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Interforenes of sloctremagnetic rediction from radar transaitters
with eleotronio souputing devices may intredude errors into computations
whieh are ased in econjmoticn with artillery end xissile firing. Con-
ditions of fiald operation my “equirs that oomputing equipmnt be
howsod in ehaltars that oan be moved as & wllitery situstion requires.
This repert disciseesd the dvvelipment of porvable sheltars which
inoorperate in Wicir decign the feature of shiclding sleotromagnetio
rediation of miarcmave (requmoise. Ihe shielding ia als¢ necessary
in order % Dretesi sparsting psrsceeel from the high intamsity

mergy which 18 elaruetiristis of soms of the newer developmmts in
radar.

The cooperation of perscanel ia both the Temiage and Xmipece
Branch and tias Taxiils Dyeing lebaratory Bresch weas essectial, In
addition to the au Mesoers Conway W. VWeikert, dllen K. Noody,

Chegter I, Hosas, snd Yiilian T, huras sude importent ccatrivations
W the atudy. '
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ABSTRACT

i \

| W various steps in the development of a

{ design 'or @g?'}h rhelters which afford shielding from microwave

' radiatich e shelters were designed to houss electronic computing

' devices crd oparsting personnel in proxmity to radar transmitters.
Shielding from microwave radiation is necessary to prevent interference

and consequent malfuncticn of electronic squipmert and to L‘wure safety
to operating parsonael,

Reflectivity to micrcwava radiation was meaaured for several
flexible materials, A silverized nylon fabric and aluminized polyester
film were found to be more effective in reﬂ.act*rg the energy than
the othsr raterials studied,

A scele ncdel of the shelters was constructed of materials
suggeatad for use in the final design., The model was submitted
for svaluation to a field type test to detsrmine levels of attenua-
tion within the shelters when illurminated with microvave radiation
at three frequencies, It was found that leakage at over-lapping
Joints limited attanustion to an averoge of about LO dt for L band.
33 db for "a® band, ancd 26 & for "x" band,’

Designs are suggested for improving the closure ai over-lapping
Jeinty which should ialse the level of attenustion,




Part I: Klectromegnetic Shlielding Materici. for Shelters
Alvin O, Ramsley

! : 1. Intreductica .

. The Quartermastar Research and Ingineering Command wis requested

. through a transfer of funds from Rome Air Dvelopment. Command, to

. consiruct four shelters for housing operstional slectronic equipment.
In the field this equipment is often used in proximity to radar trans-
mitters, which may interfere with the proper fuuctioning of the elec-
tronic equipmer b in the shelters. The kir Force had requested that
"maxium electrical shielding® be provided to assure that interference
from the radar transmitter te held to sufficiantly low levels.

Radar signals consist of microwave radiation which comprises the
region ol the elictromagnetiz spectrum between redic waves end in-
frared radisticin, Portions of the spectrum, s.g., infrared, visible,

| x-ray, and radio wvaves, have heccme recogulsed as distinct fYelds
of study. However, all electiomignetic ratiation obays ths same basic
g laws of propegaticn, refrsction, reflection and differ from one ares
" , to another only in frequency and vavelength and the menner in which the
3 radfation interacts with mttar, Delineation of the various regions
has coms about pirimarily because diffarent methods are required for
their productior and detection. Theme different techniques stem fron ‘
tho mechanisms by which rediation im various wavelength regions of the !
spectrum interacts with matter,

4 yuamary of the differences batween varicuy spactral regiouns in
rsgurd to wavelength and the manner of intertction with matter is shown
in Table I. Since sonsiderable o er-lapping of wavslmgths from cne :
Tegiou to anothar and intarsciions ln mschanisme occur, e tabulation {
is only epproximate. .

Table le Iarluence of Various utrtl Regions

| , Spoctral Regicn Alom) Response of Matter
| Camma rays 10-8 Maclear vibration
; X-rays 10-8 . ].0-6 Inner electrons
% Ultraviolet 106 - ) x105 Valeace electrons
; Visible L, - 7x 1o-f Valence electrons
. Near infrared 7x102° - 2,5 x 10 Overtones of molecular
vibdration
Infrared 2.5 x 104 - 2.5 x 103 Mclecular vibration
Far infrared 2.5 x 10.3 - S x 10-2 Molecular rotation
Microvave S x 10-¢ - 1200 M¥olecular rotation end

polarisation




Teble IX lists ths varicus frequency bands for radsr commonly in use.
By comparison the fnqucncy of visible light is LOO ~ 800 mega-megacycles.
per second.

Table II: v#au 1 and A;mrﬂnmu @cctromopic Properties of

’;

Yy tavelength Alternate
Band E-cZuc) (cm) Designations
P 25 - 39 T¢ - 1200 10 msier band
L 39 - 15%0 20 - 70 1 mster band
8 1550 - 5200 5.6 - 2 10 centimeter band
X 5200 - 11,000 2.7 - S8 3 centiamter band
4 11,000 - 20,000 L- 2.7 1 centimster band
uillimetor 30,000 - 600,000 0,05 - 1 adllimster band

Radar signals, which operate in the micrewnve region of the electro-
mgnetic spectrum, travel in straight lines at the spced of light., They
may be feflected, absarbed, or transmitted at the curfsce of the shslter
in a manner anilogous to visible light., Ouly iat pertdox of the incident
radiation which is transaitted can interfsrs with instrirents within the
shelter. Consequently, ashielding will be possidle only if ithe signai is
absorbed or reflected. In discussions with personnsl of ths Bugineer
Rasearch and Deviiopment Laboratoriss it scon became appareat thet shield-
ing of electronic equipment could bsst be accomplished by reflaction.

Use of absorbing systems would be unsconomical in tarms of money, weight,
and bulk. Thie part of the report ccnsiets of un exemiration of &
number of matorials with respect to reflectivity &t various frequenciss
of wicrowvave rndiation.

2. Experimontal observeiions

At our request reflactsnzes cf a series of fabrics aod related
materials were made by ZHDUL personnel at 3 cm and by tho group at the
Naval Resoarch Laboratory at 10 cm, These are sumarissd ’n Table III.

Table III: Reflectance at Two Hawslengths and Direct Uurrent Resistance
of E !Qgc EE —_—

Fabric ] cnw 10 cmp d. ¢, resistancese
1. Swift fabric - silver on nyloa 95 200 0,8
2. Carbon black on cotton sateen a <3 »10!
3. Carded cotton satcwn, 0O 107 a <1 07
L. Cotton sheeting with vacuum <1 <l >107
deposi ted aluminua
5. Cotton drill with *milium® a <1 >107
6, Vacuuz aluminised mylar 95 100 k.0
7. Aluminum foil bonded to 95 100 0,1

paper and nylon mesh

# Reflectance relative to a solid sheet of iron as 100%.
## Ohms ;o square.




. Reflectances of 12 fabric systems were masured at three frequencies
- 1000, 3000. &4 10,000 megacy=les by Pickard and Burns, Needham, Messschusetts
v wder contoact vith the PHBE Command. These data represent msasurements
of adcrowsv: cnergy refiscted frow & sample illuminated {t normal incidence.
Table )V s msariyes the idata obtained on the 12 samples.

Table IVy Microwave Reflsctivity of Twelvs Fadric Systems at Three Frequancies

- Psrcwt Power Reflected
R Sample “L® BAND o8 RAND “X¥ BAND
-k No. . Description 1,000 m[- - 3.9% lc(- 10,000 -c(l
R 1. Aluminised Mylar on Poplin. 100 00 120
: 2., Aluminum Poil on Scrim. 100 100 100
- 3. Carbon Black on Dyncl. 0 © 0 ]
"N L+ Aluminum Foil on Paper. 100 100 100
: S, Aluminised Mylar on Sheeting. 100 100 95.5
; 6. Vacuum Aluminised Coctton Sheeting. 0 0 o]
7. Sulft Cloth (Silver, Parachute :vlon) 100 10 W0
8. Milium on Cotton. 0 0 0
9. Aluminised Coated Mylon. 0 10 67
10, Aluminised Rubberised Fabric. (] 0 11
1l. Aluminised Mylar Alone 100 sh 9
12. Aluximized Mylar on Peper. 200 100 100

The shelters sre designed to provide a high order of terml insulation,

for which purpose a doubie fayer of 1 irch fiber-gisss butting wiil be used.

‘ ) It thae appears, by reference to the deta of fable IV, that plueing oo

* or tw layers of aiuminized myiar betwsen the layers of fiber-gless should

. e sffactive in reflecting incideid radiation. Teble 'V slwws data from
Pickard and Burns for three diffsrent thickresses of wylar film which had
beon aluminised and a model of insulating batting containing a doubls layer
of aluminised mylar between 4 doubls layer of the fiber-glass. Dats were |
also obtained on doubls thicimesses of mylar samp_es alone, I

Table V: Microwave Reflectivity of Three Aluminised Mylar Pilws of
eren ckness a 1 of an

Percuntage of Power Reflected

- - Sample LY BAND 3% BAND oX* BAND

No. Description 1,000 uc/s 3,000 mc/s IOOOOncl
2. 1/2 mil Mylar 100
3. 1 il Mylar 100 mo 95

- ' Assembled Batting 100 100 95
S. 1/4 mdl Mylar - 2 layers 100 95 T2e
6. 1/2 mil Mylar - 2 layers 100 9% 93
7. 1 mil Mylar - 2 layers 100 100 95

. # The low percent of reflectivity of this sample at X-Band 1s

g pr¢ ,ably due to surface abrasion resulting from e-cessive flexing
ard working of the materials and consequent wrinkling, actual
reflectance is probably %0 - 958%.
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3. Discussion of resultu

Ths results of all thres seriso of mersuremests indicete that rathar
uniform surfacss of high sle:’rital vonduciivity have the property of
reflecting ucmnw rediaticn, Irn the reforenced lstter repori from
Piciard and Burne,? Olynn suggeats that Samples 5 and 11 exhibit typicsl
Tesults s a Junction of frequancy for mmtsrials in which elsctrical
conductivity is slightly less than 1desl. Evidently, the conductivity
of these samples is lsss than for Samples 1, 2, L, 7, and 12 vhich ware
reportsd as havirg 100% reflactance, He suggests that the particulate
nsture of the sluminum depceition was such 28 to produce a sall ordar
of non-uniformity of elsctrical conductunce in the urfase, The neg-
1igible reflectance of smmples 3, 6, and 8§ srs prosumatiy d.e to.an
even lower order of continous conduction betwsen small conducting part-
icles (soe Table III). The reasons for the *sncmelous® behavior of
Samplss 9 ard 10 are not clear but may be due to a degree of contimudty -
intermediate betaeen the “very poor® and the ®rather gnod® (S and 11),
For various "practical reascac such e cost, avallability of metsriale,
comparative sase of hundling, resistance of ﬁmiial degrsdation and
influence .on insulation, a model smise molter was consiructed using
the fiber-glass/aluminised myler comtdration described above. The
dimensicns of the scale model were L'hth those of the inteviad sixe of
the prototypes. - This scale model zhelter has been subxitidd for actual
field-type testing by Pickard and Burns. The desigr and cénatrmuction
of this prototype model shelter is descrived in Part IT of this report,
Evaluation of the shielding characteristics of this sheltar ars reporisd
by Pickurd and Burns3 srd summarised in Part ITI.

b. Conclumicns

The data pruonf‘d show thst 1ight weight nateriais are somwrcislly
svailabic to cnmble. the enginser to design & shelter which haz the
desired shielding charscteristics. The resulte of the etudy show that
either aluminised mylar or aluminmua foil, either slone or bDonied to
paper or fabric, meet the elsctrical requirements, Furthermcre, the
Swift fabric, silver deposited on a nylon fabric, is also saiisfactory.

It is concluded, therefore, that by wing sy of the sbove
materials, the remaining protlems are of design and producticn. It
was for the purpose of considering this aspec: that the scale model
wvas constructed and tested,
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Part II: Dascription r! Togt Shelter
Frank 0. Jolmiswis

_Alvin 0, Baneley
1. Introduction ' SRR

As 8 result of the findings reported in Part I or this report, a
small model cf a shelter was constricted for submittal to a field-type
test of radio frequency attenuztion, The modei masured & feet in
width, L feet in hoight and 6 fast in depth, Thsss dimsmsions are
about ore fourth those of one of the sheltars under consideration,
Alwwinised mylar film was used as the reflective elament., Tho pravious

resulis indicete this matarial should provide good shielding and <hst
remaining problems wers thoas of design.

The purpose of this part of the report is to describe the shelter
that was submitied to Pickard and Burns Inc., for anslysis under
Purchase Order (.I, 3093-59M,  Preparatory to coustruction of the
test shelter, a conference was hold between personnal of the Tantags,
Equipage and Parachute Branch and Taxtile Dyeing leboratory Branch
in order to coordinste conatruction aspects and slecirical require-
ments., Based on this conference which cansidered the advice offered
by Mr, James J, Olynn of Pickard and Burns during the work described ‘
in Part I, the design for preliminary tests was agreed upon,

: ' |
2, Oenaral Design Concepts '

The most cbvious spproach to the solution wrz ths we of a
separate, light-weight liner to be suspanded insice the thermsl
ingnlation barriar. In Pux® I 1t ves shown that a asteliised nyion
fabric (Swvift Cloth) could fmetden sffectively,

An alternate considuratior suggested that the electromagnetic
shield be incorperited in the thermal shield. It was hoped that .
adequate shielding could be achieved vhen the reflective alement

(aluminised ?lu-) was inserted between layers of tha fiber glass
{nsulation,

wtherncre, it was considered that use of a separate
linsr for the spacific purpose of providing electromagmetic ahield-
ing would be less economical in cost, weight and bulk storage.

Tho genaral design of the prototype submitted for testing was
based on use of aluminised mylar included direstly as part of the
thermal insulation system. In the final shelters it was intendsad
to suspend the combined thermal and elactromagnetic barrisr within
s metal frams, Fnclosing the frame and barrier will then be sccom-
plished by a neuprene costed nylon outer layer,




Desiga of cowbined bervi r

!
{ .
e N | The combined berrier inciwied two layers of fiber glass insulat’on,
s N oach 1/2° in thickness. Retwsen these wers placed two layers of l-mil
’ mylar fils which had been vacuum aluminised on one side to produce a
| surface resistance of about 5 oi'ms per square, In order to minimise
i abrasion of the sffoctive surfaces, the alurdnised sarfaces were placad
faco-to-face, thereby placing the unaluminised surfaces in contact with
I the fiber glase. A layer of neoprens costad nylou wap uoed to enclose
this systea., Yigure 1 illustrates the arrangesmmt shich was used,

- . B 4. Assembly and suspension of barrier

L . . Jar the prototype shelter submitted for test the barrier was

. constructed of three pieces. The freat imd of the sheltor was sem
directly to the front half of the sidw-msll. Thece tws lalves were

suspended from a tubular sluxinum frams with xyloe cord tirough grom-

mets, over-lapping the two halves of the shelier about 1® st the centur.

This 1s {llustrated in Migure 2.

N ! The bottom edges of the two ends and side punels werv carried 12¢
R beyrni the floor ievel and the aprons so tormed were turned imwarl, A
- S ground cloth was placed on the floor and over-lapped the spron from the
. K side wail and eads, .In thé ground cluth the thermsl insulation was
L TR omitted, and thus it contained 4 double laysr of alminized aylar
- : anxclosed within an envalope cf necpiens costad nylom,

. . Figure 3 wious the intericr of the shelter with the grovsd clcta
N in placs, Froa thir slMlustration it 1 seen that ths front end of the
v _ shelter was providad with a slide fastener closure, mhmucuury
R , for the test caly o parmit entry of personnel snd equipmaat. Tn a

d : final design entry will be made through en slumirum door and frame,

- whioch in itself should pose no shielding problem,

. OO Preliminary results indicated that an improved closwrs with better
- | ’ shielding propertios was necessary at the center over-lipy and at the
ground eloth over-lap, Two changes wers made in order to impreve the
R design. A beckett closure with a 5" specing replassd the aispis grommet
' closure, although grommwts were still used as suspensicm poiuts, The
. S ! other change was to continue the aluminised mylar film cat of the
. insulating bat and fold it over in a mammer shown in Figure L, Dy these
. I two changer 1t wes hcped that a more oontinuous reflecting surface

A d could be obtained,
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Soltd line - Outer Skin
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Solt” line - Duter Sidn

Das' »4 line - Uuwminized mylar - do,ra layer with
aluranus yurfaces in. contact . !
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Part I1I: Bwvaluation of Test Shelter

Prank J. Risso Prank 0. Johnson Alvin 0, Remslay
1. Introduction

- The purvose of this part of the report is to evaluate the performs-
ance of the test shelter deecribed above in terms of xilitary needs for
electromagnetic shielding, It is recogniszed that the results of the
study tsing the 1/l-scals sise test structure can not be translated
directiiy into performance ui a full sise structure, Thus, a secend
purpose is to develop those sssential aspocts which cen lead to a
recommended desaign of a full scals model,

2. Sumsary of Test Results

The field study led to the conclusion thet adequate ahielding is
possible with minor changee in construction design. Mrom a materials
point of view the aluminised mylar pmwits attalnmen® of the odjest-
ives. Data from the field study show that the ground cover 1is essential
for highest effectivensss.

It wvas ncted that leaksege of radio frequency rsdistiocn occurred in |
areas wvhwre one 3ection ovar-lapmd another. Leskage was observed at '
over-lap *=eas at the center sear and where the ground cloth met the
side wall, 1i.'is indicates that excellent shielding would be provided,
1f the sluxdnu' surface nf the sglar fils could de mads continucualy ‘
conducting. Howwer, no leakeage was observed in aress bz refloc- |
ting surfaccs vers brought into close proximity by a sewn owam, 'In - ‘
such regions the reflscting surfaces ware probably aboat 1/3% ajuct,

Thus, although sbsolute electrical continuity might provide asswred |
ahislding, it does not appear to be abeclutely sssential.

7 The lsaikage observed at the sippered entry doee not apply to the
general problem because no such structures would be used in a full
ascale shelter, An aluminum door and jamb are intended for use as the
entry.

Figure 1 illustrates the angles of i{llumination used. NMetectors
were placed within the shelter and the prode moved to find the highest
reading for a given illumination condition.

Table I sumarises the data obtained for the teet condition in
which the ground cloth was in place,
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Horisontal ray directed midway up 3idm et centar ovarlap,
Horisontal ray directed at sewn cornew,

Moriscntal ray glancing off center ovrlap,

Horizontal ray glancing off sevm corner,

Plgure i; Directions of illumination roferred
to in hbh In
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Tabls It Attemuation of Microwsve Retistioa Ly
Test Shelter wit' Orowst Cloth in Flace,
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] NS & 13.0 & 4l @ ta I
L 5.0 & A0 & W0 ®
5 No e .0 «30.0 &
é 7%.0 &> X0 & -)9.0 ®
1 LHh AR NS & 41,3 ®
3000 1 65.0 ® %.0 & -3.0 @ AN/APR-L Rec,
? s8.04 no® -3,0 ® Uirect Reading
) 51.0 & %.0® -25.0 @ in 0B
L #,0 & QO @ -¥5.0 ®
€ no s ».0» B0 ®
’ 7.0 & Lo & ~30.0 ®
7 69,5 @ 2.0 @ S ®
10,000 1 7.0 0.03 2845 & ’
: H 3.0 0,08 2.1 ® Wi
) 2.7 0.r -29.08 e N Yog
'E 30.0 % -l..;':‘ [ ] Py
90.0 1.00 <19.5, & Aodal
¢ .0 0.90 N e ru-w %0
! .0 0,008 -27.70 & Aplifier

3. Recomwsnde: Desizn

Financial support was withdramn before the indicated refinemsnts
in design could be made, Therefore, this study will terminate with
recommenciations for the following changes in design which «ill ie-
prove the shislding offectivenses of the model discussed abova, Theso
recommendations are based on s careful reviev of tha results of the
axparimental work, experience in construction of poritla shelterv
end discussion with electronic engineering personnel z.f Pickard and
Burna.

a. The corrective msasurcs taken to improve the shielding
are shown in Figure L of the previous part. Although sufficieat funds
were not availabls to analyse this change thoroughly, & apot cheok
indicated some slight improvement. The design of the cowhined thermwel
and elsctromagnetic barrier which 1s now recommended 1s illustrated
in Mguare 2, The sssential feature u that elsotrical continuity
depends on areas in contact which turn, depend on pressures
produced by the cloeure system, bnrmforth-inuhqumyorun
duimuhomln?imbmbmkhuofthontmdthomin
which the becket lines provided contact pressure.
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b. One suggesticn for a combined suspension and closure
system is shown in figure ¥. The port bands should be made of an
appropriate metal (or other material) which would provide constant ’
pressure against t. frame.

Adoption of these two technigues should insuvre that attenuation
of at lesst LO a.b. would be provided througnout ths shelter at L~
band froquencies. This compares favorably with attenuaticn realised
by comrercial, all metalshielded rooms. The type of closwre shown in
Pigurss 6 and 7 would contribute materially to the effeciency of the
thermal insulation.

It should he pointed out that the protection afforded by the test
shelter is expresssd in decibels, a logarithaic unit defined as

10 (4]

Where P 1is pover (maximum cutsids shelter and minimum inside)
in sppropriate wmits, The negative sig: indicatas a pover Jecrease.
In terme of power transmdtted a protectacs. o <40 dd corresponds to
a transmission fector of 0,0001 (0.01%); protestion of =30 &
corresponds to a transmdssion factor of 0,001 (0.1X).

In view of the results it may be approprizte to reconsider the f
alternative approach using a separate lining attached to the inside !
of the structure after piacement of the outer shsll and ceparats
insulating bats. Such . liner, made of zilver treated faoric (e.g.
dynel), wuld provide adequate shielding vith fewer design problems. 1
Since it was shown by Pickard and Burns™ that an ordinary slide
fastanar, Ltoelf, act as & sliot , the taps used in any slide o |
fastewr in such a vystem would have to be metallised in the same e !
sarmar as the liner proper. A one-piece liner of such design would '
cost more than use of mylar in the insulating bats; with special
slide fastensrs the cost would be even higher. Purthermore, s
substantial incresse in overall weight of a complete shelter would
result.
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