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THE INSTITUTE OF RADIO ENGINEERS, INC. 61 IRE 27.5 C
1 East 79th Street, New York 21, N. Y. April 10, 1961
TO: Members of IRE Subcommittee 27.5

FROMs C, W, Frick, Chairman

SUBJECT: Measurement of effectiveness of shielding enclosures

. Last November a writeup on proposed measurement methods was
- circulated to the Subcommittee members. It was based on the best information
we were able to obtain after investigating all the sources we knew of.

The consensus of the comments received was generally favorable
to the use of this writeup as a basis for a proposed IRE gtandard, However,
some objection was raised to certain methods proposed therén and alternative
methods have been suggested which are claimed to give better results. The
Subcommittee does not have emough information at present to be able to suggest
those alternatives for trial use.

. We wish to give adequate consideration to any methods that
have proved useful., One of our members, Mr. R. B. Schulz, has covered the
methods we have been considering in a paper of which he is co~-author, copy
of which is attached, This is paper No. 4.3 1961 IRE Convention Record.
Appendix A Measurement Methods covers the material in our November 1960
writeup. It would be highly desirable if Subcommittee members -and others
wishing to propose methods different from these would prepare similar
papers. Such papers should include sufficient details so that different
observers could try out the methods and compare results.

If prospective authors of such papers will notify the Subcommittee
of their intentions effort will be made to allow reasonable time hefore we
recommend a proposed IRE standard. Meamwhile, to obtain broader circulation
as planned, copies of this letter with the attached paper are being sent to
the members of Committee 27 and of Committee 10.

C. W, Frick, Chairman
Subcommittee 27.5

Enclosure



SHIELDING ENCLOSURE PERFORMANCE UTILIZING NEW TECHNIQUES

Amour Research Foundation
of Illinois Institute of Technology
Ghicago, Illinoie

Summagz

Techniques for maaaur:mg shielding anclosures
have been reviased to serve as a basis for both an
TRE stendard and & government specificdtion, intend-
ad to he compatible. The selected methods provide:
for measurement at any frequency from 100 cps to
10 o with use of three spot frequencies being
recommgnded as standard procedure. At 1% ke, the- -

» gource-field is set-up by a tilted, single turn
loop avound the enclosure; at the lowest natural
-yesonand frequency .(normally between 10 and.100 mc),
the snurce field 1s set-up by a dipole antemna; at
¥ band, Lhe srurce may be a horn, parabola’ or other
yediatorei In each case, an appropriate ‘pickup
device 1p used to measure the field at the center of
the enclesure. Proeedures given have attained a

- mtate of refinement as the result of use in the
weggurenent of vardous styles of enclosurés. .
Beasuremapts oo ohtained are presented for commer-

. glal lnclo'uree mnufactured by three m;}or
'rodm.'tri :

N ” ' : Ine:-'oauotion

) - In an attempt tn obtain more meaninrgful data
from measusanests of shielding performance and to
heep e wasuryment effort for such data toa
mimimm, new ‘teq iuna had ‘been developed and
reported earliar.”  Since it is anticipated that
the new tecbniquea will be incerporated as the
techhical blaés for beth a revision of a government
_ spegification” and for a forthcoming IRE atandard,

- 1t vas essential that the. techniques be proven by
actual measyrement of various enclosures. This

- paper reports in appendiceg the measurement proce-
‘durea as revised in the course of actual application
to various enclasures. These are '5t111 subject to
revigion before adoption in either an IRE standard
or a government opecification. The main hody of the
paper presents comments 'on the procedure and
measurement’ data cbtained in accordance with it.

Experimantal neaults
Iptrodue tory Rema rks

In order to obtain basic technical information
teo substantiate the prdacticality of measurement .
techniques originally proposed and to determine
where modification of such techniques would be desir-
#ble, new shielding enclosures werq measured in the

"’. . manufacturing plants of three ma jor producers, and

. 4t meveral customer installations. In addition,
meaaurements were made on several enclosures that
ha'ta been in operation for extended periods of time,

Manufacmrere are designated simply by the
letters A, B, and C. " Such marking of identification

D. P. Kanellakos

. Radioscienca Laboratory
Stanford University
“Stanford, California

is deemed desirable aince the enclosures measured
are not necessarily repregantative of typical enclo-
sure performance of a given manufacturer, due to
variations in filter performance, utility entrances,
and other special considerations for specific
limited applications.

The measurement methods, and the corresponding
results obtained are presented under headings of

“the applicable frequency venge, and a means for

presenting data from shielding measurements is
suggested. Emphasis is not so much on the results

themselves, but on the means for obtaining them.

Measurements at Low Freguegcies (Below 200 Kc)

1. Comments on Proceduyre. The tranamitting
loop ig a single turn which surrounds the room and
is t1lted so that its plape includes a diagonal
of the enclosure and is otherwise tilted as in
Figure A-1l. Tt is easily cors tructed by utilizing
the two shortest possible Wire lengths arcund the
enclosure (spaced at least 1 inch from the shield
to limit loop-to-enclosure capacitance) between
each extremss of an enclosure diagonal. Since such
a loop causes shielding currents to flow across all
geams of an enclosure, only ons measurement is
necessary to obtain an indication of the complete
shielding effectiveness at a given low frequency
(below 200 kc).

One newly installed enclosure measured was
integral with the building structure along two
side walls. In this case, the loop wire surround-
ing the enclosure was run through door openings
and a window opening in adjacent rooms in such a
mamér that the enclosure was at the approximate
center of the source loop, which then was much
larger-in size than the ‘shialding enclosure itself.
It might be suspected that results obtained could
be affected by closed conducting paths within the
loop caused by conduit and pipes. However, the
relatively high impsdance of such circuits compared
to that of the-shielding enclosure can have little
effect on the measurement. Consequently, it is
practical to use the basic measurement technique

_even for enclosures in confined areas,

. 2+ low-Frequency Data. Low-frequency plots
for five double copper-screening types of enclo-
sures are given in Figure ] and for three double
galvannéaled-steel enclosures in Figure 2.
Peculiar peaks and dips in the curves are believed
to be due to filter performance in the vicinity of
the lower cut-off frequency.
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In Figure 1, the lovar curve is included only
for compariscn purpcsas since it represents the
parformance of a very old entlesure. For new enclo-
sures,’ the epread 'in measurement is only 6 db at
LS eps, incressing to 22 db at 15 ke.

. 1In Pigure 2, the spread in data is enly 2 db
" at hY cps and as much as 36 db at L ke, the 15 ke
spread being 27 db.

A Comparison of the two sets of curves 8hows
ramarkable similarity below 100 cps, and increasing
aupariority with frequency above 100 cps for the
double galvannealed-steel enclosures.

The data obta:ﬁzed by.the new measurement
teclinique can bhe expected to indicate somewhat
higher values of shielding effectiveness than thosa
commonly obtained by a small-loop-to-small-loop
technique. The new technique essentially averages
out gl received signals, whereas the other tech-
nique requires the use of two small loops to scan
. a1l available geams and suspected weak spots, from
among which the poorest reading is taken as the.
valué of .shielding effectiveness.

Measurements -at Hiph Frequencies (200 Kc to 20 Mc)

Sincé measurements in the high~frequency range
are not considered basic to an estimate of enclosure
- performance and since they do not differ from pre-
viously used techniques, no measurements were
conducted in this frequency range.

‘Measurements in the VHF-UHF Range (20 Mc to 1 Gc)

‘ 1. Comments on Procedure. As the tests
progressed, variations in techniques were tried in
order to further simplify the procedure. As a
result, a method was found to determine the lowest
netural resonant frequency by a simple experimental
technique, described in detail in Avpendix A.
Bagically, the method permits excitation of the
anclosure cavity at a fairly high level by flrst
operating with an enclosure door open slightly. A
scanning operation with the signal source and a
field-strength meter soon establishes the true
rescnant frequency of the enclosure. With source
and field-strength meter both tuned to this fre-
quency and the enclosure door closed. the signal
picked up inside the enclosure is measured as E2.

For this measurement, it was determined that
it is practical to have all the receiving equipment
inside the enclosure.  Since a-characteristic of
this resonance is high electric field strength at
the center of the enclosure and low strength at the,
walls, 2 person moving slightly in a corner of the
anclosure will cause little disturbance of the field
pattern. Hence, the pickup antenna may be placed
at the tenter of the enclosure and be connected by
cable to a field-intensity meter near a corner and
facing the corner so that a person stationed in the
corner of the room may operate the equipment, as
ghown in Figure A-5.

2. Data for Lowest Natural Resonant Frequency.
Measurements made by the above technique are given

in Table I. Several facts are noteworthy of mentim.
First, fairly good agreement exists between cal-
culated resonant frequencies and expsrimental
determinations. The frue resonant frequency is

easy to determine. Secondly, a wide variation in
shielding effectiveness was observed. It appears

-that this resonance measurement is a very sensitive

indicator of VHF-UHF performance.

Microwave Measurements (Above 1 Gc)

1. Comments on Procedure. The measurement
setuo inside the enclosure was again basically
similar to that of Figure A-5, but with microwave
equipment employed. Severe RF leakage into the
microwave tuning head of the field-strength meter
was experienced from the cable connecting this head
and its pewer supply. Careful positioning of the
cable between equipment cases was utilized to
minimize leakage pickup, although it was never
completely eliminated. Better shielding and
filtering of this cable may be required to obtain
more accurate measurements, although the equipment
was usable with care.

For a signal scurce, a radar transmitter for
airborne application was used, with the antenna
operating in a search mode as an optional technique.
In this manner, an entire wall of a shielding
enclosure was illuminated and with the variation
in path length due to mechanical scanning by the
particular radar used, it was not necessary to
vary the distance of the radar from the enclosure
for maximum pickup. Because of the sector-scanning
antenna, the measuring capability (77 db in this
case) was less then with a carefully pesitioned
staticnary antenna. However, it proved both
adequate and cenvenient for all measvrements under-
taken.

Use of a sweeping radar causes the field
strength indicating meter to fluctuvate widely.
maximm value of the meter swing was taken as a
reading. It should be noted that, if the two
required readings within and without the enclosure
were to fall on different portions of the meter
scale, error would be introduced due to the effects
of indicating meter inertia which is proportional
to deflection, whereas the meter calibration is
logarithmic. By using an external variable
attenuator, both readings may be kept at the same
value and the shielding effectiveness is then

The

obtained directly from the difference_in_attenuator . ..

readings.

2. Microwave Data. Measurements performed in
the abové mammer are recorded in Table II.

The low values of measurements obtained in
the microwave tests are attributed to the use of
enclosure power-line filters not intended for oper-
ation at the measurement frequency. In the one
instance of highest performance, the filter used
had been desigued to cover the measurement range



Resonant-Frequency Measurements of Shialding Effectiveness

Table 1

_ - " Resonant - Interior Dimensions
Enclosure Manufacturer m?::gzﬁgss Frequency (me.) (inches)
(Remarks) (db) Calculated | Measared L| w | H-
W
Single sheet C
Sngle (024 1nstollation) 112 18.9 77.8 120 | 87| 96
Double copper A o ' 4
| screening | (Antique enclosure 68 83.L4 80.9 120 98 90
: in poor condition) o S
¢ 109 69.9° 68.6 159 |19 | 10
Double galv- A A
annealed steel| (Contained multi- 76 60,6 ~ 60.6 136 | 118 13k -
bility of utility 1 :
_entrances)




Table II

Microwave (9.37 Ge) Measurements of Shielding Effectiveness

Enclosure

| Single sheet
eopper.

Manufacturer

Shielding
(dv)

Effectiveness .| for Filter Application

Rated Upper Frequency

(me)

400
Input ‘leads not in
conduit, old installation.

| Double copper
soreening

30

: koo
Input leads not in
conduit, old installation;

1

Although 1000, filter
was designed for higher
cutoff. Input leads not
in conduit.

nealed stsel

Double galvan-;

L6

1000




but was rated for a lower upper-frequency limit
since it had not yet been thoroughly checked above
1 G¢ by ths manufacturer.

Presentation of Results

. For measurements at the three proposed stand-
ard” frequencies, results may bast be presented in
tabular form. In such a mapner, a summary of the
results of performance measurements for enclosures
measured are given in Table III.

-Conclusions

The proposed measurement procedures affect
the entire industry concerned with the manufacture
of shielding enclosures. ConSoquently, consider-
able care was taken in development of the procedure
to agsure that the techniques arg kept as- simple as
possible consistent with obtaining meaningful re-
sults. It is believed that the proposed measnre~
ment technique accomplishes this desirable objec-
tive.

- ‘Practicality of ths technique extends to the
measurement of enclosures in confined locatlons.
Even under severe space restrictions, it offers
the first practical technique for the measurement
of shielding effectiveness capable of testing at )
low frequencies all seams of an enclosure, including
those at floor and ceiling.

Measurement at the lowest natural reswvnant
frequency measures the enclosure at a point in the
spectrum of inherent weakness. In this region,
therefore, it describes the minimum performance
that can be expected. A very practicel advantage
in making such a measurement is that it requires a
minimum of signal power to effect the measurement.

Measurements at the proposed stardard fre-
quencies result in a8 minimum of data capable of
providing a good description of enclosure perform-
ance.

Since the object of the research program was
a valid measurement technique, tests were applied
to enclosures of various capabilities whether or
not they were representative of the types tested.
Consequently, it is recommended that the experi-
mental results of this report not be considered
representative of maximum performance capabilities.
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APPENDIX A. MEASUREMENT PRGCEDURES

Object and Scope

The object of the work described is to pro-
vide uniform methods for determining the relative
effectivenass of shielding enclosures, A shield is
defined in the IRE Standards on Industrial Electron-
ics as "material used to suppress the effect of an
electric or magnetic field within or beyond defined

" regions".* A shielding enclosure is a structire

composed of such material. Its function may be
(a) to provide an interference-free location for
the operation of sensitive radio or electronic
equipment, where unwanted electromagnetit fields
would otherwise be present, or (b) to confine
unvanted radiation to a limited space, and thereby
reduce the possibility of interference with other
equipment. .

Test procedures described herein are conducted
under conditions simulating those of (a), but some
degree of reciprocity exists and, thera2fore, the
tests may be applied to strucbures intended for the
conditions of (b) as well as those intended for the
conditiaons of (a)., The test procedure is based
upon measurement of shielding effectiveness for an
enclosure in the usuval shape of a rectangular
rarallelepipa¢. FKor other shapes, the large-loop
procedures may be modified using Appendix B as a
guide to such modifications. )

Provision is made for determining effective-
ness at any desired frequency over the range from
below 0.1 ke to above 10 Ge. When it is desired
only to estimate the general effectiveness over the
entire frequency range, tests are required at only
three standard frequenciess (a) 15 kilocycles,

(b) the lowest natural resonant frequency of the
enclosure (between 10 and 100 mc for the usual
structure), and (c¢) in X band (approximately 9.3 Gc).
Measurement results at these three standard fre-
quencies may be nsed as a standard basis for com-
parison of performance of shielding enclosures for

a2 given lowest natural resonant frequency or given
size of enclosure.

In the low frequency portion of the spactrum
below 200 ke, two different test methods are ’
given, -but the test utilizing a large loop en-
circling the enclosure is preferred where the
enclosure location permits its use. The alternate

1955. p. 1072,



Table II1

Proposed Standard Presentation of Performanee Data

Shielding Effectiveness (db)
Type of : : Lowast Natural
Enclosure Manufacturer 15 ke Resonant Frequency 9.37 Ge
' Single sheet c
copper (01d installation) > 112 at 77.5 me 32
Double copper (Anti ueA on-
.screening clos?xre in 60 68 at 80.9 mec 30
poor condition)

A 75

B (n

C 81

c 96 > 109 at 68.6 me 11

: | Double A 100 76 at 60.6 me k6

galvannealed :
steel

B 88

o 114

The table above gives some idea of the range of values obtainable from
measurements of shielding effectiveness. More important, the number of measure-
ments made at each proposed standard frequency is adequate to establish confidence
in the revised measurement technique. :



method must be viswed as only a partial test of
shielding effectiveness., A new enclosure installed
in an inaccsssible area should have the transmit-
ting loop installed with the enclosure. For an
oxisting snclosure that is not readily accessible,
the alternata large-loop test requiring accessibil-
ity of only one face of -the enclosure is used.

In the high-frequency region from 200 k¢ to
20 me and below the lowest natural resonant fre-
qusncy, a msthod utilizing only small loops for
. both source and rsceiver may be used. Since this
old method produces less accurate and less consist-
ent results than the large-loop technigues not
applicable in this region, no standard test fre-
quency is suggested in this frequency range.

i - -For- the VHF-UHF-range -from 20.mc .to 1.Go,

dipola-to-dipole tests are used, where the trans-
mitting dipole may be resonant but the veceiving
dipols must be much smaller than its resonant
length. '

In the microwave range of 1 Gc and higher,
measurements are conducted between source
receiver antennas in ary combination of highly
directive antennas such as horns or parabolic
reflectors. In lieu of a highly directive antemna
for signal pickup, an omnidirectional antenna of
short effactive length, not greater than 1/8 wave-
length, may be used,

Definition of Shielding Effectiveness

. For the purpose of this paper, the following
definition will apply:

Shielding Effectivensss of electromagnetic
shielding enclosures, expressed in decibels
is 20 times ths logarithmic ratio of electric
or magnetic fields, produced externally, and
determined at a point in space contained
within a shielding enclosure, in ths absence
and presence of the enclosure respectively.
The numerical value of the shielding effec-
tiveness S is expreassed by the equations:

)
SH = 20 loglo i, (A-1)
Ey
Sg = 20 logy, E (A-2)
whers
H1 = Magnetic field in absence of
enclosure

H2 = Magnetic field within snclosure

Bl = Electric field in absence of
enclosure

E2 = Electric field within enclosure,
and :

S,, 1s the effectiveness with respect to

hﬂe magnetic field, utilized in the fre-

quency range from below Q,1 ke to 20 mo;
and is the effectivenoss with regpact
to th8 electric field, utilized in the
frequency range 20 mc to 10 Gc and higher.

Note 13 The effective impedances involved
are dissimilar in the absence and

. presence of the enclosure and, thus,
shielding effectivensss is not a

true power ratio, but depends on the

particular test procedure. employed.

‘Note 2: In many applications of shielding
enclosures, the interrering generator
is inside the enclosure and the point
of interest is outsidé ths enolesure,
The true "effectiveness" under this

' ...... . condition is not expectsd to differ . . _ .

from the effectiveness ag defined by
more than .6 db, provided the specified
source and receiver antennas are in-
terchanged. For either large-loop
test, there is no difference.

Method of Measurement

.The measurement method described in. this paper
is based on the placement of a source of an E-M

". field (transmitter) outside the shielding enclosure

to0 be tested and a detector inside the enclosure,
together with provision for the removal, or simula-
tion of the removal, of the enclosure. Test pro-
cedures according to the general method differ
somewhat depending on the frequency at which the
test is made. For any given test, only one of the
two ratios S, or S will apply. Below 20 mc, the
shielding ef?ect or the magnetic field is usually
of particular interest sud therefore S, is deter-
mined. At higher frequencies, the shilllding effect
for the electric field is usually of "interest and,
therefore, Sl:. is determined.

All RF cables, power lines, and other utilities
entering the shielding enclosure are to be in place
when tests are conducted. When the small-loop lest
is used, special careshould he taken to make measure-
ments in the vicinity of utility entrances, doors,
access pansls, and panel-to-panel seams.

Low-Frequency Test (Below 200 Ke)

The low-frequency or large-loop test immsrses
the shielding enclosure in a magnetic field oriented -
to induce appreciable components of current flow in
the shield through its least effective portions, .
seems ard joints. Shielded enclosures are normally
constructed with lineal panel seams in each of
three mutually. perpendicular directions. In the
large-loop test, all seams are subjected to shield-
ing currents by encircling the enclosure with a
transmitting loop tilted so that its plane includes
a diagonal of the room and is otherwise tilted as
in Figure A-1. The magnitude of the magnetic field
generated at the center of this locop is determined
indirectly from a measurement of the loop current
and the enclosure dimensions, whereas the resulting
field at the center of the enclosure is measured
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directly. A suppiementary bensfit of the test set-
up is the ease with which shielding defacts can be
located by an exploring loop. -

a. Frequency Range. -The large-loop tast
procedure may be efiployed. anywhere in the frequency
range from below 0.1 kc to 200 ke. A singlo-fre-
quency measurement at 15 ke is adequate as a
measure of low-frequency performance and is sug-
gested as a standard low-frequeucy measurement
frequency. :

b. Test Equipment and Set-Up. AlL signal
sources, pickup devices, and measuring equipment,
as well as their arrangement with respect to the
shielding enclosure, are considered to be in ac-
cordance with the following paragraphs and Figure
A"l-

(1) Source of Magnetic Field. The test
shall be generated by current flow
in 2 large planar loop encircling ths enclosure at
a spacing of at least 1 inch from the outer shield-
_ing material, Such a loop around a rectangular
parallelopiped (the usual case) forms a parallel-
ogram with acute angles at aithsr extremity of an
enclosure diagonal and obtuse angles at remaining
wall corners. The obtuss angle vertices are
pogitioned away from floor and ceiling by distances
C and D, respectively, proportional to horizontal
distances from the respective acute vertices.
Specifically,

W

C = Giw h, (a-3)
L2

D = S5y b (A-k)

where £ , w and h are the enclosure dimansions of
length, width and height, respectively. The large
loop consists of a single turn of stranded, insulated
copper wire, preferably No. 13 AWG “hook-up" wire.
The loop wire can be fastoned by means of rubber
suction cups and/or masking tape to the exterior
surface of the enclosure or to nearby objects such

a3 building walls so that the wire is at loast 1

inch away from the outer wall of the enclosurs.

In order to avoid the obstruction of the door
by the large loop, a retractable cabls such as a
retractable test-prod lead or telephona cord may
be utilized as part of the loop at the jamb edge
"of the door, as in Figure A-1. For maximum conven-
ience, the large-loop orientation should initially
have ‘been selsctad so that this cable is placed on
the upper portion of the door.

A conventional RC oscillator is adequate to
_supply the loop current provided the impedance mis-
mateh is minimized at the lower frequencies by use
of 8 step-down or universal output transformer.
Current through the large loop may be measurad by
the voltage drop across a known carbon resistor or
by using a thermo-ammeter, preferably with a parallel
momentary-open switch to protect it against overload.

.electric field E

For the conventional rectangular parallel-
epiped enclosurs,” the magnetic field H, produced
by this source can be calculated from tfie expression

3
1+(3)
14 Z’};)

2 y (a-5)

where H

1 is expressed in ampere-turns per mater
when

I = Coil current in amperes

h, 2, w = Enclosure exterior height, length
and width, respectively, expressed
in metars.

The given expression is an approximation valid for
jta interded use provided w & £ and 2h S L+ v,
conditions which are normally satisfied.

(2) Detector. The detsctor may be either a
figld-strength meter equipped with a pick-up loop
for the measurement of magnetic fields, or a com-
bination of pickup loop and high~impedance RF
volimeter.

For a field-strength meter with loop pick-up,
readings are normally given in terms of an equivalant
ag O0 the basis of plane-wave propa-
gation. The cortgsponding magnetic field I-l2 is
then obtalned from the expression.

. 022

T20m  ? (4-6)

where is expressed in ampsre-turas per meter
when Eeq2 is expressed in volts per meter.

If a pick-up loop and high-impedance-voltmeter
combination forms the detector, the pickup loop may
consist of 11 turns of closely spaced insulated
wire on a 30-inch-diameter form. It is essential
that curront flow in the pickup loop due bo its
load be negligible. Hence. it would be connected
to a voltmeter (or amplifier-voltmeter combination)
of high input impedance only.

For the high-impedance voltmeter detector, the
field in ampere turns per meter at the center
of tha &nclosure is given by the expression

V2
H2 = s (A"?)
2n § Nl A By
where
V2 = induced voltage in volts with pickup

loop inside enclosure

frequency in cps

1 = number of turns of pickup loop (=11)
area of pickup loop in square meters

(=~ 0.455 square meters)

E el
an

q

sFor othar shapas of enclosures, refzr o Apperdirz B,



®_ = parmeability of free space
° {: hw x 10~( henry/meter).

mn,
v
2

= 25x108 2 | a-8)

. ¢. Basic Measurament Procedure. Both signal
source a etector are arranged as shown in Figure
* 4=1. All the measuring equipment is connected and
“warmed up for a length of time sufficient to bacome

stabilized. The detector lcop is positioned at the
. goometric center of ths enclosure and the plane of °
-this loop 1ies in the plane of the transmitting
-loop. Both the signal source oscillator and detect-
or tuning (if tunable) are adjusted to the measure-
ment frequency.

The oscillator output is ad justed until
adequate for ths measurement and the current in the
transmitting loop should be indicated by a meter.
(Currents of the order of 20 to 200 ma have been
found satisfactory.) The magnstic field due to the
source is then calculated from equation (A-5).

. With all shielding-enclosure entraices
gsecuroly clogsed, the detacting equipment should be
resonated (1if .tunable) with tha source and the
moter reading noted. The received fisld should
then be calculated with the aid of either e:pression
(A-6) for a field-strength meter or expression
(A-8) for a high-impedance voltmeter.

The value of ']fow-frequency shielding effectlir,e-
mas)is finally determined by the use of equation
(A-l .

d. Supplementary Procedure. The supplementary
procedure is used when it is desired to locate
shislding defects, such as poor door ani seam con-
tacts and leakage around power-line filters and air-
inlets. When this procedure is followed, it should
be used prior to actual measurement of shielding
8o that shielding defects may be remedied before
measurement.,

The entirs eguipment setup is identical with
ths low~-frequency measurement getup except that
smaller receiving loops are used to probe the
interior shielding surfaces. For preliminary
probing, it is puggested that a pickup loop approx-
imately S inches in diameter be used and, for more
precise localization, a loop )/2-inch in diameter.

Signal maxima are obtained at locatlons
closest to the external loop wire; such maxima are
not indications of room defects. However, explora-
tion in directions. parallel to the plane of the
transmitting loop should yield approximately steady
levels of received signals for uniform shielding;
peaks appear in the vicinity of shielding defects.

Alternate Low-Frequency Test (Below 200 Kc)

This alternate low-frequency test is used
over the same fraquency range only when the main

large-loop test cannot be performed on an existing
shielding enclosure due to inaccessibility of one
or more enclosurs walls,. New construction should
either permit access to exterior enclosure faces
or should have installed with the enclosure the
large-loop wires for performing the test. This
alternate test is a compromise which induces
shielding currents across many, but not all, seams
and joints. It is assumed that the entire front
face of a room, including the ‘door, is accessible.

A correspondingly limited incidental bsnefit
of tho test setup is the ease with which shielding
defects may be located by an exploring léop-in the
manner previously described. - .

a, Test Equipmont and Set-Up. Although the
detector is the same as for the main large-loop
test, the arrangements of signal sources, pick-up
devices and measuring equipment with respect to
the shielding enclosure are in accordance with the
following paragraph and Figure A-2.

(1) Source of Magnetic Field. The test
magnetic Tleld Is generated by current flow in a
large planar loop around the periphery of the front
face of the enclosure. Tschniques for fastening
the loop to the enclosure are the same as those
described previously. Provisions for exciting ths
loop and measuring the loop current are also the’
same,

The maghetic field H. produced by this source
is calculated from the expression

1. 1
L+
(igZJ W wewd’

whare the quantities are defined following
equation (#-5),

21
w

Hy o~ he

1 i ey (A-9)
Vi e i

(2) Rasic Alternate Measurement Procedura.
The dstector loop is positioned at the geomeiric .
conter of the enclosure and the plape of this loop
is parallel to the plane of the transmitting loop.
Otherwise, the procedure is the same as for the
main case but with the source fisld being calculated
by Equation (A-9).

High-frequency Test (200 Ke to 20 Mc)

The high-frequency or small-loop test is used

.over the frequency range from 200 ke to 20 mc.

This procedure does notf. immerse the entire shield-
ing eaclosure in a strong magnetic field, but only
localized areas; it can test only these areas.

The average velue of shielding effeciiveness so
obtained is taken as the measure of enclosure par-
formance. . To obtain this average value, decibel
values of shielding effectivensss must not be
averaged; instead, all H, readings are averaged and
this average value of 215 used in equation (A-1)
for shielding effectivefiess.
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&, Test ggn%m and Set-Up. All signal =
sources, pickap °3, measuring equipment,

as vell as the errangement of these units with
respect to the shialding enclosure, should be in

A‘s .

: (1) Source of Magnetic Field. The test
magnatic field 1s genera%sa ¥ current flow in a
12-inch diameter loop. Tho loop is constructed
from a singls turmn of No..6 AWG copper wire and
conventional signal genorator is used to. supply the
loop current. . .

With the small source loop, the field pro-
daced bty the source without an intervening shielding
layer need not be obtained by calculation but is
readily measured using a pickup loop spaced from
the transmitting loop by 2l inches plus the thick-
-ness of the shielding barrier, ths same total loop-
to-loop distance utilized when a ehlelding barrier
intervenes, If the detector is a field-strongth
meter, a resding is made of aquivalent elactric
€isld strength E which may be converted to
magnetic field stréngth !{1 by the equation

(A-10)

.
- s o

whore lll is oxpressed in ampere~turns per meter

when E ip expressed in volts per meter. If both
and are expressed as equivalent electric field

strength’; ogunation (A-10) need not be used.

If the detector is a high-impsdance voltmeter,
the magmtic field strength is given ty

6 1

H1-_1.7x10 T ° (A-11)

where V, is the induced voltage in volts with the
pickap ]:oop outside the enclosure.

(2) Detector. The detector is similar to
that previously described except for frequency
range and except that the pickup loop is identical
with the 12-inch transmitting loop. Eguation (4-8)
is then roplaced by the expression

v
1.7 x 166 ?3 )

qu

(A-12)

b. Measurement Procedure. The measurement
is mede in accordsnce wi re A-3, with both
tranmaitting and receiving loops each spaced 12
inches away from the shielding barrier and coplanar
. 4in a plans perpemdicular to a metal seam or other
“suspocted defect being measured. It would appear
desirable to scan the available areas of the en-
closure in order to disclose defects.  In lieu of

accordance with the following paragraphs and Figure .

" a test 13 made to in )
~ exists at the detector. Whep the detectqr pickup

scanning, four well-spaced spot messurements ab
seams or other potenilally weak placep are con-

" sidered sufficient if readinge are in good agree-

ment; otherwise more readings are taken until

- confidence is established that the readings are

truly repreasntative.

c. Pracautions. For ejther tvpe" of detector,
sure that no case‘leakage

is disconnected at tho case, the detector ghould

. show no indication above its inherent background -

YHF-UHF Test (20 Mc to 1 Gc)

The VHF-UHF test determines the performance

“of an enclosure for plane wavea over & frequency
_yange of 20 me to 1 Go, which:usually includes

that of resonance. Although tegts may be perform-
ed throughout the entire frequenay range, the
lowest natural resonant frequency is suggested as
the standard test frequency for the range. BEven
if the lowest natural resonant frequency falls
below 20 mc, the test procedure of resonance shall
still be that given below. It may at first appear
djfficult to locate this frequency because the
figure of merit or Q of the shielding enclosure
aoting as a resonant cavity is quite high. Howover,
the approximate value of lowest natural resonant
frequency can be readily calculated as a guide to
experimental location. Higher-frequency resonances
are normally less pronounced and, consequently,
need not be measured to determine the maximum
deterioration in shielding effectiveness due to
resonance, ’

© 8. uency Range. VHF-UHF measurements of
shielding effectiveness may be made at any frequency
within the range of 20 mc to 1 Oc and it is sug-
gostad that the lowest natural resonant frequency

£_ of the enclosure be considered a standard measure-
mSnt.frequency. For a rectangular parallelepiped
(ths usual shaps of a shielded enclosure),

s

where tr is in megacycles when the height h and
longth £ of the laryest side wall are in meters.
Alterpatively, this frequency may be obtained from
Figure A-h.

b. Test Equipment and Setup. ALl signal

sourcas, pickup devices, and measuring equipments,
as well as the arrangement of these with respect
to the shielding enclosure, are in accordance with
the following paragraphs and Figure A-S.

(A-13)

1) Source of VHF-UHF Electromagnetic Fleld.
Becauso of the high attenuation introduced by the
shielding enclosure at the mid-frequency region,

a high-power signal generator (capable of delivering
at least 10 walts into a matched load) must be used.
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The generator.shall feed a half-wave dipole antenna
through a 50-ohm doubly shielded cable at the fre-
quency of test; the transmitting antenna then pro-
duces in the vicinity of the enclosure free-field
waves whose impedance is that of a plans wave.

(2) Detector. For the lowest natural resonant
frequency, the elsctric field strength is maximum’
at the center of the enclosure and its polarization
is perpendicular to the plane of the larger side
wall. Hence, at the center of the enclosure shall
_ be placed another dipole antenma, but one whose

length c, is electrically short (c, € A/8). 1ts
.impedanceé will then not change appreciably either
(a). as the frequency sweeps past the resonance
frequency of the enclosure or (b) when the antenna
is taken outside the enclosure. : :

) The output of the receiving antenna is brought
through a coaxial cable to a field-strength meter -
located near a corner of the enclosure and facing
that corner.
ment should be located in this corner of the eaclos- -
ure to minimize any effect of body motion on the ’
results, since at the lowest natural resonant fre-
quency the electric field is minimum in the enclos-
ure cornsrs.. : :

c. Measurement Procedure. The transmitting
antenna is oriented horizontal and parallel to a
smaller wall of the enclosure as depicted in Figure
A-5; this orientation favors the lowest mode of °
excitation (TE, ). It should be separated from
the enclosure m]ihl a maximum indication is obtained
at the fisld-strength meter. This distance of the
coenter of the transmitting antenna from the enclosurs
wall corresponds to an intesral multiple n of
half-wavelengths { n A/2 ). However, to prevent
interaction of the antenna with the enclosure walls,
n should be kept greoater than 3. In order to find
the lowest natural resonant frequency experimentally,
a door of the enclosure is left ajar slightly to

% increased signal strength inside the enclosure
without disturbing its resonance. The generator
frequency is then varied in very small steps around
the calculated resonant frequency and the field-
strength meter is each time tuned for maximum -
signal. The strongest of all such received signals
occurs at resonance. Once this frequency is located
the door of the enclosure can then be securely
closed and the piclup signal measured.

The signal coupled by the antenn2s is also
measured outside the enclosure when spaced the same
distance and oriented the same way as when one was
inside and the other outside. The measure of
shielding effectiveness at the lowest natural
resonant frequency is taken as the total increase
in attenuation of the calibrated attenvators in’ the
output circuit of the signal gemerator and the in-
put to the fisld-strength meter to give the sams
reading indication of field-strength on the indicat-
ing meter that existed for reception through the
enclosure shield,

d. Precautions. The source antenna should be
placed at Teast 3 half-wavelengths away from the
enclosure wall in order to prevent interaction

The individual conducting the measure- '

between the antenna and wall.  For a similar reason,
the pickup antenna should not be greater than 1/8
wavelength,

Inside the enclosure, thé-, person conducting
measurements should ascertain that his body
position has no substantial effect upon the results.

Microwave Test

The eléctrical parameters € (dielectric
constant), K (permeability), and 0~ (conducti-
vity) of shielding materials change with frequency.
Since the reflection and attenuation losses, and
therefore the shielding effectiveness, depend on
these parameters as well as on inter-panel contact
resistances, a test of the performance of the
shielding enclosure at high frequencies is necessary.
The shielding effectiveness is very much affected
by both the spacing between shields (in the case
of ‘multiple-shield enclosures) and the spacing and
size of the perforations in screening materials
(if used)}. The gpace between shiglds can support
high starding waves whenever the spacing is equal
to n A/2, vhere A is the wavelength and n is
an integer; this situation can theoretically bring
.about a 3-db decrease in shielding effectiveness
below the value of a single shielding layer. The

" radiating antenna should be Xept sufficiently far

from the enclosure wall (1) to prevent the former's
radiation pattern from being changed appreciably
and (2) to keep to a minimum the amount of reflected
energy feeding back into the antenna and thus pro-
tect tha source (normally a magnetron). This dis-
tance should be at least five feet.

a. Frequency Ranse. The microwave type of
test applies to all frequencies including 1 Gc and
higher, although the standord test frequency suggested

is in X-band between 9.0 and 9.6 Gc, nominally
9.3 Ge.

b. Test iEguipment and Setup. All signal
sources, pickup devices, and measuring equipments,
as well as the arrangement of them with respect to
the shielding enclosure, ars in accordance with
the following paragraphs and Figure A-6 if horn
antennas ars used. For other anteanas, analogous
setups may be used.

(1) Source of Microwave £lectromaznetic Field.
The signal source is 2 microwave generator of
adequate output power feeding a horn, parabolic
reflector, or other directional microwave antenna.
A typical source may be a radar transmitter unit.

(2) Detector. The detector consists of a horn,
parabolic reflector, or «ther directional microwave

" antenna, or an omnidirectional antenna of short

effective length ( £ N/8), a variable attenuator;
and field-strength measuring equipment or a spectrum

_anelyzer on which the lowest readable signal level

is used as a reference~level imdicator. For measure-

- ment of the source field, a dummy load and direction-

al coupler is also required for a horn-antenna setup.
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¢. Basic Measurement Procedure. Refer to
Figure A0, measure of shielding effectiveness
for ths énclosure is taken as the increase in the
db setting of the attenuator used in the output of
the detector to obtain the same refersence level in
the detsctor when the enclosure is removed. Be-
cause the strong field generated may penetrate the
cases of the detector, the attenuators, or the
transmission line cables, these equipments are
placed away from the direct path of the transmit-
ting antenna aor its reflections, as is shown in
Figure A-6B. The distance between the receiving
and transmitting antennas is maintained fixed.

The position of the transmitting antenna with

respect to the enclosure may be anywhere around

the enclosure and in any orientation to the paml
seams, door, etc., but dirscted perpendicular to
the wall and not near a corner. At any one point,
the shielding effectiveness will be a maximum if
.the distame between shields of a multiple-shielded
enclosure is equal to (2n+l) A /4, and a minimum
if the distance is equal to n N/2. These two
distances reprosent small variations in the nominal
ons-or-two-inch saparation of a doubly-shielded
enclosure. Measuremsnts may be made at one point
and tho two shielding layers, if non-rigid, may be
pulled slightly apart or pushsd slightly together.

Both maximum and minimum attenuations are recorded
and the average value used.

The receiving antenna is placed at the ceater
of the enclosure and, if directional, facing and
colinear with the transmitting antenna. The
attonuators, couplers, and cables used are ito be
connected in seriss amd shall have been previously
calibrated at the frequency of test. A directional
coupler and dummy load may be used to obtain a
dacrease in the signal source before it is fed
directly into the waveguide attenuators in order
not to exceed in average power the-attemnator
ratings. When tests are made with the enclosure
wall in place (Figure A-6C), the directional
coupler, coaxial-to-waveguide coupler, aml connect-
ing cable are removed and the receiving antenuna is
connacted directly to the waveguide attanuators.
The attenuators used must have a total attemation
in db at least as high as the suislding effectiyve-
ness of the eaclosure to be measured and thg total
insertsd attenuation is taken into account.

d. Measuresment Variations. Several variations
in measurement tochnique may be employed.

(1) variation 1. For the source measuvrement
in the absence of a shielding barrier, the berrier
need not be removed provided the receiving antenna,
attenuator, and load are all used outside the en-
closure while the detector is inside. Such opera-
tion can be effected by means of a transmission-
line connector through the shielding barrier.

(2) Variation 2. A scanning type source such
as radar may be used in a search moie instsad of
using a fixed anteana. Under such conditions, the

" field-strength indicating meter gyrates considerably

and the psak of the movement may be read as the

roceived signal. It is important that measurements
made both within and without the enclosure utilize
the same meter deflection in order to minimize
errors due to inertia of ths meter movement.

e, Precautions. A number. of precautions muat
be observed im the microwave test:

(1) The transmitting horn is placed at least
S feet from any point on a shielding barrier to be
tosted.

(2) In order to prevent detector overload, a
directional coupler and dummy load and/or attemuator
should be employed between the pickup unit and the
detactor.

(3) A test should be made to assure that no
leakage exists at the detector, attenuators, or
cables. The detector should show no indication
above inherent background noise when either cable
is disconnected and the end is capped, and should
show no indication as the transmitter is turned on
ard off when a metallic plate is placed up against
the receiving antenna to completely cover the horn
opening 1f a horn antemna is used.

If the detector shows no indication above
inherent receiver background when the receiving-
antenna is inside the enclosure, the db increase
in attenustion to obtain receiver background when
the receiving antenna is placed outside the en-
closure will indicate that the shielding effective-
ness is at laast the inserted amount of attenuation
and the signal source is not sufficiently strong
or the detector is not sensitive enough for a full
measuremont.

(L) No cable or other obstruction (except the
shielding barrier) may be placed betwean ths trans-
nitting and receiving antennas.

(5) When a scanning type of source is used,

“the indicating meter must register ths same scals

reading for both measurements in order to minimize
errors due to inertia of the meter movement.
APPSMDIX B

LARGE-LOOP TESTS ON
SHIELDING EHCTOSURES OF LESS CONVNTIONAL SHAPES

L-Shaped Enclosure

For the L-shaped enclosure of Figure B-1, the
large-loop wire shall surrouni the entire enclosure
as shown. In this case, distances of the wire from
the floor at the various corners are

l.
Ca————g—h

2+ (B'l)
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4y + ¥,

D - 7‘—-"— (3-2)
Lrv,
2 x (8-3)
L v
W .
G = 71—"- R, : (B-k)
Consider the L shaps to be made of mo
rectangular parallelepipeds of sides 2., , and

s ¥,. For each portion, the field me
|4 g up loop in the plane of.ths large loop,
since any. contribution from the other portion is
negligible, Although the pickup loop will also be
at the center of a horizontal plane within the
enclosure portion, it will now not be centered
along a vertical 1line through the center. As
before, the source field l-l‘m for portion A of the

enclosure is
W.
1 +!-5l) o
1 +f B
ll#wl

and for portion B of the enclosure the source Hip is

(B-3)

"u_' s

The corresponding diminished fields H,, and
Hza moagsured by a field strength metor are:

E )
Ry~ THow . (e

- Eo n L]
" Tow (8-8)

g a héfn;imp]::ance voltmeter is used, the
tac fie are
v

Hy = 2.5x 10t 2, (B-9)

L Vop
By = 285x2! 22, (B-10)

The measure of shielding effectiveness S
for the enclosure in toto 15 taken as that obYained
rrom the averaged shielding ratios, or :

8
. hp
T W

(B-11)
S, = 20 1o, : -
H o 2 A

Straight-Walled Enclosures of Other Configurations

. Straight-walled enclosures having other, more
complicated shapes may be handled in & manner
simllar to that for the L-shaped enclosure pro-
vided opposite walls are at least parallel. If
opposite walls are not parallel, the source field
Hl may. be considered to be that which arises from
a“parallel-walled enclosure of tho same floor area.

Spherical Enclosures

For the spherical enclosure of Figure B-2,
the source field l-ll generated 1is

CNCEE (B-12)

Cylindrical Enclosures

For enclosures in the shape ‘of a right cir-
cular cylinder as in Figura B-3, the large loop
forms an ellipse. The source field H
taken as that from a circular loop oflequivalent
area, Hence, the equivalent diameter d ie

. 27 1/4
4= V2 - - 4 [1 *(g-)]’ (B-13)

vhere d is the cylinder diameter and h is the
enclosure height, both in meters. Then, the
source field “1 gonsrated is

L &rT"

Divided Enclosures

(B-1L)

For erclosures that contain partitions to
obtain two or more shielded areas.within one en-

" closure as in Figure B-l, the shielding effective-

ness of the enclosure in toto may be obtained in

the same manner as for ths L-shaped enclosure by
averaging the shielding ratios for each section.

In addition, it may be desirable to obtain the
shielding effectiveness of one section with respect
to an ad jacent section. Such a determination may be
nmade using the alternate low-frequency or large-leoop
test of Appendix A whers, in this case, tho shield-
ing partition is considersd as ths accessible face
about which the large-loop wire is placed.
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FIG. B~2 SPHERICAL ENCLOSURE
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