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WD 2006/ 011133 PCT/1L2005/ 000771 1 BALLISTIC
PROTECTI VE RADOVE 5 TECHNI CAL FI ELD OF THE | NVENTI ON

nt invention relates generally to th
WEélr}o G@Efﬁgn of mcrowave and {mllineter -Waves1§CT"IL2005"000771

antennae, and nore specifically to transparent
protective radones. It also relates to arnored pl ates
protecting sensitive equipnment from 10 projectiles 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 aram d fibers

rore) ar ot 11 SRHOSTIEPROTERTVE HAnONEC, U

03/ 031901 di scl oses a nano-deni er fibrous woven sheet
that could be used for ballistic inpact-resistance
radone design. The inpact- . ._ , resistant |am nates
or woven sheets conbined with structural |ayers of

honey Iid foamcores can formbasically an

al msﬁ%ﬁ%ﬁéﬂg!- F e MVENTIGN (o a specific

bagnd of frequencies. US 5, 182, 155 discloses a

c gFHﬁaETQSé’“F nvsntion elates generally do dhe arotection of migrowave and
of Spectra(r) and dielectric honeyconb. US 4,570, 166,
millipeteswaves, aatanpast andt mose rapgsifichlly toetrénsperent protective
metal wall, in which each of the holes is filled with
radamese italse rejates, toparmered platee protepting senditivd eguipment from
protection. Electromgnetic waves propagate through
prajectiles or other ballistic fragments. :

BACKGROUND OF THE INVENTION

Radome builders often use impact-resistant laminates for providing ballistic
protection to microwave antennae. Typically, Jaminates 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-
rresistant 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 nmetal plate if the apertures
are | arge enough - such that WO 2006/ 011133
5/000771 2 the wavegui de generat ed
ngcjﬁ%ﬁﬂog?ﬁgl e is above its cuiyoff frequency. Sﬁ%’ﬁhgﬁosmoo’m
nmetal plate could be made of ballistic resistant
steel, and the plugs could be nade of a ballistic
resistant ceramic material (e.g. silicon nitride)

i BBl BB i Mo R Bl s < 3By dis. guit freavency.
suchir fial plate coplc e e, of Balisls Thalelant Stadl ong he plugs

approach known in the art consists of hgnpgeneous .
cetldabe dnade, of e dallistie Hepigtantcceramic Mmatetial {e-gsstlicpp nitride)
hi gh-tenperature applications such as in highspeed
tcraagben sonfering lew, njicrewave niosar elaractesisties. Augmin pdrawback
radonmes is rather costly. Inpact resistant ceramc
agsociated| with thisuappioagh e the high density @f thetsteel structure that
difficulties in the nechanical processing of the

 leaiddoexcetsive weight. t he t angent -1 oss of these ceranic

materials is sensitive to the details of the
s Anbiher ngpproack sknowa in hlaepartc esssistsr afrdicenegerssdist ceramic
be <carefully controlled over the whole volune of the

rdduings:. Such tddontestarseddmmoaiynudertin highitempadestare applivations
of small ceramc units enbedded in a suitable

sdti®| KL iR | KighRpded figkilesl \However) propec tmarufaeluringt oF such
shield. US 6,112,635 discloses a conposite arnor

rddcthes VRFRhEF castly, NEipact Akpstafl céiadlit nfatePiafka8f® usually very
touchi ng ceram c "cyl i nders bound together by a

hégq,: BabiirR tdBdififcuttles ﬁP_thé’rﬁééhérﬁéﬁlpfﬂc;eg%F_?@eéf ghe radome.

I'stiC armor conprising an array o ouchi ng 20

VRRFUE 48, gl SRR oo, BN A8 8, iy o e

mat er | pat ent s

dbtail3of WE Lsifferng! pFétledt® doP tiW' 51BB8ss 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 unifs 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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radonmes, and therefore are not applicable to
m crowaves or mllinmeter waves. WO 2006/ 011133
05/ 000771 3 BRI EF DESCRI PTI ON OF

W(E%gs}okngg an isometric viewshow ng a segmﬁ%@mmn

radome enbodying 5 the present invention, including

one main protective |ayer conposed of cyI i ndri cal

| ayer nmenbers and two dielectric layers; Fig. 2 is a

front sectional view of a segnent of the main

protective |layer showing a periodic array of

triangular lattice of non-touching cylindrical |ayer

menbers; 10 Fig. 3Ais a schematic presentation of a

cyli invention; Fig. 3Bis

a sc[ﬁﬁ’gﬁb%@#&ﬁ@k @A&l’]&&are prismatic |ayer
menber of the invention; Fig. 3Cis a _schematic

pF s dnisadn dsPmetrie WSX‘a@Q}?MPQ ¢t seament of dhe aﬁgngeqmbq@ymg
of the invention shaped as a hexagonal ; Fi 3Dis a
the: iReasgntc inyeatien: dneledings ope cigim dir ptagtive alpyer rearepgsed of
of the Invention capped at one end; Fig. 3Eis a
cylinslsisat layepmembearaangriwerdieleetyicilayeriscal | ayer menber

of the invention capped at both ends. 20 Fig. 3F is a
sEige#ats 8 fpordssadtianabwiewf ohal segementeofothe miain peotective layer
i nvention shaped as dual truncated cones attached to

- skawingad peripdiei arrayt of drigngulardatticei of nometoudhing ogirarical layer

segnent of a radone enbodying the present invention,
memberb] e for X band frequencies;

Fig. 3A is a schematic presentation of a cylindl;ical 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. A is a schematic presentation of a configuration of a main protective

layer consisting of pairs of cylindrical layer members;
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Fig. SAis a schematic presentation of a configuration
of a main protective 25 |ayer consisting of pairs of
' cal |ayer nenbers; WO 2006/011133
iSRS oSt e 9. 5B is a schematic ©CVIL2005/000771
presentation of a configuration of a main protective
| ayer consisting of pairs of one sided capped
cylindrical |ayer nmenbers; Fig. 5Cis a schematic

PERLEE 8 g AL AEGH P B OG5 e

Iayel Bonaining, f Gars Af 608 5idRd Sobprd il Talky Epebeis: o
5 ding t f d di nent of t _ .
Rl i) lond SEhemabe Aresentaion ShA orlutinof 8/main protective

configuration of a main protective |ayer of Fig. 5B
|layer 6pasinting of paiss ef iaype mempsrashaped as ttuncated, eongson;
Fig. 5F is a schematic presentation of a configuration
oFiga Skhlsna schematic\nresantation of acgonfigyratinn elka snainfyotestive
a preferred enbodi nent of the invention; Fig. 6 is a
layen pfiFigh &A acpardiagtto @ preferrediambodiment of deé fnveninns of
two enbodi ments of the radone providing ballistic
pFigt &8 isoa schematiopresentation of pi calfiguratimnokaimain protective
coefficient for a radone consisting of a single main
layepbfElg, 68 deyedingdod prefereddembodinventiof the inveintiah;
transm ssion coefficient of a 15 radone conposed of
t Rig. 5Fi I8 »cehemhti présontatiomof B donfigaratibrebfa tmaia protective
spacers; Fig. 7 is a graph of typical transmttance

layer of P@T?E a@br&r@qgemﬁbef&#ed eARARRcHOR the iPAInt;

"ayer menbers configurations of the type shown in

FF%-. &8s n%ogaﬁhf ER6WING BRPAYALACfrahRtldicn RefRdtnts of two
| ayer nenbers of a pair; 20
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 transmiftance 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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WO 2006/ 011133 PCTI |1 L2005/ 000771 5 DETAI LED

DESCRI PTION OF THE I NVENTION In Figs.1 and 2 to which

éeference is first made, an isonetric view and a
POROTYERt | onal view of a sggnent of a r adone? GiHI2005/000771
according to a preferred 5-enbodi nent of the present
invention is shown respectively. For the sake of

sinplicity same parts in different figures are

herei nafter indicated by sane nunerals, unless

ot herwi se specified. In Fig. 1 a segnent of a radone

wall 10 is shown corr'Fosed of mai n protective | ayer

12 anBETALEPHESCRIR I%QFSTME INMEN; to both

surfaces of the main protective |ayer. The main
pinFigs.1\and12 toaykich referenes is firshmadde. Len ispregieadew and a
apart and tightly packed cylindrical |ayer nenbers

fromt sestiarl vilew s e segmienty of 2, radomed wallraaeonding 4o 1 pegferred

enbedded in a dielectric matrix that holds together

embodimgnrt ofrthveb pressent dnvemignpisrshoskinc respectiyelpf For the sake of

triangular lattice 20. Dielectric layers 16 are

siryplicity! samegsirtsoin Giffdrent figures ae Hemiaftarnindicdi¥Eby same
15 and nmay be attached in front of the main protective

numeRsls] BRleBs othearwisd spedified. Ih Fig.at a seigéhdn of Aeratime Wall 10
the main protective layer. Although the dielectric

id SNGWS cBfpoSBA icIPmair PRMtesiVe laJBF 92 Andvdddieldctid Rayers 16
performances of the radone, stop fragnents, and tune

ahQ@héd"@@ %tﬁ %rf%éé @'th@atﬂgm EH?eétﬂre fa ?Sﬂuﬁ‘i@halﬁoprotectlve

Layer nber s can be nade of any nmaferial that
4 3(‘?& ?35?““%‘ By pa SRl Shi W) Bl QY ICel fayer

‘ﬁ{al ne Wlfﬁg| !’!ljleles:éér'r‘e'r?bp% ts%cwéé)pagfaphar'ﬂs '%?{eflgzpa(?lg Jded
if'a Q8RR Ha?h'x Z?ltlaet 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 matérial 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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materials, ceramcs and netal alloys designed to
W thstand projectiles of 25 specified nass and

woeheGiliyss Many of these materials are not Smf’é’Pfkﬁﬂﬁs?(?}ﬂﬂl
m crowaves or mllineter-wages applications because o

their dielectric or WO 2006/ 011133 PCT/ 1L2005/ 000771
6 conductive | osses. Therefore, such |ayer nenbers are
plated with highly electrically conducting naterials.

c ﬁgu%t[j)leﬁ !‘cgi‘;s%?h Fheldiore: Oée\?él'f iy hdvfters Z%rglt ﬁl\r/agé‘cf ittt Thighly

s, In ord 0 reduce con 0SSes

<FRosficiS pod e, Al 106  Biekndh ; e pipd bl tayer is

conduct i syrface. Ceram,cs,is considered. preferabl
GO8F than Ao dhinfeRine,ih BHST 10 TefileF SPRIFENGLRRRS 4t tnese
versus ballistic protgction ratio. Soli steel _units
redipien Jesaenciasy THeaiig A Jptdl METERR Abthg dnprmiGiLEs an
fficient fromthe balljistic point of view However
dtallysconducting surfarey (efamics igransidered preferable over hard
el ectromagneti c point of view Any other suitable .
mftalic; alloysoberanie ahthe wejohxarsuy ibalfistinpratechaniratip. Solid
and el ectromagnetic properties required is .
stagblunitsbean algeebe dised althaywhsstgek mghtpet be dhadeast efficient
apart and therefore electrically isolated. As shown
fiom thee balligtie poird=f view. Howeveu stesl is apueuivalenthe valid option
| ayer, which is filled with the dielectric matrix, is
froor nthe welebiromapeetimi poipt oobcviewe ARyl ofker. Sitable t material
electric field of the electromagnetic radiation is
simultemepushy \satiplyimy ithe dmethanieal sanb aledtodrhagridtiec properties
that prevents fromthe radiation to propagate through

rédiirerbistdppliealegap. However, the | ow effective
i npedance of the front and rear border surfaces of

t fReNBYEr MiéthBérsl ¥R hiit@ally Bpaded fapbficand tRéreféret BRE rically

surfaces is conducting), usually leads to |ow
idoiatBe Malst 8R&WN 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 thg
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 fransmission through a conduéting 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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20 because of the large contrast with the vacuum
i npedance. To inprove the transmttance of the radone,
ﬁ'r esent invention utilizes a resonance effect

h ,
Wéﬁ@‘}f Y sel ective surfaceg made of r esonant PGB 205090771

a thin conducting surface, "are known in the art and
denonstrate that a resonance can enhance the '
transm ssion through a conducting surface, up to 25

conpl etg transm ssi at the respnant frequengi es. Th
e, (or e denath ot thehmain s 2 69 tonaiflingl devat rmemmibers
mechani sm Nanely, the height of the |ayer WO

whiho = 9l thepihishriessoes eoain Protestive.ldyer) clasely obeys the
| ength of the main axis of the |ongitudinal |ayer i
resonaace copdition givembydhe muaMngB-mgIthm mis the width
protective |layer) closely obeys the resonance

of thivigim pratevive lyet, heisca iriteger: nimbenink)1/2,912) anbeyyds the
his the wwdth of the main protective layer, n is an

walbRMRth B fHeSrad(dioh propagated itk dielectid matrx.

wavel éngth of the radiation propagated in the

drgb Sdditidgndlidibdtric 1aferd B 56RR%4s ﬂ’hﬁé t a.tﬁ? SHIh gﬁguch

serve as | npedance transformers, suc e ra

o ki bSGASOTSBARR A R BES roquoncie.

5055 ] PPl i 3 oo

requen

i gy Them % G aigof e reponahs HegheREr§afle, aas ikRhbe

.transmttance value to the main protective |ayer and
"'ﬁ'a'erm ne the degree of ballistic protection provided.

| g1 ietenssnBEEF o8 The FeleAnAIOBLESP AR BaFgs. B4 - 3F,
Cé&?ﬁ)? f&?ot@fﬁﬁ ft%%ns%‘i?tgﬁge di’asl%a o OIthien nﬁial S'prgtBeciivg Flaylep 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



cylindrical shape enployed in a preferred enbodi nent
and described in Fig. 3A a square prism el enent as

in.Fig. 3B, forns periodic array expre
W§2§‘£‘%éiﬁﬁttl ce. A hexagonal gprisns as shown |¥1 005’”““771

3C, forms a triangular lattice. Unilaterally sphere -
capped cylinder as shown in fig. 3D 20 or a
bilaterally sphere - capped cylinder, as shown Fig. 3E

arg ot her bl e nts nefi Ci
cBafingayy GaBoA bepe e, e vaermpr G duerelifk: igie the
i tsel var | ong the main axis of the |ayer
Sﬁ%%e}twg‘ﬁ"%tsc gfgg‘&\’/!ﬁlgl n Fig. 3F. The. geonetrical
shape of the |ayer nmenber and the spaci ng _between 25
adt g@éﬁ?“ﬁ@ﬁﬁéﬂ@’éﬁé“ Kabpod, 2 ya€%§éﬂﬂbﬁ singleinginprotective

grounds. However the operational frequency of the
laygd omayi Rotapryyids fsafficientphallistic \nrefestion. The peesent invention
2006/ 011133 1'CT/11.,2005/000771 8 continuous gap and

5 aliowp et fachiayel e rnenesbanys ballistic t protegtiane withmiayert members
scope of their ballistic efficiency. At frequencies
cbhsistent t with thebrssdnance astuationi h&(2n-3) @2 dfordiigher n values
protective |ayer may not provide sufficient ballistic

(WP edvisVer, THEE frefassey baRdWRIth M3sobiatdd Wik Righec Resdiance
the necessary ballistic protection with |ayer nenbers

(thﬂ .tovmrt {’qatnhﬁ'lé %%?ﬂmﬁ BfURL! 8OmitiEntredonaice (n=1).
or

ues . However, the frequency

%F‘%‘m‘@ ﬁﬁ’%@tg‘i"n tﬂ"’%‘e for F RRASHIE naih Bidibclive tayer
10 §rﬂ%:t1u)re waﬁ[ 56 té‘l%' éﬁSIéétm{ E§?9ér§s Lct‘uﬁﬁ%,{yr uc@k/rbg%btﬂlstlc

mal n Ive

PiaEd), %ﬁf'%wi%@rﬁsﬁ Ll é*e?see%ﬁ?ﬁ%%ﬁ?'&“e‘faéewth B the

dferléec fe" s ac%?'ngwng rIarg-lerr]eth\ﬁy'n :3lfoIh.<3t r\}v%welength of the radiation

- propagating in the continuous gap.

In Fig. 4 to which reference is now made, another preferred embodiment of
15 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

20 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

25 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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dielectric spacer is not larger than half the
wavel ength of the radiation propagating in the

[ s gap. In Fig. 4 to which reference | Q
wﬁgg&‘g{oqglﬁgt her preferred enbgdi nent of 15 thei’%fﬁszg??{o“m”
invention |Is shown, suitablé for radiation frequency

at the X band. A square radone wall 10 of this
preferred enbodi nent is shown conposed of two main

OLective layers 12, each consisting of. an array qf
Bljiic rorsities 3y ot pitaeien drom the,Simaliadaitiapa 3pncihg Regween
of dielectric layer 16. Two additional dielectric
laygy 8jemhersar e attached, one in the front and the ot her
in the rear of 20 the surfaces of the double main
| Aberragemec praviding rballisdichprotegtiondinageordange, withy the: present
invention a thin uniformdielectric |ayer
inveotips ehntbesfabhicatedyiorassumecany smifate ewvatiirecEhisiipaghieved
above have an electrically conducting surface. The
by apeanseofbar prapen meld iagidt aisoabyt Giilizng laysrc kentisrs ohaving
being imersed in the dielectric matrix while
differevitoshrapes. thaegiondiofen selativelnriighs capature theedistributions of
conti nuous gap. In accordance with EP 1,363, 101A1,

tHeryepniepibicrs Gire Wiibwbd 26 deviat® someahatifrosy £ parfeyt periodicity.
ref erence, the WD 2006/011133 PCT/ | L2005/ 000771 9

HeWevi théred e diniitaAona’ 1© BAéh &f ideviatin| tindxbentsambeviation
addi ti onal spaci ng between |ayer nenbers. The radone

being\ietited 19 ahé iopblatioraPreahib ey hRd BaRAWHARCRaMely) rk§Rns in

présent invention can be fabricated to assune any

whith &&\ﬁaﬁ?’ﬁds’ Zf%ﬂ* g-fes g@%%ghsdiﬁ%bﬁvféiweén e BRAtETs a%lg']agcent

proper no util'rzing l'ayer nenbers havi

n@rﬁtﬁ%e B[:cﬁ g‘,ﬂglﬁlsdt H}Bérﬁf el ﬁOOFnC?ﬁ Lﬁ'ia?tt IV QLY Wagglenfg(ghs in

curvature ut1 ons of ayer nenbers a

d@éfsﬁ%?%itfr}g%{a?taereaoywﬁ rfeéf&%as%‘iﬁé $' 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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However there are limtations to such a deviation, the
extent of deviation being related to the operational

wh'B6EREY and bandwi dth. Nanmely, regions in 1??%%2%]5/000771

eviations fromthe averageygli stance between

centers of adjacent nenbers occur should extend to no
nore than a few wavel engths in dinensions. The total
area of such regions should be smaller than a few

AESE 5B . oA el SARTPAh BB b herimater

(%%%@# I's used in the 15 fabrication of a radone
'ng to the invention are not accurate enough. It

i | so known to those famli in_the art that the
dﬁéﬂrﬁnﬁﬁs'saﬂﬂws HFﬂéP%gc’t ﬁ@s egéct'rﬁ i avhich ftheae, exemplary
of .the |ayer nenbers may change during the .
coRAgYIALions | ofy 2 PRI 9f layak rpempers of e peainxpetective layer
that either during the devel opnent_process of a

aceering & amethaiembedimantarenshowipr Beri mainpretestjve layays in
“the operational frequency of the radone is shifted
thesshexamplessinchiley al planar distabutinn oélay plusalily vof rpaiesd ofrdayer
of the present invention having a specific

mgrebensi dikel pair snembers hees placede coaxially gnedon topof dhetather,
have an operational frequency which is slightly

edch faree beingr armirtar imdggi ofilthey alther. . THey rarehsphced apart by a
according to the present invention provides for tuning

predetepseinet i gapalandStHeirematm cixesf ae namaletdd thd mdih Zirbtective
the af orenenti oned | ayer nenbers to form W0

18/@0.6/SUchl 33 cBETigUraBOASIsOPErerbd 19 Idrelfifter PAP 1L (e layer
| ayer having a different configuration as is

n’fsiﬁl@erggtlbﬁﬁ%ldgﬁﬁ[ 'F?.ggbésgﬂm"rﬁ n§ ediffereH MHERd thé Osiﬁélﬁs layer
- nplary configurations of a
nitthBerodorliigyiRitiohESTRE ath proRclifé Mayier Ak8E&fibetPhé@ifibove.

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)A4/2, where iy 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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5 according to anot her enbodi nent are shown. The nmain

protective layers in these exanples include a planar

[ i ion of a plurality of pairs of |ayer
wﬁéﬁ%@r@%ﬁe pai r nmenbers aiﬁ pl aced coaxi al | §C%I%[ézog§40°077l

top of the other, each one being a mrror inmage of

the other They are spaced apart by a predeterm ned

gap and their main axes are nornmal to the nmin

TR, V0 e A P, e et
SR B Pond Lo 61 ek S Ao
DRl A ed 0, 6 VRS sl ol s

spaced apart by gap 24A. In Fig. 5B two one sided .
ageonding 49| anetbet preferead empodiment ofsthen present dinvaplien are
cylinders are shown, each being a mrror inmage of the
seheaticalbpahewrdAsys shewp inFigs PRI+ &F petallic disgs 260, 26E,
the pair of |ayer nenbers are truncated cones 12C
apdpRéRitard disposarhin e mitidie gf tbe gapsclocatesic hetwrarh the two
| ayer menbers of a pair nodify the geonetry of the
mefmbenseodt eacte ghairc enaxially withgthe paid mémbefsoRises Becdre either
its resonance frequency. However the 20 width of the

mEdet efcsave rhatgeial dhatdifésrent matdrtalof which theclayer pignsbark are
two | ayer nenbers of a pair and the width of the gap

nirie/ef Thehdistdare hsocdipdaHy phitey withsambaesmbaliyssttucting

resonant condition. Nanely this wdth has to closely

nRAAAl. ThBRIiY® way Ve st \eddcthally BoRAdd bl MNcontact with one or
w=(2n-1) X9/ 2, where X9 is the wavelength of the

bt Geiredm R menststiral iﬁfér@fbﬁé’%ﬁt\}d?ﬁn' NtHeNSvidth of the gap
dielectric 25 material filling t'he continuous gap and

bBtvter TayleR URBAbeRY P S pait AN by ERandifl4h dinesloAkesf the

So I npacts the istic

distdOMRe YEomdBR 1dape T iHE- 24080 “dap %id 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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Therefore within practical Iimts -the w der the gaps

are the resulted operational frequency is lower as is
wdesssio1ped i n exanple 2 bel ow. Reference is noyy od/Bbo771

Figs. 5D - 5F in which sanejyexenplary PLMCs ccordi ng

to another preferred enbodi mrent of the present

invention are 5 schematically shown. As is shown in

Figs. 5D - 5F netallic discs 26D, 26E, and 26F are

e e e n

rfErBASCEbayR t afar&‘rﬁbﬁgﬁeé PEsIR a?lcloﬂﬁﬁi%)ﬁq?ik 12%5"a SPRaific

nenber s ScS._a

h f
r$RONBRER, frof Uiy o Tn! Corfetigfis tor e ﬁaﬁyafeaﬁéﬂser ?eed BY the

| d th
 reagef pliaF 5 BaoRUnHALS 905 marePp Hotter Rablgnadby,dySfce to

ei t her electrlcall i solated or in contact with one or
Fight 6 p?(elﬁuﬁr%ansm@ae%rverw ogml;;@dtqgeratnonal
wi dt h of the gap between | ayer nmenbers of a pair
freguencys hamrAsHged hin Jerenaneshsfrequensy  umitsc sobtained f0r both
geonetrical shape of the continuous gap is varied and
radames pEhetplainiadicated, byndd represretsr woaipgleslayer configuration
accordingly effected as is further 15 described in
wheegas the2doulde yavRoAfNIgurBlionds répresantedxinnthieopigt indicated by
radones i nplenenting a single | ayer nenber
320Bbtlgoupesareanarmalized torhavecihedsame transmittawce value at the
preferred enbodi nents of the present invention. One

refonahes freqagnogs | npl enents the single nain 25
protective layer as is described in Fig. | and the

ot her radone inplenenting a double main protective
| ayer as is described in Fig. 4. The height of the
| ayer WD 2006/011133 PCT/1L2005/000771 12

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),, and the radius of the layer members
is 0.12714.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 0.1042,. 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




menbers obeys the aforenenti oned resonant condition
h=X9/2 for a specific resonance frequency. The

woolGldi1d#3t s to the radone design dictated by %&2005/000771

resonant effect of the cont&guous gap may be better
expl ai ned by reference to Ig. 6. It shows typica
plots of transmttance versus nornalized operational 5
frequency, neasured in resonance frequency units,

ope R, Bowea| gl BAPAY vl e, (Y69 0% 4L 4 o 56

PiteRef ERGes HpvibRb ik Br o RHES .t 21 BF AnsEb 2520

the sanp transmittance value at the resonance
f?%‘%ﬁi'éﬁ@y. 10 EXAMPLE 2 Exenpl ary PLMC radones
enpl oyi ng one sided caped cylindrical |ayer nenbers
as is shown in Fig. 5E, to which reference |Is again
made, are built 15 in accordance with a preferred
enbodi nent of the present invention. The height of the
| ayer nmenbers is h=0.187.9, and the radius of the
| ayer menbers is 0.127X9. Tuning the operationa
frequency of such radones is acconplished by changing
either the wwdth of the gap between the |ayer nenbers
of a pair and or by changing the dinensions of the
N disc. In this specific exanple, the 20 height of the
i di sc equals the width of the gap such that the disc is
in contact wth both pair nenbers and the radius of
the nmetal disc is 0.104,. A tuning capability of
about 20% of the resonance frequency of the radome is
denonstrated by reference to Fig. 7. Plots of the
transm ttance of various radonmes versus nornalized
frequency neasured in resonance frequency units 25 are
shown. These radones vary with respect to the size of
t he respective



WD 2006/ 011133 PCT/JL2005/ 000771 13 gaps existing
bet ween the paired | ayer neppers. Curves 50, 52, 54
and 56 represent radonmes having gap sizes of 0.144h,
0. 180h, 0.216h and 0. 252h respectively. 14 CLAI M 1.
A nethod for providing protection to m crowave and
ml | {ﬂ?h&{ wave antennae conprising di sposing at
| eas %Iensel y and firmy packed array of
substantially |ongitudinal |ayer nmenbers formng a
uniformmain protective |layer such that the main axes
of said substantially |ongitudinal |ayer nenbers are
1. A methmal farqoreaidingreroteption éo tmiceowaye andwndlimetersaade antennae
| ayer menbers are nutually spaced apart in said
compdisirdy , digpesinger i Neast | ®@ast danpeit i and Ofirrﬁle/SLﬂefcik% Cdrray of
said layer nenbers is highly conductive of electrical

subst%li’\ﬁéﬁmon Pﬂiil’.‘i‘ﬁ%géeﬁﬂ%ﬂﬁgﬁ@%‘%{'ﬁﬁ?&n@%imﬁﬁg&éwe layer

electrically isolat e W dth of sal

such TRebhe ASC 0 6F 4Bl eRoBfTial BRGRP 1o members are

2n-1) A9/.2, ere is the width of said in
normf st B2 TR pyBleciie] (@Y SrWheRaIB S At MEREPRS ie mutually
the wavel ength of the radiation propagated in between )
spaceshipgarkifesaigleamay sand wherein laddeast arp@tignnefla suwifageepf said
conprising coating said |layer nenbers with dielectric
layer m¢rabeed is Bighly mehtodtivs of eledtscal durrént, tdrel wherein said layer
conprising imrersing said nenbers in at |east one

memisbrel &t FutudM} eicotridallyAisiataad a0 Wheféil thelwidiHrdfedid main
conprising attaching a dielectric layer to at

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 g4 is the wavelength of the radiation propagated in

between said layer members.

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

dielectric material.

3. A method as in claim 1, further comprising immersing said members in at

least one dielectric matrix.

4. A method as in claim 1, further comprising attaching a dielectric layer to at
least one surface of said main protective layer, wherein the width of said
dielectric layer does not exceed one half of the wavelength of the radiation

propagated in the dielectric layer. |



| east one surface of said main protective |ayer,
wherein the wdth of said ? el ectric | ayer does not
exceed one half of the wavelength of the radiation
propagated in the dielectric layer. 15 5. A nethod as
in claiml, wherein said substantially |ongitudinal
| ayer nmenpers. . are further paired in said pain
5. A w%theétqw Hajed, Mmﬁew'ﬁiwbém'%ﬂ?ngm%@} laygs members
its main axis collinear wth the other pair nenber,
arerfurthiee pairad in saghotiparetective laysre andamieiein gaeh pair
separated by a predefined gap. 6. A nethod as in claim
mémbfeuttasets maipakis oglipéacwith the othédpair eterhbegdarghp/herein
di sc having an electrical conducting surface. 7. A
in BRichoshiAthbNagéemetbershfbaidpavaicd Y aGpredefined gap.
electrically 1solated fromat |east one of sai
paired | ayer nenbers. 8. A nethod as in clains 6 or 7,
further conprising tuning the operational frequency

. 0f said main pratective |ayer. by chanding.the .ue, of
6. A fetfigti s B el Be fibisreca Bt g Ao BRd 0y s e dSin Ger
the following itens: the width of said gap between
d'$%9§V’nﬂe@fb€@tré‘fald3%ﬁmcﬁ'“grﬁé"'faé‘@i- us of said disc, the
hei ght of said disc. 9. A radonme for providing
protection to mcrowave and mllineter wave antennae,
conprising at |east one nmain protective |ayer, wherein

7. A adtHod®isiin ghaiet 8chiheeeinaysid disnii slestritfallg ipdlated froy at least
substantially |ongitudinal nenbers formng a tightly

s AW, in the main axis of said
on?ﬁ%@éid%feﬁ@d ia??ﬂn’(&iﬁb@té?

ubstantial |y ongl tudi nal nenbers is normal to the
surface of said main protective layer, and wherein
said nmenbers are nutually spaced apart and

8. A Frlgg o %%L,Ricgﬁll{rsrgf %tsggdjl,{]g@@l!ﬁgrngﬁﬁ@ar it r’ésir?gdlu\p{?neé the g})erational
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.

9. A radome for providing protection to microwave and millimeter wave
antennae, comprising at least one main protective layer, wherein said main
- protective layer consists of a plurality of substantially longitudinal members
forming a tightly packed array, and wherein the main axis of said substantially

longitudinal members is normal to the surface of said main protective layer,

| | and wherein said members are mutually spaced apart and electrically

isolated in said array, and wherein at least a portion of said layer members
has a highly electrically conducting surface, and wherein a width of said main

protective layer closely obeys the resonant condition given by the equation



has a highly electrically conducting surface, and
wherein a width of said mai protective | ayer closely
obeys the resonant condition given by the equation 16
w=(2n-1.)19/2, where wis the wdth of said main
protective layer, nis an integer and 19 is the
wavel engt h of the radi ation propagated between said )
WFGei.) where W is stheawidtd gt safd dnainnpowotective Hayer, n is an
conprising a dielectric |layer attached to at | east
intsyersand age ivthes avasaiangthpoodtres radiatibaywopayatedAbetween said
radone as in claim 10, wherein said dielectric |ayer
laySr d of materials selected fromthe group
consisting of: Kevlar(r) and high density
pol y-ethyl ene. 12. A radone as in claim9, wherein
said | ayer nenbers are nade of nechani cal energy
bsor bi ng and_hi ensile strength npterials,
10. B2anmsIAs Su clamus 1 MEeRGopRS| g Al digleoTc faver aiarbesdo at
in claim9, wherein said | ayer nenbers are nmade of
leagiiene gugace of saicemain proteisive laygs. consi sting of :
ceramcs, netallic alloys, nanoparticulate ceramcs
and nanoparticulate netallic alloys.

11. A radome as in claim 10, wherein said dielectric layer is composed of

materials selected from the group consisting of: Kevlar® and high density

poly-ethylene.

12. A radome as in claim 9, wherein said layer members are made of
mechanical energy absorbing and high tensile strength materials,

accommodated to withstand projectiles.

13. A radome as in claim 9, wherein said layer members are made of materials
selected from the group consisting of: ceramics, metallic alloys,

nanoparticulate ceramics and nanoparticulate metallic alloys.



