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- -1- NON- EXPLCSI VE ENERGETI C MATERI AL AND A REACTI VE

ARMOR ELEMENT USI NG SAVE FIELD OF THE I NVENTION 5 The
present invention is concerned with elenments for
maki ng a protective reactivelarmor to be fitted on
the outside of an enclosure |iable to be exposed to
attack by shaped-charge warheads and other threats,
such as kinetic energy projectiles and fragnments, to
t hereby enhance survivability of the enclosure and its
CONNRDNSEXPIOSIVEENERGE T I M‘ﬁ‘l‘]ifl@ﬂ& #Qﬁﬁ MRE ECTIVE
non- expl osi ve energetic 10 materi for
reactive arnor ARMOIS EIIEMENTUSINGSAME! es
protectable by a reactive arnor el enent nade of

el ements according to the invention are |and vehicles
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ammkedbycbhﬂp@d changd ivarheadsl and kothen thscatw| funly abakigetic energy
munitjon, are known tqQ pierce arnors_and thereby
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advances at very spee of several thousands
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piercing even relatively thick arnmor walls. Several
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BACKGROUND OF THE INVENTION

Warheads with shaped-charge munitions, also known as hollow charge
munition, are known to pierce armors and thereby destroy the protected object from
within and, its contents. This capacity of a shaped-charge results from the fact that
upon detonation there forms an energy-rich jet also known as "thorn" or "spike"
which advances at very high speed of several thousands of meters per second and is
thereby capable of piercing even relatively thick armor walls.

-Several arrangements have become available in recent years to afford
protection against the penetrating effect of an exploding shaped charge, wherein a
structure holding at least one reactive armor element, wherein reactive armor
element comprises an array of layers comprising one or more plate layers and at

least one layer of explosive or any other energetic material (‘energetic material’- a
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| east one | ayer of explosive or any other energetic
material ('energetic material'- a -2- materi al

rel easi ng energy during activation/excitenent),
tightly bearing against at |east one of the plate
| ayers. The plate |layers are nmade, for exanple, of

-nmetal or a conposite material2—A basic reactive arnor

el enment conprises two netal plates sandwiching 5

bataterel rekesing ety @iring a&lﬁ)%ﬁgﬁftek@itélﬁérﬁﬁ,;%t%igg against at

~prior art .reactive arnor elenents are ba

miegst eiiokerygtedaysurilhegpletef lagers aod nuade] fuy axbmipls ofiigetal or a
their f.uncti Qn{ ng is conditional on the existence of

afP R 8RG8l bet ween the jet of an oncoming hol | ow

char ge st t r i.tself. |In general 1.
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ebéttvech Othea ehe tagHM b cABRehc Agalral. ?g@? Lfgﬁﬂt b9 Ufé‘el?ﬁve armor

| ayer, wherein the nmulti-IlTayer body es an outer
celvments| ae basegltorl basvassned leayey ohsenimpgdfdos obnevinglplates and

. L dj [ body | d

clber TBRCtiRa s qopduonahen Mecaencs ahansas andlapemeen the jot of
A [ it th nergetic materi al
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occurs so that within m croseconds the

dayerstightie benmt agdila emehatonigabes laygadwiieadh ahe snilicByer body
a fromone another thus disrupting/defeating the
jleetudes, an opler qoyes phe. iat deash eng yasies ofemergesicanateral, at least one
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efficiency versus its 20 surviv

chaped-elarge warhedd) ghesjeg enérigtastthd amesd abefs a ivasttdiRrgy discharge
rati o of weight per area unit of the arnor el enent.
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n@«ysnlﬁgﬁy e&e@y&aif@eaeﬂra&%ﬂ%g{

otd &l éﬁd]ﬁsrurénd it my be
problematic-as far as conplying Wth various

-t r ans pBhilsit ¢fhivichey und eevivability of the armor are important, the overall |
performance of an armor is determined by comparing its efficiency versus its
survivability. One criteria of an armor, having significant importance, is the ratio of
weight per area unit of the armor element. Another criterion of importance is
sensitivity of the energetic material. Whilst sensitivity may be an advantage for
improving efficiency of the armor, it may reduce survivability of the armor and it
may be problematic as far as complying with various transportation requirements.

There are known four principal groups of intermediate materials for armors,

disclosed hereinafter in order of their energetic catachrestic:

A.  EXPLOSIVE REACTIVE ARMOR (ERA): -
Explosive Reactive Ammor is the most effective technology to defeat hollow

charges, kinetic projectiles, small arms, shrapnel etc. Advanced ERA concepts are
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25 There are known four principal groups of
internediate materials for arnors, disclosed
hereinafter in order of their energetic catachrestic:
A. EXPLOSI VE REACTI VE ARMOR (ERA): Expl osive Reactive
Arnor is the nost effective technol ogy to defeat

hol l ow 30 charges, kinetic priofectiles, small arms,
shrapnel etc. Advanced ERA concepts are -3- considered

| @mpidehebltapabbadtabtioR@el dpainst BRcEing afflldridhk Mfeats. The major

threats. The major challenges of applying ERA to

gslisazesorraplxiagiiR At gramntdhemlse veliichs aex theossevef an explosive

mat er.i fnl as. an i teriredi aé(i_’ I aygr, f the sandw ch o

SPRYCHAL 3s 91 18, 1)y 9bine; sphdwich glemment peshucing sprvivability of

SELEirhbM TI NG EXPLCSI VE REACTI VE ARMOR ( SLERA) :

Self-Limting ERA provides reasonabl e performnce,

ijbst antially better than NERA (see bel ow), though

I'ess than ERA, with reduced effects on vehicle

B+ uctSRES LA TENGIEXRHOSDY EEREA THY FRARMBRI(SLIER#): al

layer jn SLERA has the to potential of being

cl assiYelsbimuing BB prevides eedsanabievirtiosments,i sudtstantiplly better
' n ovi de [ ti -hit, capability in .

TaiAEIh (i thﬁji ﬁ}?“%$ﬁ1§§% FRR, ftn é?-fivrcgeﬁ cts on vehicle

réy ' PRAS f l:vie

B & e PR A TR en8Bef, WRALICIoRe W STER A has he

poternitde ofl bebrgeclassifitd @gla paksivenmbtegial @RATWE,E&iﬁ@atidIDS SLERA

survivahility characteristics. 15 C. NON- EXPLCSI VE

REAETPXde gRﬂzé]mlclmhﬁbi.t capability gh osodidaResndiguratior. ildus, while the

provi des c ar, abl Lciency to . SLE conpayable =

Sl inenid) B4 R AL B e sing menaly Kgfmabie explosives,
> - i e .

S SR Ry 2R oo MR or PR ESpan ERA owing to

its survivability characteristics.

C.  NON-EXPLOSIVE REACTIVE ARMOR (NXRA):

Non-Explosive Reactive Armor provides a comparable efficiency to |
SLERA, comparable survivability to NERA (sec below), and excellent multiple-hit
capability against hollow charge warheads. NxRA’s advantages over other reactive
armor technologies are that it is totally passive and has substantially better
efficiency than NERA. Energetic materials for NxRA are disclosed for example in
DE 3132008C1 and in US patent 4,881,448.

D.  NON-ENERGETIC REACTIVE ARMOR (NERA):

Non-Energetic Reactive Armor has limited efficiency against hollow
charges. NERA’s advantage is that it is totally passive and thus provides excellent
survivability and maximal multiple-hit capability, comparable to NxRA.

It is an object of the present invention to provide a non-explosive energetic
material suitable for NxRA which does not contain explosive material and fulfills

its protective function (high efficiency and high survivability of the armor), whilst
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and has substantially better efficiency than NERA

Energetic materials for NXRA are disclosed for exanple

in DE 3132008CI and in US patent 4,881, 448. D

NON- ENERGETI C REACTI VE ARMOR (NERA): 25 Non-Energetic

Reactive Arnor has Iimted efficiency agai nst holl ow

charges. NERA's advantage is.ghat it is totally

passi ve and thus provides excellent survivability and

i Ul t -hit .capahil ity a t RA. "
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whi ch does not contain explosive material and fulfills
the Jepnspayt pf Bangerauy Sopdnct i on (hi gh ef ficiency and hi gh

oo Pk 581 o 8 PEOR iRt i o o tomen e for s
an eRdgdticemBRiisl Sid WhaRSBehadl RNoRPEnpRaH1S tefficency to SLERA and of

according to various standards e.g. UN regul ations as
comgpblr sungvinlityie NBEfomendat i ons on the Transport of

Dangerous Goods. It is a further object of the present

invention to provide an arnor element fitted for such

an ener geMMMIARY OF RHEANVIEREIONt he arnor is of

conparabl e efficiency to SLERA and of conparable

sur vi vah¢ jabyve endiERkr SuBERGtORrE lehibWIEDT IuSig Thawon-explosive

abave and. ot her enbodi nents are achieved by using a

encrashc &?{ﬁ“&g'{’?}’é’% a gﬁ%ige@g{a;q{,. %@}Sf% OXE,@F?{@ and Hiels, whereby exciting the
matgﬁﬂﬂp%h%iﬁgé? 'Eﬁgz% _Eelrt :Bgla%lg\vzgfia?%f%!ulftﬁﬁl Vast ; %%H%l of gas which

exciting t upon Ing by aj

acctledategdulzbatigearmesplates of the\tastive antdraThidPhéfevenl Fedilitie€ that the gas
accel erates/bul ges the arnor plates of the reactive
be disahaized Taiidly, Howetmpre thanwithinse fawapser {miggessconds), to thereby ensure

disrg!%tio%?%ﬁ%ga‘gl%%rgg% gelétgjndl tit') grii{]j%g%ee Ejgl}é%ﬁgn ¥r\1ﬁt(§ er rﬁroa%e(:ftc?d\,\énvironment.
di srupt ik degf (ﬁ@tdsﬁ&t,‘}fleﬁe e piRided AN adtRe bl L RRch S r protection
penetration into the prot ec?ed environment. Thus, in

agaipsieva®pe ¢ipes tofi ¢lireats, scoprpoising edeaaingefttdd with an ronter ebesrgiidte, and at

pratection against various types of threats, .
qngliwllfgl %le@%@i%enflﬁnstb@@nwtwpla%z §tifl sandvgede plepeny omprising at

leas®Bfle ?)tdil' of substantially flat plates with an energetic material applied there between,
wherein said energetic material is a non-explosive, non class 1 material in the form of a
flexible and pliable sheet, and comprising an oxidizer and a fuel agent, which together with a
suitable catalyst material and a silicon binder provide the resultant non-explosive energetic
material, constitute a gas generator.

In one embodiment, the oxidizer is an oxidizing agent selected from a nitrate,
nitrite, chromate, dichromate, perchlorate, chlorate or a combination thereof. Preferably, the
oxidizing agent is a nitrate, most preferably sodium nitrate (NaNQ3).
| In another embodiment, the catalytic material is a transition metal oxide

selected from period 4 (of the periodic table of the elements) oxides such as iron



| east one sandw ch el enent extendi ng behind the plate;

sai d sandwi ch el enent conprising at |east one pair of

substantially flat plates with an energetic materi al

appl i ed there between, wherein said energetic

material is a non-explosive, non class 1 material in

the formof a flexible and pliable sheet, and

conprising an oxidizer and a fuel agent, which

together with a suitable caﬁ%1yst material and a
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selected froma nitrate, nitrite, chromate

di chr onfatyet anéiee hinbediment, dhel apergec pratesialenmiyirises 4 bimder serving as

hereof . Preferahl t h oxi di, zi agent is a . .
a fugl; i G5 coso s BRFs b P GowBab i (hape g NeRpisl ey comprise
hollcANREREE 18RO} TR Aksing R&ich Ahd Hefeo MBLEEIBly, k8id Rnicroballoons have
transition netal oxide selected fromperrod 4 (of the

cach peliaroelecoft dhohtedOpfn. tSheh alignatoshs may e snale ofi aasatériabelected from

~ -5- oxides, manganese oxides, zjnc ?dees, cobal t_ )

the ggaup Sryatg%s PR SEE, gopg Cha Blagh Plashie matsrial, metallic and ceramic
matebhief erably, the catalytic material is an iron oxide,
nost preferably is Fe203. In yet another enbodi nent,

t he endngefirther@inBbdilent AhP eh&rg&ticAmatchidels Beihei fafnas a flexible
a fuel. In one case, said binder is a silicone binder. ]
and ptiableshest gé materigh Peaferablynidys @ oemelpssel (nhojekphpsive) material and which
m.crohal.l oons .f.or .i ncreasing reaction rate thereof.
has“ﬂ't‘%: gingss 2B 4ESic obal | oons have each a di amet er

of aboufheAdiks fdGhediblORakd 8P RRIBYehA WBHGs Rfet® or ceramics or
material selected from the group of materials

composipmastialy, anong ot hers, glass, plastic material,
-metallic and ceramic materials. In a further )
enbodi fendnothen spesHlis gwbpdimeat. cihp gragtiye jagmen, glemsnt,wirchy may or
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the chsisg. Uhie fe@v P g4k 6K iR S@siag domktingtd ¥ frofhBate! AtRSatdeSt one sandwich
preferably made of inert material such as netal or

elemegdr ami cs or conposite material. In another specific

embodi rﬁ%bthgrh easlge%‘e %ﬁelrc\e/ % fa:rror\TfPJed eal s%lqgwnltchvt\almngeﬁt orya Pegctive armor,
comprising at least one pair of substantially flat plates with a non-explosive, non Class 1
energetic material applied between said at least one pair of plates, wherein said energetic
material is in the form of a flexible and pliable sheet, and comprising an oxidizer and a fuel
agent, which together with a catalyst material and a binder provide the resultant non-explosive
.energetic material, constituting a gas generator.

In yet another aspect, there is provided an energetic material for use in a
reactive armor as defined above, characterized in that said material is a non-explosive , non
Class 1 energetic material in the form of a flexible and pliable sheet, and compriéing an
oxidizer and a fuel agent, which together with a catalyst material and a silicon binder provide

the resultant non-explosive energetic material, constituting a gas generator.



may not be an add-on arnor type, conprises a plurality
of sandwi ch el enents di sposed within the casing. The
cover plate of the casing constitutes a front plate of
the at | east one sandwich elenent. |In another aspect,
there is provided a sandwi ch el enment for a reactive
arnor, conprising at |east one pair of substantially
flat plates with a non-explosive, non Cass 1
energetic materi al applied“ﬁ@tmeen said at | east one
pair of plates, wherein said energetic material is in
the formof a flexible and pliable sheet, and
conpr i singilladhothél dipeer, tidrel idpfoviled AgiSIkbd d&gjr&hcting an enclosure
together with a catalyst material and a bi nder provide
againshgarious thpesef threets eomirsiigihe stemef get i ¢ materi al ,
constituting a gas generator. In yet another aspect,
there is provided an energetic material for use in a
reactive arnor as defined above, characterized in that
said material is a non-explosive , non Cass 1
energetic material in the formof a flexible and
pliabl e sheet, and conprising an oxidizer and a fue
agent, which together with a catalyst nmaterial and a
silicon binder provide the resultant non-expl osive
energetic material, constituting a gas generator. - b5a
In still another aspect, there is provided a nmethod of
protecting an encl osure against various types of
threats, conprising the step of: -6- fitting the
encl osure on an outside wth a reactive arnor el enent
conprising a casing fitted with an outer cover plate,
and at | east one sandw ch el enment extendi ng behind the
pl ate; said sandw ch el enment conprising at |east one
pair of substantially flat plates with energetic
mat eri al applied between said at | east one pair, said
energetic material is a non- explosive, non class 1
‘material in the formof a flexible and pliable sheet,
and conprising an oxidizer and a fuel agent, which
together with a suitable catalyst naterial and a
silicon binder provide the resultant non-expl osive
energetic material, constitute a gas generator.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON



For the purpose of the present invention, a group of
oxi di zers and a group of fuels are selected, which
together with suitable catal ysts and binder/s provide
the resultant non-explosive energetic material to
constitute a gas generator. The term "oxidi zer" as
used herein or any lingual vargation thereof refers to
a chem cal agent having the capacity of increasing
the oxygen content of the c ou or ent or .
conb nacTORS TR EPiesie s He BT Dha Feadile Atmaripens pgmprising o
casRR fitte@ Wil arCdRGEotE Plate, N8 alRAst 08X PAASiMEeI8A&T Richding behind the
mat eri al conprises an oxidi zer selected from anong
platst lsaid ssandwvich sdlesent coimprising syt ledst onmpeis  of iubstruivdlyefdat plates with

erchl orates, ..chlorates,..etc. and fuels.pf any.type .of.
enBEFH R0 APRIF Rt 811 eashane, bty i paEiisciRerie is a non-
exﬁMk'ineD ndBYIa@ B hakShY & @S 6l YEL ﬂeﬁﬁféo‘i’nﬂ'lﬂ‘ﬁbfe(’sh%,eand comprising an
particul ar enbodi ment, the non-expl osive energetic

oxidigereamdad fueloageni, swkichstogithien witht 2 stimble(dNtaNGB natgiahand a silicon binder

oxi di zer ,and a si]icone bipnder as a fuel. It is also
prog;@g efelEpt MOgHEPINSIvE sha Bl m‘l“?‘bésc"&?m&% 4B SPRETYAY

fuels so as to inprove performance of the energetic
[ ' e ' ment. An exanple
pETEEDNESPRIPEIQNGF TRICHV RO Use With the
non- expl OSitl\/ee ueneer(%eﬁlgcrerrgttelrire%lﬁ 1ilna g %ncl: i Wé teu?d a group of
the present 7 AVERTS OnF P2 BRE P oh P al" BX e, P

fucBReE istle@ad, | Whibe id thef! witht @itaklefcalalRt/P 8hd Blider/$ pRIvEdeOthe resultant
the el enments) oxides which is usually used as a

noreexpidsystenengearmpigobli to comstigrte akgss geasmtbron conbi nat i ons
of oxidizers and fuels. Such catalyst. terial e
sel ected dFrR X _ﬁﬁﬂfzé" ??So?ﬁeﬁ? :ﬂﬁ‘ﬁmp% %‘é’é}ngﬁgn‘ﬁ’gﬁg%‘b%y”? refers to a
4 | . .
S5 G 58 R M55y DD oo o o

or Bmhlsinatidns itBeradt for oxidizeld:, Acconliig By eficepakitylai smbedMdnt, the non-
-7- In order to increase the reaction rate of the )
exesivee Risrgatic\malerialy eumpriserrgn eaxidirer selestedbfipino emeng jothers, nitrates,

. hol | ow spher,e. el enent s). may be added to tgs

i B O ouPle b B, UBRS: ot s sy pagof carbon
conltd1fihg 38Reridl CarldCAGIi{aBR Hifde? WA 'maY hisk isBEeQk ot fi6]. ARESMIng to one
by a’jet of a hollow charge. 5 Accordingly, such a
partiorpo simbpdimenty thee nawaxpilodve dnagetic noatedadpbasprses sodium nitrate
(NaNO3) as an oxidizer and a silicone binder as a fuel. It is also possible to combine several
types of oxidizers and fuels so as to improve performance of the energetic material in the
reactive armor element.

An example for a catalyst material suitable for use with the non-explosive
energetic material in accordance with the present invention is a transition metal oxide,
specifically period 4 metal (of the periodic table of the elements) oxides which is usually used
as a catalyst in energetic materials based on combinations of oxidizers and fuels. Such catalyst
material may be selected for example from iron oxides, manganese oxides, zinc oxides, cobalt

oxides, and others, or combinations thereof. Preferably, the catalytic material is an iron oxide,

most preferably is Fe;Os.
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material, i.e. a non-class 1 material, as per
definitions of the UN Regul ations and the US
Depart nent of Transportation (DOT). The non-expl osive
energetic material according to the present invention
may be a flexible sheet of material, pliable and it
is easily cut, pierced, etc.—-whereby it is to
conveniently applied between the bearing plates of the
arnor 1@l faENb- t
I8 & inAeaQ Hlk E‘&Ch%n rﬁ’[g QfRE gglﬁ llég(ﬁf;ooﬁg%bﬁgfggﬁg material,

the material is rubber-like a I's e

Anicoolillogns 6i.¢. ellpregsete eloxments) omsyt b@&@dddstopﬂh@\fbﬁﬁdiaﬁon It is
NXRA el ement with a non-explosive energetic materi al

FPpgreata dhat thy ﬂ’@leQhaHQﬁ@& dureasa thgacantionsiatgpuapin striking of the

as agai nst small arnms,
g“?‘?‘é’gﬁ& ’je\?(?tgag}ﬁ%l}ﬂ%c ?{g various 15 types of kinetic

Pr oj ecAddoRdingRy, SuchY: Fi ]
Di scar ded Sggg% uc}f\ %}Bbﬁfllﬁhqw [§emane%ré(?:g‘]gnpiri RS cxplosive
anatedall, é.ef aUtoaeblausthnﬁmrtaﬂl,tﬁ EokdTInifbt 6f ﬂiédUNaRegulatmns and
| east one sandwi ch el enent w t hin the npodul e. Said

$B N Qﬁp%'p@ﬁlﬁrﬂfo@I@ﬂmftﬂ@ﬁ)mﬁ)@tT)l east one pair of
50" endlsaficplodle e dmal L itroRalty Uimpiaen invention may
%@91' fledble@ks: HELUREI Gl%r WnPist %ng}‘{) gﬁt ?@8&1 @@&@bcé"eby it is

there may be severa |6 i ner

chnvatietly {ilied t&meérﬁhk: bealwgrptm ofahé aﬁhélaaemm Accordmg to
ceram cs, conposite materials and others, where the

988 Pastisulgiopebastiaeniathe matenial is aibbies-likpphil éxleasilg foldable.
o Y S YR e i
(185 & Ic%ﬁfebé’ﬁérg(gﬁoohﬁ?e‘? al ¥ thd) %b%de hg)%sfor ) §te§ﬁ d\gﬁ%mst shaped-

el enme Ive arnor accor

chargotwarheady abewell aﬁragaﬁlhﬁﬁlﬁaﬁﬂﬁmss kH@pAs], Lﬁ‘él?,’ﬁﬁ:n'tsnand various
the art, suited for applying to di ff erent enclosures

Bives rafykivetie fprojeatilesue.gc dafriqguPiatding fin AStebilized WRiscarded Sabot
%Eﬁ@?)accordl ng to the invention (NxRA) is efficient

30 shaped charge war-heads, glVlng as an

exanplige R A Asind! Jon‘?p%s%gg hSdul¥ HdeQ4Sich 8 outer cover plate and

at least one sandwich element within the module. Said sandwich element

comprising at least one pair of substantially flat inert plates with a non-explosive
energetic material as disclosed herein above applied there between.

According to some embodiments, there may be several pairs of inert plates,
e.g. made of metals (such as steel, aluminum, and titanium), ceramics, composite
materials and others, where the non-explosive energetic material is applied there
between. Furthermore, the cover plate of the casing of the reactive armor, may
constitute a front plate (or a top/bottom plate) of the at least one sandwich element.

A reactive armor according to the present invention may be of any shape and
size as known in the art, suited for applying to different enclosures, and may be of
various configurations.

A reactive element according to the invention (NxRA) is efficient against

shaped charge war-heads, giving as an example RPG7, as well as against various
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types of kinetic projectiles, e.g. APFSDS, small arns
(e.g. 14.5mm, shrapnel and fragnents. A NxRA el enent
according to the present invention provides
conparabl e efficiency to SLERA as di scussed
her ei nabove, as well as conparable survivability to
NERA. The NxRA el enent is advdhtageous over ot her
reactive 5 arnor technologies as it is totally
Reped Yekinktc Nebiletilgf & ¢ LAPESBKS sﬂnﬁnr e Ge. g 14.5mm), shrapnel and
survivability to thé protected enclosure,
feighédsi ny NeRot | elemehtenaenosiimndio fthet bﬁﬂSerﬂr Give@idn provides
excelle [tiple-hit capablllty agai nst
@ﬁ &%@eﬂﬁf RA agngdisgussedrberginabry easi well as comparable

AT AP Y

%@ﬂm@xﬁbﬁﬁdl&ﬁes R R nﬁrﬂ)?z{llgﬁ E%ti\%,' %J %@g a\@\ﬂer of ffers improved

generator, conprising oxi ers an
suwwalmgt}t lte that proteztedu paclosire] ko n@@ybo&tlrigeteaf@fw@ clements and
2_.8 ow charge results in vast gynerau on of gas which

i P%P&Véi@sb?ﬂcsﬁ@ttiﬁ@lﬂmw capabibty @gamf’rﬁdlqll@acclnaxge warheads,

t.hat
g sc APGe %dﬁgﬂaﬁﬁlﬁjqc{@%%ﬂgf Tpd ef;IEF mfaé‘ﬁp hgeauds.
(m cr gsaeraEs) to tRe td}egeﬁpﬁn%ﬁwxﬁ tﬂé[%f &p@k&ﬁé&?f eqlttohn&ploswe
of the jet, and to mnimze the penetration |

pneigetit evateril lne:mgmrgas gEQEratdn’glboﬂiphs xidiz@isodtidl Rlels, whereby
oxidi zers is selected and a group of fuels, which
@Bg@ﬂgeﬁlethﬁr@wmm sénkmgabysu@ elna fmlhx%r(:harggrmsukﬂ:e in vast

ggﬁ%‘%‘??ﬁt fg‘a d@g”@, engtilg %%f B a&%‘;cl)ta the reactive armor.

TRid h@\%’k@ér REhRE! fBPthe éﬁgxf@ﬂﬁcﬁﬁ%gécg ?@é&lﬁ?{}@r@ﬁt&l&m t"ﬁgm a few

mat eri al rrses an o zer se e dgroup

pbed a(mlbnoeeccmdejqulostmﬁebar anfnire (ﬁ&ﬁ@hﬁnfdﬁféahﬁ%e@f sljéts and to
or, esters of nitric acid), nitrites (conpounds

auRinaizaithgpenvtiation entr)aid)rowC&d wn@nnmpou nds bei ng
.n_nature) chr omat es

(sal 1 £ F%@'Pﬁ?@%é norg&ﬂoaﬂ 6 Sl s il s which
ngregfﬁtr ot q'félgiag& T, ﬂz'%daap B srﬁjé J‘é{r%tlye\a;tﬁe.‘g i g%%“% Jot-explosive

exhérgemcrrmartb)l to e@&tm&t@@ (gaygleﬁe@forany type of carbon
cont ai ni ng materi al a bi nder which may al so

ser veAssorlingelo, one pamcular embodiment, the non-cxplosive energetic
material comprises an oxidizer selected from the group of families comprising,
among others, nitrates (salts or esters of nitric acid), nitrites (compounds containing
nitrite radicals, said compounds being either organic or inorganic in nature),

chromates (salts or esters of chromic acid), dichromates (salts or esters of

~dichromic acid), perchlorates (salts of perchloric acid), chlorates (salts derived from

chloric acid), etc. and fuels of any type of carbon containing material, and a binder
which may also serve as a fuel.

According to one particular embodiment, the non-explosive energetic
material comprises sodium nitrate (N aNOQO3) as an oxidizer and a silicone binder as a
fuel. It is also possible to combine several types of oxidizers and fuels so as to

improve performance of the energetic material in the reactive armor element.
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- fol dabl e. e energetic mater

According to one particul ar enbodi nent, the

non- expl osi ve energetic material conprises sodium

nitrate (NaNO3) as an oxidizer and a silicone binder

as a fuel. It is also possible to conbine several

types of oxidizers and fuels so as to 30 inprove

performance of the energetic—thterial in the reactive

arnor elenent. -9- In order to increase the reaction

rate Ofn brder RPMcRAR R IR RNGHRSI (Fe HBﬁ-%ﬁjél%Eive energefic material,

m crobal | oons (i.e. hollow spherical elenents) may be

adtiwdbalboanisdi.¢.drafiovasphericall ¢lemicatshpmyee added thhbé fédagulation. It

i crobal |l oons i ncrease the reaction rate upon striking

df apﬁéccwaf?‘ﬁéhat e mugraballpong ingseaseihe reactjen rgapon striking of the
cal erpent be rmagde .for, 5. exanpl e of gl ass,

SRR 67 TR R el o et REbHiS Tt ap g ans¥fe nade for

HxafRil€ lofHlassS PRbLS RREES, MRMIRE o?@?ﬂﬂni@%ﬁteﬁﬁl?.ugﬂe diameter of

ot her di mensiohs may be also suitable. e

rsunh @ghéres may tersboged0jomnthvagh atheadimediong rhay bdglso suitable.

presenthi nvention is a flexible sheet of material,_ o

pl i abl EhaRRN-FXPIPsive sBenEptic Mmaterinl apeardingstodhe wheseabipviention is a

P ' | | ji.ed between the bearing plates of . .

B B bR PR30 ok R et Sale it i

RBROEBBIN a ﬁl@ed%éélﬁhe'b%afiﬂg grzftésl df‘iﬁ? GRflor eRst. lAchording to
qual1fres as a

mog-perasdadembodinieat thesnatefiairie dutiber-liNe aRe bRty FRIaBRd

~the US Departnment of Transportation (DOT), and is thus
a non-;Ifé&fﬁneégﬂtFernéwémb@ﬂal 1ggesdr netl-claghé maserialasl defined by UN

RS TR B 05 shshaRtich o ool 00, 4 gnus a non-
f%ﬁgﬁﬁ,ﬂfecaﬂ%qic\q%@ﬁaﬁ, smal |l arns, shrapnel, '

ragnents and kinetic projectiles. Such a reactive
ar nor Tdicemmmntxplosinpehagsti@nraidlgs slitatd €t manifabturing a NxRA
enclosure and fitted wwth an outer cover plate, and
stemperfor preleeinial enclesuser againxtt shapedrgharghiwathedds, small arms,
ate;, sai.d sapndwi ch, . el.enent conprjsing at | east one
StiAPRgh ° Babuiaf Aaf | infli, Piovertas, wokdh thacade sgmor clement
. . : : oy n
SRR I STl ™) e Al BRR: 48 i i gh"SREr ob¥lr plate
and at least one sandwich element extending behind the plate; said sandwich

element comprising-at least one pair of substantially flat plates with the non-
explosive energetic material applied there between.

In one example, the energetic material comprises:

Oxidizer- up to about 80%;

Fuel- up to about 50%;

Catalyst- up to about 2 %; and

Microballoons- up to about 10%.

In one specific example, the energetic material of the present invention
comprises: |

Oxidizer- from about 30 to about 80% (such as sodium nitrate);

Fuel- from about 25 to 50% (such as a silicon binder);

Catalyst- from about 0% to about 2% {such as ferric oxide); and
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Oxi di zer- up to about 80% Fuel- up to about 50%

Catal yst- up to about 2 % and 25 M croballoons- up to
about 10% In one specific exanple, the energetic
material of the present invention conprises:

Oxi di zer- from about 30 to about 80% (such as sodi um
nitrate); Fuel- from about 25d-e 50% (such as a
silicon binder); 30 Catalyst- from about 0%to about
2% (s 16 ' ne - crobal | oons-
fron1gg%ﬁ?§%&§¥% gggﬁ% 1 ggéﬁﬁ¥x%glg%%reciated t hat

t he above descriptions are intended only to serve as
exanpl es and that nmany other enbodi ments are possi bl e,
al | oflt Whappreeiatad (hiat Bhan abeve Hescsiptiohs azmihtetdedsenlydo serve as

of .the present invention.. 11- CLAIMS. 1, A reagtive ey

SramPRes RE R ey b pedingsy e possinio l O i falt within
: ARRLLS! ' htred with an outer

E%%/%?hg IaIz}l(t1 e, angé g? %egjggfé% %e@%ﬁngw ch elenment

ext endi ng behind the plate; said sandw ch el ement

conprising at |east one 5 pair of substantially flat

plates with an energetic naterial applied there

bet ween, wherein said energetic nmaterial is a

non- expl osive, non class 1 material in the form of a

flexi ble and pliable sheet, and conprising an oxidi zer

—and a fuel agent, which together with a suitable

catal yst material and a silicon binder provide the
resultant non-expl osive energetic material,
constitute a gas generator 10 2. A reactive arnor
according to claim1l1, wherein said oxidizer is
selected fromnitrates, nitrites chromates,

~dichromates, perchlorates and chlorates; said
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catalytic material is a transition netal oxide; and
wherein said fuel is a binderj;3. A reactive arnor
according to claim2, wherein said oxidizer is sodium
nitrate (NaNO3), and said catalytic material is Fe203.

15 4. A reactive arnor according to any one of the
OieXBMSng cl ai ns, wherein the amount of said oxidizer

does not exceed about 80% the anobunt of said

atal yt,i ¢ terial does t _exceed about 2% and:-the

ount “bfeaglie SPor <5t rERESRn SRt Vsl WpisiSi threas,
ERBHFSINE ACHRMg IREA Fi0ard QuURRYCHRRE plite! BRI BE B4REIAG sandwich
clainms, wherein the 20 energetic material conprises
tlemesiextendiogdichoshtherplatel mg saedwighradeventoromprising at least one

S S0l B 608 ABGE BB AT beoween
Wheie 68t EnkRR b PhdteMaink Gr ieéAp16dse, minccliREnRkertl in the form
material selected fromthe group of materials

ebaplexihile gnd phieblg sheeth end comipaistng p axidizer matler fugl agent, which

tallic.and ran terials. 25 7. A.reactive arpnor
{8k hen iR SRR Tk 58 it gicing 3 sfiva R ricE g resultant
AdeeRpiakive eRergfe maldialcxGRaHita RS gdftfatod0 -12- 8. A
reactive arnor el enent according to any one of the

Pr ecedh ngactivgi arsnor agserding to daigndy gderon maik oxilizdrais selected
ni f orm.thi ckness ,and densj.t,y. 9., A reagtiye arnor .
Pl PR SRS SRRl SHisiomrese HeFai, M Hihirates; said

SatilyEE ehdteridlgs Bh§ifion BetdPEE e ald\@hérelfPdagd fird] is 4 Bindér.

sandwi ch el ement for a reactive_ arnor, conpr.isi r]gi at - .
Beast Bregapiaye apnor sedegdingt ioatlaimfl, awheretn sajdvintidizer is sodium

non: explosiwv non ¢ s. 1 ene ie material applied
%@%&e@ﬁé@é@dgﬁq S?@gg{ﬁ%}%ﬂlﬁ%ﬂﬂ %feﬁeéﬁét es, wherein said

gner gepireadiBieirindk atortithgt tdemyfiebfahe ﬁrefcb&mgbilﬁnﬁD Sherein the
pliable sheet, and conprising an oxidizer and a fuel i
agennt ofi snidiepadizerodeashiat axiceed abeutt #1%s thenamewntaof seid catalytic
ﬁlapéﬂlﬁj Woed n QY Egceeetdha%olf 5%} a%ncf tHe%Hnount of said fuel does not exceed
about 50%.

5. A reactive armor according to any one of the preceding claims, wherein the

- energetic material comprises hollow microballoons for increasing reaction rate

thereof; said hollow microballoons having a diameter of about 40pum.

6. A reactive armor according to claim 5, wherein the hollow microballoons
are made of a material selected from the group of matetials comprisi‘ng, among
others, glass, plastic material, metallic and ceramic materials.

7. A reactive armor according to claim 5 or 6, wherein the amount of said

microballoons does not exceed about 10%.
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expl osi ve energetic material, constituting a gas
generator. 11. A sandw ch el enent according to claim
10, wherein said oxidizer is selected fromnitrates,
nitrites chromates, di chromatdg,~perchlorates and
chlorates; said catalytic material is a transition
nmet al oxi de; and wherein said fuel is a binder. 15 12.
A sandwi ch el enent according to claim11l, wherein said
i di ze ¢astivodirmer elgmenitascoNNO®) any ame efitle preceding claims,
catalytjc material is Fe203.. 13, . A sandw ch el ement
v thithe cpaeehcamioral hgpnigm hidnsstend deia d

idiz - 800 e ' .
Zital y) LR MebnoP CEREN ARUIGAETS b rt B fte Blsoffbl claims,
avistein (hé ptdsthré Helde@Peserhalataiteed about 50% 20 14.
A sandmﬁcﬁ el ement according to claim 10, wherein the

dfler getA sandwtich iekimerd diop ai sastiveohinow, tompoalgl atdesastfare pair of
[ nﬁreasilrgtg%eincti on.rate thereof; said hollow | ) .
srestentalvola Platgs, with anen-srplosiveromelash | goergetic material applied

.ch: el di chaim 14.. wherein the. .. .
AR B TEEY oRESALCHAAELS, SHPHh Mo MSRERC el i in e
ffo@mor el ipleParf pliddl€ shédtSand 2o H@i’h?sdﬂ"gxid?i@ R9d a fuel agent,
ot hers, glass, plastic material, talFl1c and ceramc
retieh itagetherl®ith/e satatlyst ahatetielrend aabimderippgvitde thé absultant non-
15, wherein the anpunt of said mcroball oons does not

explogiye sheigetie onaterialgeonsfituting sgrsrFBETatOat eri al f or

‘ ﬁgr ;2{6‘2?%@‘2‘%}0. \rﬂe ﬁ%‘?@ }gﬁﬁ%ﬁ 39: &pl%lgi(g] %v’herein said oxidizer is

ormof a flexi e and

saideuiatyticematenid] B J w@lsitoragend] oxitet aiid Wo@asiN 84idhklNs @ binder.
catalyst material and a silicon binder provide the
Adsul t Antandwicheslpment aceoediog de tlabmridt wherdin said oxidizer is sodium

G LS AP B ST,
13 r 2 STONiLH BlenerlcChing RUCLAR' o it e pmgupy of said
bRidzeRidded Bot #tEE aBolit B0 B M HmAInt $Astid catalytic material does not

exceed about 2%; and the amount of said fuel does not exceed about 50%.

: ! o . '
f@él@ct%?i Btaa ﬁateg,loxﬁtrgeé %&%ﬂgﬁ% rcgﬁ{éjgfn’a% 4 ?Et(%hn%ﬁeg i a?r]lgeclﬂorates,

14. A sandwich element according to claim 10, wherein the energetic material

-comprises hollow microballoons for increasing reaction rate thereof; said hollow

microballoons having a diameter of about 40pm.

15. A sandwich element according to claim 14, wherein the hollow
microballoons are made of a material selected from the group of materials
comprising, among others, glass, plastic material, metallic and ceramic materials.
16. A sandwich element according to claim 15, wherein the amount of said

microballoons does not exceed about 10%.
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10 oxi di zer does not exceed about 80% the anount of

said catalytric material does not exceed about 2%

and the amount of said fuel does not exceed about 50%

20. An energetic material aceddding to any one of

claims 17 to 19, wherein the energetic material

conprises holl ow m crobal | oons for increasing reaction

rate thereof, said hollow mcroball oons having a

diZanet ekn ahergdptiot md@mial T6r de ikm ecwetigetdarmoreduehi & in Claim 1,
accordi ng .to claim 20, wherein the holl ow ] )
rRl@FaskiiIacd dn hatsaidrateriak is 4 nemremlesive sloac¢lass | eaergetiematerial

At 6 T8 o bR e PRANIE shcke. B BB am, ity and a fucl
Riyeff)SkBRh] t&g@ﬁbﬁ rridtd _aa&ﬁﬁgﬁ ﬁﬁtér%écdlﬂ o s%ﬂcon""ﬁﬁf&i%f Bbrovide the

t e anount of said mcrob oons does not excee

absultani iéh-e2Ploai¥e ehengetib atht@ial paisanitingh gas gomelasr e

agai nst various types of threats, conprising the step .
- i tAR ricEgelicematesial rrcending to ialainy d A whergin said oxidizer is

: ti | I Si ' fitted
PP e AN Er i s Coaliic Aiateaalds Foad-sandw ch
I t . . ; €ast. o .
e kg0l ) it S R ofsi
stidizemddes nboy ekdeatl abbat % oniHehmen el @€ khid JaBil ; icahaterial does not

appl i ed between said at |east one pair, sai
sreeagkationt A; @niddhe amountrafrsaiskdiebdossenotenneed ammit 50%.

teriagl inthe formof a flexible an l.i abl e sheet, .
o co?f‘tn ?%?rﬁﬁtl%ﬂla?ﬁﬂag Agcardizg do any gue g@fﬁms Ivhtocly, wherein the
I W L. ' I . [ . a .
SPPEHE el Bl 8 1ENER] RURloalTBOR] 6Bt 18RFadhg geaction rate
j j [ . 0
TATEOE shid IOMoRY hicrob ARRaks e Ui SabBalons. .
i di zen | enepgeticu MmaectislbtRcoddNaN®) ;clsidi RFatkderéinC the hollow
material is Fe203; and said binder is a silicon

mnigedalloons ase meado dofaeconatirid scdeatedi fromdda thevtgrow rof materials

t he ampunt of said oxi di zer .does .5 not_exceed about .
SORPTISHIS: Ao OIS, s, BIAFUG wt@aiﬁp@ﬁallm arghpeegampisy materials.

: 9§FeedA§p8ﬁ'érgetic material according to claim 21, wherein the amount of said

microballoons does not exceed about 10%.

23, A method of protecting an enclosure against various types of threats,

' éomprising the step of:

fitting the enclosure on an outside with a reactive armor element comprising
a casing fitted with an outer cover plate, and at least one sandwich element
extending behind the plate; said sandwich element comprising at least one pair of
substantially flat plates with energetic material applied between said at least one
pair, said energetic material is a non-explosive, non Class 1 material in the form of
a flexible and pliable sheet, and comprising an oxidizer and a fuel ageht; which
together with a suitable catalyst material and a silicon binder provide the resultant

non-explosive energetic material, constitute a gas generator.



10

15

20

25

30

2% and the anmpbunt of said fuel does not exceed about
50% 26. A nethod according to claim23, wherein the
energetic material conprises hollow mcroballoons for
i ncreasing reaction rate therddf~ said hollow
m crobal | oons having a dianeter of about 40m 10 27. A
nmet hod-according to claim26, wherein the holl ow
m crobal | oons are nade of a material selected from
tHe gr dumethodraterdiakstocciaipn 28] mhereinzail okidedes is sodium nitrate
%Ihﬁss plastic material, nmetallic and ceramc_. ]

DO said oatalyfic matersn] inFesdxpng saig bindaras 2 vilican dinden
?Egu? n%g;%eﬂ%gi a?c%' lddurén% @ %@%‘lnlﬁ? r\}v%ergﬁ?ﬁe QI%E)UI? c():te seaclid oxidizer does
not exceed about 80%; the amount of said catalytic material does not exceed about
2%; and the amount of said fuel does not exceed about 50%.
26. A method according to claim 23, wherein the energetic material comprises
hollow microballoons for increasing reaction rate thereof, said hollow
microballoons having a diameter of about 40pum.
27. A method according to claim 26, wherein the hollow microballoons are
made of a material selected from the group of materials comprising, among others,
glass, plastic material, metallic and ceramic materials.
28. A method according to claim 27, wherein the amount of said microballoons

does not exceed about 10%.



