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SUMMARY

The Navy is increasingly concerned with the rapid increase in hazardous RF
environmental areas on ships and at shore installations. This has necessitated
the development of protective devices for personnel required to operate in thess
areas, A prototype RAD HAZ suit to be worn by personnel , has been developed

 threngh the joint offorts of NYRDF and NAVAPLSCIENLAB. In the process of .. ... .. ..

evaluating fabrics for the suit the Laboratory established low and high-power

rf facilities, measurement procedures, and developed new techniques for conducti-
vity measurements and insertion loss calculations, The latter enabled attenua-
tion measurements to be made in the near field of receiving antennas,

The silverized nylon "lino" material used in the suit withstood laundering,

dry cleaning, weatherinj, abrasion and open sea environments without degradition
of rf attenuation properties, The suit provided a minimum of 25db attenuation
for low-power fields at 5.2km¢ (minimum of 30db at 425Mc) and better than 20db
for high-power fields (BMEWS frequency, 200mw/sq. cm power density). Although
the resistance of the material to salt spray and arc-over was poor, this problem

~will be overcome by the use of a coating and over-garment, Recommendation is

made for adoption of the suit by the Navy (after improvements for salt spray and
arc-over resistance are incorporated) and for use by personnel required to enter
fields in excess of 10mw/sq. cm. Work on development of protective devices is
continuing and will include further improvements for the RAD HAZ suit, such as the
addition of a transparent visor,
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ADMINISTRATIVE INFORMATION

Ref: (a) NAVAPLSCIENLAB Program Summary dtd 1 Nov 1964, SF 013-15-04, Task 2162
(b) BUSHIPS 1tr SF.013-01-07, Ser: 450-387 of 9 Oct 1963

1. In accordance with references (a) and (b), the Naval Applied Science Laboratory .
is conducting research and development of devices and techniques for eye, head

snd body protection of’personnel exposed to high-powered rf radiations.  This iz
report presents NASL developments on protective clothing and the rf measurement
techniques and instrumentation developed in association with this effort.

ACKNOWLEDGMENTS

2, The work reported herein was conducted by C. Christianson, A, Rutkowski and
R. Morss, under the technical guidance of A, Clark, Senior Task Leader and the °
general supervision of T. Monahan, Head, Physics Branch. The Bureau of Ships
Program Manager is G, Neuman, Code 361B, and the Project Engineer, G. Heimer,
Code 452H, A complimentary work effort was conducted by Mr. C. Zemme and Mr,

L. Weinstock of the U.S. Naval Supply Research and Development Facility, Naval
Supply Center, Bayonne, New Jersey. The Naval Applied Science Laboratory wishes .
to express its appreciation to Mr. Johnson and other personnel of RCA for their
assistance during the field ‘test of the RF prototype suit.

INTRODUCTION

3. For some time the Navy has become increasingly concerned with the rapid iincrease
in RF envirohmental areas on ships and at shore installations. Up to the present
time these RF environments have been of moderate levels and could effectively be
controlled with precautionary procedures such as lo¢k out cams on the radars, etc.,
in order to preclude the illumination of otcupied deck areas with power levels
greater than 10 milliwatts per square centimeter. Ten milliwatts per square
centimeter is the established hazard level for humans, However, in the near future
there is scheduled to be put into operation new and extremely powerful radars with .
peak output powers in the megawatt region., It has been estimated that some of
these radars will cause RF environments up to a maximum of 150 mw/cm. This level
of power density is a substantially hazardous field of radiatioa.

4, Selected naval personnel will be required to perform their duties in such an
environment and as & consequence, BUSHIPS has requested the development of pro-
tective clothing for use by persomnnel in these RF environments.

Thq general ;qquirements‘for a protective garment are:

a. Reduction of high-level £1elds external to the garment to sife levels
inside the garment (below 10 mw/cm?).
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b, Protection against or elimination of high-voltage gradients built up on

the garment and protection of personnel from HV shocks due to contact with charged
ships structures,

¢, Minimum restriction of visibility, mobility and dexterity.

5. Specifically, the protective clothing must have the following characteristics
for naval application:

a, 20 ddb ninimum-attonuatiantoVQr'thb-range of frequencies from 200 MC to
10 KMC, '

b. Garment to be used in RF environments generated by radar operating at
C-band frequencies and with estimated field intensities up to 150 aw/cm?,

c. Should be lightweight,

d Shou

or woisture tight with natural ventilation.
e. Suit to be wearsble in 100°F climates.

f. Shonld withstand washing abrasion, salt spray and other adverse environ-
. ments occurring in shipboard use,

g. Suit to 1ncorporate hood or face mask for eye protection.

h,, Should have nnxinuu optical visibility for face mask.

i, Suit for use by flight deck personnel therefore must enable these personnei
to perforn normal duties without restgiction,

Jo Suit to compltment and/or become integral part of flight deck uniforms.

6. The task of development and procurement of these garments is administered by
BUSANDA and implemonted by NSROF. NSRDF has supplied the clothing materials and
samples of seaming and closure techniques for use in the suit and conducted.

laundering, dry cleaning, weathering, abrasion, salt water exposure, ship and
open sea environment and durability evaluations,

7. NAVAPLSCIENLAB has been assigned a complamentary problem, RAD HAZ body pro-
tective devices. Under this authority the NAVAPLSCIENLAB has developed the
facilities, instrumentation, techniques and procedures for measurements of RF
shielding effectiveness, conductivity and arc-over properties. These measurements
were utilized in the development of the suit and in investigating light-trans.
mitting, conductive materials for possible use as a visor in the suit and for RF

6
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protective goggles, After design and fabrication of prototype suits by NSRDF,
these garments were evaluated at BMEWS and C-band frequencies in a distributed
RF field at RCA, Moorestown, New Jersey in order to determine their efficiency
for whole body protaction. NAVAPLSCIENLAB presently has ar X-band (9.3 Kmc)
facility in use available for this work. The tests at RCA were performed speci-
fically at BMEWS and C-band frequencxes in order to more completely covsr the
cperational frequencies of militury radars.

8. The design and materials used in the Navy suit ha ‘39 been patterned to some
degree wfter. tlieRF suit developed by the Air Forcels However, the Navy's needs
for RF protective clothing have been mors difficult to fulfill because of the high
temperature requirement and the necessity of naval personnel wearing these garments
for extended periods of time. In addition the suit has to be naturally vented
since artificial cooling, such as air pacs, is not practical in this.instance.

This reguirsmant has modified the arc-over sffsclivencess but & compromise can be
obtained by possible selective shielding of "the suit for high potential arc-over.

OBJECTIVE

9. The objectives of this task are to develop facilities, instrumentation, tech-
niques, procedures and specifications for measurements on RF shielding materials;
utilize thess measurements in the development of RF protective devices (a RAD HAZ

suit in this phase of the task); and, evaluate the devices in the field, using
high-powered RF equipment,

MEASUREMENT TECHNIQUES

Laboratory Microwave Power Source

10. A lsboratory unit consisting of a 0,25 megawatt modulator enorgizing 8 pulse
operated magnetron, model QK-172 (manufacturer Raytheon Co., Waltham, Mass.) pro-
vided the source of RF power'for the investigation reported herein. The QK 172
magnetron, designed for X-band frequencies (9330-9420 megacycles) is rated to
operate at an anode voltage of 30 KV, peak power output of 428 KW, and a maximum
duty cycle of 0.001, The pulsing network was set for & 3 microsecond pulse width
and the repetition rate was 360 pulses per second. The RF powerrgenerated was
delivered to the specimens under tast via an appropriately-sized microwave wave-
guide which was terminated in a 9.5 cm x 13 cm feed hoxrn. The feed horn (trans-
mitting antenna) was positioned so that the RF radiation emitted from it would be
contained within 8 large power absorbing box thereby reducing any RF hazard to
laboratory personnel and minimizing reflections at the receiver which was located
inside the absorbing box. The receiver consisted of a 9.5 cm x 7 c¢m feed horn which

7
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received the power and transmitted it through a waveguide to a detector (thermistor
mount) where the power was monitored when used in conjunction with a HP 431A
power meter,

Microwave Meassurement System.

11, A laboratory microwave measurement syetem for deisrmining the atienuation of
vsrious RF shiélding materials was assembied as indicated 1n Figure 1, This
system utilized the previously described microwave modulator and magnetron as the
source of power. The RF power generated was radiated into free space from a trans-
mitting horn (rectangunlar standard gain horn, FXR Model No. We38A, 18 db gain at
7.6 ch) and directed at a receiving horn (rectangular standard gain horn 17,25 db

gain at 9,3 Kme), The material under test was inserted between the transmitting
and receiving horn and its insertion loss determined,

12. Calibration of System -~ In order to effect an accurate calibration of the

RF power Deing rocoived, & iraciion of the transmitted power was coupled from the
main transmitting waveguide (utilizing a 43.2 db directional coupler) and monitored.
This value of power when multiplied by the ‘coupling ratio. (refer to Appendix A)
yields the power enamating from the transmitting antenna. Utilizing the approp-
riate equation (refer to Appendix A) the power being recéived can now be calculated.
This value was verified within 21 db by monitoring the power captured by the
receiving antenna with a thermistor mount and power meter., An accurate calibra-
tion of the power density at the receiving horn can now be calculated as in
Appendix A. This value can aisc he verified by inserting a Ramcor 1200 Densiometer
(accurate to within %1 db) in the field in place of the receiving horn and reading
the power density directly in mw/cwé. (The Ramcor cannot be used in fislds higher
than 20 mw/cm“; however, using it to verify a calculated field of say 10 mw/c
enables one to assume that further csl'culations of power density at higher levels
are accurate), A further chéck on the power density is possible. Knowing the
transmitted power and effective area of the transmitting antenna one can calculate
the power density at the transmitting horn. Then, by spplying the inverse-square
law (the pover density is inversely proportional to the square of the distance)

one can calculate the power density at the receiver knowing the distance between

antennas. This inverse-square relationship oniy holds however if the receiving
horn is in the far field of the trensmitter,

13, In order to make valid calculations of insertion loss of the metalized fab-
rics, it is necessary that the transmitted power before and after insertion of the
fabric in the field be the same. The only time this will hold is if the fabric is
placed in the far field of the transmitting antenna3. The far field of an antenna
(for which calculations are shown ir Appendix B) is that region where the antenna
can be considered to be a point source emanating an equal amount of power in a

8
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radial direction which decreases as the distance squared from the source, This

is in contrast to the near field where effects on amplitude and phase are observed
from different points of the source. This makes calculations extremely complex,
Measurement of powexr in the near field will not suffice since the field variations
are displaced to a differant degres by the seasurlig ianstrument and the specimen.
Where the measuring instrument may indicate a peak, the introduction of the speci-
men at the same point may result in a minimum of ambient power. Also the intro-
duction of a specimen in the near field of the transmitting antenna would result

in tha intoraction betwsen gpecimen and antenna, This rvesults in an impedance mis-
match as seen by the generator which could result in a marked change in transmitted
power,

Measurement of Insertion Loss.of Shieldin‘unagorials.

i4, HMeasurement of the RF attenuation of a specimen was obtained as follows:
(a) .the power that would be incident on the sample was measured at the receiving
horn with no sample in place (b) the power transmitted through the sample to the
receiving horn was measured., The decibel insertion loss or attenuation of the
material is then given by:
P
db loss = 10 log )

where: P; = power received before insertion of fabric
P2 = power received after insertion of fabric

15. In making these measurements it was initially assumed that the insertion loss
was independent of the position of the material in the far field, After a number
of trials it was observed that this position was indesed critical., (The reason for
this is explained in Appendix C). The procedures were therefore modified such that
during the measurements the sample was moved to various arbitrary positions (within
one wavelength of receiver) along the axis between the horns, and the received
power variations noted, The maximum value of power (P;) was used to calculate the
results indicated in Tables 1, 2 and 3. Therefore, these values are minimum values
of insertion loss that the fabric will provide.

16. The method of evaluating the seamed samples was essentially the same. In

both the seamed and unseamed fabrics the measurements were made with the seam first
in a vertical position ond then rotated 90° in the plane of the specimen, This was
done so that the seam could be subjected to both a vertical and horizontal polari-
zation of the electromagnetic field. Again, the higher of the two transmitted power
values (P;) was used to insure that the cclculated insertion loss be a minimum,

9
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Measurewent of Resistivity.of RF Attenuating.Materials.

17. In order to measure the-resistivity of the various materials, a simple '
apparatus, composed of two aluminum bus-bars and an impedance bridge, was dev*sed. :
(See figure 2). A 3 1/4" x 3" sample of the material was clamped betwee the -
buz bars 56 that the e-,;::.sed area of the matarisi was 3 inches squaze. A enml
Radio Impedance Bridge (Type 650-A) was used to messurs the d.c. resistance of the
square_sample in ohme per square., (See figure 3). During these measurements it
was observed thut the resistance of some materials varied with the temsion applied
to tham, It was thén decided tu spply an ever increasing tension until 4 maximum
(or minimm) resistance was cbsérved or until the material slippad from the jig.

A new jig, which will permit a standard temsion to be applied to all the samples
during measurement, is now in preparation. With this new apparatus it should be

relatively simple to correlate the D.C, r«:lstaaeo, tho coarsness of the weave,
snd the DR shislding capahititiss of the msiorisl, For & desailsd discCussion of

resistivity in ohms por square see Appendix D.
- SHIELDING EFFECTIVENESS OF CLOTHING MATERIALS

18, Various conductive materials for possible use in an RF protective suit have
been measured for attenuation at a frequency of 9,3 Kmec, In addition, various
methods of seaming and closure have been evaluated for RF shielding effectiveness,
The fabrics, seams, and closures which were determined to be most effective, were
also exposed to laundering, dry-cleaning and westhering, and then retested for

RF shielding capabilities. The results to date, ate summarized in Tables 1, 2 and

19, Table.l contains the attenuation data of various shielding materials. The
conductive fabrics are being considered for use as the primciple covering material
for the major portion of the suit, while the screening has possible use in the
visor, From the figures of insertion loss, it can be seen that fabrics A and C
provide spproximately 30 db attenuation while Fabric T offers 27 db attenuation,
These shielding capabilities are in excess of the 20 db requirement for the RF
suit and are therefore more than scceptable. from this standpoint.

20, It is to be noted that for fabrics R and T (which are made of the same
material) the insertion loss values differ considerably. The reason for this is
not readily apparent but it was felit that since fabric R was somewhat discolored
it may have been subjected to varicus environments (such as salt uter) which
diminished its RF shielding properties canndoubly.

21, It will be noted from Tables 2 and 3 that complete tests were not performed
on Fabrics A and T dus to the fact that Fabric A did not have as large a percent
open area as fabrics C and T, and that the insertion loss values of fabric T were
considerably dependent on tension applied to the material,

10
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22, An inspection of Table 2 will reveal that fabric A is suitable only when
joined using seam #4, On the other hand, fabric C has a minimum insertion loss

of 27.4 dh with all four seaw configurations., It can #isu be seven froowm Teble 2
that zipper #10 -as far sup~idor to zippers #11, #1Z, and #)3 in its shiclding
effrctiveness, Iipper's #11, #)2.and #13 were cowwn zapgcers, which wers jzter
silverized while zipper #10 was a specially constructed metalized zipper which was
designed for complete electrical continuity. The results.obtained proved that the

stitching of the zipper is of prime importance,

23, Table 3 shows the resultant insertion losses of fabrics C and T after cleaning.
Since it was not possible to clean the same sample by the various methods no exact
comparison of fabric T could be made because of its non-uniformity from piece to
piece. It would be obviously unreasonable to claim that fabric T actually increass
its ingsertion loss from 20.9 to 30.5 db after laundering. On the other hand,
Fabric C has minor changes in insertion loss part of which could be attributed to
the degree of accuracy of the transmitting and measuring instruments (i1 db overall).

[+

24, Table 4 lists the various materials and their respective resistivities in ohms
per square. When a range is given it is an indication that the resistivity varies
when the tension applied to the material is changed. On some materials tension

‘had no effect; this is indicated by a singie value for the resistance. (A new

jig, which will permit a standard tension to be applied to all the samples during
measurement, is now in preparation). All other parameters being equal, the lower
the resistivity of a material the better is the RF attenustion it will provide.
For the materials listed in Table 4 the rule applies only -in a general fashion

since the cosrseness of the yarn, numher of threads per inch, etc., greatly influence
their shielding effectiveness, :

25, In addition to the results listed in the enclosed tables further destructive
tests (salt water, fresh water, salt spray, actual sea water, abrasion and roof
exposure) were performed by the Naval Supply Research and Development Facility on
fabrics C and T and subsequently evaluated by NAVAPLSCIENLAB for RF shielding effec-
tiveness4, 5, 6, As a result of these tests it was found that subjecting the
fabrics to sufficient degrees of salt spray, salt water, and roof exposure would
cause deterioration of their RF shielding effectiveness. It was then decided to
coat samples of these fabrics with a Krylon acrylic spray, subject them to salt
spray, roof exposure and salt water; and evaluate their RF shielding effectiveness.
The results of these tests indicated that the spray coating offered some protection,
but not knowing the length of exposure to salt water or other destructive tests

the samples had to be subjected to, definite conclusions could not be madeS,

11
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RF FIELD TEST OF PROTOTYPE RAD HAZ SUIT

26. A prototype RAD HAZ suit ingorporating the optimum RF seam, zipper, and velcro
closure waz fabricated from specimen C of Table 1. This fabric rrovided better
than the roquired 20 db attenuation, was po:muchle to 2ir and had the least
decrease in its RF shielding prmper.xus when subjacted to various cleaning and
duatructive tests, The zuiv is shown in Figure 4, Due to the possibility of
voltage gradients being built up on the suit, when in an electromagnetic field,
rubber gloves and boots (not shoin) were provided for src-over protection at the
extromlties,

27. Arrangements were made for field evaluation of the RF suit at RCA, Moorostown,
N.J. The suit was evalusted at the BMEWS frequency and at approiinatoly 5 Kmec,
Representativos of RCA, BUSHIPS, BUMBD NAVAPLSCIENLAB and NSRDF were prosent )

uhxxﬁv Lh" ava iiif_'il;:

28, Prior to insertion of thc suit in the field, a Laboratory evaluation of its
shielding effectiveness was performed at the BMEWS frequency and 5200 Mc at RCA.
The transmitting antenna was circularly polarized to permit simultaneous checking
for vertically polarized or horizontally polarized flaws in the suit. The test
apparatus is noted in Figures 5 and 6,

29, At the BMEWS frequency, intensity of the field was measured by an electro-
statically shieided loop antenna approximately three-tenths of a wavelength in
circunference fabricated from RE-55/U coaxial cable. A loop antenna is least
affected by proximity of the metallic fabric of the suit. The loop was positioned
approximately 10 feet from the transmitting antenna and oriented foi maximum.
pickup as indicated on the VSWR amplifier, The loop antenna was now located in
the suit which was then sealed up. . Connection between the pickup loop and the re-
ceiver was made, through the suit, by means of an RF feed-thru connector., The
loop was repositioned in its previous location for maximum meter indication and
parts of the suit were passed in front of it, The meter indicated that attenua-
tion of all areas of the suit (hands, arms, legs, neck, head, body) was greater
than 30 db. It was not possible to obtain more accurate values due to limitations
in the VSWR amplifier. Any further increase in scale range resulted in introduc-
tion of noise levels comparable to the signal level which would give erroneous
indications of the attenuatiom,:

30, The test set-up and procedure at 5,2 Kmc was similar to that described (See
Figure 6) for the BMEWS frequenty. The pick-up loop was 1/2 inch in diameter
(about three-tenths wavolength in éircumference) to allow for decrease in wave-
length with increase in frequency. Since the transmitting antenna was vertically

12
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polarized it was necessary to rotate the seams, zipper, and velcro closures 90° to
test for possible flaws. It was found that the attenuation varied between 25 and

50 db throughout the suit wita & zinimum of 25 db occuzring at the neck junction

of the zipper and velcra clysures, It iz o be asted that li both fests ths re-
ceivers (Narda - VSWR Amplifier and Polarad RM-T Receiver) were located outside
the radiation pattern of the transmitting antennas. This was to insure that
neither raceiver would give erronecus meter indications due to stray pickup
through its case.

31, A wooden stand was constructed and the suit hung on it, It was then placed
in the field at the BMEWS frequency and the Ramcor 1200 Densiometer with the
appropriate pickup antenna installed within it., The anticipated power density
incident on thé suit was to be upproximaiely iQ0 mw/cmé, The minimum field that
the Ramcor 1200 can read accurately is 1 mw/cm‘,  This is exactly a decrease of
20 db. Any further increase in attenuation that the suit would provide would no&
be indicated by the Ramcor. yowever, as long as the Ramcor read at most 1 mw/cm
while in a field of 100 mw/cm“ the suit then provided the required 20 db of attenu-
ation or better. It is to be noted that more accurate measurements had been con-
ducted in the Laboratory and the Ramcor served as a check, Figure 7A shows
personnel installing the suit in the field. Thé lead bricks placed on the feet

.were used to prevent the stand from toppling over, Figure 7B shows the Ramcor

1200 installed in the suit ready for readings. Figure 8A shows the suit, ready
for testing facing the BMEWS frequency radar in the background, The radar was
housed in the building shown and the. antenna was depressed so that it could radiate
at ground level, A series of fluorescent bulbs were located in the ground as
shown in Figure 8B, These lights when exposed to a sufficient level of power
density will glow and were used to locate the bsam and center it on the suit. The'
distance from the suit to the radar was somewhers between a quarter to & half of

a mile. Due to the size of the antenna this would locate the suit in the near
field and therefore little or no advantage would be gained by moving the suit any
closer., The power density at this point was already nesr the maximum available

and would not increase much as one moved closer. Readings of the Ramcor were
taken by personnel situated in a building which was located out of the besm of

the radar, Use was made of & high-powered telescope which would indicate any
meter deflection in the Rnncoi and any possible arcing in the suit, With the

beam (approximately 100 mw/cm<) incident on the suit it was observed that there was
no meter deflection of the Ramcor and no visible srcing.

32. Another prototype suit of the exact same design was Laboratory-evaluated using
the techniques previously described. The attenuation being better than 20 db at

all areas of the suit, one of the personnel present donned the suit and praceeded
to the center of the beam to check for arcing. Use was zade of an RCA power density
meter specifically built to cover the BMEWS frequency range. Its maximum possible

13
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reading is 100 mw/cm2, It was observed that the needle pegged off scale, and it
was later determined that the actual field was in the vicinity of 200 mw/cmz. This
is 50 mw/cm? in excess of the maximum required level where the suit will be used,

A power density of 200 mw/cm2 is definitely very hazardous and has been known to-
cause cataracts in the eyes of rabbits and even death to animals where the exposure
was long enough. A metal rod was used to induce arcing between parts of the suit
and the rod, Arcing was very evident in parts of the suit where there was an
overlap of fabric such as the armpits and the neck area. The arcing was not -
npserved in the suit hung on the stand for two reasoms. As can be seen in Figure -
5A the arms of the stand are outstretched and there is no overlapping of fabric.
Arcing was obtained while placing the hands at one's sides thus causing an overlap
of fabric. Also, it can-be obsefved in Figure 8A that there is a hard hat on top °
of the stand which takes .up mbst of the slack in the head area. A hard hat was

not worn by the individual in thic test and thus thswre was 2 largs amount oi slack,
It is to be noted that at no timé while in the field was there felt any bumns, '
shocks, or a significant amount of heat being built up inside the suit, An exam-
ination of the suit showed burns and some holes in areas where arcing had been
induced by the rod and by an overlap of fabrie,

33. As a possible arc-over preventive, a raincoat and rubber gloves were donned
over a new prototype suit (same design). In addition amother individual donned
the suit previously installed on the stand, His right arm instead of being in the
arm slseve of the suit was locdted-'in the suit’s body, In his right hand was
the Ramcor 1200. This enabled him to probe the inside of the suit for any possible
moter indication. To prevent-the right sleeve of the suit from flapping in the
wind it was taped to the side of the suit, No meter indication on the Ramcor was
observed and with the raincoat over the suit, arcing was no longer evident in the
armpit area. After leaving the field an examination of the suit covered by tho
raincoat revealed no burns or holes in the area covered by the coat and gloves,
An increase of heat in the metal rod (now separated from suit by rubber) was felt
but not enough to cause it to be dropped, Observation of the other suit revealed
that the right arm sleeve had fused to the suit where previously taped. Burns and
holes were also evident in some areas of overlap.

. et
34, One of the suits wee then sprayed with a crystal clear acrylic spray. It was
hoped that this would nid in-the prevention of arc-over., The other individual put
on, over his suit, a pair of Navy cotton coveralls (shirt and pants). These
coveralls are permeable to air and are worn by Navy personnel aboard ship in warm
weather, In addition to this, rubber gloves and boots were worn. The two then
proceeded to the center of the beam where some arcing was observed on the sprayed
suyit, ‘though less than that without a spray coating. At no time was there arcing
in the suit covered by the Navy coveralls, rubber boots and gloves, (The overlap
in the neck of the suit was now in contact with the cotton shirt rather than the
suit itself),

14
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35. It was thus concluded that arcing could be prevented by some sort of a non-
conducting overgarment on the suit (which in the case of the Navy coveralls was

also fairly permeable to air), Further investigation into some sort of a spray

coating also was deemed worthwhile.

CONCLUSIONS

36, Major phases in the task of providing devices for the protection of personnel
against RF radiation hazazds have been completed. A prototype RAD HAZ suit has
been developed through the joint efforts of NSRDF and NAVAPLSCIENLAB. In the
process of ovaluating fabrics for ihe suii the Laboratory established low- and
high-power RF facilities, measurement procedures, miid developed new techniques for
conductivity measurements and for insertion loss calculations. The latter enabled
attenuation measurements vo be made in the near field of receiving antennas, On
the basis of good retention of RF attenuation and conductivity characteristics
after exposure to laundering, dry-cleaning, weathering, abrasion and open sea
environments, a silverized nylon "lino" material (specimen C of Table 1) was used
in the fabrication of the suit,. The fabric was overlapped at the seams and
metalized "zipper" and 'velcro" type devices were used for the closures. The suit
provided a minimum of 25 db attenuation for low-power laboratory RF fields at

5.2 Kmc (minimum of 30 db at 425 Mc) and better than 20 db for high-power fields
(BMEWS frequency, 200 mw/sq.cm. power density). Resistance of the material to
salt spray and arc-over was poor and is expected to be improved by the use of a
coating and an over-garment,

RECOMMENDATIONS

37. 1t is recommended that the RAD HAZ suit described herein, after minor modi-

fication for improved salt spray and arc-over resistance, be adopted by the Navy

for the protection of all personnel who are required to enter RF fields in excess
of 10 mw/sq.cm,

'FUTURE WORK

38. Efforts on the development of devices and techniques for protection of per-
sonnel against RF radiations will be continued, Future work will include the
evaluation of nylon mesh and cotton cloth over-garments to provide arc-over protec=
tion for the conducting under-garment. Also, the effectiveness of water repellants
in imparting salt spray resistance to the metalized fabric, specimen C of Table 1,
will be investigated. Upon completion of these investigations, specifications will
be developed from which production quantities of the suif may be fabricated and
placed into Naval Supply,

15
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Figure 9 Transmitting Antenna of RCA 5,2Kmc
Test Fac.lty
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TABLE 1

Attenuation of Various Materials to RF At a Frequency of 9.3 Kkmc
(specimens are 7igin continuous samples without seams) "

Material Incident Transmitted Insertion
Specimen Description Power (watts) Power (watts) Loss (DB)
A Metalized Fabric 3.0 2,6X10-3 30.6

Rip Stop (Mfr. A*)

B Knitted Mesh of 2.3 8.1X107% - 14,5
Aluminum Vacuum
Deposited Mylar
(Mfr. B*)

c Silverized Nylon Lino, 3.0 2.5x10°% 30,8
Heavy Marquisette
(Mfr, A%)

D Silverized Knitted 2.3 3.1x107% 18.7
Nylon Mesh, (Mfr.
c*)

E ~ Silverized Nylon 3.0 1.4s5x10"1 13.2
Lino, Overcoated '
with vinyl (Mfr,

,
i
?;.-.
:

A*)

F Scotch Shield Brand 2.3 2.3 0
Aluminized Fabric
(Mfr. D*)

G Same as (F) with 2.3 2.3 0

Neoprene coated back

H Vacuum deposited 2.3 1.2x10"2 22.8
Aluminum Fabric

I Combination of 2,3 2.3x10-1 10
polyethylene and
metalized mylar yarns
in woven mesh

J 200 mesh, stainless 2.7 3.5X10-3 28.9
steel, bolting cloth,
aluminized one side



U.S. Naval Applied Science Laboratory Lab. Project 9400-20
Progress Report 1
Page (2) of (2)

TABLE 1 (Cont'd)

Material Incident Transmitted Insertion
Specimen Description Power (watts) Power (watts) Loss (DB)
K 200 mesh, stainless 2,3 2.4X10°3 29.8
steel, bolting cloth
L Neoprene coated nylon 2.7 i.4 2,85
(target sleeve fabric)
M Same as (C) different 3.0 3,9x10°3 28,9
batch of cloth
N 40 mesh screening 2.7 2.5X10°3 30.3
3 145 mesh, stainless 2.7 8x10-3 25.3
steel, bolting cloth
R Silverized bylon 3.0 5.4x10-2 19.5
dobby (Mfr. A%)
T Same as (R) different 3.0 5.8x10-3 27.1
batch of cioth
% u Neoprene insulation 2.7 2.7 0
fabric
X Mylar with gold film 3.0 2,7x10-1 10.5
: deposited on it
Y Carbon impregnated 2.7 2.7 0

cotton fabric

¢ See Table 5 for'List of Manufscturers
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TABLE 2

Attenuation of Various Materials to RF at a Frequency of 9.3 Kmc
(Specimens are virgin and contain various seams and/or closures)

Material Incident Transmitted
Specimen Description Power (watts) Power (watts) Insertion Loss (DB)
A-1 Fabric A-Seam #i 3.0 5,8X10"2 17.1
c-1 Fabric C-Seam f1 3.0 3,8410-3 29.0
A-2 Fabric A-Seam #2 2.7 9,0x10-1 4.8
c-2 Fabric C-Seam #2 3.0 4,4X10-3 28.3
A-3 Fabric A-Seam #3 2.7 2.3x10-1 10,7
Cc-3 Fabric C-Seam #3 3.0 4.8x10-3 28,0
A-4 Fabric A-Seam #4 3.0 2,3X10-~3 31.1
c-4 Fabric C-Seam #4 3.0 5,4X10-3 27.4
C-8 Fabric C-with
velcro closure 3.0 1.0X10-2 24,8
c-10 Fabric C-with
#10 zipper 3.0 2.1x10-3 31.8
A-11 Fabric A-with
_ #11 zipper 3.0 9.0X10~2 15.2
H . A-12 Fabric A-with
' #12 zipper 3.0 7.8x10"1 5.8
A-13 Rabric A-with
: c-11 Pabric C-Seam #1
: backed with nylon
: taffeta 3.0 4,2x10-3 28,5
3 T-1 Febric T-Seam #1
2 backed with nylon
taffeta 3.0 4.8X10-3 28.0
Cc-12 Fabric C-Seanm #4
¢ backed with nylon
i taffeta 3.0 3.1x10-3 29,9
: T-2 Fabric T-Seam #4

backed with nylon
taffeta 3.0 4.3x10-3 28.4
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Attenuation of Various Materials to RF at a Frequency of 9.3 Kmc
(After Laundering, Dry-Cleaning and Weathering)

Specimen

C - (original no destructive

tests)

T - {original no destructive

tests)

QEia=-Ta=-0

[ S R S R |

(after 1 laundering)
(after 1 laundering)
(after 5 launderings)
(after 5 launderings)
{(after iU launderings)
(after 10 launderings)
(dry cleaning

perchloroéthylene)

T -

(dry cleaning

perchloroethylene)

c -

(dry cleaning

Stoddard Solvent)

T -

(dry cleaning

Stoddard Solvent)

C -

(after 40 hours

weatherometer)

T -

(after 40 hours

weatherometer)

c -

(after 80 hours

weatherometer)

T -

(after 80 hours

weatherometer)

Incident
Power (watts)

occooooa ©

[ w e blblb’hlblbabl (X
. h P .
o o o

(2]
o

3.0
3.0
3.0
3.0

Transmitted
Power (watts)

4.8x10"3
2.45X10-2
2.9X10-3
2.7X10-3
3,5X10-3
4.8x10~3
1.7x10-3
4,6X10-3
6.1x10-3
5.5X10-3
3,4%x10-3
3,0X10-3
3.5x10"3
1.03X10-2
5.8X10-3

8,3x10-3

20

Insertion
Loss (DB)
28.0
20.9
30.1
30.5
29.3
28.0
32.5
28.1
26.9
27.4
29.5
30.0
29.3
24.6
27.1

25.6
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TABLE 4

Materials

Material Description

Metalized fabric
rip stop {(Mfr. A®)

Knitted mesh of aluminum
vacuum deposited mylar
(Mfr. B*)

N PO S RN S I S
DLiIVEXLILOU Ryl iianv

(Mfr., A*)

8ilverized knitted nylon
mesh, (Mfxr. C*)

Silverized nylon lino
overcoated with vinyl
(Mfx, A*)

Scotch shield brand
aluminized fabric,
(Mfr, D*)

* See Table 5 for List of Manufacturers

Specinen Size

Lab, Project 9400-20
Progress Report 1

Resistivity (Ohms per square) of Various Virgin RF Attenuating

Resistivity
(Ohms per square)

3" x 3"

3" x 3"

3" x 3"

3" x 3"

3" x 3"

25 - 90

230 - 400

0a75 bl 605

\

> 1 Meg.
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APPENDIX A

Power Monitoring and Calculation of Power Density

1. The HP 431A power meter used to monitor power transmitted and received has a
maximum range of 0-10 mw, Since the power transmitted in the waveguide is much
greater than 10 mw, use is made of a directional coupler to sample a fraction of
this main power, The directional coupler consists of a main guide, installed
directly into the transmitting waveguide setup, and an auxiliary guide to which the
thermistor mount and power meter are connected, Coupling is obtained through a
series of graduated holes which permit coupling of power in the forward direction
but not in the reverse, The ratio, expressed in db, of forward power in the main
guide to the power cut of the auxiliary guide is the coupling ratio.

k]
Exampla:

Given a reading of 2 mw on HP 431A power meter (connected to the auxiliary am
of a directional coupler); a coupling ratio of 30 db; calculate the power in the
main arm of the directional coupler (power transmitted)

Power read Xnumerical coupling ratio = Power transmitted
2 mw XR = Power transmitted

but 30 db = 10 log), P,

Py
or 3 = logyg ;%n log R
4 R = 1000

vhere R = numerical coupling ratio
= ratio of power transmitted to power received

o« 2 mw X1000 = 2000 mw = 2 watts.

The power transmitted = 2 watts,

Note: 1In the laboratory investigution,a calibrated variable attenuator was also
located in the auxiliary arm of the directional coupler. In this case the total

coupling ratio is the sum, in db, of the dial setting on the attenuator and the
coupling ratio of the directional coupler,

2. Knowing the power being transmitted in the guide and assuming this is the
power being radiated from the horn (actually there will be a small loss due to a
standing wave in the guide) the power being received at the receiving antenna

A-1
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may now be calculated from the following equation:

Py = Pg Gt GpAo?

where Py = power received in watts
Py = power transmitted in watts
Gy = power gain of the transmitting antenna (a numerical ratio; not db)
Gy = power gain of the receiving antenna (a numerical ratio; not db)
d = distance between antennas
Ao = free space wavelength

Note (1) This equation is valid only .if both antennas are in each others- far field.*
(2) The power gain of afh antenna is an indication of how well the antenna

. ‘ p
concentrates the beam in a specific direction, The higher the gain the

more collimated the beam.
* See Appendix B

EXEEEIO:

Given: A transmitted power of 100 watts being radiated from an antenna
having a gain of 20 db, The receiver has a gain of 15 db and is located at a
distance of 200 cm (far field) from the transmitter,The frequency of operation
is 3 Kmc, (The gains of the antennas have been found at this frequency).

Problem: Calculate the received power

Ge = 20 db = 10 log,, Rt (R = power ratio)
10310 Rt = 2
% Ry = 100

Gr = 15 db = 10 logq Ry,

loglo R, = 1.5
% Ry = 31,6

Mo = 3x1010 em = 3x1010 cm = 10 em
- X109

o4 Pr = Py Gy Gy Do?
w

= gwog 51005 §31.6} 11032

= 5,02 watts

A-2
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3. In order to calculate the power density at the receiving horn one must first
know the effective area of the receiving antenna., The effective area of an
antenna is an indication of how well the antenna captures the power impinging on
it, It can be determined from the following equation:

= Gp X0?
g

where A, = effective area in cm?

Gy = power gain of receiving antenna (mumerical number; not db)
Mo = free space wavelength in cm

This equation is again only valid in the far field,

The power dens

where Pp = power density in mw/cm2
Pr = power received in mw
Ae = effective area of receiver in cm?

e

A-3
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APPENDIX B
Calculation of Far Field

1, Given two standard gain horns (horns where the value of gain is known at
specific frequencies), one to act as a transmitting antenna the other as a receiving
antenna, In order to make valid measurements with these horns, each one must be
lecated in the other's far field, The minimum distangce to the far field from a
standard gain horn may be found from the following relationship:

R = 207
A
(o]
where D is the major dimension of the hom (diagonal of rectangle shown below),
and "\
c L
1 H /:i
Side View of Horn Front View of Homn

is the free space wavelength. In the case where two horns are used [one as a
transmitter the other as a receiver) D is the major dimension .of the largest
antenna and R is the minimum spacing between them,

-
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APPENDIX C
Determination of Attenuation of Fabrics Installed in Near Field of Receiver

1. It was previously stated that in order to make valid measurements of insertion
loss, the metalized fabric under test had to be located in the far field cf the
transmitting antenna., The size of the fabrics being tegted weve 15 om x 15 om,

The size of the receiving horn w2z 2,5 & a2 7 cm, T1he radiated beam of power was
wider than the fabric, which in turn was comparable in size with the horn. Therefore
location of the specimen at distances greater than approximately two wavelengths

(6.5 cm) from the receiving antenna would cause a fringing effect at the sides of
the fabric which would result in erroneous power readings. (see figure below)

! k_. = =-= = == Receiving Horn

Fringe Power
Grenterfthan 22 / ? * \‘—*-——'-"—.-‘-‘:__ =/ Power Trensmi

- .
rTEBA
- - -

)

BN

e —\ - 2= . _/ Through Fabrié

—_— e, — —— Fabric

TITITT The-—-- Ty

/ Y— — — —= = Receiving Horn
l = = == = Fringe Power
lessthan. 22 /1 e = —a\ = o ma ~ Power Transmitted Through Fabr
- - Fabric

T 7 1 1 T N T S,

However, placement of the fabric within two wavelengths of the receiving hom

located it in the near field of this antenna. This resulted in a mismatch between
specimen and horn that altered the horn's receiving pattern. Thus any small
variation in the position of the fabric resulted in s marked change in the received
power that did not adhere to the inverse square law, It was therefore decided to take
a maximumy received power reading (as the fabric positior was changed within one
wavelength of the receiver) and calculate the minimum insertion loss of the

fabric,

Note: Since the transmitting and receiving horns are separated by a distance of

C-1
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175 cm movement of the fabric within a wavelength of the receiving hoxrn ( 3 cm)
does not appreciably alter the power impinging on the fabric,
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APPENDIX D
Ohms Per Square

1, The resistance of 3-dimensional materials is widely expreased in "ohms per
square”, It can be shown that this resistance is constant whether we talk about
s sauare inch, a sauare foot or s =qunre meter, etc, Refering to figure 3, we
cemnin s materixl h.uinn the Fnllnwino characteristica: langth (L), width li'\

O ——

thickness (t),and resistivity (P), (an electrical constant characteristic of the
particular latcriul). The resistance of this sample between fuce X and face Y is

expressed as:

Ryy = PL

K

where: Ryy i3 the desired resistance (unknown) and A is the cross-sectional area

But A= Nt

so therefore Ryy = PL
L3

Now if the material is a square we therefore specify that:
L=W

and then: Rxy =

et

Since P is a constant and the thickness (t) of the material is uniform the
resistance (Ry,) must also be constant and the conclusion being that, no matter
what the dimensions of the square, the resistance from one face to the opposite

face be invariable,

D-1




