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Table C Description of Shielding Boxes (Continued)

Test Composition | Thickness|Inside Seam Lid ] Remarks
Enclosure (inches) |[Dimensions Construc- | Contact
Number (inches) |[tion
71 Galvannealed 12x16x20 |Lindsay Inter- Miniature
Steel Structural |locked Shield room
Joint ! External
Frame
2 Steel 12x16x20 |H-Joint, Inter- Miniature
Galvannealed Type BC locked Shield
Room
74 Titanium . 0286 3x4x9 Gas 2 rows
Welded fingers
S Titanium .0618 3x4x5 Gas 2 rows
Welded fingers

Fig. 14 Standard Reference. Box and 2-inch Loop Antenna

Originally, entry was through a split, shaft-lock bushing which was replaced
with o UG 414/37 BNC type adapter (Fig. 17) and finally with a UG-201A/U adap-
ter for UHF and microwave measurements.
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Fig. 16 Magnetic Sensing Antennas and Positioner (Open)
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UG-414/0

FLANGE MAY BE REMOVED

EXTERIOR OF BOX SOLDER FILLET

UG-88/U MODIFIED BY
s REMOVING LOCKING COLLAR

NN EE)

POTTING COMPOUND FILLFT
FOR MECHANICAL STIFFENING

RG-55/U
~——— ANTENNA LEAD-IA

WA

NOT TO SCALE

Fig. 17 Major Details of Test-Enclosure Penetration & Antenna Lead Connection
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Fig. 18 Electron-Beam Welded Seams

(1)

(2)
(3)

(4)

Nylon guide laces were strung between centers of each side, and
diagonally, at three levels: six inches above, coincident with, and
six inches below the midpoint of the coils. The guides were marked
at two-inch intervals from the structure.

An audio oscillator was adjusted for maximum undistorted signal
output at each selected frequency. :

An AC magnetic-field evaluator was moved point-by-point along each
guideline in turn and the detected voltage at each interval was mea-
sured with a vacuum tube voltmeter and recorded.

Voltage measurements were expressed in terms of decibels deviation
from that voltage measured at the geometric center of the coils and
plotted (Appendix A, Figs. Al through A15). Proper orientation of
the evaluator was maintained for each point vf measurement. Point-
by-point measurements were made in but a single quadrant at each
level, because spot-checks verified the field's symmetry. Super-
posing of graphed data revealed that a magnetic field of uniform
density (+1 db) existed in a rectangular region at least 12 by 16 by 20
inches (Fig. 22).
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Fig. 19 Magnetic-Field Test Jig

7.2.2.2 Interior Magnetic-Sensing Antennas. Three different designs of loop
antennas have been used during this Study. First experiments were ccnducted
with the simple loop deseribed in Section 7. 1. 2. 2.

7.3 Test Setups

Shielding effectiveness data was obtained using three distinct test seiups:
VLF-LF, VHF, and microwave. In addition, attempts were made to measure
S at resonance; measurements were made of electrical conductivity, initial
magnetic permeability, and phase angle, requiring setups as described below.

7.3.1. VLF-LF Field Test Setup In this Study, shielding effectiveness measurements
were made by placing enclosures of various materials and sizes in a uniform
field. The field was produced by a Helmholtz coil devised especially for this
Study. Design details and frequency limitations of the coil are given in a later
section. The basic setup and instrumentation as pictured (Fig. 20) provided a
means for measuring shielding effectiveness values as high as approximately
100 db over a range of 50 cps to 200 ke. One of the signal generators was used
to drive the power amplifier which was connected to the modified Helmholtz coil.
One VTVM monitored the input voltage to the amplifier (the oscilloscope was
monitored to minimize distortion of the amplifier's output) and the other VIVM
monitored the current into the excitation coil to assure a constant 1-ampere
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TEST EQUIPMENT

Hewlett Packard Audio Signal Generator, 20 cps to 20 ke,
Model 205AG, Serizl No. 7023

Heathkit Audio Generator, 1 cps to 200 keps, Model AG-9A,
BAC No. TLX 01578

Tektronix Oscilloscope, Type 515A, Serial No. 2761

Hewlett Packard Vacuum Tube Voltmeter, Model 400H,

Serial No, 4771

Hewlett Packard Vacuum Tube Voltmeter, Model 400H,

Serial No. 001-05541

Hewlett Packard AC Probe, Model 456A, Serial No. 103-01258
MecIntosh 60 Watt Power Amplifier, Model MC-60,

BAC No. TL-03057

Empire Devices Tuning Unit, Model TX/NF-105, 14 ke to

150 ke, Serial No. 1896

Empire Devices Noise and Field Intensity Meter, Model NF-105,
Serial No. 1948

Stoddart Aircraft Radio Co. Radio Interference Field Intensity
Meter and Power Supply, Model NM-40A, 30 to 15, 000 cps,
Serial No. 246-4.

Fig. 20 VLF-LF Field Test Setup
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Fig. 21 Test Setup-50 Cps to 200 Kc.
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Fig. 24 UHF Setup (at Resonance Below 1Gc)

7.3.3.1 Coordinate System — Wavelength. - To analyze this enclosure, it is
first necessary to establish a coordinate system as in Fig. 25.

The air-space resonant wavelengths of the rectangular prism cavity are given
by:

oo

where a, b, and ¢ are the x, y, z dimensions respectively of the cavity. Since
resonance is in the UHF region, the predominant electric field will be considered.

=
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7.3.7 Determination of Net Phose Angle. As suggested by theory, a phase differential
may be measured between the incident magnetic field and the field in the center
of the illuminated test enclosure due to variable material and seam shielding
factors. Two separate techniques used to observe this phase shift phenomenon
are presented.

7.3,7.1 Amplitude Comparison Method, Two 10-turn sampling coils were in-
serted within the uniform field of the Helmholtz Inductor and excited by the cur-
rent source shown in Fig. 33. One of the sampling coils (H) is in the center of
the enclosure under test and a second (Hgh) pickup coil outside the enclosure
receives the incident field with both coils coaxially aligned with the Helmholtz
coil, The method consists of measuring the signal amplitudes in the fwo pickup
coils as a function of frequency with a standard Radio Frequency Field Intensity

Fig. 33 Helmholtz Indicator Current Source, Generator Amplifier Equipment

Meter; Stoddart Co. Model NM-40, or Empire Devices Co. Model NF-105, Fig.
34. With the aid of a junction box fitted with BNC connectors, the coils are
connected in series and the resultant signal amplitude measured, By use of the
law of cosines, the phase angle A ¢ between H and Hgp, is computed as
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vecos | 1Hsnl® + [H]* - |Hgf?
Arccos [ 5 lﬁé_h]_lT’]— (degrees) (163)

where the magnetic field intensity is measured in terms of received microvolts.
|Hs| is the equivalent resultant field magnitude when the two pickup coils are
series connected, Note that Hgp, actually includes both the reflected and inci-
dent fields (see 5.1.5).

It is necessary to balance lead capacity to ground on the Hgp coil for the
series connection. Presumably a twisted and shieided cable pair would be
satisfactory; however, two RG-55A/U coaxial cables with the shields of each
cable grounded at one extremity and with the center conductors connected to the
pickup coil were employed,

Fig. 34 Phase Angle Determination Equipment Amplitude Comparison Techniques
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Fig. 36 Phase Angle Determination Equipment, Direct Reading Method

meter, with the sampling coil, it would be possible to read-out the phase angle
directly, A phase shifter was not constructed, due mainly to the wide range
of test frequencies; the substraction process effectively cancels all amplifier
phase shift, A connection to the Helmholtz coil current source provides suffi-
cient reference signal for the phase meter at each frequency to 100 kes. Figs.
38 and 39 show sample phase-versus-frequency plots for enclosures numbered
15 and 53 respectively, using the 'direct-reading" technique. When the samp-
ling coil is rotated 180 degrees in the field, data for transposed plots are
obtained.

7.4 Measurement Techniques

The basic technique used in making measurements of shielding effective-
ness at all frequencies was that of determining the decibel level of an electro-
magnetic field at a point in space but surrounded by a shielding enclosure, then
comparing that level with one obtained in the absence of a shielding enclosure.
The difference represents the measure of the effectiveness of the shield in the
presence of an electromagnetic field at a given frequency.
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Fig. 41 10 Gigacycle Test Setup — Interior View
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accomplished by adding the receiver input attenuation value to the maximum
signal level picked up inside the shielded enclosure recorded on the field plot
shown in Fig, 42, Subtract the sum from the field level measured in the absence
of the test enclosure: the difference is the measure of minimum shielding ef-
fectiveness of the enclosure, Unless specifically stated otherwise, figures used
in further discussions of measurements made at 9.4 Ge¢, are relative to minimum
S.

00

(CHART ROTATES COUNTERCLOCKWISE)

”0

FREQUENCY 9.4 Kmc

Fig. 42 X-Band Field Pattern Data Interpolation Chart

7.5 Establishing Experimental Reference Standards

7.5.1 Standard Box. At the beginning of the Study program, one test enclosure
was designated as a reference standard, against which the performance of all
other enclosures could be compared. Box No. 3 was selected. It has been
described in Paragraph 7.2.1. 1.

7.5.2 Antennc Locations  First tests made with this box were for the purpose cf
determining how and where to locate the magnetic sensing antennas inside the
enclosures for future measurements; it seemed reasonable to expect that mea-
sured shielding effectiveness would vary somewhat with the location of the loop
within the enclosure. To minimize the multitude of possible antenna locations
and the corresponding amount of measurement effort which conceivably would
be required, five representative antenna locations were selected for investiga-
tion: (Fig. 43)

Position No. 1, the geometric center of a test enclosure, was expected to
provide data indicative of the maximum shielding effectiveness and to yield the
most stable.and repeatable test readings.

Position No. 2, the center of a side, was expected to prove somewhat less
satisfactory than No. 1. All data presented in this report for Position No. 2
was measured at the center of the 8 x 10 inch side opposite the penetration (or

entry) point.
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