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

ARMOR ELEMENT USI NG SAMVE FI ELD OF THE | NVENTI ON 5 The
present invention is concerned with elenments for
maki ng a protective reactive arnor to be fitted on
the outside of an enclosure |iable to be exposed to
attack by shaped-charge warhéads and ot her threats,
such as kinetic energy projectiles and fragnments, to
t hereby enhance survivability of the enclosure and its
contents. The invention is further concerned with a
non- expl osi ve energetic to material useful for such

r eactNON-BEXKPIIOS] ¥EEENER GEXNC! A PEREAE! AND PREACTIVE
protectable by a reactive arnor el enent nade

el ement s accor di ARMORNELEMENT USING:SAME vehicl es
such as battle tanks, arnored personnel carriers,
arnmored fighting vehicles, helicopters, arnored

sekLp oneriad red static structures such

as bui | di ngs, I]Eove ground portions of 15 bunkers,

g?gt aigj{%?{ i‘&%@ﬁﬁr@ﬁtﬁ_@?ﬁ mw&gfeﬁ ca:ﬁ@ q'of E%ﬁfgagsﬁrotective

steaptivk ehmoge besfiited @asthe usHdk00wh easidild RAbIE h@"tﬁeexposed to
munition, are known to pierce arnors and thereby

dalsacko Py t shappd-shargeewathsiads tarkk @thervahu’d:atn amch ast kinetic energy
cont e

haped- ch |
POICEAS andce RS liBhy GuRRsHORvATBbe0t B clanure and it

e r k n r
CRges | TH0 ien@hS s KARM: AncthBAT . 3P Kfplosamogneneet
ofmateeiabusefiplefor setorgctanrthrivfor eldagd@dy capabl e of

piercing even relatively thick arnor walls. Several
ar r angexamples @ﬁ\meEumqaratcatabtd)by a reactee larmme alesndn® made of

R AL —
wh
N T i Vo —

CAMeY i @b REatRr siiBé@rRl 3hdh |a§y8ﬁ§d1ﬁ d gbovd- gﬁﬁhpOBSruons of
| ayer of explosive or any other energ t| C mateéri a

(bupkersgesritaineatanks fir the atorape of fuel and chemicals; etc.

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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material rel easing energy during

activation/excitenent), tightly bearing against at

| east one of the plate layers. The plate |ayers are

made, for exanple, of netal or a conposite naterial.

A basic reactive arnor el enent,_conprises two netal

pl at es sandwi ching 5 bet weerm ¢ fiem t he | ayer of

energetic material. Such prior art reactive arnor
elneaterialsredeasingaenedzyodurite acthasionksicitsraeigy, igMiBUBdaRg against at
effects of noving plates and their functioning is

cdeast Pno pAtheplatelayas; Thenlate loyersmramads, fongixempls, wienetal or a
tl}ﬁgl;p%gittgéqage?ﬁlloncom ng hol |l ow charge threat and the
ar its T

n general, a reactive arnor elenment is

a nmulti r ' ' -0 ' .y
ey s! 5 bAMETrcRIE AbHUECSORInp sl A RAbOPLY sandviching

mbktweenaytemm thdylayémof ughegectio mategial.cOMe pHidt it Ahctive armor
I efnst one | ayer of energetic material, at |east one
| FeasRiyrgseher theyaass 4ndenargyssnsuoingefficcts of meviag plates and

T PR PRE G Fondiiama o st ENGeas el it s betwregn the jet of
UBABnSdrhiry! IO chatORECn G URC R iRER) Lhe | et

ener gl zes the arnor; ere a vast energy discharge 15

occur slisgehdral, arvdabiive aimooskaRAtSs hhauli-BEBAbEEH in which each
gases accelerate the netal plates and displaces them

alexygr tighy drearaagaingr eachueordigyouptiiyey) udieezin ithg mhki-layer body
j et h b | [ it t trate th
55"l 367 o s G et i, ot onc
S ' MHE re i t over.all .
iR e Hock LR 6 kMO gl U URERL e
efayer ey astBasios/ckéifomne TUhY ioheielit itatefPRE (L4 | lﬁﬁfn‘ @riking by
of an annor, having significant inportance, Is the

r shaped-shasgei wyarhegBrthe je @nargizes dhe ateommwiere elvasentergy discharge
Anot her c¢riterion.of inpqQrtance is sensitivity of the

ePGRE Bafaaridin gicroggronds theehisshargad gaseugoaséeraig the metal plates
f ' ' ef ficiancy,.of t.he arnpr, .it.

SN PORRES By R S OLRL IR a0 PRl hn. rey

Ploking 1Bteneradsof ﬁéneﬁateqﬁs?weaed BhdBsdr | ous

transportation requirements. 25 There are known four

pri nci Yalilsy efigencyfandnsuevivatiliey ef nb¢ armet ard hp@tamor the overall

di sgl osed hereinafter in order of their energetic

R & i anp armgpli VIRV {teRficiency versus its

S iﬁ%!:)igi& %ﬁ%c%‘g%rzaaf)‘f‘%m% h!aq‘(/:’lng%fc’gtmﬁégn% %tnlp\éﬁance, 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 Armor is the most effective technology to defeat hollow

charges, kinetic projectiles, small arms, shrapnel etc. Advanced ERA concepts are
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30 charges, kinetic projectiles, small arns, shrapnel

etc. Advanced ERA concepts are -3 considered

| eap- ahead t echnol ogy agai nst energi ng anti -ar nor

threats. The major chall enges of applying ERA to

ground conbat vehicles are the_ use of an expl osive

material as an internedi ate I_ag’/é"r of the sandw ch

el ement, reducing survivability of the arnor. 5 B.
Sepasiderad e aEakdd OO BEAGTNEARMOR (nBLARAx threats. The major

i des reasonabl e perfornance,

Sel f-Limti RA
sgbgll%{i&% é’:f:ggpéé&& MHﬁowmmh@éfebmlwg thenaseodfl an explosive
| : ik d ffect. ' . o

Y T TR ———

| gyesrmar, SLERA has the o0 potential of being
classified as a passive material (NATO specification).
SEERA can provide good nultiple-hit capability in
nmpdul ar, configuration. Thus, while the energetic
ma&-er | aﬁEthE@%ﬁImEKRu@mEtRﬁscm@AtﬂmRa( LERA):
s type of reactive arnor rga

or ovi 48 L THPHS MR, pray s NP P SRS RSkl better

A SR, SRR o e
pEievdtdeRs, as C:sﬂ?éfeﬂklbeﬂﬁf-\f 'fI‘hieQﬁfég%éti% mﬁ%ﬁ%lﬁyemp%@ﬁ& has the

survivability to NERA (see belo and excell ent
npdtenfirleohbeing cdralficdi dsya pgssives materidl (MAT@uspecification). SLERA
war heads, NxRA' s aq%_gnt ages_over other reactive 20 ]
aFHbPIOVE &AL g capakilifit in modwlan coyfigadon.dhusdwhile the

h ' t efficie .tha E .
nar SR A b B SO AL SRS D R cpebpplosivs,
i this BBe JF2ERIRELrabAmLP pHR iR ' i i
NON- ENERGETI C REACTI ey RRI\/[IRQ%EI%&F%&;}):@%?&@} fhan ERA owing to
Résasirivivabiityoharaeteribtiosi t ed ef fi ci ency agai nst hol | ow
charges. NERA's advantage is that it is totally

passi ve and thus provides excellent survivability and

B NGRSV RERRAN A ARmoiORRRE: 1O A

Non-Explosive Reactive Armor provides a comparable efficiency to
SLERA, comparable survivability to NERA (see 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 fulfilis

its protective function (high efficiency and high survivability of the armor), whilst
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It is an object of the present invention to provide a

non- expl osi ve energetic material suitable for NxRA

whi ch does not contain explosive material and fulfills

30 its protective function (high efficiency and high

survivability of the arnor), V\lgi st -4 the

non- expl osi ve energetic material” | owers the

requi renents of transportation and |ogistics

adbe menrexplasiveamicrgetic shatedalr ldsees. the réfireagintabl Gafspdstation and

%glﬁear.i ng in the Recomendations on the Transport of
gHER acqsrding to) arioys Standardses-2 o BN seguatianseaspappearing in the

[ ' ' ar element., 5 fitted for

sucﬁaggj'r{ﬁé#%%@{ ‘.(’)‘i{h%g?@{fﬁpé’ﬁ FPETENS G¥Sar nor i s of

conpar gpliea ircd ﬁﬂ%ﬁé i

survivabi | i tf?fﬂtﬁég%liﬁél?l%bﬂstge %@ﬁtdz r' ﬁ@%‘%ﬁﬁ%’f“"r clement

atftted dord setthen edgrgetics naneridchicwatbrdythesimirais of comparable

n%ﬁe.x | osiye energetic to materjial being a gas

g ShfIghey) to S@%ﬁiﬂg ﬁécampaﬁab@r%lr'aﬁ@bmuéﬂoéﬁ ERder eby

exciting the material upon striking by a jet of a

hol | ow charge results in vast generation of gas which

accel ergMARYWOTF THE: BNVRENPIGHes of the reactive

arnmor. This, however, requires that the gas be

di scharlgedboepant ythet olgectsate ahicvell bgrusiel then-BxplR¥ive energetic
sec .(m ¢roseconds), to thereby ensure

p € 1S

dingteriali Reingia reaatgenerabar, complisng cxidizers amdnfuelsz evhetby exciting

t tration into, the protected environnent. Thus, .

| e RERSE] Bhor Srlkieoby, RGebhPa BRUGH ot PRaruin st geheration of
' ' t r ' .

DE8Y 855 2 AR Ae Pl SRR ot RSB0 iy o

f récfuirds whaththepas Weediscaygsd RIpALE, . @bt dhoreORsh Wi
sandw ch el eme@nt extendi% ggih?nd t he p(l)gte; Sai'ﬂﬁnafew psec

s BRisPERoRdsdniertherebymnissicndjsmptibe/dsfeating ofahe j@f aPto minimize
S bstanﬁ_i al Il.)é/l fl.at plates with an energetic materi al
a%’ﬁlﬂe@}ﬁ A D the psetscledikaVBPRMeRai d ener get i ¢

o o o 2R BB B el Yl TR b o a reacive
satinididlementt @k YséteORIrLhfahstaRgiofs er;eg I thEcAN @Sglﬁa?ltﬁgllgea casing

resul tant non-expl osive energetic erial, ¢on
aliged vg@nanaower coverophite ndmblambsist ohbesandiviilz efeniént aktending

it B2 GG shid sonuicon ehrane . comprivageabricast one pair of
Cs‘?lmaﬂﬁﬁlil)p fat plates with an cnergetic material applied there between, wherein
said energetic material is a non-explosive material comprising an oxidizer and a
fuel agent, which together with a suitable catalyst material and a 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
(NaNOs3).

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
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thereof. Preferably, the oxidizing agent is a nitrate,

nost preferably sodiumnitrate (NaNG3). |In another

enbodi ment, the catalytic material is a transition

netal oxide selected fromperiod 4 (of the periodic

tabl e of the el ements) oxides such as iron -5 oxides,
manganese oxi des, zinc oxi des,d tobalt oxides, and

ot hers, or conbinations thereof Preferably, the

c akaley,t mangamtsy drides, Zirenoxites) cokald exidensindpsthés abbymbinations
is Fe203. In yet another enbodi nent of the present

i frarnl; Breferahly, tsentabtticanaigriekis an iropamide, sust aretfcnabbfns FeyOs.

LY R e
COBMptisR 4 8irdewsdyH; ﬁg%ﬁé QNG SRl cés@cgaﬁ?%ﬁ&r i§ ?tcstlﬁ@dﬁﬁ: binder.

rate thereof. Prefe sald mcrob oons have

aTHe amergetic afataix uﬁay%bmlms‘étlﬁﬁlom alicoBAll R SorBr&Ring reaction
made of a material selected fromthe group of

nidtethaeel. Peefarablysisaig, mmbajlwnh dass cgthns diapetas of @bout 40pm.
et AT bn T Ry .
(ﬁ?}éﬁélﬁg dn?or?g“&hells QLSE gﬁg E’ia‘i’f{na'f%gtrall and ce)ramlc materials.

IS a non-explosive

materifla ﬁmﬂﬁérvdimlfddlmaﬁt e Esrgetichingleniaf & ANghedRRRI dfya flexible
The plates are preferabl%[ made of inert material such

agndpliablle ghect of matarial direfecahipdsisteenamaclass h(non-explosive) material
f nbod th ctive arnor
Zgﬁ%ﬁ{m&ﬁgg‘hli]ﬂﬁ?%&ngﬁ?&ﬂé e%‘g’ L:aanI \a/\dd on ar nor
|
M E AT T L

cashmite natiiglut es a front plate of the at |east one
sandwi ch el enment. In another one of its aspects, the

pr esenﬁn anotlet spooifior embatbment, the desictitre aﬁherretdmdrw wléich may or
reactive arnor, conprising at |east one pair

STIRE (1gh theai ygron apnen bye, somprises a Moraliby ;ﬂfo%amdwwh elements

e er I|edb we sal d at t

G VTR g BB Bl R s Prsmbensilies € Bont plae of
rtggaﬁpéggt%b\égnm;cgrél%erﬁonpr| sing an oxidizer and a

fuel agent, which together with a catal yst nmateri al

and a il naether prevofis talgsectss shit tpagsenn Giveanph @rovides a sandwich
energetjc material, constituting a gas generator.
element flor a reacfive armor, comprising at g?east one pair of substantlally flat plates
with a non-explosive energetic material applied between said at least one pair of
plates, wherein said energetic material is a non-explosive material 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, the invention provides an energetic material for a
reactive armor, characterized in that said material is a non-explosive energetic

material 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 still another aspect, there is provided a method of protecting an

enclosure against various types of threats, comprising the step of:
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In yet another aspect, the invention provides an

energetic material for a 25 reactive arnor,

characterized in that said naterial is a non-explosive
energetic material conprising an oxidizer and a fuel

agent, which together with a catalyst material and a

bi nder provide the resultant Tdon-expl osive energetic
material, constituting a gas generator. In still

anot herfittisp 8wt gncldsereeon an putsidicdeith a remetibedrmbr element comprising
prot ect i n .30 encl osure agai nst various types of

t Rr 621142 r}%ﬁl‘pw | Ay QU sowp Riate, -agdf att lgaplg ondiesandwich element

e 0 idewth a.reactive arpor e|enent )
comr Rt ntin ihE! R Yahduton GRH ot A FRslane pair of
aR@bAintiARSHatONBcS %ﬁi""eﬁ&g@t‘i@ Bidrial %Pﬁ@@ 'b@ﬂ)v&%ﬁmaﬂfj t least one
the plate; said sandw ch &l enent co Ising at | easffi
opeirpsdid enérgesahmtenial ised hon-Explbsipt &i&éria/l/icbhgﬂsﬁfm bkidizer and
mat erj al applied between said at | east one pair,

sdilyekpgsngevhichiageherawith @ witable-catalysansterialoarst 2 hinder provide
c LSl an oxjdizer an a fuel agent, which
¢ e Bf-<R5leSi v o e gl e Biticp Eahiehorator
bi nder provide the resultant non-expl osive energetic
i caonstitute a gas generator. DETAILED
g@%@?ﬁﬂﬂ@\ﬁﬁsqﬂ@TWﬁg@Fd&{mwwmlﬂose of the
presenF i nvention, a group of oxjidizers and a group of
i o fuef€r gﬁ@%@%&fé@ PEREeIE AnYesenhe grompraf axidigensiand a group of

t [ id | t . .
ALY e DO BB S cubBBlh A bingegigroviae e
geREh@ttHon-ekpfosivy éﬁeﬁ%@ﬂc%@t@fiﬁl t@%oﬁﬁﬁgtekhﬁ%éas! n?fatﬁny
i ngual variation thereof refers to a chem<Tal agent

havi ngThé ¢erontraddker ok usod hegin 6Oahh HnQual 0RNaGeM RS refers to
of the conpound or agent or conbinations thereof to
b chemical cagenpdging the eapagite dfbingegasinguther oxygen content of the

CRBPIEC ot i BF Bormbiealitd oG5 o be, AHBERS rbsegrding to one
A UBNEP ol uf e OB AR Kive Gl RTTRL Bl comptss agyoxicizer

cseldoted Cdivnai namg@ndraiotidrgl | nigdets, ankHisAbLBroMAEE! dichromates,
which may al so serve as a fuel. According to one
meerellerates; chlomosliche and fodle ofiany gypplofsartenanetayeng enaterial, and

mat eri.al ,conprises sodiumnitrate 2 NaNGB) .. as an ]
Gk Py WIRAT MBI BN AR feme &S caletieRccoding taioge particular

RS53dnenE Othe non-explosive energetic material comprises sodium nitrate

(NaNQ;3) 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 matcrial may be selected for example from iron
oxides, manganese oxides, zinc oxides, cobalt oxides, and others, or combinations

thercof. Preferably, the catalytic material is an iron oxide, most preferably is Fe,Os.
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conmbi ne several types of oxidizers and fuels so as to

i nprove performance of the energetic material in the
reactive arnor elenent. An exanple for a catal yst

material suitable for use with the non-expl osive

energetic material in accordan?e with the present

invention is a transition neta 25 oxi de,

specifically period 4 nmetal (of the periodic table of

the el ém@nd&')to axireise thehieadtiorsrats ofdhk noussgloddreenergetic material,

cata nerg tic material s based on conbi nations
ofmlcl?&%ﬂhp ‘ea hllqw sphicre Slesenisk mpy be addedta tie foapulsgion. It is

oSPARLAlted flet T MRLSoUIRS ih Sfssolbe SRt RS po striking of the
cgﬂiﬁbflg%, hﬁ’él%fatﬂi‘)ﬂb@%‘harg%f eferably, the catalytic
a

mat er i Is an iron oxide, nost preferably is Fe203.

-7 I'n dagderdinglyi nwheasenipgsitionaatayobe rcahsddatdtdiea non-explosive
non- expl osi ve energetic material, mcroballoons (i.e.

h&Mlefftls bhret EO@'F@ﬁ%ﬁtlﬁateﬁ&ly ap pen dabuitions pfhige Ult:I IRlegulatlons and
hat th al | oons

st mer ok FrpfRAERTEEIL T ki ng of the armor

by a | ghe dbnaxpRls VQV&I@%%ES ﬁl&éé’lﬁ%‘é%rﬂh{égtloxpe éfégght‘f’}nventlon may

conposition may be con erea as a non

bt erflexiible sheet of nutdriat) plidld anthités eadlily o@§ ﬁ@@&ed etc. whereby it is
definitions of the UN Regul ati ons and

lﬁb‘b‘f@%ﬁé’ﬁb’ appligd betsison thet baanmgwrtps Oﬂ‘lﬂne annm; dmmens iAceording to
5% Ptefiaf Rirbpiherd fleantsnal s rubberegmigh stk iBldapl.

convent rortte (ofhepaSEhe Gt G kvl o KA plepment with a
anomexplosive thergdtc Miderial $PtheUMVEATHE Fi! PoreRABR qigﬁﬁﬁl& shaped-

the material is rubber-like and is easily fol dabl
Adsgel viagheads are woH easeagainst\senall anms, Ishrapnels fmgmanﬂse dnd various

el t h non- expl osi ve, energetic materi
OB PEn S Al Pipjebifes, o oREBer Bierias et Sishiipeq Discarded Sabot
(I%ﬁsm) rheads, as vveII as agal nst snall arms,
apnel”, fragrrents and various 15 types of kinetic

proj ecThd BXR Ael@mef¥ &tth D%ﬁée%ré:fnﬁﬁuﬂé' ﬁlte% #th lahZRder coyer plate and
D scarded Sabot (APFS The NxRA el enent conpri

atmisist enki samdbvigh t hlearent)uw&hm: aker mpdalkee Suid saﬁidwwh element
Ieast one s ndw ch eIe nt within_the nodule. Said

ene pair o ubstantlally flat inert plates with a non-explosive
energetlc materlal as disclosed herein above applied there between.

According to some embodiments, there may be several pairs of inert plates,
¢.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
sizc 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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conprising at |east one pair of substantially flat

inert plates with a non-expl osive 20 energetic

mat eri al as di scl osed herein above applied there

bet ween. According to sone enbodi nents, there may be

several pairs of inert plates,_ e.g. made of netals

(such as steel, alum num and‘grtaniun), ceram cs,

conposite materials and others, where the

ndypasxqfi kaséticeprejestitps €.g. ARPFSDSIsmiall appl(eed 14Tenm), shrapnel and

bet ween. Fyr nore, the cover plate of the casing o
t%‘@gfréeé'é%i é‘etf‘g’%%r e qthBC@W@gPt%t@eapfﬁs@m lplvmtgm provides
f the at .lLeast .one sandw ch
cFomBatbe SECIAT) R 31 PR Bhs HiEuRin hERHAHANE. 57 BEL S Comparable
| BN AbRlity YNBR AT TRO YRR REAEM is Hd8ntagedUsoer! (Seﬂsler reactive

the art, suited for applying to different~encl osures,
aatnomyedhaobigiesvay iinis tatally igusiat,i anNERAL eadt itveffers improved
el ene\ré{%.accor ing to the invention (NxXRA) is efficient

ad%ivh ﬂltﬁo‘iosa@pﬁfpt%ﬁﬁd gaclgsHren dadaeighbaring reactiyn clements and

R iVt PR e Lol B iyl Sfare warheads,
14mbInatms ahd RiREAE Ip)fljejé’ctilfzsr @ fhhated %ggggmgmds_

according to the sent i nvention

conpar ascerdefy itei thacpresentShilsiBAtios Hecus peevided a non-explosive
her ei nabove, as well as conparable survivability to
NEreAZetih Maigrirhbaing e ges geneseton momygeising oxidizent et fuels, whereby

SRS g o Rl SREONSH PR, 36l B aohafow cMirge results in vast
SpEnerMai bif f3 %Hichrh%cée’l]'épit&?lglﬁgeseglﬁla?ﬁ% E)(i;}artéso of the reactive armor.

nei ghbori ng reacti ve ement sTan provi

eXis| Hoavdverndduirel ehdithe gapBdidischirga@@ipldly, i.c. not more than a few
hol | ow charge war heads, small arnms and Kinetic

prisCetRicresscands).etd wherabe enfursgdisntpsionaleftuingr df the jet, and to
According to t resent inveptiqn there is provided a

he.
nOHYRRES ip\f/"éetrq%é’ R Bl e ERATONMmasbi ng a gas

gener .Sl iz s, ;Whereb .
ci 11 v AR s BRSO Bl B AR et fE Bp g A SR fuels, which
hobtther oHer geitabRs Uéth%rstm aH@ Vind GRG0 deOthe Aes @it WnCtkplosive
accel erates/bul ges the arnor plates of the reactive
amgrgetic miiegaliowenstitutesngrsrgenetadiat t he gas be

not npre, than a few psec

R AR R T L - S
gfrlzg%felglt E@fhg%gé.gf%% %%'.h(ﬁgerngeﬁ]éc%cf ?rotnl? %hé eg?&tlpr S if%ﬂﬁfigst 801%prising,
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 (NaNOs) 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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For that purpose, a group of oxidizers is selected and

a group of fuels, which together with suitable

catal yst/s and binder/s provide the resultant

non- expl osi ve energetic material to constitute a gas
generator. According to one particul ar enbodi nent, the

non- expl osi ve energetic 20 rmaterial conprises an

oxi di zer selected fromthe group of famlies

conpr i dhweder taimmense tiereaction tatevRthe hontdxplaiveagictidic material,

of .ni r'ic ac nitrites (conpounds containin

1.d) g

nmiFTQbalpa i ollawisaherasp slemesish enaygbe hddask todhe Aaimoulation. It
OFf. | i1G1. ] . chronat e salts or esters, .

ofs itetARk I IO Bl gorb OBl he iR Blealin Vilking of the
diagRbP MWy Ca 3&ii 67 | e i '

aci d) RN RS ?fgﬁ?s&g%% i \S/Sélgﬁfas#’g%%@ égﬁff‘g‘%g{lgﬁéib&) made for
eesampledof glabss pddstianyatesiple nodtaltiardp @erapwiotaatetinl. The diameter of
material, and a binder which may al so serve as a

f 863N SPREESSBRhbE abpud ABupR Ehqueh odlter ditberripmsinay bhelso suitable.
non- ex ive energetic .ateri.al conprises sodi um ..
nitrat ?h %%gﬁﬁfpogé"%aweﬁ%ﬁu&iIE%tF”%rﬂﬂ’C%rrgg‘?g f(b@'ﬁdf’rfﬁeﬁﬁl gyvention 1s a
afleRi h 1Sy : i t j er.al e
FOSbId it e SRS SOV WSB! whroy i

peoreniatiyeppficd berwess tigebdagingailaed of the Armbeelearat. AR ording to
arnor elenment. -9 In order to increase the reaction

r eRepaticulge embadiangnt dut matesinbis gubber-liketandiiakasily foldable.
ST BRBEeh e o P b ek L Tl e by UN
o O P a i AT RrRbS L) bt A8 a non

seiptosicabn@baiemukrigny be made for exanple of gl ass,
plastic material, nmetallic or ceramc materials. The

di anet Ehe Ben-cxplokivesnergstic magtetid ialsuitabld Gon mahofaghuring a NxRA
ot.her €¥nens'ons

y be al so suitagble. The
rORDSRLIB Ot CUAR Of SRFIOSWiSE @gpinpt %@eeﬁﬁha@etwﬁlﬁ@ds, small arms,
' ' ' £1 exi. h f terial
SEaRRL SRR dnld? et HfBslef 8t ot cHBRS dispor  clement
| HmysrisRy endahigl t-RPBY t6 thd ehoIBAR: BRE MR %ﬁﬁcﬁ gét@ls c&fer plate,

the arnor el ement. According to 10 one parti
emdodll Aeast onhesamdwichi alementrexdtmeting ibehimhthd platasiil sandwich
fol dabl e. The energetic material qualifjies as

FERL CABiFgE e Bepstagngi PRIl suhstunialize gt @iﬂ%%SViﬂh ¢he non-
BRI AL RSRhols AR B DO - and 15 Chus

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



expl osive energetic material. The non-expl osive
energetic material is suitable for manufacturing a
NXRA 15 elenment for protection of enclosures agai nst
shaped- charge war heads, small arns, shrapnel,
fragnents and kinetic projectlies Such a reactlve
arnor el enment conprises a cas(hg attached to the
enclosure and fitted with an outer cover plate, and
at | eaMicomballsams ironh abbeD8fto shdueddding behi nd t he
plate; said sandwi ch elenment conprising at Ieast one
pair of substantially flat plates with the non-

ons SRR B TS e

Qskahes and RhdtAnaRP utheBQ 3
Cat a|‘3st pto gl%gut © %ogggém%gfé cr g%@ﬁl%gﬁﬁhmh fall within

t theasipoutt andGbe s¢0pea}fehe;p1@selftlmvmaﬁpl e, the energetic
material of the present invention conprises:
Oxi di zer- from about 30 to about 80% (such as sodi um
nitrate); Fuel- fromabout 25 to 50% (such as a
silicon binder); 30 Catalyst- from about 0%to about
2% (such as ferric oxide); and -10 M crobal |l oons- from
about 0% to about 10% . It is appreciated that the
above descriptions are intended only to serve as
exanpl es and that nmany ot her enbodi ments are possi bl e,
all of which fall within s the spirit and the scope
of the present invention. -11 CLAIMS: 1. A reactive
arnor el enment for protection against various types of
threats,- conprising a casing fitted with an outer
cover plate, and at | east one sandw ch el enent

ext endi ng behind the plate; said sandw ch el enent
conprising at | east one
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5 pair of substantially flat plates with an energetic
materi al applied there between, wherein said

energetic material is a non-explosive nateri al

conprising an oxidizer and a fuel agent, which

together with a suitable catalyst nmaterial and a

bi nder provide the resultant irfon- expl osi ve energetic
material, constitute a gas generator 2. A reactive

arnmor according to claiml, wherein said oxidizer is
selected 10 fromnitrates, nitrites chromates,

dC8ixIMbt es, perchlorates and chlorates; said

catal ytic material is a transition netal oxi de; and

wher ei nAswtiadti¥a etmérselamipitin ther pro®ectidn ragainist V@rlwmtynpes of threats,
accordi.ng to cla|n1$ %Qereln sai d Oﬁldlzer I s sodi

P QIRRSING NafesIE Tillgd gviln@n QHisT C?Péftreﬁ’ afgb and 9tJowss: ongnzpndwich
S |I

éllel%eg{ é&ﬂ&ﬁdlhg b@htgxn ethcg gﬂa[t% s%‘l%e:{an fu%ﬂ? Ebﬁﬁ&h iSd least one

accordi hg S4pr ECeY;

r &P sﬁHQb&'iﬁal}t?lf f1863heted %kl éﬁrelﬁ%?lcnlﬁhteﬁﬂl'ﬁ ic@bfidre between,
0% the anoun said catalytic material does not

ewhereih sdid ehetic m&ﬂeﬂizﬁ s amoordxpbisieaindtdriab k:ordlpeisingam oxidizer
exceed  about 50% 5. A reactive arnor according

amd ar@ebﬁg@rﬁe vk éQBei%el‘cWHhrﬁs suifghde entalysh ernatenal and a binder

ner rlses rob Jloons for
HovEE ﬁaeSPf;aemoene sive %rgfs?ﬁ@r%%#ﬂaﬁ SPRFTHUIR Agps enerator
M,Cr oba L apRge NP @orﬂ[r%nﬁ)é lsa\p%r 5l tcﬁndléer is selected

reactive arnor accor I nNg

hidbino witratey, afigtitts ehtomaes dﬁﬁﬂ)rﬂéte@ pathlorats sadecilefhtes; said
fromthe group of materi al s conpri sing, anmon ot hers,

otedalstic plaserial as artramsitien meted oaide; endimdicraen aatidguel is a binder.
terlals 7.. A reactive_arnor accrdln .to
- wher &i FRaftiee graoMmeccording;ty claim msadqgm]&?&é 15 sodium

R RRRD I8 o Miic o be g0 ﬁﬁa U1 £B89Eh Db binde

mﬂt eri ah réftivd alfi6r ARORIAE tPaky S BF ﬂ‘ne%ﬂ@cdﬂﬁﬁ hﬁns, wherein the
sheet of material. 9. A reactive arnor "according to

amgowrieofofaid hmckuzee cleds ngt ekaiedmbonh 80%i; the hmount of said catalytic
ener g LIC mat er i is a non-class 1 (non-expl osjve)

faglepahoes pot @@eegl\ab@%z%v ang the pmenahah said dusk degsgnot exceed

ne of the preceding clains, wherein the
é%%@gé??c mat eri al has uni form t hi ckness and density.

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 40pm.

6. A reactive armor according to claum 5, 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.

7. A reactive armor according to claim 5 or 6, wherein the amount of said
microballoons does not exceed about 10%.

8. A reactive armor according to any one of claims 1 to 4, wherein the
energetic material is in the form of a flexible and pliable sheet of material.

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

energetic material is a non-class 1 (non-explosive) material.



10

15

20

25

30 .

11. A reactive arnor elenment according to any one of
the preceding clains, wherein the plates are made of
inert material. 5 12. A sandwi ch elenment for a
reactive arnor, conprising at |east one pair of
substantially flat plates with a non-expl osive
energetic material applied betli@een said at |east one
pair of plates, wherein said energetic material is a

A ©agoncicle R el e EEbIAAE & Ay b i ﬁ?&?&ﬂ?ﬂg claims,

aierainthe @ﬁérg@ﬁ@ﬂiaﬁ&ﬂa‘l R&s dgison ﬂﬁékﬂ%:@@mﬁi(@érﬁﬁy
energetic material, 10 constituting a gas generator.

13. A sﬁamdantwh aem@neiﬂmmtmdrdn@ t® aoy aine d2thevpreesslimg claims,
sai d OX| f IS sel ¢ted fromnitrates, nitrites
SR §P AeHE adeod NGkt -at es and chl or ates;

T 528 S T o e R OB A o i of

%'uﬁgﬁﬂt‘ial flﬁf ﬁleﬁ!é’s M’thcé ‘fi‘ibﬁl losPe By Eet%?‘hﬁté?ﬁl@ ﬁéd between

is 15 so itrate sald catal ytic nat

|sa1d:ﬂatZIéﬁst (a'redpaaabﬂ ptatﬂfsd evharanasaﬁi bhergetic imatethat is d&onkxploswe
sandwi ch el enent accordi ng to any one of clainms 12 to
matemlewnnﬂ:mns angpgdizer end safurl egpat, »dich egethastwith a catalyst

ex%t%ﬁfl A E%ﬁﬁé%r oead g ostuiss ool oemsrecgic material,
%ﬁ{lﬂﬁé eﬂé}g £xceed 20 about 50% 16. A

san nt accordl ng to any one of claims 12 to

13, whex %laﬁdﬁtvmh eRA®MY &ldcrdiBg &bl slairf OMDI ivhefeih FaldWxidizer is
m crobal | oons for increasing reaction rate thereof;

selegtedoirbmvmitriatos ohistities @hmrnmas,rrgclaromaaﬂ:sepelrchbfratab and chlorates;

40m 17. A sand .ch el enen tg claim
\ﬁﬁ’éir‘é’it’fﬂyfﬁ%@aﬁ%] trglgﬂmlyr[%@j 'gn p@eppdlagalgf]fug is a binder.

d .
T8 o7 S SEARTER SRR, bORELR Bur8! Wi id oidier i
B HRI hﬁra@é‘ﬁ\IﬂQO?ﬁkéid%faﬁti@ﬂnﬁtenal% FAOS 2 datdbinder is a silicon
el ement according to claim 16 or 17, whaérein the

dbomdent of said nmicroball oons does not exceed about

10% 19. A sandvvl ch el enment according to any one
dBai s A sandaviels eleppsat areordme tozmyeenrg ghelnbnsi2 & .15(4 whetein the

A0 %lf%esl ox1£11nz%P d6&P hgtséﬁlc%%d n%ou{ hﬁdﬁa the amount of said catalytic
material does not exceed about 2%; and the amount of said fuel does not exceed
about 50%.

16. A sandwich element according to any one of claims 12 to 15, wherein the
energetic material comprises hollow microballoons for increasing reaction rate
thereof; said hollow microballoons having a diameter of about 40pm.

17. A sandwich element according to claim 16, 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.
18. A sandwich element according to claim 16 or 17, wherein the amount of
said microballoons does not exceed about 10%.

19. A sandwich element according to any one of claims 12 to 18, wherein the

energetic material is a non-class 1 (non-explosive) material.
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-13 20. An energetic material for a reactive arnor,
characterized in that said material is a

non- expl osi ve energetic material conprising an
oxi di zer and a fuel agent, which together with a
catal yst material and a binder provide the resultant
non- expl osi ve energetic materilgl. constituting a gas
generator. 5 21. An energetic material according to

im?2 rein i Ldj zer .4 odi um. ni fr . .
(G0 72, T ARE AL Y Ao eadf IACARAE in hat said
bhixéah] isSa %o‘ﬁléxg[(%i’ve &h&g&'ic niaferidtoRiRsEf) b FBdiSE ghd a fuel
according to claim?20 or~ 2 1, wherein'the anount of
segicdt, oxhich zegetharewithat catabdae thadrialtandOdthiridee providetthefresultant
said catalytric material 10 does not exceed about 2%
dra-exdouveergdic malcdal, genstivideg AGes gsasEEEr. about 50%

i o ARG L eI 2E e oxer s
SR RSP0 L GERAP 2 2 ) FELEOH 014 B! 1 ion
diiad@t er of about 40pm 24. An energetic materi al

according to claim23, wherein the hollow 15
A2 r obalih energelas matmaihé aofordingatoeclaian 28 air &dt adheteginrthe bmount of

N e e e
$0F BB Rk Bl 0k Gin P BER B0k S KB R exged abour 50%.
epgceed &?@ﬁ@rgét%’/ma‘?e@ial AP RBRLAB NG oRBIFIClAins 2048, Réherein the
to any one of clainms 20 to 25, wherein the 20

energgiti mateniak rdoalprisss dohion: chiassballo¢mo flere kpiressinge yeaction rate
material. 27. A method of protecting an enclosure
dherent saighallovs migrpballasisthay s asdiametarpf abowigtGrve. st ep

f fittjng the enclosure on an outside with a.reactive
%"m)r

B nRHIE K IRAtER Al acgo g fSlaime 23 Fyheggin the hollow
. | _
S P 0 e RS, B S4BT i

GOristig) Aning|BiRGS, A8, Fﬁbﬁc Matcrithsheaitcdddyeekdrfic materials.
plates wth energetic nmaterial applied between said at

28ast Q\reengrgetic mziirth] aneordaty © chaine 28 alr 24s wherein the amount of
non- expl oa?li ve terial copprising an oxidizer and

said microballoons does not exceed about 10°%.
26. \ An energetic material according to any one of claims 20 to 25, wherein the
energetic material is a non-class 1 (non-explosive) material.
27. A method of protecting an enclosure against various types of threats,
comprising the step of:

fitting the enclosure on an outside with a reactive armor element comprising
a ca'sing 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 material comprising an oxidizer and

a fuel agent, which together with a suitable catalyst material and a binder provide

the resultant non-explosive energetic material, constitute a gas generator.
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a fuel agent, which together with a suitable catal yst
materi al and a binder provide the resultant
non- expl osi ve energetic material, constitute a gas
generator. -14 28. A nmethod according to claim 27,
wherein said oxidizer is sodiumnitrate (NaNOD;, said
catalytic material is FC203;—-ddd-said binder is a
silicon binder. 29. A method according to claim 28,

rei 10k .O%Hd] . .
Aou oo ALRA e SMinP 7 WS RER RBlzol 1 §idlm nitrate
MlaNEXg o6l edtglytic ndatedal i@F@%(Dglﬂ an@ 53U Hindr iSaklicbd ®inder.
does not exceed about 50% 30. A nmethod according to
A% oné\ ofetleldaiaesrdig toclaém ABhsherain theamoenigef saod oxidizer does
mat eri al a%gpn‘gri ses holl ow m crobal | gons faqr i ncreasing

M4 §¥esd 39%e theopmounlplipaid entalylic mateRalgaocs gyt exceed about

220 B BT S sfS E0t el eSS

gocr obal hRANRl A @rdik tﬁ%ﬁp&fe Gt B 2o 28! SHeRAn thOBhergetic

the group of materiafs cohprising, anong of hers,

ghatssial qimysises hodloer imadrobakbdals! for irurehsigr agction rate thereof; said
materials. 32. A nmethod according to claim30 or 31,
Wwodowi microlallens hevieg astianietarof Abdi40poms does not

exceed about 10% 33. A nethod according to any one of
éyiai S Pszmqt@(%@s:cqmmgetondﬁﬁa 3hevhggeincthe ollaw e,rmcmba?@ons are

?na?c%ndfcgt ARfertal g&%&ég)fpolrﬁ %1'1(%/ Eﬁou%agfe nrlgtt%}ialszc%n‘?‘psris’“i)’r?g, among others,
glass, plastic material, metallic and ceramic materials.

32. A method according to claim 30 or 31, wherein the amount of said
microballoons does not exceed about 10%.

33, A method according to any one of claims 27 to 32, wherein the energetic

material is a non-class 1 (non-explosive) material.



