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ABSTRACT

T?. s-ew b.. escit eit various steps in the development of a
design for pq!Iplo 1. hcltafi which afford shielding from microwave
radiati,.1 be shelters wore designed to house) oloctrcriic comqiuting
dev'ices ard op,3rating personnel in proximity to radar transmitters.
Shtelding from~ microwave radiation -is nocessar) to prevent interference
and consequent malfunctlnn of electronic squipaorit and to Linsure safety
to operati-4 personnel.

Reflectivity to microwavm rad'stion was meas~ured for several
flezdble materials. A silverized nylon fabric and aluxlinized polyester
film were found to be mokre effective in reflecting the energy than
the other r-Ateria.ls stidied.

A scale model of the shelters was constructed of materials
sut~eested for use in the Ifinal design. noe model was submitted
for evaluation to a field type test to determine levels of atthnua-
tior. within the shelters when iluxiJnated with micro'avc radiation
at. thre frequencies, It. was fo-ind that leakage at over-laippinjg
joints lImIted xttsn.ýA'ion to an average of about LO dt- for L band.,
33 db for *-.4 band, and 26 A for C*zE bend.

Designs are riggested for' improving the closutrt at c'vor-lspping
jointjs which should raIse the levol of atteriostion.

Now.
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Part Is glectrontgnetic 3b.'elding Mawlrý for Shelter*

Alvin 0. Ramify

1. IItId1L1etiofl

The (W.artarmastar Research and Swineering Commnd man requested
through a transfer of funds from Rom Air Dr*elowt. Commnd, to
construct four shelters for housing operational electronic equipment.
In the field this equipment is often used in proz.nity to radar trans-
mnitt-are, which may interfere with the proper functioning of the elec-
tronic equipme I in the shelters * The Uir Force bad requeeted that
"maiaum electrical shield-ng' be provided to assure that interference
from the radar transnitter be held to sufficiently low levels..

Reaar signals consist of microwave radiation which comprises the
region olZ the ehctromagnatic, spectrum between radio wvave and in-.
frared radiatics. Portions of th~e spectrum, e.C., infrared, visible,4 ~x-ray, and r adio waves, have become recopVLaed as distinct fl.elds
of study. However, all electromagnetic radiation obey@ the sae basic
lawsu of propagation, refroction, reflection and differ from one area
to another only in frequency and wevelength and the mmanne In whiich the
radiation interacts with matter. Delineation of the various regiom
has coin about primarily because different mothode are required for
their productiot and d~tection. 1hese different techniques sties from:
the mahanimm by which radiation In various wavelength regions of the
spectrumn interacts with matter.

A tinwery of the di fferaicee batmeen rariew srea4otral reigous in
rseard to wavelength and the imaer of intertation vithk matter is shcvn
in Table I. Sims~ co-siderable o- or-lamina of wvevlengths from one
redgio& to amother mid intarac ~.ions; iA cacmchn occuvr, tile tabulation
is only approximate.

Table I:' L'luence of Various %wetral Regions

Spectral Radocn kc (MR) Rasponse, of Mhtter
Gamm rays O-8 Nuacleer vibration
X-rays 10-8 - t06 Tansr electrons
Ultravioleit 1 -6 z i1o-5 Valance electrons
Visible h - 7 x 10 Valmase electrons
Near infraued 7 x 16.5 - k.5 x 10" Oermtones of molecular

vibration
Infrared 2.5 x 10-4' - 2.5 x 10-3~ Molecular vibration
Far infrared 2.5 x 10-i - 5 z 10-2 Pblacular rotation
Microwave 5 z 10-2 - 1200 11olecular rotation and

polarization

. Te ~u*,mmt,• R.a'han ... r.ut.t~ough a ra~fsr o ....... o....................d. t



Tdble nI lists the variouse froquancy bands for radar commnaly in use.
By compa~rison the frequency' of visible Light is 400 - 800 mmga-magacyclee.
per second.

Table Mi De iruioll~ a arrimate Spec troscopic Properties of

Fr~u~cyw~ele gth Alternate
Band 5 DesIgnations

P 25 -2539 770- 2W 10 etr an
L 39 -1550 20 - 770 1imater band

31550 - 5200 5.8 - 20 10 centimatar band
I5200 - 1.1,000 2.7 - 5,8 centimoter band

1 11,0W0- 30,000 1 - 2.7 1lcentimeter band
milliet~ar 30,000 - 600,000 0.017 - I millimeter band

Redar signals, which operate in the %iC2Waw* region Of the el1ctr0-
magnetic spectrum, travel in straight line@ at the speed of light. They

*any be teflected, absorbed, or transmtted at the surface o'f the shelter
in a manner analogous to visible light. Onl~y t?.at portton of the incident
radiation uifich is transmitted can interfere with instrwan'nte uLtkin the
shelter. Consequently, shielding will be possible only if the signal is
aLso rbed or reflected. In disecussions wi th personnel of tb* Ingineer
Rasea~rch and Derslopemnt Laboratories it soon becam a pparent thiat shield-
ing of electronic equipment could best be accomplish~ed by reflection.
Use of absorbing "sytow would be uneconomical in Was of money, weight,
and bulk. This part of the report =cnsiet. of an oxamtination of a
number of materials with respect to reflectivitv' at variouan frequencies
of xzicmweave rrjAitJon.

2. %xsi*tk observatiar,

At our requ~t reflectaznzes of a series of fabrics and related
mate rialse were made by DflL personnel at 3 ca and by th* group~ at the
Naval Research Laboratory at 10 on. These are summrisod tn Table III.

Table IIIS Reflectance ()aTWo ivels!Wthe and DIrect 'Aurrent Reeietaace,
of Seven Fabr~c P yste..m

Fabric 3 ~, 10 CMD d. a, resistanitoe
1. ftift fabric - silver on nylon 95 100 0.8
2. Carbon black on cotton sateen (1 c1 V107
3. Carded cotton sata&wn, 00 107 41 < 1 7
14. Cotton sheeting with vacuum <1 .41 >107

deposited aluminum
5. Cotton drill with ftiliume 4.1 41 >0
6. Vacuum aluminized mylaz 95 Wo 40
7. Alumdinum foil bonbde to 95 100 0.1

paper and nylon mash

*Reflectance relAtive to a solid sheet of iron as 1W0%.
O4 hma I, square.



Reflectances of 12 fabric systems vere waured at three frequencies
1.000, 3=000, 10,000 mgscr~lse by Pickard &Wd Burns, Needham, Masmachusetta
".?iAer cont.a.t vitA te•t/WCommand. These data represent wasurements
of microm-wr. 3norgy re cte fret a ample illuminated it normal incidence.
"Table IV vomarsma the data obtained on the 12 mppl.

Table IT' Microwave Reflactivity of Twelve Fabric Sytom at Three Freaaacies

Psrcýmt ?over Reflected

Semple RL BAND 93 PAND 610 BAND
No. Description 1,00 mo/u s 10,000 mc/s

1. Aluminized NYlar on Poplin. 100 100 100
2. Aluminum Foil. on Scrin. 100 100 100
3. Carbon Black on Dynol. 0 0 0
L. Aluminum Foll on Paper. 100 100 100

5. Aluminised Wlar on Sheeting. 100 100 95.5
6. Vacuum Alumininod Cotton Shoeting. 0 0 0
7. Sft Cloth (Silver, Parachute nylon) 100 100 100
8. Milium on Cotton. 0 0 0

9. Alumvinsed Coated Nylon. 0 20 67
10. Aluminised Rubberised Fabric. 0 0 11
11. Ali-inised Vlr Alone 100 91
12. Altnnined 'lar on Paer. 200 300 100

The shelters exe dfsigned to provid, ha h order of thermalI onulAtion,
for which purpose a duble layer of 1 inch f1ber-tia" b•&ttdng dll. be used.
It th~iv appears, by reference to the data of fable IV, that placing o6
or tv- larers of aiuminized myiar betaken thr layers of fiber-glars should
be offoteive in reflectirg incdsxi radiation. Teble' shows data from
Pickard and burns for three different thickrasses of is1ar film which had
been aluminiad and a model of inulting batting containing a doub)* layer

of alufinised mylar between A double layer of the fiber-glass. Data we"
also obtained on double thickne•es of mylar samqp._ alone.

Table Vs Mtcrowave Re1loti of Three ni lar FiL of
Different Thi.kness and a &ýgg or an Inomu s tts a

Percentage of PM efnlected
Saler BUMD as BUMD *IV BUMDNO. Desrition 1.000 -•/s 3.000 mc/s 20.000 MC/A

2. 1/2 nil1 rlar 100 95 93
3. 1 ll Ivlar 100 100 95
4i. Assebled Betting 100 100 95
5. 1/ mil )lar - 2 layers 100 95 720
6. 1/2 mil Vlar- 2 ayers 100 95 93
7. 1 ail Vlar - 2 layers 100 100 95

e"I•ev percent of refloctivity of this ample at I-Bad is
prc ably due to surface abra ion resulting from ecessive flexing
and working of the materials and consequent wrinkling, actual
reflectance in probably 50 - 95%.
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3. Discussion of reoultj

The results of all three s,.riso of measuremaoto indicast tat rather
uniform surfaess of high lo:'•ial vnductivity have the property of
reflecting microwave rafiati!. Ia the referenced letter report from
Pickard and Burnm, 2 Glynn muggeato that Samples 5 and 11 exhibit typical
results as a .'unatioii sf Ifreqancy for mltarials in which elect~rical
conductivity is slightly less than ideal. EIvdently, the conductivity
of these "ampie is less than for Sailes 1, 2, 4, 7, and 12 which jver
reported as havirg 100% reflectance. He ruggests that the particulate
nature of the aluminum deposition wa rsch as to produce a nt&l ordar
of non-uniformity of electrical conductance in the oturface. The neg-
ligible reflectance of amples 3, 6, and 8 are pros iably dne to.an
even lower order of continbus conduction between smLl conducting part-
icles .(se Table III). The reasons for the ancmalonO behavior of
Sample. 9 and 10 a" not clear but W be due to a doere of conttinuity
intermediate beWeen the 'mvry poorm and the Orather CoodO (5 and n).
For various Oprectical' ressome such " cost, avUability of matrisla,
onparative ease of hundling, resistance of microbial do••edation ard
influence on insulataon, a model adse ioelter was constincted using
the fiber-glass/aluminised myar comriration described above. The
dimensions of the scale model wmre 411th those of the intnoed *tso of
the prototypes.# This scale model shelter has been subetU44 for actual
field-type testing by Pickard and ftns. The deeign and e•naotetio
of this prototype model shelter is described in Part rl of tkis report.
Evaluation of the shielding characteristics of this shelter arm reported
by Plickard and Burns 3 aed summari•ed in Part Ifl.

4. Conclusions

The data proseMned 2h'r th&t light wnio. UAtrial a" :oinorci&lly
availabIx to eabla. the ongineer to design a sheltar which has the

S: desired shielding characteristics. The results of the study hbow that
either aluminised mylar or aluminum foil, *ltehr alone or bonded to
paper or fabric, meet the electrical requirements. Furthetcro, the
Swift fabric, silver depositod on a nylon fabric, is also satisfactory.

It is concluded, thereforo, that by using any of the abov
materials, the remaining problem are of design and production. It
was for the purpose of considering this Aasot that the scale model
wasn constructed and tested.
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Part Ili D asc3ription Tas,~t bho~ltar

Freauk 0. J0*w11f.o A1YiR 0. P~AM2Ay

1. Introduotion

As a result of the findings reported in Part I of~ this report, a
small model of a aielter was conatrictod for svbuittal to a fleld-type
test of radio frequency attenuation. Th, model ,eaaiwed 6 feet in
width, 4& feet in height and 6 feet in depth. These dimmiioneareg
Al~aiised mylar fil1m was used as terflec tiv element. Thn nrelious

remoutn orobe f war* thse os oe of tde sheign. drcoadrai

The purpose of, this part of the report is to describe the shelter
that ase submitted to Pickard and Burns Irec., for analysis under
Purchase Order G.I. 3093-59M. .Preparatory to construcation of the
test shelter, a conference was held between personnel of the Usntage,
Equipage and Parachute firanch'and Teztile Dyeing Laboratory Rriwob
in orda- to coordinate corqtruction aspects and electrical require-
ments, Blased on this conference wv'dch ccaisidared the adtvicoe offerwd
by Mk-. Jain" J. Glynn of Pickard and bumn during the vurk described
in Part 1, the design for prelixina:7 test. was &,greed upon.

2. Oeimal Desian Congerts

The most obvious approach to the solut~ior~~n the usae of a
separate, light-weight liner to be suepended inside th.* thesrmal

fabric (Nvift Cloth) could fuznction effeotliejy,.

Analternate considiwration suggested thtteelectromagnetic
shield be incorporzted in the thermal shield. It vms hoped that
adequate shielding could be achieved vhen the refLactive aelmait
(aluminismed iqlar) wasa inserted between layers of the fiber Class
I nsulati on. Furthermore, it was considered that use of a separate
Liner for the specific purpose of providing electromagnetic shield-
ing would be less economical in cost, weight and bulk storage.

Tb, gerveral design of the prototype submitted for +,esting was
based on use of aluminized nqlar included directly as pert of the
thermal. insulation system. In the £f nal shelter* it was inteaed
to s'iapand the comined thermal and electromagnetic barrier within

a mtal frame. Enclosing the frame aid barrier will then be eacco.i-
pished by a neoprene coated nylon outer layer.

ima



* I 3. esiga of ccabinod barri r

Th-v combined barrier I~zcuded two layers of fiber glass insulatfous
each 1/20 in thicknes. )Retvee these vee placed tolayers of l-mill

m~la fil whih ha bee vacum auminzedon on sid, to prodw.
surface resistance of about 5 o.-m per square. In order to minixis.
abrasion of the efffective surfaces, the a]urdaised uwfsese me Placed
face-to-fae, thereby placing the una1l.nifsed airfaces in contact with
the fiber glass. A layer of. neoprene coated rqloa me ns d to innclsee
this qatoma. Figure I illust~rates the arrengea which mas used.

4s. Assembly and suwasejion of barrier

"~or the prototype shelter subulitted for test the barrier was
constructed of three piuces The front end of the sheltar wen sam
directly to the front half of the side-mall. T hewo two Naels. were
suspended fron a tubular alodinan hwam with nyics cord through frrom..
mete, over-lapping the two halves of the sbelteir abcnt 1l sa. the cantur.
This is illustrated in Figure 2.

Th.- bottom edgeo of the two ends and aide pbmea me carried 120
beyrnd the floor level and the aprons so f'ormed mar turnedl inmer. A
ground cloth mes placed on the floor and oveir-lapped the Wpon from the
side wall and siads. In the grounid clib the therul insulation was
omitted, and thus it contained A double layer of aiwdnLad syler
enclosed within an envelope of nequourac coated aylat.

7 ljure 3 wnov the intenrior oe the shelter wift the pvwM cicatb
in place. Pmxn tist illtustration it is seen that the front and of the

* ~shelter was provided with a sli. s fastener 0lo""e ftis was nc~essary
for the test only to peirmit entry of pereonnel and equipmet. Ta a
final design eutry will be mad. through an alumnum door end frome,
which in itself should pose no shielding problem.

Preliminary rweults in4itoatd that an improved aloirce with better,
shielding properties we necessery at the centcie oveir-ly a&W at the
ground cloth over-lap. Two changes ww me& in oria to isprcye the
design. A bekoktt, closure with a 60 spacing replaced the amupts groimet
closure, although a.rcomits wre s till used as suspenion po~zte, The
ot~her change was to continue the saluninsed vqiar Wei out of the
insulating bat and fold it over in a mannser shown In Figure 4s. By these
two changec it was hcped that a more continuous reflectivC, surface
could be obtained.
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Solid line -Outer Skin

Dashed line -A1umdimed JN'lar double layer with aluinum
surface in contact.

Figure Is Construction of side-waU baet, first attempt
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'Icli' line -Xte Skin
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Part III: kraluation of Toot Sheltmr

Frank J. * isa. ftank 0. Johnso Alvin 0. 3mlUq

1. Introedaction

The purpose of this pert of the report is to evaluate the perform-
&nce of the test shelter described above In termn of allitary needs f=r
electromgnetic shieldin . It ise recognized that the resuLlta of Uie
study rcitin, the IA-scala size test structure can not be trom~lAted
direcU..y into pertorm~nco vi a full size struuture. Thus, a send
purpose is to develop those essential aspects which can lead to a
rec: ,d.d design of a full scale mode..

2. Sumimry of 7est Results

The field study led to the conclusion that adequate shielding Is
possible with minor changes in construction design. Firm a intvhriale
point of view the asIa ni*aed 1A~lr per-mits attsIznment of the object-
ives. Data from the field study show that the ground cover is essential
for highest effectivenes.

It was ncted that leakage of radio f~requency radiation occurred in
area" vhwe one section over-lapped another. leakage me observed at
over-lap ~esat the center mean end where the ground cloth set the
side well. i.'is indicates fuh-fat*ellent shielding would be provided,
if the alumininul surface, of the uyl~ar film could be iPede continwaum)ly
conducting. Honvewr, iw, loakeage was oboe-red in areas utw refine-
ting surfaces weire brought into close proxzimit.y by a s#a em . 'In
such regions the reflecting surfaces wee probably abo,3t /80 &;wart.
Thus, although absolute electrical continuity might provide asrirei
shielding, it does not appesr to be abeolutely essential.

The leakag oboserve at the zippered entry does not apply to the
general problan because no suich structures would be used in a full
scale shelter. An alunizwn door aid jamb are intended for us* as the
entry.

Figure I illustrates the angles of i1lt-d-tion used. fletectors
were placed writhin the shelter and the probe nowe to find the higes
reading for a given illindnatic. condition.

Table I summrises the data obtained for the test condition in
wshich the ground cloth was in piace.

13
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1. Horigontda ray directed addwgy ul, a~±da,4 a ta ovw~mv2. MOrisontal ray directed at &amw cop.mw, m3. Morlontal ray glancing off center ~Uwp.4- Horiasmtal1 ray glancing of? am corauw5. Horizontal ray farma to front at ai1tdo taatew.*6. Cbliqu. MaY directed downi at t-aew Of slide fastw~7. Obliquo MaY di~rected 'mn at be" of center v=wlaV

I ?Ig w.* 18 D12'act icn of "IU md ati= r tW 2rW l

to ini Table 1.
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lablo 1, At'Adntio of &GA.,uwo l.".tUS Ly
tA.t bot wi t., Org.W cloth In Face..

rroteaouoa

2k"- 7T.2% 1.1.0 by1k2 ~~tIu

3 74.50 13.00 .6.( C in
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7 79.6Al 36.50 -41.1.1

3001D 1 65.0 0b 36.0 0b -31.0 *b AJI/Af- A.e.
2 58.0 7b 2.0 A -36.0 db Arvot ROAdUa

3 51.00& 26.00 ..?-5.00 b In to
L 5.0 0b k1.0 0b -35,0 d

MA 2) 36.0 4b ...O ab
7 3.0 £t hj.O 300

769.50d 32.0 -"37.05

10001 7.0 0.01 -A6.16 0b
2 3.0 a0o 04 4% Ma

19.7 07~ -29:06 d% Dt- Irw
30.0 &. Pax

95.0 0.90 -19.77 0b S lm~
I3.0 0.005 47.79 4h &VIt

Financial support was withdrame before tkA indicated retinesont.
Indesign could be made. Therefore, this study will toridnat.. with

recommndations for the following changes. in design whc wfll~ im-.
prove the shielding affectivsenim of the model discus~aed aihov.. These
recommdmations arm based on a careful review of the remW~ts of t-hs
*xperismant~al work, exp~erience in construction of porAbl.Uaohlts-im

- and discussion with electronic engineering personnel vf Pickard &Md

a. The corrective smmelw0taimn to iqmow.r the shielding
ax-. shown in ?igwre 4& of %be previous part. Although sufficient funds
Wre" not. available to ansijee this change thoroughly, a spot check

-'indicated soae alight improveit. The design of the combined thermal
and electromagnetic barrier wilobh is nov rwcnded is Illustrated
in rigure 2. The sesental feature is that electrical continulity
depends ca areas in contact which In turn, depend on ;mraassree
produced by the closure systen. fhe rmwso for the inadequacy of the
design shown in Figurt i& was buckling of the mat wan the manner in
which the becket lines provided contact preseure.

.....
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surfaces in contact

Figure a: i 3,,ded design fro betting in areas

Where~ sections join.
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b. One fugg~etioa for a combined suspension and closure
system is shown in rigure .1. The sapport bands shou~ld be made of an
appropriate mtetal (or other material)3 which would provide constant
pressure against 1L frame.

Adoption of these ~vo techniques should insure that attenuation
of at least 4 O .b * would be provided throughout the shelter at L-
band froqiencies. This conp~e favorably with attenuaticn realised
by comrcial, all metal igelded room.* The type of closure shoim in
PIigres 6 and 7 would contribute satarially to the effeciency of the
thbrmal insulation.

It chould he pointed out that the protection afforded by the test
shelter is expressed in decibels, a logarithaic unit defined ..e

*t 10 log Pma

Where P is power (maximum outside shelter and minima. inside)
in appropriate imite.* The negative sir- indicates a paver decrease.
In teaw of power transmitted a protect%.:. 9. -40 c~ coresponds to
a transmission factor of 0.0001 (0.031S protection of -30 db
corresponds to a transmssion factor of 0.a0 (OJ).

In view of the results it may be appropriate to reconsider the
alternative approach usiag a separate lining attached to the inside
of the structure after piacemsat of the outer shell and separate
insulating bate. Such - liner made of silver treated facria (e.g.
dynel), would provide adequate .hieldin with few~ design problems.
Since, it was shown 'by Pickard and Burns that an ordinary slide
fajtten., itself, act as a slat Itenna,, the tape used in any Isld
facstenr in such a rystem would have to be astall'sied in the same
awawur an the liner proper. A ono-piece liner of such design would
coet more than use of Rylar In the Insulating bate; with special
slide fasteners the cost would be evan higher. Purthemreo, a
substantial increase in overall weight of a complete shelter would
result*

4a. Reference

1. Olyan, J.J., Jiassurements of *lectrowgnetic characteristics
of portable shelters c osed of pliable reflecting materials, Pub.
No. Pickard and Burns, 2OHighl~and Ave., NeedhAi 9I4, Mass., 15 April
1959.
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