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BALLI STI C PROTECTI VE RADOVE TECHNI CAL FI ELD OF THE
I NVENTI ON The present invention relates generally to
wd tvee/prioszect i on of mcrowave and m |l i neter - warGESIL2005/000771
antennae, and nore specificdlly to transparent
protective radones. It also relates to arnored plates
protecting sensitive equipnment fromprojectiles or
other ballistic fragments. BACKGROUND OF THE | NVENTI ON
Radone buil ders often use inpact-resistant |am nates
for providing ballistic protection to m crowave
antennae. Typically, lam nates nade of aramd fibers
(Kevlar(r)) and pol yethyl ene fibers (Spectra(r), HDPE)
are utilized. |BABLISTICORROTHGTIVEERADOME 03/ 031901
di scl oses a nano-deni er fibrous woven sheet that could
be used for ballistic inpact-resistance radone design.
The inpactresi stant | am nates or woven sheets conbi ned
with structural |ayers of honeyconb or solid foam
cores can formbasically an al nost transparent radone

sui t eECHNICAIEFIELD ORTHEINVERTIONCI es. US 5, 182, 155
di scl oses a conposite radome structure based on

altherpreent lﬁVSﬁﬁorpfeI%Céérféréﬂy ﬂf‘ﬂ\edbﬁitééﬁdri 6f microwave and

honeyconb. US 4,570, 166, " di scl oses a radone structure

niRirfetef-waye rérﬁéﬁﬁ&ﬂ Hﬁ&% PECITE?WW&QF%{\%‘H&!@& bi¥ftective

holes 1s fi adle ect pr

radehey S alkd rle'la%%I o EFrﬂBF&f biafks ﬁo?&étfn@'@\'gﬁwe edfifhént from

propagate throu
projectiles or other ballistic fragments.

BACKGROUND OF THE INVENTION

Radome builders often use impact-resistant laminates for providing ballistic
protection to microwave antennae. Typically, laminates made of aramid fibers
(Kevlar®) and polyethylene fibers (Spectra®, HDPE) are utilized. International
application WO 03/031901 discloses a nano-denier fibrous woven sheet that
could be used for ballistic impact-resistance radome design. The impact-
resistant laminates or woven sheets combined with structural layers of
honeycomb or solid foam cores can form basically an almost transparent
radome suited to a specific band of frequencies. US 5,182,155 discloses a
composite radome structure based on alternate layers of Spectra® and
dielectric honeycomb.

US 4,570,166, discloses a radome structure made of a perforated metal
wall, in which each of the holes is filled with a dielectric plug, providing
improved ballistic protection. Electromagnetic waves propagate through the

perforations in a thick metal plate if the apertures are large enough - such that
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perforations in a thick netal plate if the apertures

are | arge enough - such thatthe wavegui de generated by
wo b@opings e hole is above its cutoff frequencyPCBUN0Z000771

nmetal plate could be nade o2 ballistic resistant

steel, and the plugs could be nade of a ballistic

resistant ceramc nmaterial (e.g. silicon nitride)

t oget her conferring | ow m crowave | oss
thehvavepaidiesyénsrated byi thedsiagiea bblenis abbwue dts eutdff freqeency.

approach is the high density of the steel structure
Subrta hfAadisplate esarRISbé \reade iof iallistib aleBistar pste el @ndkthevplugs

in the art consists of honbgeneous ceram c radones.

co8Nbé IHAIE Bf & BanRiBTakktalteskramid ingdtefiaNpsegaisilicen nitride)
appl i cations such as in high-speed m ssiles. However,

tdfeRY cORRHIRS LIbW! Rficrlvavl Closs agiaragtdristies! e mdif Sdrawback
I"mpact resistant ceramc materials are usually very

abéddateli Sth '??is: ﬁpﬁpgfz .o rr%l.tmle\/b Ef?get'\ '?jehgﬁ¥ 5 tH8Nite& structure that

processing o over, the tangent-Ioss

IG%PS?E?@?%{W@W%QHTM erials is sensitive to the details

eri ng process, so the process paraneters
need.to be reful | rolle A Vol u :
CRROHE? SRSRACH [Khawh J8 ey el ofiipts. b heliSadhptils, BBramic
arjra mal ] ceramic units embedded, in a suita I
rafloones: Syt ThorTes ek cautMoaly, S5 m FipbtBrpefalll ¢ Bofications
shield., US 6,1 12,635 .di s¢l oses a conposite arnmor
sb?q&t%s ﬁ%ﬁyggefspge iHlj?Sé'ePaS)“é‘?W%‘fe’t i‘ﬁﬂg%l maplfagturing of such
touching ceram c, cylinders _ bound t%%et her by a
ragiames 15 Exinneestlyalmpast resisiant Ceramic matesials,gtes ugually very
bal listic arnor conprising an array of non-touchi ng
haksth, alepdingnite Jiffistlties trodlee Hapchgnigalhprpcessingi ef the radome.
materi al. However, both
Moreover, the tangent-loss of these ceramic materials is sensitive to the
details of the sintering process, so the process parameters need to be
carefully controlled over the whole volume of the radome.

It is a well known fact that a dense array of small ceramic units embedded
in a suitable dielectric matrix can serve as an effective ballistic shield. US
6,112,635 discloses a composite armor plate made of a single layer of tightly
packed touching ceramic cylinders bound together by a solidified material. EP
1,363,101A1 discloses a ballistic armor comprising an array of non-touching
ceramic units packed together by a non-ceramic material. However, both

patents US 6,112,635, and EP 1,363,101A1 do not relate to antenna

radomes, and therefore are not applicable to microwaves or millimeter waves.
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patents US 6,1 12,635, and EP 1.363.101A1 do not
relate to antenna radones, and therefore are not
wappkiotabs e to m crowaves or mllinmeter waves. BRI/HER005/000771
DESCRI PTI ON OF DRAWNG Fig.31 is an isometric view
showi ng a segnent of the radonme enbodying the present
i nvention, including one main protective |ayer
conposed of cylindrical |ayer nmenbers and two
dielectric layers; Fig. 2 is a front sectional view of
a segnent of the main protective |ayer show ng a
periodic array of triangular lattice of non-touching
cylindrical |ayer nmenbers; Fig. 3Ais a schematic

pr esepRiEF OESCRIPTADN OF DRAWING er nenber of the
invention; Fig. 3B is a schematic presentation of a

Sﬂig!z?rﬁsoéhsi%bﬁ'id HEV sHEWIRE' a %@PH@H IgTMRB ra8BmeFEMbodying
3C7Is a schematic presentation of a hexagonal

tlﬁai@g?éﬂtc iﬂ@}‘@?n”ﬁ‘ﬁ&ﬁ&in@f ohBenid?rY eprortive N ayer gc?mgosed of

gonal ; 3D is a schematic presentation

Cg‘ﬁ@’%ﬁgia@% éé%%rlsm%&gletcﬂﬁ: fap¥§“t i on capped at

S a schematlc preséntation of a

CFl, ol AR V5 9 o A U e o
haWED THERRHS ey S AN O ReARR 8P HoRSo ifthg S HRGRLF fayer
members;

Fig. 3A is a schematic presentation of a cylindrical layer member of the
invention;

Fig. 3B is a schematic presentation of a square prismatic layer member of
the invention;

Fig. 3C is a schematic presentation of a hexagonal prismatic layer member
of the invention shaped as a hexagonal;

Fig. 3D is a schematic presentation of a cylindrical layer member of the
invention capped at one end;

Fig. 3E is a schematic presentation of a cylindrical layer member of the
invention capped at both ends.

Fig. 3F is a schematic presentation of a layer member of the invention
shaped as dual truncated cones attached to each other;

Fig. 4 is an isometric view showing a segment of a radome embodying the
present invention, suitable for X band frequencies;

Fig. 5A is a schematic presentation of a configuration of a main protective

layer consisting of pairs of cylindrical layer members;
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Fig. 4 is an isonetric view showi ng a segnent of a
radone enbodyi ng the present invention, suitable for X

whaovd/oiriesjuencies; Fig. 5A is a schemati c preseOl/AL20€3000771

of a configuration of a nmai# protective |ayer

consisting of pairs of cylindrical |ayer nenbers;Fig.

5B is a schematic presentation of a configuration of a

mai n protective | ayer consisting of pairs of one sided

CRIgP58 isya isbhlsmatit presetitatianrbe asconfiggration 6fsa anain protective

schematic presentation of a configuration of a main
IapePESRSistRy bRYSiFs 6Pté SidedTapbed Vylindidal e membesy; s

Shaped as truncated cones; Fig. 5D is a schematic

DF@S 8 @l 3Bhéafic ‘W@éérﬁﬂf@ﬂ bPB &Unfigufdioh &f 8trk4ihi prétective
| ayer of Fig. 5A according to a preferred enbodi nent

Iag%r Ebsis geaf p&Fs offa ?er Rfenmbers sﬁﬁﬁ@%&'tﬂ:rﬁ%ﬁoe%r?éé on

a con iguration of a main protective layer of Fig.

5%\92 Poirsdé %Ehéﬂag&‘brrgéé?{téﬁtﬂn %F’Q%B Qtatiin 60§ maip protective

a schematic esent ation o
conf | e
ia§eFs E%ﬁx%&gﬁ’%;@ E%&&Pérﬁ%féﬁwéﬁt*@% fgfe ittt
s a the .ty r

b B teca ScERlc SO L & %n?aﬂaat@déﬂéﬁa'ﬁ protective
pr ov bal | i prot ction. i cal
I pRAL s gﬁafsceaims o Prerartnd ampadinertaios Tnvanyohi 5

single main rotectlvela%( and the other curve is
tlﬂs. OF ista SRROMALS presastation: PEA canfighratian,pka dBﬂleyetht'VE
of two main protective layers with proper dielectric
layen ot Fig. 5E according tg aypraferred empeditaent ofthe Anvandiene

vs. nornalized frequency of

Fig. 6 is a graph showing the typical transmission coefficients of two
embodiments of the radome providing ballistic protection. One curve is a
typical transmission coefficient for a radome consisting of a single main
protective layer, and the other curve is a typical transmission coefficient of a
radome composed of two main protective layers with proper dielectric
spacers;

Fig. 7 is a graph of typical transmittance vs. normalized frequency of

radomes having paired layer members configurations of the type shown in

Fig. 6E, for different separation lengths between layer members of a pair;
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radonmes having paired | ayer nmenbers configurations of
the type shown in Fig. 6E, for different separation

wo evgihasbet ween | ayer nmenbers of a pair; DETAI BEDIL2005/000771

DESCRI PTION OF THE I NVENTION In Figs.1 and 2 to which
reference is first nmade, an isonetric view and a front
sectional view of a segnent of a radonme wall according
to a preferred enbodi nent of the present invention is
shown respectively. For the sake of sinplicity sane
parts in different figures are hereinafter indicated

by sapETAWEDDESCRIPTION OAMTHE INVENTIONi ed. In Fig.
1 a segnent of a radonme wall 10 is shown conposed of a

R Pigy. Plapt 2 (6 WIRKR refefeRd is Mikst Gh@d&Can isorhétrieniewtand a
attached to both surfaces of the main protective

froAt 8eetioHHf WEW of Qégl‘ﬁbht/ Bf laabé@ibnﬂe?m@ﬂrﬁdc%i'cﬁngfto a preferred
nmut ual |y spaced apari and tightly packed cylindri cal

eh@é@fméﬁ”@iefh% 6@?&@3 dﬁ\??ltl%ﬁ |§e§i'ﬂ>v¢ri" ré:é&ctlgelyt ?%r 'tﬁé/%%ke of

nbers 14 are a dielectric mat

smﬂlﬁﬁy érbedrrts Irl dk g@ﬂ%gr §r§ BPF&W\%W%‘&E&%& py same

array o rirangu ectric layers

ﬁﬂ%ﬁé pgﬁlgs%étﬂ%g/? et%pééifléooarhg F?g 9%%19%?%@@' Adome wall 10
Ao BB e
affaphed s Lo HRan oL ABmeRcPioteaive, fPeThe disierbtective
and tune the radone for maxi mal bandwi dth in
qu,eédaeqwlstggygput%h%gpgcemam apg tightix ;@ckgq)pylmdncal layer

material that has the proper
members 14. As can be seen in Fig. 2, the layer members 14 are embedded

in a dielectric matrix that holds together all layer members, forming periodic
array of triangular lattice 20.

Dielectric layers 16 are typically made of Keviar® or poly-ethylene (HDPE)
and may be attached in front of the main protective layer facing the ballistic
threat, and in the rear of the main protective layer. Although the dielectric
layers are optional, they can improve the ballistic performances of the
radome, stop fragments, and tune the radome for maximal bandwidth in
frequency.

Layer members 14 can be made of any material that has the proper
mechanical tensile strength to provide the protection for the antennae.
According to the present invention, a ballistic protection for the antennae is
attained with layer members made of hard material such as nanoparticulate
materials, ceramics and metal alloys designed to withstand projectiles of
specified mass and velocity. Many of these materials are not suitable for

microwaves or millimeter-waves applications because of their dielectric or
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mechani cal tensile strength to provide the protection

for the antennae. According to the present invention,
w@2Maloiiisti c protection for the antennae is atpai/medos/000771

with |ayer nenbers nmade of éard material such as

nanoparticul ate materials, ceramcs and netal alloys

designed to wthstand projectiles of specified mass

and velocity. Many of these materials are not suitable
céraductive r losses s Thereforel, i suche tayeavmemdoeps i aret plated with highly

because of their dielectric orconductive |osses.

elEBRIcallprébndutifg | rastriale: hies thivkaesd aifethewcomduttivhl layer is
el ectrically conducting materials. The thickness of

lakger BRIMAHGS iskth-HEptRs, irf dr@éIes rédade cvRdSdtive BeBES At these
in order to reduce conductive | osses at these

rddisticH Frequbh&i8YE NHePsford LN etnbety Bf thHETHEENIn hae an

I nvention has an electrically conducting surface.

e%?frmlfsqginauegf\;&%pﬁtéﬁ% %%fé; fc@qgeco‘ﬁﬁﬁferwrpqefé?étﬂéld\/ér hard

0ys, becaust € } versus ballistic
RIS, e AU S U e e g so
¢ ot . o . .
S b 5B ho e alif SRUPBOEhFEel Bafopt effion
Bl BB P B B0 g B T Byt v option
) oA SaBE R oA ol Ay R Sl Faera
sGoienial Falihio te  Rechasen! i Hedtsagiaf frofertes
the dielectric matrix, is formed within the main
resiuiiedds iapplicabler . Since the electric field of the

el ectromagnetic radiation is transversely
The layer members are mutually spaced apart and therefore electrically

isolated. As shown in the figure, gap 18, continuous throughout the layer,
which is filled with the dielectric matrix, is formed within the main protective
layer. Since the electric field of the electromagnetic radiation is transversely
polarized, there is no cutoff effect that prevents from the radiation to
propagate through the continuous gap. However, the low effective impedance
of the front and rear border surfaces of the main protective layer (most of the
area of these surfaces is conducting), usually leads to low transmittance
because of the large contrast with the vacuum impedance.

To improve the transmittance of the radome, the present invention utilizes a
resonance effect. Frequency selective surfaces made of resonant slots in a
thin conducting surface, are known in the art and demonstrate that a
resonance can enhance the transmission through a conducting surface, up to
complete transmission at the resonant frequencies. The present invention is

based on a different resonance mechanism. Namely, the height of the layer
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pol ari zed, there is no cutoff effect that prevents
fromthe radiation to propagate through the continuous
w@apse/oHasever, the | ow effective i npedance of PORIE2003/00771
and rear border surfaces of 7the main protective |ayer
(nmost of the area of these surfaces is conducting),
usually leads to low transm ttance because of the
| arge contrast with the vacuum i npedance. To inprove
menebers Jos the tlamgth off thehmaimdxise of the Ipngikidinal i layemmeprbers
utilizes a resonance effect. Frequency selective

whiohf &C alsonthgetiidknessoofatiie mlain protectivé Hayer) michety iobgys the
surface, are known in the art and denponstrate that a

rés%haﬁa@@anameneﬁmsﬁ tﬁ@@qbémm#iihﬂlf)x,}/ﬂfﬂhél‘b B is the width
conducti ng surf ace, up to con‘p ete transm SSI on at the

of ﬁwsegﬂmgﬁ PFJtS&W%p@gSF n i%n Hﬁﬁg@ﬁﬁuhﬂﬁgﬂtﬁ‘ 3 %Qﬁ%@;@' is the

eren olance nechani sm

f h I
welrn St Bl AR pebbnilf £ U b el K
| oS Sl oIS Ul Syt RUPEda BRbofRES: sue
2n-1) 1 g erehlsthevmdthofthemaln

trmtfsh@d@qi%e@lws almass figlh traps@igsiom withiry a(haeg of frequencies.

and I g is the wavelength of the radiation

TMP'@Bh@Q@wqmeW'dthefoéc!qume?' ingidenge atf5 atRifransRipsion-loss

dielectric layers 16 serve as inpedance transforners,
maycvaryHeomt5té toa8%nef the meonanae Stequenty vaklies mssisi described

within a band of frequencies. Typical frequency
inflendwi dt h for nornal incidence at 0.5 dB

transm ssion-loss may vary from5%tol5% of the

r The rtifferent shapesof thelayer member dssarei shewn itf Figs. 3A - 3F,
convey specific transmittance value to the main protective layer and
determine the degree of ballistic protection provided. The radome of the
present invention allows for any longitudinal bodies, including but not limited
to the geometrical shapes displayed in Figs. 3B - 3F. In addition to the
cylindrical shape employed in a preferred embodiment and described in Fig.
3A, a square prism element as shown in Fig. 3B, forms periodic array
expressed as a square lattice. A hexagonal prisms as shown in Fig. 3C, forms
a triangular lattice. Unilaterally sphere - capped cylinder as shown in Fig. 3D
or a bilaterally sphere -capped cylinder, as shown Fig. 3E are other possible
embodiments, beneficial from the ballistic point of view. Moreover, the cross-
section itself could vary along the main axis of the layer member body, as
shown in Fig. 3F.

The. geometrical shape of the layer member and the spacing between

adjacent members are basically chosen on ballistic grounds. However the

operational frequency of the radome is also effected by the width of the
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The different shapes of the |ayer nenber as are shown
in Figs. 3A - 3F, convey specific transmttance val ue

WO e00blo€118Ri N protective | ayer and determ ne theCTHEHPO&E200771

of ballistic protection pro®ided. The radone of the
present invention allows for any |ongitudi nal bodies,
including but not limted to the geonetrical shapes
di splayed in Figs. 3B - 3F. In addition to the

contiriuntisi gap it shapeofothedlayer anembees, rantl ¢hérefireelimits the
and described in Fig. 3A, a square prismelenent as

s&apw\of theirfballistidReffiéiency periodic array expressed as a
square lattice. A hexagonal prisns as shown in Fig.

3Ak frégueﬁcnes hidghRranaRIC baad, @eadéiﬁe|vﬁtt€éédlh?1e3ﬁhiﬂrmotective
cappe cylinder as shown in Fig. 3D or a bilaterally

é’Y ideY sUffidfint BallistoYotetlion.3FFhar gre8eA invention
p033|b di ments, beneficial fromthe ballistic

alfQ &t toOfacHie%’ tH feRé8Eary! BSIIlQﬂ@Sﬁl%‘?éétioﬂn withs ‘i‘é)ferc Riénsbers

vary al ong the main axis“of the layer nenber y, as

3@%@;& qm(ﬁ QRe SIEESOIQRC& e&{ﬁ%‘ilbh chL ﬁh@[))?g/f ffgt r}ﬁgltné’ry A values.

€ spacing between ad

chgsep on ba
(50 Somisker. Fiec Esa%@ﬁvoka'e 'dﬁ'i@aﬁgc'ﬁgei'?vv‘ﬁ Bpné. faspnance
by the wdth of t hecont i ha of th
(PY)els RamOUES  thanq e dasomidth Priine g pr@seﬁam.m =1).
bal l'istic eff|C|ency At frequenci es higher than
ABgrmativalys HimpEesant invendionAllowssion a,mutinle .%mp&m@ﬁt%)layer
not provide sufficient ballistic protection.
stiuetyen with suitable rdiglectiios spaceishiceaehieve mgla%rs!%(ey of ballistic

bal listic protection with [ ayer nenbers
protection, while maintaining a wide frequency bandwidth. The width of the

dielectric spacer is not larger than half the wavelength of the radiation
propagating in the continuous gap.

In Fig. 4 to which reference is now made, another preferred embodiment of
the present invention is shown, suitable for radiation frequency at the X band.
A square radome wall 10 of this preferred embodiment is shown composed of
two main protective layers 12, each consisting of an array of cylindrical layer
members 14, attached to both faces of dielectric layer 16. Two additional
dielectric layers 16 are attached, one in the front and the other in the rear of
the surfaces of the double main layer structure.

In another embodiment of the present invention a thin uniform dielectric
layer encapsulates the layer members which as is described above have an
electrically conducting surface. The layer members can be tightly and firmly
packed before being immersed in the dielectric matrix while maintaining the
dimensions and shape of the continuous gap. In accordance with EP

1,363,101A1, the contents of which are incorporated herein by reference, the
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consi stent with the resonance equation h=(2n-1) |g/2

for higher n values (n>1). However, the frequency
whandmdsdh associ ated with higher resonance (nedd/ILi2005/000771

narrower than the bandw dt h9of the dom nant resonance

(n=1). Alternatively, the present invention allows for

a nultiple main protective |layer structure with

suitabl e dielectric spacers to achieve higher |evel of
baliistid pidperiearchoveffestbd finirthe smalli adglittonsl dpacing between

frequency bandw dth. The width of the dielectric
layBRARIMbersnot | arger than half the wavel ength of the

radi ati on propagating in the continuous gap. In Fig. 4

t PheVh86meCHRIVRIIRE ballistieVpritstRionaimobbedrdBh6d iftethe present
enbodi nent of the present invention is shown, suitable

m&gf\ |6ﬁ11gh|2?ieﬁﬁbﬁé§t% QB8 @ésiine Ay surkadtieu r@aﬁﬁé‘ aTﬁisﬁé‘@eﬁi%ved

his preferred enbodi nent 1s shown conposed

b mb4fs BH gfqbﬁe? drhb}be A ) %é fz?ﬁhlqur&' fidriSer8! having

narray o Ical layer 4,” attached to

d@%‘%ﬁécﬁfaﬁ%soﬁn qé@hﬁ%tcff ' rél?%f\%l :f\ h -E\Q’R/a"l‘t‘?r%' ﬁe‘)@l?{nbutlons of

[ ayer are attac one

taupEmsare AL AleFeRIE el E%%ﬂfhﬁgﬁgﬁ’n%gg"’%g erigicity.
t : Y hi

Hegeaﬁgﬁﬁ%t%ée'rq gﬁa‘g{%ﬁﬁq& uth & geviaol, e it pf gviation

P RPN G 03e CRATASENe KRUNGTGHAN CARFR c[séa&eene&-frss@ns in
bei nggl mrersed in the dielectric matrix

whishndeyiationp frem theraveragr-digiance hgiwesn thﬁ&e@&fﬁmmcent

gap. In accordance with EP )
members occur should extend to no more than a few wavelengths in

dimensions. The total area of such regions should be smaller than a few
percents of the total area of the radome as well.

Typically, the electromagnetic features of the materials used in the
fabrication of a radome according to the invention are not accurate enough. It
is also known to those familiar in the art that the dimensions and some of the
electromagnetic features of the layer members may change during the
manufacturing process. Therefore it can be expected that either during the
development process of a radome or during the preliminary production stages,
the operational frequency of the radome is shifted from its desired value.
Alternatively, a given radome of the present invention having a specific
operational frequency has to be redesigned in order to have an operational
frequency which is slightly different from its original value. The method
according to the present invention provides for tuning the operational

frequency of a radome by utilizing the aforementioned layer members to form
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1.363.101A1 , the contents of which are incorporated
herein by reference, theballistic properties are not

~ wetdoeotaads from the smal |l additional spaci ng bep@E#ER2005/000771

| ayer nmenbers. The radone ptbviding ballistic

protection in accordance with the present invention

can be fabricated to assune any surface curvature.

This is achi eved by nmeans of a proper nold and al so by
ofitmainz prodedtivee iayee ntaving headifferedt fdoafigutatiohapssis hereinafter
regions of a relatively high curvature the

dds@ibddout i ons of the [ayer nenbers are allowed to

devi at e sonewhat from a perfect periodicity. However

t Referenée isi Abwahiades td CFigH.C 5 desQ aini WhicH NRreRXekBinplary
of deviation being related to the operational

coOnRfUtBEH6Ns afdabparvwbflitiByel\ahbers’ @81 tias rrilaﬂn\A?ffdié’ctive layer
devi ations fromthe average distance between the

aE@d?Hﬁ{gﬁtd’En@?ﬂe?%o late QhoWn. SR hithis )ﬁrrﬁ%@%lgtt@ Af&%rs in

more than a few wavel engths in di mensions.

R RimPisE kB R S WEIRRRFLL 8 plurlly B s of layer
R RLe AAE 4R BRERHHD S5BUE3nE a 160 o e otrr
B8 31, B M B0 SR B TRR 7 B ot o o
oRERRBRE hd a ml o5e5eh PoRERE i B afive
B 55t St Sorebied B a5 ‘g tver
the prelimnary production stages, the operational

myemekrs negnfiguratien RAMME).i whigh fis cdifferent fhap dee; siegle layer

val ue.
member configuration of the main protective layer described hereinabove.

In Fig. 5A two cylinders 12A of a pair of layer members are shown, spaced
apart by gap 24A. In Fig. 5B two one sided capped cylinders 12B of a pair of
one sided capped cylinders are shown, each being a mirror image of the
other, separated by a gap 24B. Similarly, in Fig. 5C the pair of layer members
are truncated cones 12C separated by a gap 24C. The gaps between each
such layer members of a pair modify the geometry of the aforementioned
continuous gap and therefore effect its resonance frequency. However the
width of the protective layer that equals the sum of the heights of two layer
members of a pair and the width of the gap between them has to closely obey
the aforementioned resonant condition. Namely this width has to closely equal
the value of w given by the equation: w=(2n-1)1,/2, where Ly is the
wavelength of the electromagnetic radiation propagating in the dielectric
material filling the continuous gap and n is an integer number. However the

height of a layer member also impacts the ballistic features of the radome.
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Al ternatively, a given radonme of the present invention
havi ng a specific operational frequency has to be
wo ededigsed i n order to have an operational freQUER§s/000771
which is slightly differentllfromits original val ue.
The nethod according to the present invention provides
for tuning the operational frequency of a radone by
utilizing the aforenmentioned | ayer nenbers to fornof
Theteforer avithih i peadtizgkrlimity i he awidef f thee gapsordre g thext resulted
as is hereinafter described. Reference is now nade to
opé@tionafrequeAcy s YdWeras iRrdescrisedin axamplen? bglowat i ons
of a pair of layer nenbers of the main protective

| R¥RIreRES A ROWInade B FidiesDRIDBFliNMWRichad#né BRéMmplaih PLMCs
mai n protective |layers 1n these exanples include a

a@é(ﬁgﬁ"@s% 5&?1 rdthert 'p?é‘feﬁfeda eRBgdRhEAY o@fthBabI"ése‘hft inQ¥Ktion are

e pair nmbers are placed coaxially one on

s%ﬁg?ﬁﬁl&%%&ﬂ?%s %agllib\ﬁﬁ“?n *F‘i‘ H%H "gFfﬁétdlllEagﬁch26WQsE

y are spaced apart a predetermned gap and

a{.&‘eidF %gbn?ﬁ(oes%dap\etﬁ@mﬁhlet 8f E#@@'snlgeéfétde%w& the two

ayer a contilguratiron i S re herel naf ter

as .a paired. | aye r O\ P
R AR P CORRA %‘F" @%F%ﬁﬁ%’s okl a@“éfg either
conf i _gur at of the | r descri b
RRBATRASER Batp ks SHRrnEmaleTa ok ren e, EVEF pighibesp are
Ia er, nenbers are shown, spaced. a .
“ofs ghe,Qiscares pige Imilpe f%ﬁ’ s §f%e<§f'°%!®p39'?duct'"9
of one_si ded capped C{Ilnders are shown, each bein
materialy Thﬁﬁgﬁ&sway e & h%.ele%%lwéﬁe'atqﬂ/%ungwtmtsﬂ one or
Simlarly, in Fig. 5C the pair of |ayer nenbers
both paired” layer members. Therefore by varying the width of the gap
between layer members of a pair and or by changing the dimensions of the
discs, the geometrical shape of the continuous gap is varied and the
operational frequency of the radome is accordingly effected as is further

described in example 2.

EXAMPLE 1

Two different exemplary radomes implementing a single layer member
configuration are built in accordance with two preferred embodiments of the
present invention. One of these radomes implements the single main
protective layer as is described in Fig. 1 and the other radome implementing a

double main protective layer as is described in Fig. 4. The height of the layer
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are truncated cones 12C separated by a gap 24C. The
gaps between each such | ayer nenbers of a pair nodify
wo h@egennet ry of the aforenenti oned conti nuousPOREL20RH000771
therefore effect its resonadice frequency. However the
wi dth of the protective |ayer that equals the sum of
the heights of two |ayer nenbers of a pair and the
wi dth of the gap between them has to cl osely obey the
mEnfiet8RIbdye e aforsmentiorantisonant coladitioy H=i 2 fdrdd Ispecific
has to cl osely equal the value of w given by the

re%iliﬁéhb@ Freqifenéf: Thé Yohstralits @o lthe iradbiR HEsigh aliéthtedoby the

the el ectromagnetic radiation propagating in the

réloRbREEHLG df%sr Wg{.nuadé H&9 nidiEné %@ftbf‘éﬁbﬁlr&%%)f"ﬂge:%nce to

I'S an I nteger However "t he hei ght” of a l"ayer

Fﬁgﬁéeﬁ s%here bﬁ)t%llﬁt%slrﬁlﬁéh Q@Fgu'ér H&fllzbg perational

in practlc Frmts t
frgggﬁg% g([‘ egd'sulht Sggﬁp c%t ' &fﬂenc& gggﬁ%ﬂgﬁnleaw%r both

kT %@otdnaicﬁ@fsy;aovmpergsé&s%eta%ﬁgﬁwea%%rauon
Resart e G L oSnsaEER 1 bpla i) wiSpbEeclait o
S8 R e 3 A BB SAEEILAS o

menbers. Discs as are either nade of same material or
resofance fiegueneY.eri al of which the | ayer nenbers are
made of. The discs are also simlarly plated with sane
el ectrically conducting material. The discs nay be
either electrically isolated or in contact with one or
both paired | ayer nenbers. Therefore by varying the
wi dth of the gap
EXAMPLE 2
Exemplary PLMC radomes employing one sided caped cylindrical layer
members as is shown in Fig. 5E, to which reference is again made, are built
in accordance with a preferred embodiment of the present invention. The
height of the layer members is h=0.18)4, and the radius of the layer members
is 0.127)4.Tuning the operational frequency of such radomes is accomplished
by changing either the width of the gap between the layer members of a pair
and or by changing the dimensions of the disc. In this specific example, the
height of the disc equals the width of the gap such that the disc is in contact
with both pair members and the radius of the metal disc is 0.10444. A tuning
capability of about 20% of the resonance frequency of the radome is
demonstrated by reference to Fig. 7. Plots of the transmittance of various

radomes versus normalized frequency measured in resonance frequency units

are shown. These radomes vary with respect to the size of the respective



bet ween | ayer nenbers of a pair and or by changing the
di mnensi ons of the discs, the geonetrical shape of the

W@ eovbiomiezis gap is varied and the operational PCEULEORNN0771

of the radonme is accordinglM effected as is further
described in exanple 2. EXAMPLE 1 Two different
exenpl ary radones i nplenenting a single | ayer nenber
configuration are built in accordance with two

g§%§fe§lrsltiﬂ§ lsstivedh tRetpmiedd layer picanbers. iCurees 50N 52084 arfd 56
t

ese radones inplenments the single main protective

ré;ﬁ&@éntaﬁadbmééeﬁsﬁhgfghd BizEsUof G.134H, DNEBOM, [22161&GPAED.252h
e

r

i mpl enenting a dou main protective |layer as is
gﬂyggq in Fig. 4. The height of the layernmenbers
obeys the aforenenti oned resonant condition h=lg/2 for
a specific resonance frequency. The constraints to the

radonme design dictated by the resonant effect of the
conti nuous gap may be better explained by reference to
Fig. 6. It shows typical plots of transmttance versus
normal i zed operational frequency, neasured in
resonance frequency units, obtained for both radones.
The plot indicated by 30 represents the single |ayer
configuration whereas the double |ayer configuration
is represented by the plot indicated by 32. Both
curves are normalized to have the sane transmttance
val ue at the resonance frequency. EXAMPLE 2 Exenpl ary
PLMC radones enpl oyi ng one sided caped cylindrica

| ayer
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menbers as is shown in Fig. 5E, to which reference is
again made, are built in accordance with a preferred

wenwedimsnt of the present invention. The hei ghtT/m2003®0771

| ayer menbers is h=0.18lg, BInd the radius of the |ayer
menbers is 0.1271 g. Tuni ng the operational frequency of
such radones is acconplished by changing either the

wi dth of the gap between the |ayer nenbers of a pair
and or by changing the di nensions of the disc. In this
speci fic exanple, the height of the disc equals the

wi dt hcpAlmg8e gap such that the disc is in contact with
both pair menbers and the radius of the netal disc is
0.1041 g. A tuning capability of about 20% of the
resonance frequency of the radone is denonstrated by

1. A Shihifdlf ok Oﬁ@vﬂimg prot&étiorPftot '?ﬁchvé"él/%m ddP"ARirRéter wave

vari ous radohes versus normalized frequency neasured

dﬂeﬁﬁf@?ﬁrﬂ?ﬁsm@@gﬁ %{%‘é?'léést 6\% SO ahB SRR eggm array

vary w espec e Slze e respectl aps

cgélu%%t?rﬁgiﬁg)? %ﬁ?@gﬁé %nbé%e orﬁ‘ﬂ%g rlﬁnfo%{rﬁ{giﬁ 0:f’rgtective
144h,. 0.1 21 6h and 0. 25 A

1376 $ich BB P Gi40i ARG o raRL sahgfa%?%f%r@uéw@ g Taver

t {
raﬁ@%'ags?é%y%&%ﬁa??q 798 L cpraiecie VBt s rEa R Taver
i tudi nal |ayer nmenpers forning a unlformma

rm Bkt AR MuiyRlly sRRGed: RRATt fOFENIRG T CanWays 9ag jp 'said array,

substantially |ongitudinal |ayer nenbers are normal, tQq

angd whetgin airleasica ipeetiompba, S"K%@eepﬁsg'gl layeamambrrsgahighly

are mutual Ily spaced apart formng a continuous gap in
comductive af/electrical current and wherein said layer members are mutually

electrically isolated.

A method of claim 1, wherein the width of said main protective layer is made
to closely obey a resonance condition given by the equation:
w=(2n-1)A4/2, where w is the width of said main protective layer, n is an
integer number and Ag is the wavelength of the radiation propagated in said

continuous gap.

. A method as in claim 1, further comprising coating said layer members with

dielectric material.
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: rﬁam?t'ib?‘b?éé@ claim|

and wherein at |least a portion of a surface of said
| ayer nmenbers is highly conductive of electrical

waoé/enti3d3 and wherein said | ayer nenbers are maumaRoos/000771

electrically isolated. 2. Alfethod of claim 1, wherein
the width of said main protective layer is made to
cl osely obey a resonance condition given by the
equation: w=(2n- {a g/2, where wis the width of said
Jtherconaprising imeeesing saisbmesrhers in at
is the wavel ength of the radiation propagated in said
legst Pnedisleefsip MArixA method as in claim1, further
conprising coating said |ayer nmenbers with dielectric
material.4. A nethod as in claim1, further conprising
i mersing said nenbers in at |east one dielectric

. Aenethod &@s. inAlaiet hofirther comprising Attathing lzedieketiy layentp at

attaching a dielectric layer to at |east one surface
lebstanel suHface pf saidahaineprotactive layer| @herdih thevivibith oPlsaid
said dielectric | ayer does not exceed one half of the

tieleditric Blyer dbes het é)’(’ébe’ii o haK op aalvadeleRgthéf the radiation
dielectric layer. 6. A nethod as in claiml1, wherein

projpd ggg@pﬁqnéld@é@mﬂbq%gért udi nal | ayer nenbers are
further paired in said main protective layer, and
wherein each pair nenber has its main axis collinear
with the other pair nmenber, and wherein in each pair,

.éfi‘ﬁ%\theueq? |§Pc"$gﬁ{ $ \ﬁ &eﬁ?%@ﬁ%ﬁ?#ﬁia&%ﬁ%ﬁiﬂyfgﬁ@?h%mbers

In claim Sing

éfé fﬁﬂi’\gr Béﬁ&ﬂr{ Qﬁg AR p"?'otective layer, and wherein each pair

member has its main axis collinear with the other pair member, and wherein

in each pair, the layer members are separated by a predefined gap.

. A method as in claim 6, further comprising placing in said predefined gap a

disc having an electrical conducting surface.

. A method as in claim 7, wherein said disc is electrically isolated from at least

one of said paired layer members.

. A method as in any of claims 6 - 8, further comprising tuning the operational

frequency of said main protective layer by changing the value of at least one
item selected from a group consisting of the following items: the width of said
gap between layer members of a pair, the radius of said disc, the height of

said disc.



di sc having an electrical conducting surface. 8. A
method as in claim?7, wherein said disc is

woebentiniscal |y i sol ated fromat | east one of saca/1pzuos/ea771
| ayer nmenbers. 9. A nethod 48 in any of clains 6 - 8,
further conprising tuning the operational frequency of
said main protective |layer by changing the value of at
| east one itemselected froma group consisting of the

10t & |136Pme iferemroviding \aretestion toaimdiCEyAMSetande millimater wave
menbers of a pair, the radius of said disc, the height
ahtenpag. gpmprigingiat legst ane daaimeprotectiyeckayer, mherein said main
protection to mcrowave and mllineter wave antennae,
peiestive layentconsists obaepliurdlity of substantially dorgituditet reémbers
said main protective |layer consists of a plurality of
fonmingaa ttightly packed) atray and wiendip te hainiaxis of d4igsubstantially
packed array, and wherein the main axis of said

5 bngiudinal membeds|is myirinatitottie sarfaee of isaidaraimiprotectiVe layer,

surface of said main protective layer, and wherein
aad dwherdirer saidr memtiers! bye spattelly appadeddpart and electrically
electrically isolated form ng a continuous gap in said

Bolated fernflinghar edritiriousegap iA $AHt 498y Obnd alvAelehY &t least a

menbers has a highly electrically conducting surface,

portioneir Saif 13y ﬁiéi‘nt?érsq?ééja'ﬁbﬁlgpélﬁkﬁ%?lxgcﬁngé@{i% surface,

cl osely obeys the resonant 0 condition g

A ¥hlePéin Vi-(vidth J&lf |G maify PFcﬁeE‘fi\}eS Iaggg rcwggyj?lgéxs:ﬁitegrgsonant

main protective layer, n is an int

10 dEhr S §VenChy tRE equation w=(2n-1)A4/2, where w is the width of said
main protective layer, n is an integer and A, is the wavelength of the

radiation propagated in said continuous gap.

11. A radome as in claim 10, further comprising a dielectric layer attached to at
!

15 least one surface of said main protective layer.

12. A radome as in claim 11, wherein said dielectric layer is composed of
materials selected from the group consisting of: Kevlar® and high density
poly-ethylene.

20

13. A radome as in claim 10, wherein said layer members are made of

mechanical energy absorbing and high tensile strength materials,

accommodated to withstand projectiles.



radi ati on propagated in said continuous gap. 11. A
radone as in claim10, further conprising a dielectric
wo 200601183 ached to at J 5 | east one surface of PGEIIZ005/000771

main protective layer. 12. Wradone as in claim 11,

wherein said dielectric |layer is conposed of materials

sel ected fromthe group consisting of: Keviar(r) and

hi gh density poly-ethylene. 0 13. A radone as in claim
14.14, radomei as sni dlaimy &0, whebeins saide lagete membarshare caade of

energy absorbing and high tensile strength materi al s,

rmateoiatso deteeted drom tthe tgrodp peajsistingl efs . defamics, adetallia alloys,

in claim10, wherein said | ayer nenbers are nade of

namopartidulatealeeamind dridonandparticuiate metdlicalloys. of :

ceramcs, netallic alloys, nanoparticul ate ceranics

and nanoparticulate netallic all oys.



