".



.

10.

Paragraph 1.2.1 - Delete '"C = Conducted" without replacement.
Delete subparagraphs (a) and (c) without replacement.
Paragraph 1.2.2 - Delete without replacement.

Paragraph 1.2.3 - Delete second and third sentences without replace-

ment .
Paragraph 2.1 - Add the following documents:

PROGRAM PLANS

FAA-RD-76-75 Electromagnetic Compatibility Program Plan
SPECIFICATIONS
EL-CD-6003-0009A Electromagnetic Interference Measurement

Instrumentation, Characteristics for

STANDARDS
MIL-C-45662 Calibration of Standards
MIL-STD-461A, FAA Electromagnetic Interference Characteristics,
Notice 1R Requirement for Equipments
MIL-STD-220A Method of Insertion-Loss Measurement
MIL-STD-285 Attenuation Measurements for Enclosures,
Electromagnetic Shielding, for Electronic
Test Purposes, Method of
DRAWINGS
ES-F-201286 Antenna, Biconical 30 MHz to 300 MHz,
less Balun
ES-DL-176439 Bifalar Balun, 30 MHz to 300 MHz
62J4040 Antenna, Conical Log Spiral, 200 to 1000 MHz
ES-DL-201090 and Antennas, Microwave 12-40 GHz Detail Assembly

Drawings thereto

Paragraph 3.1 - Delete "MIL-STD-463" and substitute "MIL-STD-461A,
FAA Notice 1R and MIL-STD-463".

Paragraph 4.1 - Delete and substitute:

4.1 General Requirements. - General requirements pertaining to the

application of this standard and the applicable test limits are speci-
fied in MIL-STD-461A, FAA Notice 1R. The test procedures contained in



11.

12.

13.

14.

this standard shall be used in complying with MIL-STD-461A, FAA

Notice 1R, measurement requiremenis and in preparing the EMI Test
Plan.

Paragraph 4.2.1.1 - Delete and substitute:

4.2.1.1 Ambient Flectromagnetic Level. - During testing the ambient

electromagnetic field level measured with the test item de-energized
shall be at least 6 dB below the allowable specified limit. Pre-
cautions for avoiding ambient signals generated by the test equipment

shall be observed.
Paragraph 4.2.1.2 - Delete and substitute:

4.2.1.2 Ground Plane. - A circular copper or brass ground plane
(solid plate) that has a minimum thickness of 0.158 centimeters for
copper or 0.317 centimeters for brass and a minimum diameter of 122
centimeters shall be used. The ground plane shall be bonded to the
shielded enclosure such that the dc resistance is no greater than
2.5 milliohms.

Paragraph 4.2.1.6 - Delete and substitute:

4.2.1.6 RF Absorber Material. - RF absorber material shall be used

in shielded enclosures during EMI tests in accordance with the require-

ments of the specific test methods in Paragraph 5 of this standard.
Add the following new paragraphs:
4.2.1.7 Test Site.

4.2.1.7.1 Shielded Enclosures. - Shielded enclosures shall be of

sufficient size to adequately accept the test item without sacri-
ficing test accuracy or requiring deviation from the methode spec-
ified herein. In the case of measurements using hooded antennas,
this requires an enclosure with minimum dimensions of 8 x 12 x 8 fect.
Shielding and filtering characteristics shall meet the following mini-
mum requirements:

(a) Shielding effectiveness to electric fields and plane waves,
as measured in accordance with MIL-STD-285, shall be at least 80 dB

over the frequency range of test.




15.

16.

(b) Power line filtering must be included and shall have an
attenuation to frequencies above 10 kHz of at least 80 dB as mea-

sured in accordance with MIL-STD-220A.

4.2.1.7.2 Open Areas.- Open field sites may be used wher sufficiently
large shielded enclosures are not available or when the nature of the
equipment tested precludes their usage. The ambient requirements of

Paragraph 4.2.1.1 must be observed.
Paragraph 4.2.2.4.2 -~ Delete last sentence.

Paragraph 4.2.3 through Paragraph 4.2.3.6 - Delete and substitute
the following paragraphs. (Refer to Paragraph 4.2.3.3 through
Paragraph 4.2.3.8.)

4.2.3 Measuring Equipment.- This section describes the test equip-

ment used in the test methods contained in this standard.

4.2.3.1 Test Antennas.- Table ] 1lists 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. Specification EL-CD-6003-0009A
states requirements and testing techn’ques for antennas used in testing
to this standard; antenna factors shall be determined in accordance
with the testing techniques of that specification. The antenna factors
referenced in Table I and given in Figures 1, 2, and 3 are the maximum
factors for the antennas. The antenna factors shall be determined by

the antenna manufacturer for each antenna and furnished with the antenna.

4.2.3.1.1 Monopole Test Antenna Counterpoise, - The monopole test

antenna counterpoise shall be referenced to the shielded enclosure.
This involves bonding the counterpoise to the enclosure via a satrap
the same width as the counterpoise. Necessary precautions shall be

taken to assure low impedance bonding connections.

4.2.3.2 Other Equipment Characteristics, ~ Requirements for measuring

equipment characteristics are contained in Specification EL-CD-6003-

0009A along with the technique for measurement of these characteristics.
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T

End Metal Cylindrical Hood

Plate g

™

Absorbing
Material*

Cavity~Backed N\\\\\

Planar Log Support

Spiral Antenna Material

Hood Inside

Fraquency Range Antenna*¥* Hood Length

6.0 to 10.0 GHz
2.0 to 6.0 GHz
1.0 xo 2.0 Gitz
0.4 to 1.0 GHz

AEL Model ASN 111A
AFL Model ASN 118A
AEL Model ASN 116A
AEL Model ASN 117A

1.0 1inch

2.0 inches
4.0 inches
12.0 inches

__Diameter

2.0 inches
4.0 inches
12.0 {nchen
24.0 {nchen

*Absorbing Material shall be Emerson and Cuming Type NZ-1 or equivalent.

**Antenna model numbers correspond to antennas available from American
These antennas or equiva-

Electronics Laboratory, Lansdale, PA 19446.

lent planar lop spirals shall be used.

Fipure 4,

C~11

Hooded Antenna Design Features and Characteristics.
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Table II presents a suggested list of equipments for each test. In
some cases the list presents more than one model capable of performing
a given function. Any equipment equivalent to those listed may be
used with approval of the FAA.

4.2.3.2.1 Signal Sources.- Signal sources shall meet the following

requirements:

(a) Frequency Accuracy - Frequency accuracy shall be within

+ 2 percent.
(b) Harmonic Content - Harmonics and spurious outputs shall

not be more than -30 dB as related to the fundamental power.

4.2.3.2.2 Susceptibility Signals.- In general susceptibility signals

shall have characteristics, e.g., amplitude and type, degree, and
frequency of modulation, which will have the maximum effect on the

test item. In the case of test items with audio channels and receivers,
these signals shall be as follows:

(a) AM Recelvers: Modulate 50% with 1000 Hz tone.

(b) FM Receivers: When monitoring signal-to-noise ratio,
modulate with 1000 Hz signal using 10 kHz deviation. When monitor-
ing receiver quieting, use no modulation.

(c) SSB Receivers: Use no modulation.

(d) Other Equipments: Same as for AM receivers.

For test items with video channels other than receivers, modulate the
susceptibility signal 90 to 100 percent with a pulse of duration 2/BW
and a repetition rate equal to BW/1000, where BW is the video band-
width. Susceptibility signals for digital test items shall use pulse
modulation with a duration and repetition rate equal to that used in
the digital equipment. Non-tuned test items shall use susceptibility
signals that are modulated 50 percent with at 1000 Hz tone. The
rationale for selecting these signals shall be presented in the Teat

Plan.

4.2.3.3 Use of Measuring Equipment.- All equipment shall be operated

as prescribed by the applicable instruction manuals unless otherwise
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specified herein. This standard takes precedence in the event of

conflict with instruction manuals or other such documents.

4.2.3.4 Equipment Warm-Up Time. - Prior to commencing data col-

lection, the measuring equipment shall have been energized for a
period of time adequate to allow parameter stabilization. If the
operational manual does not specify a specific warm-up time, a

period of one hour shall be observed.

4.2.3.5 Detector Function. - A peak detector shall be used for all

measurements required by MIL-STD-461A, FAA Notice 1R; however, for
narrowband measurements, the average rms function may be used 1if
authorized by the FAA. Substitution generator output levels shall

be corrected when the detector output and the signal generator output
calibration are different functions of a sine wave, i.e., peak, aver-

age, Or rms.

4.2.3.6 Grounding of Measurement Equipment. - The EMI measurement

instrumentation shall be bonded tc the shielded enclosure to provide

a ground reference plane.

4.2.3.7 Monitoring of Measuring Equipment. ~ The IF output of the

EMI meter shall be monitored with a device that gives an amplitude
versus frequency presentation on a cathode ray tube. This monitor
1s used to obtain information on the characteristics of the signals
being measured. The measuring equipment shall also be monitored

with headphones or a speaker.

4.2.3.8 Identification of Sourious Responses in Measuring Equipment. -

The measurement equipment shall be checked for spurious responses.
False data caused by such spurious responses shall be so identified

on the X-Y recordings or data sheets.

4.2.3.9 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
MI1.-C-45662. The calibration program document required by MIL-C-
45662 shall be submitted for FAA approval as part of the Test Plan.




K-

See Specification EL-CD-6003-0009A for calibration methods for impulse
generators. Calibration of measurement equipment and accessories,
impulse generators, and other equipments shall be verified at any

time upon request of witnessing officials or authorized representa-
tives of the FAA.

4.2.3.10 Accuracy of Measurements. - All measurements made in accor-

dance 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 emission tests
(antenna terminal), the frequency of measurement shall be accurate
to within + 1%. Since signal generators and EMI meters usually do
not offer this accuracy, it will be necessary to employ a frequency
counter or other similar standard. All other tests shall be subject
to a frequency accuracy of + 27%.

(b) Amplitude accuracy shall be + 27 dB.
Paragraph 4.2.4 through Paragraph 4.2.4.4 - Delete and substitute:

4.2.4 Positioning of Measurement Antennas. -

4.2.4.1 Each face of the test item shall be probed with a loop or
other suitable sensor to determine the localized area producing
maximum emission or susceptibility. Probing shall be performed at
frequencies known or calculated to represent worst case interference.
If no such information is available, probing shall be performed at

no less than one frequency for every two octaves over the frequency
range of test. The face exhibiting worst case characteristics in

any octave or band, provided that a band {8 not less than two octaves,
shall face the test antenna for that portion of the frequency scan.
Automatic scan techniques may be used to scan all sides of the test

item.

4.2.4.2 When performing radiated emission and susceptibility tests,

no point of the antennas shall be less than one meter to the walls

and 0.5 meters to the ceiling of the shielded enclosure or obstruction.



18.

19,

20.

4.2.4.3 For radiated emission measurements between 30 and 400 MHz,
linearly polarized antennas shall be alternately positioned to measure
the vertical and horizontal components of the emission. For radiated
susceptibility measurements between 30 and 400 MHz, linearly polarized
antennas shall be positioned so as to alternately generate vertical

and horizontal fields.

Figure 1 -~ Delete without replacement.

Figure 2 - Delete without replacement.

Paragraphs 4.2.6 and 4.2.6.1 - Delete and substitute:

4.2.6 Identification of Broadband and Narrowband Emissions. -

Identification of broadband and narrowband emissions may be accom~
plished by use of the monitoring equipment specified in 4.2.3.6 or
by observing affects due to switching of bandwidths or detection
functions. When switching bandwidths or detector functions, the
following tests shall apply:

(a) Test 1: The EMI meter shall be tuned over a range of
plus and minus 2 impulse bandwidths around its center frequency.
A change in peak response of 3 dB or less indicates a broadband
emission. Any change of greater than 3 dB indicates a narrowband
emission.

(b) Test 2: Measure the pulse repetition rate of the emission.
If the pulse repetition rate is less than or equal to the impulse
bandwidth (IBW) of the measuring equipment, it is a broadband emis-

sion. If it 1s greater than IBW, it is a narrowband emission.

Also, an optional differentiation can be made by measuring the pulse
repetition rate of the emission. If the pulse repetition rate is
less than the rate specified in the following table, it should be
consldered a broadband emission and should be measured with an
instrument having a bandwidth equal to or greater than the value

of the specified rate. If the repetition rate is greater than
gpecified 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 repetition rate.

C~17




21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Frequency Range Repetition Rate

20 kHz - 150 kHz 200 Hz
150 kHz - 30 MHz 5 kHz
30 MHz - 400 MHz 100 kHz
400 MHz - 1000 MHz 300 kHz

4.2.6.1 Pulsed CW Requirements. - The pulse repetition criteria

expressed in the foregoing shall apply for pulsed CW up to 100 MHz.
Above 100 MHz, pulsed CW emissions shall be compared to narrowband
limits; however, bandwidth corrections should be employed to normal-

ize the measurements to 1 MHz bandwidth.
Paragraphs 4.2.8 through 4.2.8.2.2 - Delete without replacement.

Paragraph 5.1 - In the first line add the word 'radiated'" before the

words ''measurement procedures'.
Paragraph 5.2 - Delete and substitute:

5.2 Table II1 is an index cf the radiated measurement procedures

by method number, date, and title.
Table I - Delete and substitute the attached Tablo III.
Page 11/12 - Delete without replacement.

Method CEOl through CE06 - Delete without replacement. (Refer to
MIL-STD-462, FAA Notice 1C.)

Method €SOl through CS08 - Delete without replacement. (Refer to
MIL-STD-462, FAA Notice 1C.)

Method REO1

Delete without replacement.

Method RE0O2

Delete and substitute the attached Method REO2.

Method REO3 Delete and substitute the attached Method REO3.

Method REO04

Delete without replacement.

Method REOS5S

Make the following changes:

(a) In the title, delete "1 GHz" and substitute '"400 MHz".



33,

34.

35

36.

(b)

(c)

(d)

(e)

(f)

(g)

Paragraph 2 - Delete and substitute:
2. Applicability. - This test method is applicable to the

measurement of radiated broadband emissions from all
Class IV equipment.
Paragraph 3 - Delete '"MIL-STD-461'" and substitute '"Tables
I and II".
Paragraph 4.1 - Delete 'see MIL-STD-461 for general test
conditions" and substitute 'see Section 4 of this standard
for general test conditions'.
Paragraph 4.2 - In the fifth line, delete ''one meter'" and

substitute "two meters'.

In the first and second lines of subparagraph (a), delete

the words ''tanks and other'" without replacement.

In the third line of subparagraph (a), delete 'one metei'

and substitute ''two meters'.

In subparagraph (a)(3), delete and substitute:
(3) The conical or planar log spiral antenna shall be
placed pointing down with its axis vertical over
the opening.
Paragraph 6.1 - In the third line, delete 'no'" and substi-
tute 'do".
Paragraph 6.2 - In the second line, delete "unusal" and

substitute "unusual'.

In the fourth line, delete "acutal" and substitute '"actual'.

Method REO6 - Delete without replacement.

Method RSO1 and RS02 - Delete without replacement.

Method RSO3 - Delete and substitute the attached Method RSO3.

Method (T) RS04 - Delete and substitute the attached Method RS04.

Cc-19
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TABLE III

INDEX OF RADIATED MEASUREMENT PROCEDURES

Method Date Title

REO2 March 1976 Radiated Emissions, 14 kHz to 10 GHz,
Electric Field

REC3 March 1976 Spurious and Harmonic Emissions,
14 kHz to 40 GHz

REOS March 1976 Radiated Emissions, Broadband,
150 kHz to 400 MHz

RSO3 March 1976 Radiated Susceptibility, 30 MHz to
10 GHz, Electric Field

RS04 March 1976 Radiated Susceptibility, 14 kHz to
30 MHz, Electric Field
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METHOD REQ2

RADIATED EMISSION, 14 kHz TO 10 GHz, ELECTRIC FIELD

) i Purpose. - This method is used for measuring radiated electromagnetic

emissions from electronic, electrical, and electromechanical equipment.

& Applicability. - Any equipment or device to which this method 1is
applicable shall be measured for radiated emission from all units, cables
(including control, pulse, IF, video, antenna transmission lines, and

power cables), and interconnecting wiring. This method applies to the
transmitter fundamental, spurious radiation, oscillator radiation, and
broadband emissions, but 1is not intended to be used for radiation emanating

from antennas.

2.1 Applicable Frequency Range for Test. -

a. Narrowband Emissions - 14 kHz to 10 GHz.
b. Broadband Emissions - 14 kHz to 400 MHz.

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

a. Test Antennas (Refer to Table I).
b. EMI Meter (Refer to Table II).
¢. Line Impedance Stabilization Network (Refer to Table II).

4. Test Configuration and Procedures. -

4.1 Test Configurations. - The test configuration for each applicable

frequency range shall be as follows. The test item antenna, {f any, shall

be connected to a shielded dummy load.

a. 14 kHz to 30 MHz - The basic test configuration shown in
Figure RE02-1.

b. 30 to 200 MHz - The basic test configuration shown in
Figure RE02-2.

c. 200 MHz to 10 GHz - The basic test configuration shown
in Figure RE02-3.

4.2 Test Procedures. - The test procedures shall be as follows:
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Probe the test item as indicated in Paragraph 4 of this
standard to locate the points of maximum radiation from
the test item,

Select and position the test antennas as indicated in
Section 4 of this standard. In the frequency of 30 to
600 MHz, position the linearly polarized antenna so as to
make both vertical and horizontal measurements.

For each test antenna, scan the applicable frequency range
of the test with the EMI meter and record the emission
level and operational mode of the test item.
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METHOD REO3

SPURIOUS AND HARMONIC EMISSIONS, 14 kHz TO 40 GHz

3. Purpose. - This method is used for measuring transmitter spurious and
harmonic emissions in the radiated field.

2. Applicability. - This method is applicable to Class I transmitters
when any one of the following conditions exist:

a. The direct coupled techniques of Method CE06 of MIL-STD~
462, FAA Notice 1C cannot be applied, and/or

b. The transmitter power output is greater than 5 kilowatt
average, and/or

c. The fundamental frequency is above 1.0 GHz, and/or

d. The test item's antenna is an integral part of the trans-

mitter and cannot be replaced by a suitable dummy load.

3. Frequency Range of Test. - Frequency ranges of the test shall be as

follows:
Equipment Operating Frequency Freguency Range of Test
14 to 30 kHz 0.01 to 10 MHz
30 to 300 kHz 0.01 to 100 MHz
0.3 to 3 MHz 0.01 to 600 MHz
3 to 30 MHz 0.01 to 1,000 MHz
30 to 300 MHz 0.01 to 3,000 MHz
300 to 1,240 MHz 0.01 to 12,400 MHz
1,240 MHz and above The lowest frequency of test
shall be:
a. Coaxial transmission lines:
200 Hz
b. Waveguide transmission lines:
0.8 fco

The upper frequency limit shall
be as follows:




Equipment Upper

Operating Frequency
Frequency Limit

1.24 to 5.0 GHz 10 GHz or f
whichever 1s
greater

5.0 to 12.4 GHz 5 fo or 40 GHz
whichever is
greater

: 4. Apparatus. -

4.1 Instrumentation required for testing in the frequency range of 14 kHz
to 1,000 MHz is as follows: (Refer to Table II)

EMI Meter.

Attenuators or amplifiers as may be required to insure
suitable signal levels at EMI meter input terminals.
Antennas (Refer to Table I).

4.2 Instrumentation required for testing in the frequency range above
1000 MHz is as follows: (Refer to Table II)

b.

Spectrum analyzer.

Traveling wave tube amplifier.
Preselectors ~ yig filters.
Frequency counter.

Signal generators.

Antennas (Refer to Table I).

- Symbols are defined as follows:

Pr = Power delivered to spectrum analyzer's input terminalm.
P, = Power delivered to the transmitter's antenna at the
transmitter's fundamental frequency.

ct = Gain of the transmitting antenna over an isotropic
radiator. This value is expressed in dB.

A = Wavelength of the transmitted signal in meters.

D = Maximum dimension of the receiving antenna in meters.
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f. d = Maximum dimension of the transmitting antenna in meters.

8 Gr = The gain of the receiving antenna over an isotropic
radiator + gain of the TWT - cable losses - attenuation or
insertion loss of yig filters, and other adjustments as
required by the test configuration.

h. R = Separation between antennas in meters.

i. PIP = Power of spurious emission signal delivered to trans-
mitting antenna.

jJ. T = Pulse width in seconds.

k. r’ = Desired frequency.

1. N = Harmonic number shown on spectrum analyzer.

m. Flo = Local oscillator frequency of spectrum analyzer.

n. F, _ = Intermediate frequency of the spectrum analyzer.

if
o. E; = Measured field strength in volts/meter.

6. Test Configuration and Procedures (General). - Two separate test pro-

cedures are given in the following paragraphs. The procedure of Paragraph
6.1 applies to the testing of equipment with operating frequencies above
1.0 GHz or at frequencies where adequate antenna gain information is avail-
able or can be determined. The procedures of Paragraph 6.2 apply to the
testing of equipments at lower operating frequencies and in situations

where the procedures of Paragraph 6.1 are not feasible.

¢.1 Test Configuration and Procedure. - (1.0 GHz and above)

6.1.1 The test configuration shall be indicated in Figure RE03-1, RE03-2,
or REO3-3, whichever is applicable, using the following procedure to estab-
ligh the distances and actual equipments to be used.

a. Equipment selection. Select the receiving antenna, TWT's
or attenuators which will yield sufficient measurement
system sensitivity to allow detection of the transmitter
spurious emissions. The following equations should be
solved and equipment so selected to assure a Pr approxi-
mately 0 dBm when Pt is the value derived from the trans-
mitter's design data.
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COUPLING
NETWORK
I.F. REQUIRED

TEST
ANTENNA

AS REQUIRED
ATTENUATOR

%

2 SIGNAL

.—li‘ﬂ GENERATOR

POWER ISOLATION
MONITOR NETWORK

TRANSMITTER
UNDER ANTENNA
TEST

FUNDAMENTAL
FREQUENCY
REJECTION

FREQUENCY

| —

METER IF

s
NETWORK REQUIRED

(AS REQUIRED)

FREQUENCY SELECTIVE
VOLTMETER OR POWER
MEASURING DEVICE

SHIELDED ENCLOSURE, IF REQUIRED

L-———- P ——— e Tt e e

Figure REO3-3. Typical Configuration - Spurious and Harmonic Emission
(Prequency Range as Applicable).
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A

(1) P =P +° +G_ 40 log Ear=—r - 20 log 4
Use this equation when d > 0.4 D.
A
2F P =B+ G, + G_ 40 log ; - 20 log 8r

Use this equation when d < 0.4 D.

b. Test Distance. In order to assure far-field measurement conditions,

the test antenna should be placed at a distance from the transmit-

ting antenna as determined from the following equations:

(1) Whend < 0.4 D

Further antenna positioning procedures are in the following steps.

C. To complete the test configuration analysis, verify by calculation
that the received power at the highest frequency of the test,
assuming a spurious signal (Psp) level which is 80 dB below the
fundamental transmitted power, is at least 10 dB above the mini-
mum sensitivity of the spectrum analyzer used. The mathematical
expression is as follows:

2
ey P‘ GtGrA
(4nR)?
If the received power is below the sensitivity of the spectrum
analyzer, increase the gain of the receiving loop by either

removing attenuation or by adding amplification.

6.}.2 Test Procedure. - Measure and record the value of the power delivered

to the transmitting antenna using the following procedure:

a. Adjust the spectrum analyzer to receive the transmitted fundamental

signal. Adjust the spectrum analyzer display and resolution band-




e

width so that the incoming signal is properly displayed. For
pulsed transmitters, the display bandwidths should be at least
10/T, and the resolution bandwidth should be 1/10T.

For orientation of the transmitting and test antennas the fol-

lowing sequence shall be used:

(1) Where azimuth and elevation of the system antenna can be
varied, this shall be done to produce the maximum signal
at the test antenna. The azimuth angle and elevation angle
between the antenna boresight axis of the system and test
antenna shall be recorded after the signal is maximized.

(2) The test antenna shall be adjusted in elevation at each
measurement frequency to obtain a maximum of received
energy. The adjustment should be made over a distance
calculated to include two nulls in the elevation inter-
ference pattern resulting from ground reflections, where
they exist.

(3) All position information shall be recorded together with
the test results.

Further adjust the spectrum analyzer controls to obtain maximum
resolution of the transmitted signal on the CRT display. Once
this is accomplished, do not readjust the controls until the
measurement is completed.

Disconnect the spectrum analyzer from the measurement antenna

and connect it to a substitution generator.

Ad just the output of the substitution generator to produce the
same spectral envelope on the spectrum analyzer aa was indicated
with the transmitted signal. The signal generator shall be modu-
lated in a manner similar to the modulation used in the trans-
mitter.

Measure and record the power at fo delivered to the spectrum
analyzer input from the calibrated signal generator.

Verify the measurement technique and calibration at fo by substi-

tuting into the following equation:
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The above value of P, should be within + 2 dB of the value
measured by the power monitor connected to the transmitter
output. If a greater error exists, check the test configu-
ration for errors in distance measurement, substitution,
drift, correction factors, ground reflections, improper aiign-
ment and so forth.

* h. Repeat steps a. and f. for the remaining frequency range of

test.

6.2 Test Configuration and Procedures - (below 1 GHz)

6.2.1 These test configurations and procedures are for equipments with
operating frequencies below 1.0 GHz where the procedure of Paragraph 6.1
cannot be employed. The data obtained using this procedure will be in
terﬁs of field intensity at a given distance from the transmitting antenna.
The field intensity measured at harmonic and spurious frequencies is compared
to the value at the fundamental frequency. The limit is in dB relative to
k the level measured at the fundamental frequency a;d ie derived from the
Test Method REO3 1limit of Figure 7, MIL-STD-461A, FAA Notice 1R, by com-
paring the absolute power limit placed on harmonics and spurious emissions
to the known power rating of the transmitting source. The test configu-
ration shall be as indicated in Figure RE03-3. The separation between the

transmitting antenna and test antenna shall be at a distance of DZ/A or 3,

whichever is larger, unless otherwise specified. (D is the maximum dimension
of the largest antenna,) Where the received signal at the fundamental fre-
quency is less than the applicable limit above the sensitivity of the EMI
meter, place a preamplifier capable of increasing the measurement sensi-
tivity between the test antenna and the receiver. In Figure REQ3-3 this
should be placed between the switch and the EMI meter.

6.2.2 Test Procedure.

a. Tune the transmitter to a standard test frequency with the funda-
mental rejection network bypass and the switch set to position

one (1). Tune the frequency selective voltmeter to the same fre-
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duency. Position the antennas to produce maximum received signal
at each frequency (fundamental, spurious, harmonic), using the
technique outlined in Paragraph 6.1 above. Set the switch to
position 2 and determine the received signal level. This level
must be at least as great as the applicable limit above the meter
sensitivity. Record all settings.

Insert the fundamental frequency rejection network, and tune {it
to reject the transmitter fundamental frequency. With minimum
system attenuation and maximum instrument sensitivity, tune the
frequency selective voltmeter continuously through the required
frequency range to detect all emissions. Each time a spurious
transmitter output is detected, adjust the meter to give a con-
venient reading. Determine the signal level and record all values.
When determining the level of the responses, the attenuation of
the signal sampling network at the spurious frequency shall be
known.

Repeat the foregoing steps at each transmitter test frequency.
Apply effective height and other correction factors (cables
losses, attenuation, etc.) as required to determine field in-

tensity levels at the antenna.

NOTES

a.

When performing these tests, it may be necessary to enclose the
measurement equipment in a shielded enclosure. This necessity
arigses from the fact that the spectrum analyzer may be susceptible
to radiated fields. It is recommended that the spectrum analyzer
be disconnected from thc mezsurement antenna and the display checked
to verify that a '"back door' response is not being measured.

When using the TWT's and yig filters, these parts should be located
as near the antenna as possible. This is done so that maximum
signal may be applied to the TWT input.

[t I8 necessary to monitor continually the transmitter's output
power during test. If the power at fo changes by more than + 2 dB,
the test shall be terminated until such time that the original




output is obtained. Duty cycle considerations shall be adhered
to and should be established as defined in the equipment's test
plan.

To measure the frequency of the incoming signal, note the signal
identifier and harmonic number of the spectrum analyzer, since
the frequency of the desired signal is derived from

be W N 2Ty, -
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1.

METHOD RSO3

RADIATED SUSCEPTIBILITY, 30 MHz TO 10 GHz, ELECTRIC FIELD

Purpose. - The purpose of this test is to enepure that a test item

does not exhibit any degradation of performance, malfunction, or undesir-

able effects when immersed in an electric field in the frequency range of
30 MHz to 10 GHz.

2.

3.

4.

4.1

Applicability. - This test method is applicable to all Class I equipments.

Apparatus. ~ The test apparatus shall consist of the following:

a.
b.

C.

Signal Source (Refer to Table II).
EMI Meter (Refer to Table II).

OQutput Monitor ~ to monitor performance of the test sample.

Test Configurations and Procedures. -

Test Configurations. - The test configuration for each applicable fre-~

quency range shall be as follows:

a.

b.

30 to 200 MHz ~ The basic test configuration as shown in Figure
RE02-~2.

200 MHz to 10 GHz - The basic test configuration as shown in
Figure RE02-3.

Test Procedures. - The test procedures shall be as follows:

a.

Test signals shall be selected in accordance with Paragraph 4
of this standard.

Flelds shall be generated, as required, with the antennas spec-~
ffifed in Table 1. Care shall be taken sc that the test equipment
i8 not affected by the test signals.

The specified field strength shall be established prior to the
actual testing by placing a field measuring antenna at the same
distance and in the same relative location as where the test
item will be placed and adjusting the signal level applied to
the transmitting antenna until the required field intensity is
indicated. The voltage or power at the input terminals of the

C-41
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transmitting antenna, required to establish the specified field
shall be monitored and recorded. When performing this calibration
in a shielded enclosure, the measurement antenna shall be placed
in the exact location that the test item will occupy. (This
calibration may be used for all subsequent testing provided that
the data was taken in a reflective-free area or the exact same
shielded enclosure test item location is used.)

Determine those frequencies at which the test item is suscep-
tible. At these frequencies, determine the threshold of sus-
ceptibility. Record all pertinent data.
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METHOD RS04

RADIATED SUSCEPTIBILITY, 14 kHz TO 30 MHz, ELECTRIC FIELD

X, Purpose. - The purpose of this test is to ensure that the test item
does not exhibit any degradation of performance, malfunction, or undesir-
able effects when immersed in an electric field in the frequency range of
14 kHz to 30 MHz.

2. Applicability. - This test method is applicable to all Class I equipments.

3. Apparatus. -
3.1 Longwire Method. - The test apparatus shall consist of the following:

a. 2 vacuum tube voltmeters (VTVM).

b. RF signal generator capable of 1 volt output into a 100 ohm load.

c. A dc resistance bridge.

d. Assortment of resistors from 100 to 1000 ohms ('non-inductive')
of adequate power dissipating capability.

e. Wire - #12 copper.

3.2 Parallel Plate Line Method. - The test apparatus shall consist of

the following:

a. Parallel plate line (see Figures RS04-1 and RS04-2).

b. Signal source capable of delivering the required signals.
c. EMI meter or VTVM.

d. Matching networks.

e. 30 MHz low pass filter (cptional).

4. Test Procedure. - Two separate test procedures are given in the fol-

lowing paragraphs. The Longwire procedure of Paragraph 4.1 applies to the
testing of equipments which are not size compatible with the dimensions of
the parallel plate line in the procedure of Paragraph 4.2. If the test item
is size compatible, either procedure will provide satisfactory results and
may be used for this test method. The Longwire procedure is preferred only
because it requires less extensive construction and will accept larger test

items.

C-43




*$3831 A3171qTradedsng p23ierpey 103 auyg draag T2TTRaRg

*1-%0S¥ 2an813

C-44




* (m3TA 2PTS pue dol) sisal LI7[1qridaosng pajejpey 103 auyy dyiis [2[TEIey "Z-90Sy¥ 2and1z

aN3 aQvo'1 MIIA 30IS N3 LNdNY

31VIid ¥3dd0D ,,2€/T WO¥d IAVW F¥V SIILVId aN3I
ONINOVE GOOMATd HLIM WANIWATV ,,9T/1

YOLDIANNOD N FdAL

‘ «..ow‘.J: ﬂu ; }.O.ﬂ' N _‘v:MNr" b . 7
* “ .l..ﬁﬂ ! ’ ».o_
..ﬂl .V. ._b .«N { 133HS WONTWATV ,8/T ¥ ’ i

IH:N

23 ..v_n.Wlf. // 2 v_.oﬁ _A.l..eN lv_

‘SNI 8T X 4 X g/¢-7 ASVE NINIT JILSVId ONILL3IS OWJIHL 1V13C QIUVING 33S

—T« -.Nﬂ.ﬂ l’
F 11Ivi3a
W ; @E9EVING
x —
1N, 2 aoom .% ul 5
b
uuﬂ
dT¥1S ONIGNNO¥O ¥Idd0D \ t
WTT

M3IA 401 ﬁ

C-45




4.1 Longwire Procedure. -

4.1.1 Test Configuration. - The test configuration is as indicated in

Figure RS04-3. The horizontal line is located between the two side walls
of the shielded enclosure, directly over the ground plane center and at a
distance from the ceiling equal to between 1/4 and 1/3 the height of the
enclosure. The line is drawn taut on insulators. A "non-inductive"
resistance equal to the characteristic impedance of the line 18 located
at the far end from the signal generator. A concentric feeder line (cop-
per 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 gen-
erator output is connected to the concentric line output. The signal
generator ground and the concentric line tubing (lower end) are connected
to -the shield.

4.1.2 Line Terminations. -

4.1.2.1 Concentric Line. - Disconnect the long line from the top of the
concentric feeder line. Connect the vacuum tube voltmeters as shown in
Figure RS04-4 but omit the temporary termination R] until a desirable test
frequency has been found. Adjust the generator frequency so that it res-
onates the line as a 1/4 wave system. This point will be indicated by a
dip in the output calibrating meter on the signal generator or by a maxi-
mum voltage at the top of the tube with a constant generator input. This
voltage may be read with the VIVM connected as shown in Figure RS04-4.

The frequency at which the concentric tube 1s electrically 1/4 wavelength
is the one at which the maximum voltage appears at the top of the tube
and, therefore, will give the most sensitive indication of correct termi-
nation. A frequency near this resonant frequency may be used if the line
absorbs too much energy from the generator. Connect Rl temporarily at the
top end of the concentric line between center wire and pipe. The final
value of this resistor is to be determined by "cut and try methods"; its
approximate value may be obtained from the formula for finding character-

istic impedance of a concentric line:
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Figure RS04-4. Configuration for Determining Concentric
Line Terminations.

o O o

o
-

SIG. GEN.

Figure RS04-5. Voltage Measurements for Determining Con-
centric Line Terminations.
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d2
Zo = Rl = 138 log10 EI

where
d2 = inside diameter of tube and

d1 = outside diameter of center conductor.

For a specific case of a 1 inch tube and a #14 wire, the value is approxi-
mately 150 ohms. Across the resistor Rl, connect a VTVM. At the input

end of the tube near the generator, connect the other VIVM (see Figure RS03-4).
With the generator set at zero output, adjust the voltmeters for zero reading.
With an input to concentric tube of one or two volts, the meters will read

the same if the selected Rl is the correct termination for the system. If

the voltage at the top end of the tube is higher than the voltage at the

lower erd, the termination is too high a value (and visa versa). By suc-
cessive triale, 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 lower frequencies should then be tried and should

result in identical readings on the two meters if everything is in order.

This termination can now be disconnected and measured on a dc resistance

bridge, the value being recorded as Rl.

4.1.2.2 Termination of Horizontal Line. - With the termination of the con-

centric line removed, connect the end of the horizontal 1line to the center
wire of the tube (see Figure RS04-5). With the voltmeters in positions A
and C and temporary termination R2 (approximated with following equations)
removed, the frequency at which the system is 1/4 wavelength is found as in
section 4.1.2.1. This frequency is to be used in the following accurate

detcrmination of Rz.

The following equations can be employed to determine an approximate value

for Rz:

Case 1 - Wire is much closer to ceiling than to floor:

20 = 138 10310 %?
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where D = distance from wire to ceiling and

d = diameter of wire (80.81x10“3 inches for #12 wire).

Case 2 - Distance of wire to ceiling is greater than 1/3
enclosure height

Zo [138 log 2] +5

where h = height of shielded enclosure and

d = diameter of wire.

For! finding the exact value of Rz, the voltmeters are connected in positions
B axd C (see Figure RS04-5); proceed as in paragraph 4.1.2.1 to find the cor-
rect termination. Once the voltmeters read the same or within 0.1 volt of
one another for several frequencies, the termination may be removed, measured
on a bridge and replaced permanently as part of the system. Record termina-
tion value as R2 = ZL' the characteristic impedance of the line, to be used
later in calculation of .inal concentric line feeder termination and atten-

uat ion constant.

4.1.2.3 Matching the Horizontal Line to the Concentric Tube Feeder. -~ The

termination found in Paragraph 4.1.2.2 is the correct value for the single

"gsee'" looking

wire horizontal line alone and will be the impedance one would
in the end opposite to that termination. However, this resistance is not
the correct value for proper termination of the top of the concentric line.
Since the termination of the concentric line at this point 1s of concern,
a resister may be put in as a termination, which, in parallel with the im-
pedance presented by the horizontal line, will give the value of resistance
determined in Paragraph 4.1.2.1 as the correct termination of the concentric
line. The formula for finding this resistance is the usual one for finding
values of parallel resistance combinations.

Rl X Rz

R, = ==
IR AR,
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where R1 = termination for concentric line from Paragraph 4.1.2.1,
R2 = termination for horizontal line from Paragraph 4.1.2.2, and

R, = termination which must be put across the top end of concentric
line as indicated in Figure RS04-6.

After both terminations have been placed in the system (see Figure RS04-0),
a final check should be made to see if the voltages at the bottom end of
concentric line and far end of the horizontal line remain substantially

the same over a frequency range from 14 kHz to 30 MHz.

4.1.3 Determination of an attenuation constant (K) relating the voltage
at polint A of Figure RS04-7 to field strength in microvolts per meter

(uV/m) around transmission line at a kaown distance.

E
3% 4 1 1
E uV/m = 2.36 x 10 r il iy e e I
L 1 2
s SUBE R ST Lt SULE O,
Ky 3 at2d -d 2, +ad
or %-Euvlm
d

where EpV/m = field sctrength at known distance (microvolts per meter),

EL = 4V into line at point A (Figure RS04-7) from a signal
generator,

Zl = characteristic impedance of line,

d, d], d2 (inches) are distances as indicated in Figure RS04-7, and

Kd = attenuation constant (factor).

Kd is a constant and, for a standard test distance d, in a given enclosure
can always be used to determine field strength in microvolts per meter in

terms of the generator input in microvolts.

For cxample: If this constant ratio is found to be 5, then to obtain a

ficld strength at the test item of 1 volt/meter, the signal generator input

will be set at 5 volts. Calculations should be checked by actual measurement

of the fleld.
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Figure RSO4-6. Configuration for Matching Horizontal Line to
Concentric Line.
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Figure RS04-7. Attenuation Constant for Matching Horlzontal lLine
and Concentric Line.
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4.2 Parallel Plate Line Procedure. -

4.2.1 Configure the equipment as shown in Figure RS04-8 with special
emphasis on placing the test item as much to the center of the line as
possible. Interconnecting and power leads shall be kept 4 to 6 centi-
‘meters above the ground plane and laid out parallel to the line for a
length not less than 1 meter. Select test signals in accordance with
applicable requirements of MIL-STD-461, FAA Notice 1R or as specified
in the Test Plan.

4.2.2 By means of the calibration chart of electric field intensity as
a function of the FEMI meter reading (see Figure RS04-9), corrected by the
matching pad insertion loss, adjust the output of the signal generator so

that the fields between the plates correspond to the applicable limits.

4.2.3 'The test item shall be tested to two orientations in {ts upright
position, one where its front face is directed out toward the side of
the line and another where its face is directed along the length of the
line. Sides which have openings for power leads, shafts, ventilation,
etc. shall be faced upward toward the top line plate. In no case shall

the test item be closer than 10 centimeters to the upper plate.

4.2.4 The chassis of the test item shall be grounded through the power
cord only. An insulating material shall be placed between the test item
and the lower plate of the line.

4.2.5 Determine the frequencies and the minimum field strength at which
the test item is susceptible. Record all pertinent data.
4.3 Notes. -

4.3.1 FEspecially important to obtaining a uniform field is the loading of
the line with a non-inductive resistor. This applies equally to the match-
ing network used with the EMI meter. All resistors should be chosen with

+ 1 percent tolerance.

4.3.2 Care should be taken to assure that the resistive load used will
be able to handle the power which is to be applied.
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’ § 4.3.3 The EMI meter should be placed outside the shielded enclosure.
|
Cables leading to the EMI meter should be kept as short as possible.

4.3.4 A VIVM may be used in place of the EMI meter and matching network
if desired.
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