2219379 SURVI VABI LI TY ENHANCEMENT Thi s invention relates to survi vability -
enhancenent, and nore particularly to-systens for 5 enhancing th ’
survivability of arnored vehicles and the |ike. Arnored vehiclesggg%\c\3;7<ﬁ
systeqg are designed to provide ballistic protection cormensurate with a
speci fig threat. In connection with such vehicliés 10 and systens, the
ability to readily vary the armor configuration or to quickly repair

danmaged arnor as a function of papt¢Hk? r hdech the vehicle or
system may be exposed may enhante€ . . arrangenent s

whi ch reduce vehicle 15 "signature" (as a function of electronmagnetic-.
radiation, infrared radi ¢h458NinfPénti8nl redhteBY tol EAreibanIa ity vi vability.
The appearance of new vehicle arpor in the field stinpulates the _devel opnment
of new muniti ons RPRANERNSA edaEQBEBFPiP?rFGC LY EReSyFLemz, fiel ded
arnmor. Appligue enhancihyathessusvjpphbitity ofr axmoxed veliiclest apdof the
basi c ar nor desigFﬁg i@#g the vehicle or system has been proposed to
enhance survivabi [T Ty: *has been proposed to attach such applique arnor
to the basic 25 arnor BAymexedsvehipdesi apd Byskemsapreadesdonedgtend by

magnetic attachnmeglovifeap4aPi #3088 Prbbeeteonsemnefbuiritel Witht kO, there
I's provided a survivability enhancenent s st% th kylncl d%s EI st : .
fastener structur 8PEFIEHCHIFRRE S0 I“sﬁPPﬁ@E g?ntﬁg eﬁPEﬁe §P1SIEEem whose
survivabilityois andbsysbémsgetheaabiadtyr tay rehdidyovalryl &hel ermolrs, each
T oty o bR CROAZEE S AGERLY. OpaeoRbphaRahont el
y . function of particular threats to which the vehicle
or system may be exposed may enhance'Survivability.
Further, arrangements which reduce vehicle
15 _"signaturé" (as a,functioh of'electromagnetic
radiation, infrared radiation, or the like) may also
enhance survivability. The appearance of new vehicle
armor in the field stimulates the development of new
_ munitions with enhanced capability to defeat the
20 newly fielded armor. ‘Applique armor, that is, -
. supplemental armor applied on top of the basic armor
. designed into the vehicle or system, has been .
proposed to enhance survivability. It has been
- proposed to attach such applique armor to the basic
- 25 ~armor by adhesive bonding, by mechanical bolting and
O - by magnetic attachment. o .
| | In accordance with one aspect of the invention,
there is prbvided a survivability enhancement system,
_ that includes first fastener structure fixed on the
30 surface of the vehicle or system whose survivability
' . is to be enhanced, and an array of armor tile
-elements, each armor tile giemént having opposed
surfaces with second fastener structure complementary
to the first fastener structure secured to one of its
35 surfaces, one of the fastener structures having a
‘ '_ multiplicity of projecting hooking elements (for .

W -



35 surfaces, one of the f ast ener structures haV|ng a nultlpI|C|ty “of .

proj ecting hooking el enents (for -2- ‘exanpl e, of the hook:or spear type)

and the cooperating other fastener structure having conpl ementary structure

~that is releasably interengaged wth the.hpoklng el enents, each said.5

|Ie el ement further having perinmeter surface portions for mating - '“eéb--
Xt aposition wth perimeter surface portions of adjacent arnmor tiles-to-

prOV| de a. coepampﬂe,soﬁprtuaehmﬂg/ dxayspearf tmze)aramd the sai d vehicle or

system Thu I st ructure that
poo hgﬁa%i egf#%gﬁ%&ﬂﬁ even as. t i

mai nt ai ns attac nment tiTes are subjected to -
| arge shear Fgﬂﬁégmépﬁﬁrﬁk§F§N§tuﬂﬁbﬁh§£I%SH§Q§44ﬁﬁkiYand shattering of an * .
adj acent tllshteeéntgagbdhﬁthffte@h%ﬁm eltammtlé&bmwmterlstlcs 15

Preferably, fagtener ctures i.n: attaqhe relat| have a tension.
restrainP of%&iels ?Pegﬁo 55 %ﬂﬂé%e of at |east
-about ten psporbiehsr &bkymatﬂagsgumbmdmmpmn&mmmafer system
further mclgggg | e glgv%r S fﬁslte@q{ {44 6 of the
pE§ ° 5 %?% 0 e ' :3 :

second type I"nner $d cover S ure for
- fastening i ncempngagerrenpmpnttamerlewegt ofc tthee agmarheort igatd t ype. The .

~cover StrUCtUéﬁiEiSfSEaE&Ete&P|U@%%s25thé“d%ﬁﬂf“ﬁiﬂé¥“530é”hn
characterlstlcs éln terns -of el ec%h netic radl t|o i nfrared- radlatlon
or . the $9Pke, aktashpeBf sEBFtYRE &%HH Wﬁﬂﬂ 3% f silicone

5rubber natereﬂfemtiheembeédsdeven as the tlles are subjected to
1arge shear forces (for example, upon ballistic o
impact and shatterlng of an adjacent tlle) and that : Lo
‘has effectlve force dissipation characterlstlcs. N
15 -_Preferably,.the fastener structures in attached
relation,~havefa_tension restraihtﬂof at least about
five psieand a shear restraint ef_at least about ten
psi. | _ | . o 1_,_
_ Preferably; the sﬁrvivabiiity_enhancement
20 "system'further'inCludes,flexible_cdver.struCture with
fastener.structu:e of the second type secured to the
'inner_surface of'the cover struéture for fastening
interehgagement with_fastenef structure of the firSt
; type. The cover structure preferably includes
25 signature reduCtion characteristics (ih terms of
electromagnetlc radiation, infrared radiation or the S \‘}
llke, as approprlate) and in a partlcular ‘embodiment
is. of silicone rubber material with embedded
~ particulate signal reduction material. While the .
30 armor tile may be ef-various materiale, ineluding_
' metals and reactive (e.g., explosive) materials,fin
particular.embodiments, the armor tile material is a
ceramic material such as boron carbide, silieon
carbide, aluminium oxide or titanium boride.
35 Preferably, each ceramic armor tile has opposed
planar surfaces'and.is at least about'one.centimetre



particul ate Signal reduction material. Wile the 30 arnor tile may be of
various materials, including netals and reactive (e.g., explosive) '
materials, in particular enbodinments, the arnor tile material is a ceramc
mat erisal such as boron carbide, silicon carbide, alum nium oxide or
titankum boride. 35 Preferably, -each ceranit 3artor tile has opposed
pIanaf*%urfaces and is at |east about one centinetre -3- thiek and is of

pol ygon configuration w th peri er_.edge surfaces. at. | east .about. fqur

Dant et res | ong . ERaehand s, &E, B t3ieth, S Agtkafien WIS, BRF s er

pl anar surface of edgeaswmnfacese adndesggtaradiviut Fourf gendimetyteaudiongs of

t he second type is e talalole - q%@gp; I ne of’
t he fastener strucfﬁ%@%ﬁgﬁiﬁﬁggg a se?ﬁggﬁ%?qﬁggﬁye negfg t1§¥§€;¥%n

upwar dl y' from a baPdapar swrfacs pfhddie amamitile and,SepdnaPle 1| exibl e
stem portion agd arlagdéned Etd¥uctiltd dF HRSgedotiderype) il PoraEA Hale

fastening relat; on1HnEPBOSRd PIAATo A AARAN 5 may be of a variety of
materials, including 15 Preferablyn e icflithe dasténenistrudtmriesse :
oo SAFUINRSE PPN O M Wl S °5
structure is adhestpwayrddyndaemnia Pageperdriame gache hook edexent surface
on which it igosecynRduding a FAlHitbiled st PUrtidn ande a¢ HEWY Portdon,
Fastener structure jngl udes el haedraily Hon T2 L1HP hereor for
| - . engaging a portion of the cooperating fastener
structure in fastening relation. While the fastener
. elements may be of a variety of materials, including '
15 metals, in particular embodiments, the base portion -
and hook-eleﬁents are of thermoplastic polYmeric
material such as'nylon, polypropylene or the like,
. and the base portion of the fastener structure is
- adhesively bonded with epoxy or the like to the
20 surface on which it is secured. In a particular
embodiment, the cooperating fastener structure
includes a multiplicity of loop elements.
' Survivability enhancement systems in aqéordance
_ with the invention enable easy installation of |
25 auxiliary armor elements, as well as easy removal and
Lo . reapplication to facilitate future armor upgrades.
' No alterations or modifications of the basic armor of
the vehicle-or_system are required, nor doesfthe
~ survivability enhancement system degrade the
30 structural integrity of the basic armor. Easy
| replacement'of damaged armor tiles in the field is
'pOSSible; Interactions between adjacent armor tiles
and between armor tiles-andfthe base armor are such
. o : that destructive impact of a projectile on one tile
35 results in minimal damage and/or displacement of
adjacent tiles{ The structural integrity of the



Survivability enhancenment systens in accordance with the invention enable
easy installation of 25 auxiliary arnor elements, as well as easy renoval
and reapplication to facilitate future arnor upgrades. No -alterations Or
modi fi cations of the basic arnor of the vehicle or systemare required,-

dﬁes the survivability enhancenent ‘syst em4leyrade the 30 structuraI\J
ihtegrity.of the basic arnor. Easy replacenment of damaged arnor tiles" |n
the field |s SSi bIe In ractl s bet yween adjpacent_arnmor tjles and S
bet ween ar nof (ghﬂﬁﬂn t?%ﬁtﬁﬂs??ﬁﬁ*?ve i mpact of

a prOJectlIevdbnaﬁidndﬂahﬁnshllnadsg;ethnrBupﬁlehun@pryndrnordlsplacenent

of adj acent 4t nt system .
Wi t hst ands: ng‘rhkﬂﬁmsyb:t%%tds héogc %ﬂné‘{)yfg% Onég’eﬁ%r;%ﬁ%ly o%fg"IuIl a&?ge "
Suppl enent ar yehiede For e@pdigatdaon im mcﬁx@di Séen amlnqmre@m t he

vehicl e 50r -gpRhCals %s‘ﬁéd’%r{d Sty W%mf B {8 té desired and
may be selectlvekéggpgpFe to sel ected portlons of the 'vehjcle, thus -

enhanci ng t h&&}& 1ons (of Fhe dehicde, thus ephancing tR&nt ages of
t he |nvent|ovewghtlnat;eem &mdﬂveﬁxaﬂgwmng description of a 10
particul ar. enbodi S ctlon t he W n in .
which: Figure 1 |$§R7%e%%8?%§% &lﬁr& %&b(?q}aeﬁn# tth%a%“‘??ﬁ%ﬁ’%%rat es -
'-surV|vab|I|tyléﬂhbncsnentaSnta@CéhddmmanﬂtdeaQnintnnnu¢fnn t he enl arged
views 0§gl5 ﬁaEt%h&arlémbaalmtls gerlee;iey 06 \défurtit 76K (wi0f the

vehicl e as shown .in Figure 1; Figure s -an elevatlonal V|em10f an array
of _ the drawings, in' w 1ch.

kd

Figure 1 is a view of a 11ght armored vehlcle
_ that 1ncorporates surv1vab111ty enhancement 1n B "\Q)
_ 'accordance with the invention, the enlarged views of o
_15' Figures 1A, 1B and 1C are enlarged views of parts of
| the vehicle as shown in Flgure 1; - B
_Figure 2 is an elevatlonal view of an array of
armor tiles in accordance with the 1nventlon,.
-Figure '3 is a sectlonal dlagrammatlc view of a
'20' portion of an armor tile -in accordance w1th the |
invention; '
_ Flgure 4 is a sectlonal dlagrammatlc v1ew of
portions of components of the survivability
' enhancement system of Figure 1 is spaced-apart
25 relation; = = - ' : ' _ o
_ Figure 5 is a7Similar'diagrammatic view of the ' '\‘J
'-components of the surv1vab111ty enhancement system of
Figure 4 in fastened relatlon,
Figure 6 is a graph 111ustrat1ng stress/straln
30 characterlstlcs of a surv1vab111ty enhancement system
in accordance with the 1nvent10n and of an adhe51ve '
bondlng system; and = '
- Figure 7 ‘is a v1ew, 51m11ar to Flgure 1, of a
light armored vehlcle illustrating field replacement'
35 of armor tiles. | '
' “Shown in Figure 1 is a llght weight high



arnor tiles in accordance with the inventi.on; Figure 3 is a sectional
diragrammatic view of a 20 portiqgn - of an arnor tile in accordance with the
i aventi‘on; Figure 4 is a sectional ‘diagrammtic view of portions of

conpo ents of the survivability enhancenent igsten1of-Figure lis.

space apart 25 relation; Figure 5 is a stnPlar diagrammtic view of the.
conponents of the survivabillty enhancenent systenlof Figure 4 in.fastened

rel ation; Figure I [ s{ral 0 '
haract or i ot fos. ohohi1fr¥ §aRibLe, Th AhnECABki S8Be hREL 14 nepatnd con 1
the invention andaoéenmeedbésdrevbnndheglsy34enandnuurrgtrh670hshu1¥iew
simlar to Flguresd, Ofuiyl h9hisagpREEIEEERCOPR b)bYS! EA! (Bfie gg&éﬁ

t high

replacenent 35 of "arnor gure 9
nobi l ity vehicle incbhathuﬁ8|aﬂeglharmoxzp&a ft 28 éﬁdahéér §§tBPeHr|ven

?QﬁglZuiﬁte?n?ngﬁét?ﬁféﬁrg?ggrbh tRe obikk 2drfaceosstthéet sdedl AuHBS cm
structure 20 on tAE gBFesapféegggﬂeghﬁnsPEEPyhﬁflup%%?ﬂé?ﬁ?ehﬁﬁklncludes

an array of upstasllemgnbsoR2ethaenaze2intbgradrwitht bgsel 24i ahdbfiorméd and

formed of 11 ecti gg- yRbded AvLag: ably hy#Ae BYLh 8R:2"peEnLRtako the

surface of arnor €pOoX Sulta esi ve Hooks 22
have a hei ght of aegureﬂonp el suvface, ofr armprxi1B| withdepa¥y| Prat e

reS|I|ent '“i@rengﬁﬁégeﬂhiﬁaﬂlé'ESHGQQQE?”tHBka 22 have a height of
about four millimetres, are flexible and facilitate
resilient interengagement_and disengagement with '
L’/' complementary structure of a cooperating fastener
. component.
:15 . Overlying fastener structure 20 is flexible
‘cover sheet 30 which provides signature reduction
(such as modified reflectivity to electromagnetic
radiation, infrared radiation, or the like). Cover
_ sheet 30 includes a silicone rubber substrate in
20 'which.particulate.signal reduction material 28 is
 embedded, sheet 30 having a thickness of about six
millimefree. Secured on the inner surface of cover
- 30 by a suitable adhesive is fastener structure 32
which includes an array of loop elements 34 of

25 polymeric material, the 1oops having heights of about

k)‘ - three millimetres. _

' . Hook elements 22 of fastener structure 20 may .
be engaged with loop elements 34 of cover 30 in top
region 26. as indicated in Flgure 1A. In other

30 locations of the hull 12, one or more layers of
| _ ceramic armor tiles 40 may be interposed between hull

12 and cover 30, a single layer of armor tile 40

being provided in side region 36 as indicated in

T Figure 1B and a double layer of armor tile 40 being

35 provided in front region 38 as indicated in Figure
1C. Each ceramic tile 40 is of boron carbide of



32,

conplenentary structure of ‘a cooperatlng fastener conponent 15

Overlying fastener structure 20 is flexible cover sheet 30 which prOV|des

S|gnature reduction (such as nodified reflectivity to. el ect romagnetic
gdlatlon infrared radiation, .or the |ike). Cover sheet 30 includes a .

- siYf'i cone rubber substrate in 20  which* pérrlculate signal reduction (& :
naterlal 28 i s enbedded, sheet 30 having a thickness of about six - 7~

mllimetres. Secured on-the.inner surface of cover 30 bﬁfa sui tabl e

adhesive i s fabPBEcEWS: Faptimeters khdckneep,aBd HASaPr BEX3ENGdp el enents
34 of 25 pObﬁﬁEEgﬁrﬁathhahithhthboﬁn&aEQMtnédbéfBbbtiﬁhsabﬁuthhhree -

mllinmetres.. Hook e f .fas ner tueg 0 may be engaged. w th .
1 oop elenentspgﬁlgPLssngééﬁé % } & §8H§ eFﬁBlcated in Figure 1A. In .
“other 30 - IocentmmetnestheABuhhdi@ptedeinrF&gneeldyesecntedenanlc arnor
~tiles 40 gay Bgahgkeéﬂﬂfﬁéebﬁbmﬁ%“ Qﬁh'tiieagg EQVES £8neg Single layer of

ar nor t|Ie elng rovid LN st de.reglon aS|n|cated|n Flgure 1B
and a double shyue BFeaﬂﬁDF1F?FEr4G°bSpﬁgrSGaStﬁPSVIEEH“Pﬁ“FPoﬁ?rreglon 38
as ‘i ndi cat ed andFsgoitedConEopposttansarfabe 46 is ehsbenes car bi de of

he Sorat oni eEEUCLAER AR, OF; CARCRRcREg! BinR AERELRE kaSBRYS ot B gt
‘centimetres. fastenercateuctnreiggne A pottiondo6nas apramapfsurface 42 of
each tilgg40 hPmbaSt£18E ibrESEHEEd46nShEhb§VpiQtSoiﬁr EaSte”er structure
' dlagrammatlcally shown in Figure 2. : :
. ~ As 1nd1cated in Flgure 3, fastener structure 48
includes base portion 50 and an ar:ay of hook : \*)_
_ elements 52, each of which includes flexible stem o
15 portion 54, deflection surface 56, and latch surface
58. It will-be?apparent that other hooking element
configurations (ofgarrow'orzspear'shape, for example)
" may be employed. Hooking elemente 22 of the fastener
structure 20 secured to hﬁll';Z'afefof similar
- 20 configuration. COOperating.fastener'Structuresi32, 
44 include nyleﬁ'filament or'metal wire loops 34
_secured to base sheet 60. Fastener structures 44, 48
.are secured to- armor tile 40 with bondlng ‘agents 62.
Shown in Figures 4 and_s are diagrammatic
25 sectional views_ef components of the survivability

30

35



and secured on opposite surface 46 is fastener structure 48 of the hooking
type simlar to hull fastener structure 20. A portion of an array of 10
~arnmor tiles 40 secured on arnor plate 18 is diagrammtically shown in :
Eigﬁre 2. As indicated in Figure 3, fastener structure 48 includes base.
p@f%tg;éSO and an array of hook el enents_52.. each of which includes

fI-exi stem 15 portion 54, deflection surface 56 and | atch surface 58.
1§ will be apparent that other hooking el enent configurations (of arrow or
spear shape, for exanple) my. be | Qv ok eLRAwRt sn28patedhe
- fast ener strLenhﬂmsemﬁnﬁxﬁﬁﬁifmaaﬁagppd¥§ggP§g§fBS?%?I%r Zgﬁ .Sgnghguration.
QpOperating-fgé%faefeﬁifiﬁﬁlﬂﬁﬂfighre44 iandl doe fapteneti FEABRICEr *hetal wire
| oops 34 secured to base sheet 60. Fastener .structures 44, 48 are secured
to arnor tjleFl@uEFtﬁ'bonding-agents 62. Shown.in FEi E?§t§ and 5 are’
diagrammatic 25  sectTheadholdivg ﬁﬁr%rﬁfo&%ﬁ?u&?ltvﬁg survivability 30 35
7 enhancgnent gxstegg %Qef g{@#&fﬂgy%ﬂéﬁfﬂkﬁﬂuﬁundtionpaéeﬁhépart rel ation
in Figurd 4 aff PROFIE éned relation in Fi urs 15.ofTI{?141@Jo®kn@1%ﬁfe®Rmf t he
survivabiIitycanigunhah@@neﬁ?n$5§YéHE?qﬁﬁ%eﬁ%|s a functiqn.of the
confi-gurati-on,,depghy a@nde bt 86 the ofizene e |anfmarerial 85 a5 wel |

e Toston Semse, dhcs T3 pdpRbulfEphgane, fare sadummamboc nent
B structures 22, 34, in attached relation, have
ld restraint of about seven psi or a total of 180 ?ounds: :
- over the 26-square inch area qf‘an individual tll? 40; |
'-:&‘/-' .'. and a shear restraint of approximately fifteen psi or a

total of 390 pounds for the 26-square inch area of a
 tile 40. The fastener arrangement provid;s c?mp11aqce-
.15 . and compression force. absorbance qharacterist1CS1
| - stress/strain relationship of hook-loop
' fastener arrangements subjected to lateral (shear)
forces are indicated in the graph of Figure 6. As.
‘jndicated by line 70, with hooks 22 (52) engaged with
.20 '1bops 34, the stress/strain relationship of the i
| attachment force is maintained at a high lgvel_as a tile
40 is subjected to'increasing_shear fc:Ce,.loops.34 |
.releasing'but hooks 22 (52) picking up adjacent loops 34
and maintaining a high level attachment effect. Thus,
| \_) 25 the attachment system has energy absorbing.
| . . characteristics, in contrast with an'adhes1Ye, for
 example, that, as indicated by line 72 in Figure 6,
prbVides resistance'tq shear forces up to peak 74 but.
fails when the adhesive bond is brokeg_and then the tlle.
30 40 is ﬁo longer fastened to the armor substrat?.la:
o " With reference to Figure 2, a ballistic m1s§1e
it on tile 40A transfers energy to the six surtoun§1ng
tiles 40B, and each of those immediately adjacent tiles

~ 40B correspondingly transmits energy to the sur;oundlng



10 restraint of about seven psi or a total of 180 pounds over the
26-square inch area of an individual til'e 40; and a shear restraint of
agproxi mately fifteen psi or a total of. 390 pounds for the 26-sduare inch

-argea of a tile 40. The f ast ener- arrangenent provi des conpliance 15. and

conpr essi on forece absorbance characterrs8i=cs. Stress/strain relatlonshhg~ofm-

-_\hook | oop fastener. arrangenments subjected to |ateral (shear) forces afe-
~indicated in the graph of . Figure 6. As indicated by line 70, with hooks 227

(52) . engagqgnihﬁé‘é¥ies 4%%Ppsgﬁé aEﬂSr E&Fﬁémstﬁ@s”pfsvfdéQ”Sh'p of the

attachment torce is malntained. at a evel is_supjected to
i ncr easi ng RARGKESSGHVE: eneggys d3§sPBP§&9Pn§ngu‘Pa%Eﬁ%nizs%%a Fidtng up - =

adj acent I(1ﬂg§q}ﬁt@n®fw&mgtammbag a high IeveI attachnment effect. Thus, 25 -

- the attachnent syst rqy. orblng acteristjc cont rast
~with an adhesi ve, é?%ﬁﬁ 8tﬁﬁt 18&‘Pn&rc gdaEW°F|hef9§ F% Fi gure 6,

provi &es rasmstmnsmppdleue&o thecésemd in penvedienttttansportben the

adhesi ve bgﬁﬁgtrégggggm ?Rgheglgge4blﬁﬁ éQch cégta§n§ #@nggg fastehed.to_

t he .ar nor erence g Istrc mssle hit:
on tile 4onqmoémmagt§rahéﬁgyepsrtﬁ§r§p£u§asr ﬁnd%%goﬂltb§1n08 and each of"

Lhe et oooppidtied Mirfacdls .hf‘gia‘éoseﬁai“9%9?“2%%%“?%’?&f‘éi?ﬁé?y to
e oy essrvan, e, £ialel ) ° o, BRafBlay Abaria EhL8! arEoL DreBL LY ot the
arnmorl0 As ifrdntatset fiace-regien’ 38t be damagedi 4gsid@idatednay sn,supplled to
the field i} £aBveN PRlntI8APebLet°3bahag Be®Pee1 dCabih®Sadd tRe®CH

cont ai ner
. damaged t11es removed (as with a pry tool) and replaced
with substltute tlles 40 that are secured in place N \*J
| ‘merely by press1ng the tile 40 towards hull 12 to engage
15 the complementary fastener structures After tile

replacement, cover 30 is resecured on the outer tile
layer also by mere pressing. An aux111ary section of
cover structure 30 may be secured over damage region 84
as desired. Slm1lar1y, other tiles 40 ‘may be replaced
20 or augmented in the field as indicated, for example, at
' 86 on side surface 36. o '
The surv1vabality'enhancement_sYstem
~ incorporates armor_tile'with'fastener structure that
| 'provides energy absorption and attachment that is _ .
25  maintained when exposed to large shear forces resulting, \,/'.
~ for example, from detonation of an explosive missle on o
an adjacent armor tile. Forces applied to adjacent
tiles 40 may be adjusted as a function of the fastening
system and are moderated by energy transfer to adjacent
.30  tiles and by the high sliding‘resiStance of the fastener
structures while not exceeding tensile or compression
limits of the armor tiles 40. |
_ While a partlcular embodlment of the invention
has been shown and described, various modification



cohpl ement ary fastener structures 44, 48 on their opposed surfaces and are

readily installed.on vehicle 10 in;the‘field. For exanple, should tile

arnDr<40 on 10° front surface region 38 be damaged as indicated at 82,
gnat:ur e .reducti on cover 30 may be peel ed down, . and t he damaged til es.

re ved;gas with a pry tool) "and repl aced w2 h substltute tiles 40 that are

secured in place nerely by pressing the tile 40 towards hull 12 to engage

15°  the conpl enentary fastener structures. After. tile replacenment, cover

30is resecuredheaebhewwuebet hb?aiéﬂ@rt@t&fbsfé/ snﬁrtelea 455 it arA)

auxiliary sectio er strugcture 30 ecur over ana r egi on
84¢as .desired. ngl %&F Qr'otﬁe}st‘?‘?fesl ?F"{Peﬁff rg?p
augnent ed in'tﬂdmﬁte&dtesthaddtactmbedCEmhbdﬂmént aﬁ ﬁﬁidﬂtamhta surface 36.

The survi vabi | an | A tsh- f ener
structure that %‘r‘égggésggﬁg%gﬂg‘é%‘?%t dﬁ ﬁ é{t IIC{RL%N%I{SI%@%

mai nt ai ne® wheﬁpéxpﬁséudt scopegef stb;%trlmtﬁrdemrtesul ting, for exanple, from
det onati on of “an expl osive nmissle on an adjacent arnor tile. Forces '
applied-to adjacent tiles 40 may be adjusted as a function of the fastening
system and are noderated by energy transfer to adjacent 30 tiles and by
t he hi.gh sliding resistance of the fastener structures while not exceeding
tensile or conpression linits of the arnor tiles 40. Wile a particul ar
enbodi ment of the invention has been shown and described, various

nodi fi cation .thereof will be apparent to those skilled in the art, and _
therefor, it is not intended that the i nvention be Ilntted to the dlsclosed,'
_enbodlnent of to details



- thereof, and departures may be made-therefromwithin the. 5 spirit and

scope of "the invention. -10- 1. An appli.que arnor systemthat has
energy absorbing characteristics and provi des progressive 5 eﬁergy
di ssi pation conprising fastener. structure a first type fixed on the

~ surface of a vehicle or system whose surviVability is to be enchanced,
plurality of armor tiles, each said arnor tile having a surface, and t

fastener_strgg?&g&xﬁ a second type and conplenentary to said first type. '3
fastener structure secured to sai.d surface of each said arnmor tile, one of -

said fastener structures having a nultiplicity of projecting hooklng
el ements and the caqpemai iappldidirs akmor fsaﬁéﬁiﬂtlﬁt uﬁaslreméuag ng
conplenentar% structure.that i_nter: Wi t h, sald hooking

easam
ol enent s SR Rt Ate T A A e e et g
Juxtaposstloennmgu ddsisripladi g cfompy imdimg ons of adj acent tiles to prOV|de
20 t I 2.
e systemof cla iRUER Bl O ORI GE Ok Sn IO 2
which sai d 28urfpge: Ofc@ ohiale é’rofSYeftﬁbdeﬁ%/tﬁélﬁ‘él‘é& By B8 The.

system of cl goMpk e@hchlaticdd) w%ﬂ%ﬁaﬁ&l}ﬂ JR ity 114! Wegshin attached
-relation, have,g tension.restrai.nt of at .east abgut five psi and-a 30

“shear’ rest r aPRE9PTRPT EHE &P3w51ﬁ5¥ ac £ system of any precedlng
cI ai m wher ei n each fasteénarmstriudtarieaofa a tsezdamtstyrfe &nd east .

_complementary to sa1d first type fastener structure
secured to said surface of each said armor tile, one
of said fastener. structures having a multiplicity of - Xﬁ)“
projecting thKiug elements and the cooperating other i
15 fastener structure having complementary structure
that is releasably interengaged with said hooking
elements, each said tile hav1ng perimeter . surface
portions in matlng Juxtap051tlon with perimeter
surface portions of adjacent tlles to provide a
20 composite supplementary armor layer on said vehicle
- or systenm. - '

2.  The system of clalm 1 whereln each said
armor tile has a. planar surface to Whlch Sald
25 fastener structure of a second type is secured.

3; The system of c1a1m 1 or claim 2 whereln
said fastener structures in attached relatlcn, have a
tension restraint of at least about five psi and a
30 shear restraint of at least about ten psi.

4. The_system'of any-preceding claim wherein
each said armor tile has a thickness of at least
about one centimeter and is of polygon configuration

35 with perimeter edge surfaces that are at least about
four centimetres long.

A



about one centineter and is of polygon configuration 35 wth perineter
edge surfaces that. are at |east about four centinetres |ong. 5. The
system of claim4 wherein each said tile has at |east five perineter edge
surface segnents. 5 6., The systemof any preceding clai mwherein
each 84| d arnor tile is a ceramic material sudl-as boron carbide, silicon
carbide, alum nium oxide or titanium boride. 10 7. The system of
any precedi ng claimwherein each said arnor tile has .opposed pl gnar

sui faces, fastener str&ct ul@SFYSken of; slaimd wher&gidefash &t anar

surface and fast ¢dge hlasueituleast Fdve pesdmétierpedge urdRatd 0 its opposed

pl anar surface. 15 8. ghe system of  any preceding claimand further -
i ncl udi ng flexibfgggge F‘structure_mﬁth fastener structure of said second
type secured to the inner 20 surface of ~sai-d cover structure for = .

f-ast eni ng i nger engagengnt wikh ng 16k 5] ne. 9. :
The systen10% cIainiSH%ﬁerg?% gg?ghgoégrégggg&g%gﬁg%ﬁfS#%ﬁ%*&gggkéﬁgnature‘
reduct i on char aceaFhsspdd arporThileydsem srramdcnmatardadi $ush @scover
structure is of pokbaoearbibRs" siatiebhaazhddeds aldmindai ioidlad @rsi gnal
reduction naterlgk enbedd%d Laslt. 11. The system of any preceding claim
wherei n each sai §hBBRIMg8FeNBNt of said one fastener |

10 - 7.. The system of any preceding claim wherein
each said armor tile has opposed planar surfaces,
. o fasténer structure of said first type is bonded to
-(d/_ : one planar surface and fastener structure of said
second type is bonded to its opposed planar surface.
15 | | | |
8. The system of any preceding ciaim_and |
further'includihg ' '_
flexible cover structure with fastener
_ structure of said second type secured to the inner
20 surface of said cover structure for fastening .
-interengagement with fastener structure of said first
type. -

9. The system of claim 8 wherein said cover
. 25 = structure includes signature reduction
\~/ - characteristics.

10. The system of claim 9 wherein said cover
structure is of silicone rubber material and has
30 particulate signal reduction material embedded in it.

11. The system of any preceding claim wherein
each said hooking element of said one fastener
structure includes a stem pdrtion and a head portioh

35 that projects laterally from one side thereof for
engaging-a portion of the cooperating fastener

-

W



structure includes a stemportion and a head portion 35 'that prdjéCts

" laterally fromone side thereof for ‘engaging a portion of the cooperating

fastener - -12- structure of said second type i-n fastening relation. 12.

The system of any preceding clai mwherein said one fastener structure is an

| ngegral . menber of 5 nol ded thernDpIaSle? pol ymeric material that - z;ﬁzzw-j
i €l udes sai d hooking el ements and a base portion, and said base portron s

adhesi vel y bogded to the surface on |ch it i nted sald second . 'T
fastener strOEEBFEIFRcPEqER1L ﬁlﬁcﬁnﬁ éﬁpteylé? atfg% * rel easably
|nterengaged with said hooklng elenents An arnDr systen1substant|allyl”_

o ngs. 058 1! " A80S, RARCaYRLRE o ddy WdAithd ldin RS 0, |
reference tosahd Q§elfP§§FF&FE§tFHc¢H€eaé@bﬁﬂa@ﬂﬁﬂgnﬂlmMQQﬁﬁr:Rf25 30 35
5 . molded thermoplastic polyme:;c_mater;al that. includes :
said hodking,elements and a base pbrtion, and saiad
base portion_is_adhesiVely bonded to the surface on
which it is mounted; and seid'second fastener -
~ structure 1nc1udes a mult1p11c1ty of loop portions
10 'releasably 1nterenqaged with said hooklng elements..=

13, Aﬁ armo: eystem_substantially-es'described
with reference to and as illustrated in the Y
. accompanying drawings. ' ' ' ;

15 .
| . 14. A vehicle having armor substantially as’
described with reference to and as illustrated in the
accompanying draw1ngs. ' '

20
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