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| MPROVED ACOUSTI ¢/ SHOCK WAVE ATTENUATI NG ASSEMBLY
FI ELD OF THE | NVENTI ON [ 0001] The present invention
WO edoaba®s3 0 an i nproved assenbly for attenuatiPQI/US2004/005916
pressure waves in order to mtigate undesirable
effects of these waves. BACKGROUND COF THE | NVENTI ON

0002] Expl osi ve devices are_increasi '

| AUBRREEP: RCUST 2 6SHaCRatalE chETENIRT N ASERIREY
and | oss of |ife,ppam iculad ¥NvENTDTORN areas or

agai nst transportation facilities. These expl osive

[0001levi ceBhe aprazamt | Inseerel aft srelftab ha arhdmxsiesh gspembly
ot sufficient ' f  an. at .+ Thi.s . '
ror et 5 Pip 4B Dle h AR eI S i de O o

of fedBXi oF Ze s@STaEasUal ties. [0003] Expl osive devices
produce bl ast fragnents emanating both fromthe device

casing and froRPREERPVEP CFoLEE BNYHRTHdi nt of
[000?]Xpl o%%&o%ﬁr&?&é@&%%%ﬂcf&ﬂmﬁtﬂ&%g lMed in

addi ti on expl osi ve devi ces produce shock waves, which
asymsinrbe waefaot erd zeahdy destimctaan s minapantat ansgd doss of

.. virtual djscontinuity in the physical Rprqpertj f .
1ife A ERAC I TRUG BT (T e AL [ e fon
faciliedeRCOUSHdSe EMEEoSRYE @I dl taaf efomaalionds WAy el sasipted

hi gher pressure waves travel with a hlo%nher vel oci ty ,
but theire | QW ¢ eb% IR WRIVES: Cltife AT IMG On X AYSTe’ ThiS
is b%ﬁc‘;’rhcr? tr@c?rgvaggs'rpré) lar%é"}{c?’ﬁﬁ_&q%d@ée%ttacks and
OCK haves. produce tthe highly damagi ng phenonenon

maxitiosd mssdl @asdualShicek. waves travel at a speed rel ated

to their | itude,. hi gher pressures traveli faster. .
[000Fhan | GHRIOHHES SUFELCRRFITRE T AR dri ST 1CE b are v ing
both HVER R &% i (0 Cea Pl uaed, £ Adie idtaals Al va qyeopagates

outward fromthe source of the expl osi on obeyi ng

pointerf #¥PIPgEIRal 5P ARl 1 TheaRCIERY (HAIRETESEH& -on 1o¥
addi mag’r‘? ! e%@{‘ﬁérno%%\ﬂicg@&nﬁ%dﬁ g’ﬂcﬁ'ﬁ( %‘%etéqe &HQ;@# can be

opagat es i nportant’ly, how it
char$¢ OPaya@spy rieavivesli anrise necheirhhatt his e vassoewilat ed
discgggggfft§rhn the physical properties of the gas through
which it propagates. It is possible that acoustic waves may
ramp up to form shock waves as higher pressure waves travel
with a higher velocity than low pressure waves. However, for
an explosive device the waves produced are always shock waves.
Shock waves produce the highly damaging phenomenon known as
blast. Shock waves travel at a speed related to their
amplitude, higher pressures traveling faster than lower
pressures, and the characteristics of a given medium. Once
produced, the shock wave propagates outward from the source of
the explosion obeying certain physical laws. These laws, the
conservation of mass, momentum and energy, describe how the
shock propagates through a medium and, importantly,. how it
propagates from medium to medium with the associated changes in

velocity and pressure. Shocks propagating away from the source

of the explosion will generally be expected to drop in pressure
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vel ocity and pressure. Shocks propagati ng away from

the source of the explosion wll generally be expected
WO 200d02853 n pressurevery rapidly. This is hi ghP@gr/usS2004/005916

dependent on the area surrougdi ng the expl osion.

Refl ective barriers, tunnels, corners and many ot her

structural features can reduce the rate at which the

verySHuskile détuys dhdigH % drPedeimeraidies anege &uryounding
the '&ggﬁ?srsﬁ)rpr eSRQéfleegt:tic}leo%dt]%i%rglo%%rﬁrqua}g%tdf?&rs and many
radially ly wt

decays rapi di stance as the energy Is
otheshastediaweralarf datoness igegy sechaee tdicegatgheckyvhich the

travel i in a planar notion, such as in t unnel ..
ShoQIHEE MR ARt S MBS TRE S ndp ey increase
prefisFdy. only at the edges where the wall and shock
interface. This rate of pressure _decay can be _
[oo@rlamat i athack macnagsd ig gladdiadd ynelesavsl repiddey path
. _.of e : I t.hat e
s Gl SR B L SR 983058, BLTRALR surcace
aredourstasdles taredretlnencabid iat yltamaab swith.ocanesgyhbyswank a

done on produci.ng irreversihle changes within th
cunneh e dAY G BT oS To B e SarPeriaolose eneray
onlPHOUh s Yddb IBiHRIHAIH P IRIAS 2inldh@sS ctUahitkhgscand ahg s
excel l ent attenuators of shock waves and therefore of

rateplafstpra@sEs gnraoldag dey siramaticaddverngireaged by placing
mat 4SS 136U IIOTHL MK 21 HERIILANS ckAT0Pbaceas

essure waves can be reflected an
elemitse dJouwhidfdresg sielrkas rpeqizindedr apkeepseeaensel od phase
partj cul at es suspgg?ed in air. These deflections serve

boundpyiRs sk e ARdNC &Y RRSOTRe SHETEY PYvEPE Kploge on

procﬂ.f&%ﬁgssircifexf@fl:lstiibg.lee Jkl%fﬂg%%t ARG iANEhdl fhER¢ihANSare
Scattering and di spersion thus produce nore .
excedttearuathiank [peeasee ldef esmedorshe ogoust spdildymaterials
| eadi t he shack wave,. the.result of which i
oS IR oy 1 S SPe ST (e afer LA aroffy §F shock

wavdd GGRBTHw\S flagen cEh®Mastq odagepr avddeod idowrlyeteall 1ahe
attenuation over all, as the resultant acoustic wave
mateniet i RS rieHSTeE b PRRTe &Y SEEME Cup2a§aPh CRRPGERYS -

0061 S PSS L REeLer hirpiihe,uess by
phase boundaries, such as liquid droplets or solid particulates
suspended in air. These deflections serve to increase the
distance that the wave travels by a process of multiple
reflections and diffractions. Scattering and dispersion thus
produce more attenuation because they smear the discontinuity
leading the shock wave, the result of which is a significant
drop in pressure in the material. This process has been shown
to only provide a low level of attenuation over all, as the
resultant acoustic wave emerging from the medium can ramp up
again into a shock wave. Energy expended in accelerating the
mass and in irreversible changes in the material, i.e.,
crushing, accounts for the majority of the attenuation. These
mechanisms significantly reduce, or altogether eliminate, the

pressure waves originally traveling in a specific direction.
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crushing, accounts for the majority of the

attenuation. These nechani sns significantly reduce, or
wa@bdsgaicher el im nate, the pressure waves ori gPeEIE2004/005916

traveling in a specific diregtion.[0006] Rebut, in

French patent 2 573 511 discloses a partition or wall

havi ng hi gh thermal and nechani cal_ resi stance

[00Q&pri ﬁ?@%ﬁé’}/@(ﬁﬁﬁch M- S @n 5Jr?’e 5I:Lr'?'_t HRQres
par LS hl£ elieEMg (S)gtP e nYnE Wdd ofd®dical resistance

properties of extensibility, inflammbility, rigidity,
comprigigsy stamyeawp arecianivdsalclornehamalo®ingck sompressible

Ex les of f.il.ler. terials include aramg de. or ., ...
e1emRiHnt Be 4| Al AP I STEAT o BRSRSE Thite o a2t SR 1LY
inf Nt Al &y neHiudel iftggmed: midieitam@ wesiichanical or

i ncombustible materials (for inflamuability

thexmah et9dtn- , BdeH afapl fdldde Midomiads Brelrdemegamide
J i . ' t.al |j rJd al
. H&% ursesglkgfrég éﬁgzﬂt{)%nl/%g?;m%%e %(r:lgrnget |ol ;@otn{é‘:1 %teg%gr%'abg}&theg 00
materil € indMludeurfesmmefd cardber apd lyesasrg pnatetusip bile
about 2500 C ,..and ceranic _al gne protects .up to_ ahou
mat SRR oA AT e RS TG be " Ped A% CRELude
incd Mt i Wi Rl Bubbdy GaorRf Git0QQ-amiMez rsSiietalnic
U S. Patent No. 5,996,115, discloses flexible body

mateniars madd funessiafglcanhapdaremider seine priotest from about

L velys t f ] -t rappin
s00 PR oGP I e, B R A RS EEARE S o, bouc
250 0HGS,Claask e dnliex idilomeb lpasit efatag mentt ob ladvokiet 3PRdE Cof &or
. plurality of layers of flexib]e .blast-resistant
rio e de o 1 G5, RSt B ate o e G SEREPGHR:
silidgnnals are |ocated between the plates to inpart
flexibility to the blanket. [0009] . Keenan et a .,
[00Q7]S. Pafamalaky., 6289 S81FatgnscNese Sa MGt dd Shl gdilkstoses

f. ' I f. qr A .
fLen el Rl Gabal ek o BAOEA TR ie BRe R e

adhe¥dranc ext tHuhiddd anket filesdibdes faap@ientot rappriage jacket .
nodul es, _.and each npdul e conprises a pluralit

f
00z or  SHHAGE Toorpalt fenFetroE Waver. 8080 4F /Goirdoses a
fledibld D128t EFNeR H1ANKR?: RREABE B BI4rh88ty of layers

of flexible blast-resistant material with blast-resistant
plates embedded therein. Channels are located between the
plates to impart flexibility to the blanket.

[0009] . Keenan et al., U.S. Patent No. 6,289,816, disclose a
water blanket for resting on pallets of ordnance to mitigate
gas pressure loading from an inadvertent explosion of the
ordnance. The blanket includes a pair of storage modules, and
each module comprises a plurality of water storage compartments
for water.

[0010] Gettle, in U.S. Patents Nos. 5,225,622 and 5,394,786,
discloses materials described as a flowable attenuating medium
exhibiting aqueous foam characteristics which comprises solid

particulate having bulk mechanical properties and flow
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di scl oses materials described as a flowabl e
attenuati ng nmedi um exhi bi ti ng aqueous foam
waebasaztess i stics which conprises solid parti cuPEL/ES2004/005916
havi ng bul k mechani cal propesties and fl owproperties
of a fluid. These materials are produced as panels
that are relatively rigid. [0011] .The nost Sffe tive
PrODREESERad in LALEENUATPAGSAEBEEETE FagEs RRACUREOKESaPaNSLS

thatPEeduUced 40 vEh gt Ranel.s. Mst attenuating panels have,
for ease of manufacCture, been nmade as flat panels.

[001Wien i {Thies mostuefégctdver orseriobsedns athgnuakénfgoacoustic

flat, h b t t aj :
wavelsa A0t SHEOKE: SBPod Ha ARkt € BToPBLELn | HPohoACFFEpating

panelll hages, fardebie bifgmdnuEbetugk,i berat madpabkefdbt panels.
bei ng bent to conformto a curved surface. In HHQX
Whenggs| ii@atriegivd redbtes PrafeehulPiRGtRatbrtaPTRa)Obetlat, such

as gggggggqugggtaéqeguaﬁhdeonzagng%gerE@gtrgaheﬁg 84CHot

ot affected by environnental conditions,

provideh adequater pronewtisheébr apd-6ilher sunfavesabhed the

.. di ti . . SUMVARY OF \ i
reas SRR, MR CETLE MBI OO L 5,20 &

curveboserEaibeonedndebng apglesadfiohbBeapbilastatttehQ8t3hg
I't is another object of the present invention to,
mategigdi feymeEer AL regr fart BRGaPPR§ifRe efh8catgrial must be

such?%ﬂl.sh%nﬁsohoglggké Egﬂtb?a@ngﬁ Bﬁﬁgnﬁgﬁ éoﬁéﬁk@&ﬁs?fsuch
conﬁlguratlons and which afe su flClentIy tlexible so
as whhatr,t baocwat elieak , candbetpkacedfavousbdlanyosfiapéons.

cont ai ner or sur 00Q14]. Lt _j not her obj ect

of the present i%6@ﬁ%¥%n8%o%ﬁﬁo%#ggﬁiigﬁast mtigation
[00133Senblry tihatncapjbetwo@ppre piedBAtOintBAti6aNto avoid the

conformto any shape surface. [0015] It is a further

aforeppasd oprdt Hetpeésert ePneénEhEnPrEOPr 8¥Fde a bl ast
o1yt ! 92100 A3RBHRLY. bBALEaBEDEREULLBLAUPShIBRE 2bhY o
a e 0 g the ast

y desir Size Wt t coﬁ%ron1s%n
provddkemaakiriglabifbirt gtotntiheiagsehbl g£p00&6PLTheplosions or
assenbl y of ghe prgs%nt i nvention rovidgs shock wave,

blasigd thRér 688r @2pPS8E, I8Ft BnYat i 6RY c3habPRF{PREAFACBEL AR

which are sufficiently flexible so that the material can be
placed around any shape container or surface.

[0014] It is yet another object of the present invention to
provide a blast mitigation assembly that can be wrapped around
or that can conform to any shape surface.

[0015] It is a further object of the present invention to
provide a blast mitigation assembly that can be cut to
substantially any desired size without compromising the blast
attenuating ability of the assembly.

[0016] The assembly of the present invention provides shock
wave, and therefore blast, attenuation capabilities in both
confined spaces and unconfined areas. The assembly of the
present invention comprises two flexible sheets arranged one
over the other and joined by a plurality of seams. The seams

may be welded, stitched, hot melted together, or joined in any
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confined spaces and unconfined areas. The assenbly of

the present invention conprises two flexible sheets
wa@eoangsss one over the other and joi ned by a pbar/akionyoosoie

of seans. The seans may be wel ded, stitched, hot

nmel ted together, or joined in anyconventi onal way. The

seans are arranged so as to formcells or recesses in

convepbioRall| ¥avandlhReseamp sreracsasgsdape #7 FRATRFTRCELLS

or réEgg§e§b§ﬁrthgsﬁgﬁﬁé'agnd the @§§§”Bkyr€@QsQSsCH£et@1lled
esired size along any of the seans w thout |oss

witho# sheckhabkoabuaguaatﬁglﬁéterﬁhe apeemplyThanabsefit yto

present .i nvention_i ef f t
the fgshifg BieniAPPHG RY oHEpF bS5 EPahsnsekhRaelBhs of cthe
shocRl astentheiagspabkyiafl .the present invention prOV|des
shock wave attenuation in confined spaces w thout

[0017équi r Th§ BEESBRAYecfotBe BEREEBELPVENFLER b§ Qhﬂ%%ﬁs
efflcgggkogtaQXPgﬁﬁgta@ggﬂ ag%ggﬁﬁmgvegIggsﬁ§§egﬁb¥k waves,

rovides attenuation o or both proximate
i.e. andlaeuuteTh&pbesbmbéy 6ﬁethsspnbbynprmanQSIQhODROVldeS
wave attenuation in,confi gpaces Wi t gg u% e _nee
P

shockopavRe aESRPPAEAGWAR SOF 188 gSR2ERGhYL r5%q¥r6h¥9 the

spacEeEBSb@rcB%ﬁQEEéng0B§IIEQOE§]a&ﬁ@oﬁéeﬁéameomﬁaﬁy other
attenuation assenbly of the present invention is

agent| exi Bedinnd cEhebésﬁﬁﬁbkﬁdpﬁpﬁﬂﬁésaﬁyt§ﬁHBElPB of shock
waveco@ggrngR QQES QBdtnggﬁép8§glbg§gﬁsBeC@Héeaéggmbly

I'Cac I'C wave attenuating material is
prov@d@%lﬁﬁdc%ﬂtha nheeneaessnsinncbhéiasdempbyest ethout the

ssenbly can_be cut a area between the recess
needséthépetﬁ@ngﬂPéHﬂaWPgﬁ ng?eLFaﬁaaégggﬂBt Pﬁagrﬁﬁtgrom
leakgog}g%egg@ragggﬁgatlon mat eri al of the present
I nvention may include materials for providing

[001aad|t|aha|pca§apreuwa@§ ashepuasiandpAgempiyl afi bhetpresent
1nveﬁﬁg%58t afi%%&%ﬂ%fgﬁg] Eﬁebgryéggé Eyg§§u8& éﬁgtgﬁéﬁg to

g fFa unesce
conf@&&0§@|¥ﬁershapélngthé prappdd addinti oBatatiberuht specific
energy resistance from proxinate exgpgsio s

or. .
acougsif- WRESt AFFPBYAtPIt BaFREEAdetBhERNEANSd within the
recessb8 SHPRLESSLAEMBOYIEE Nl assembly can be cut at any area

between the recesses so that the attenuation material does not
leak out.

[0019] The attenuation material of the present invention may
include materials for providing additional capabilities, such

as adding insulation to protect a system from fire or some

types of radiation, including o, f and y rays and X8rays,
intumescent orgopolymer coatings to provide additional thermal
energy resistance from proximate explosions or post-blast
fires, or to include chemical fire-suppressing powder or
gaseous agents within. These additional materials are well
known in the are of insulating and fireproofing.

[0020] According to the present invention, a blast
mitigation assembly is provided in the form of a flexible

laminate or assembly formed of a first layer of a flexible
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gaseous agents within. These additional nmaterials are
well known in the are of insulating and fireproof ing.

WO 0@202668E cordi ng to the present invention, a PCEES2004/005916
mtigation assenbly is provigled in the formof a
flexible lam nate or assenbly fornmed of a first |ayer
of a flexiblematerial and a second |ayer of flexible

matexiedr igd Fadsseasodieses f fdexdbds F@Fﬁé’&atlhé‘laéﬁlﬁg pockets
or £4§§: a%k%g%mga 8E635eS Rein okkgk%dowa&@c@sg@gebbahg

bsorbs or attenuates the shock of a bl ast.
flll&ssanmmyaohﬁthelpde$@at abwembsonraateﬁuaaegsathetybégk of

of pre e wav both acousti c or .shock .wave in_all

* it En AN ST SRR FRGEAFTy N Chb Bnptentates all
ypedt BFS pheidstireondhie, 0%@thwab©u%ﬁ@@|6mcahb¢k Wa®es, in all
assenbly of the present invention substantially

gasmwp@@%§w%ﬁrem5ﬁé§%P5§v anf apPd epfoAtBPERBETLC
condlt Q4B € %rfee'ég%%ﬁ&%'a&ﬁ ONg @S 58Re - tB% 'Pfﬂtee resent

sSevere exanpl es pressur ‘'wave, acoust or shock
invéﬂﬁﬂbnc@mmstwmmsal1&O@ﬁpbr€bsparbrcataenuapestbmaet|sffects
the fact that, the assenbl

e present inventi i's
Erort (Ko Be BEAR BB e ST SBUOLS SaPIganGTEngs oae OF ERe! fore
sever@Ne:@HAOBE PressusepabiietubabltiBpobiraBhotR wave
protecting structures that require other than flat

ondgdgieins,- for structures that are not rectangul ar or

[Oozﬁgblcabf'%a&Q%Q%%a%“ﬁEg@%fgggg]l$ ﬁetfgbesthat the

| boxés e present
assdmbuyﬂufomheommessa$ nhaenmgoshdskﬁﬂegmbaE|agdnaaarbalused
in separate coggartnents that . are connected_to

to syrround GnYs CPRERIHTEtiRBet . TRAE FFeQPEFécgﬂéﬁgycéWPBEtant

in prdccRARYWILLe rigkeen EB@tPQ@gﬁﬁk@eatﬁekotﬁahnfﬁat panels,
fl exi bl e sheet of the desired di nensions, and none of

for sheustivgiesathetuarengoratrectangugarost ghbhcaheishsbape,
IS 0 h oc ti r of the
suct gl ook U2REpTHE 0o bR LERUR, | RGBS 3k

efera ium
[oo2@hi ch nmn@de&h&h@&b&enbhhﬁﬁbﬁtsohhabmp®$seSSpehemﬁgtshock—

of differing shock inpedance, the presence of phase
atte@@@ﬁ&&ﬂ'é@téﬁaa#hénaﬁﬁpﬁF?tFocﬁﬂgéFBméﬁéFg§ By @BFkK

conrdURe PR e B bhievVeESLbkecghangesntthi NThe flexible
sheet can be cut anywhere between the compartments to form a
flexible sheet of the desired dimensions, and none of the shock
attenuating material is lost when the sheet is cut.

[0023] The shock attenuating material of the present
invention is preferably a flowable medium which impedes shocks.
Materials that possess elements of differing shock impedance,
the presence of phase boundaries and the ability to absorb
energy by work done on producing irreversible changes within
the material are confined within individual cells or recesses
in a flexible sheet. The flexible sheet which confines the
shock attenuating material is sufficiently porous with respect
to the acoustic or shock wave to allow the acoustic or shock
wave to penetrate the flowable attenuating medium. Porosity of

the materials used allows the shock wave to pass rapidly into
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the material are confined within individual cells or

recesses in a flexible sheet. The flexible sheet which
wa@onsionsss t he shock attenuating material is  PCT/US2004/005916

sufficiently porous with resgpect to the acoustic or

shock wave to allow the acoustic or shock wave to

penetrate the fggmable attenuatingﬁnedlu Por osi ty. of

the fRéetitdri 2PSOTRARIaPPEREYt AECTNEER RADEXt ¥aPgss THisS

creaE%@'@bxbu@bakh%oﬂégeahal1a§§§059hﬁer§nSEgmlﬁﬁgehkeeshock
shock wave. This creates tufrbul ent zones and | arge

wavesuabeege@gynﬁmpmtuh@ shock wavespassefeigyof posh theough the
shock ve $$ 0_and..t hr h . th
Lo e SRS an et e porbicBhapar BptREUEY, £ apranaed

on b&@hhs&ﬂéeSo@fthbecéeubSOQrréeéesaeSpﬁboydﬂn@gexcellent
excel l ent shock attenuation independent of the

shocl pE¢ePBAtarn: ABISREERERHAVEL BhBsEAREFEEOBNEF gfer BRPCK
wavel. hes%gg%nﬁ@con Fae@%ovfpsgl E’Met Eﬁoékt @99@ i 80 BBGLHEY by

enhance I nepent W th he cells or recesses.
the p@@%ﬂpaﬁnegemauhym thehahoaébbg aonénpemeény watkinathe
erlite, which is known to have substantial energy
Cell§b§ r BESGSESPabi i ti es. However, the flowabl e

[002alt enuat-efigraBl ¢ i 8BheMBYorhBDebgt t @hREI nfonatxa Pl €is
fromsolid particulate materi al Ereferably havi ng bul k
perlisehahdgh ppolBPYReECahavel SWPPpEaPEiRL e8NBFIY #PEPEPINT

capa§§§§E§§stheH%QEbgrpaEBECkféw?EfeCQEE%#QQQletHé@erlal may

recesses or cel ereis little relative
alsodbgplfacemdnt folr ehempaeti fres splhdnpahbiculeateababeraal

0025 th t t
orefERELLk, AV ABENBRLEAP=RRaPor it RESRAFFIER BPOpELY on of
proparthekdorr af engito thecabbbi tMeobolNe phienddés ngre

mediumto act in the nature_of a liquid nmass to resi st
contpangdi vathigpraeeREAs By Salifcethensi bn hhEt I sEDIRCIVE

dispg? %ﬁ%ntagg Eﬁg ggkkﬁgyegow§yg§ﬂa€ﬁéa&£¥e§fﬁitgé Qngh?}e

perse pressure condifrons transmttin eret hrou
[002l8Y V|rFue pﬁrpubéstdﬂlnDGSpnesaed snvéatesnd|Whﬂ|tgrm

aseous and solid or id and solid phase
mecBARR PP NG PERECGEAER aFPOnC LP BT BEFERE oF | O F1 6F GLS pyrefers

to théaagﬁuakynefptﬁésaegeﬁgaeiﬁgoaédlﬁﬁr@obaégflﬂ thdesfure
of a iagﬁld mass to resist relative displacement by surface
tension and viscous forces, and the ability to substantially
scatter and disperse pressure conditions transmitting
therethrough by virtue of multitudinous curved surfaces
dividing gaseous and solid or liquid and solid phases, and
enabling the generation of turbulent flow fields by
transmitting pressure conditions. More briefly, these terms
may be taken as referring to the ability to resist applied
shear forces in the nature of fluid viscosity. The attenuating
medium assumes the shape of the cells or recesses, while at the
same time resisting applied shear forces in the nature of
viscosity.

[0026] The cells or recesses in the flexible sheets can be

of any shape, with spherical being the most efficient.
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may be taken as referring to the ability to resi st
applied shear forces in the nature of fluid viscosity.

wabmsardeehuat i ng medi um assunmes the shape of tPer/vsioh£005916
or recesses, while at the sayre tinme resisting applied
shear forces in the nature of viscosity. [0026] The

cells or recesses in the flexible sheets can be g an¥
[Oozgﬂape,AﬁoFﬁe§pH§Fi8§ltB@iﬁ&oFﬁeaﬁ6§Pu§FFP8iéﬁF?Fg ¥7pt the

preddiel Nekaiq o8l ikheoSPaskeathentatierda2SseRbEnok LBucture
present invention is to place the material between a

and st suetouadang digwidomeding sughi ésnegpwatsychogsprotecting
seawater faqr protecting the str ure fr h
ene SFR PG ep et PHSRk, Blgke oRo iRk Erkpefk B nate"BlERonens
arisdREe PRt Lneepwasie@Nexpl osebnll oraskliginty. akaivhitg. In
~case the flexible material shoul d be ,
thisysese ithsefhexibde BRtgTIaleFhPHpEr RBaWRECE oV BPERCRRAS, ©OF

a w%g%rQH§§§gv@$%ﬁetE%v%&gﬁbbbgnwﬂEeghﬁked blebhtfeCa$lxible
he 'owabl e attenuating nediumisS preferably Perlite.
mater(@28] Ikbn tanst keseertbedifdewablehetaenuabangnyegaedinuis

can_he forge by solid particles which may be hol | ow
Preﬁ%r%ﬁiy &€fier®se i ncl ude a gaseous phase, the

[002R3r t i clies apbeherakhpoBemBatIBehesaepauaningveBdiOnecan be
preferably having a dianmeter of about_one mllineter.

fornego29] sraifePazkaches whB6Hi Makt Pef hohdopr 85efpy otherwise

. i nventi e nuat.i.n ' I SrbRelRE1opE AL an

IHCIggFo%eﬁ%ggo&%r ﬁ%%ght@kgigﬁ?ggggg%igréggscr}%ed iné

macrgiseapdic detaelvebemowe pe3elabddi hruvnapy ebfeamstandof about
advinta es of the present invention are to provide

one MlaiMEEPTabi lity and effectiveness by using no noving

(0020 el eatrierl goRpeReBhSodARENBY o0t heeperdeng iRoention,
material s that nust be w thout flaws, inperfections,

the attenmecigef eddunThe ARt EhPafosh pheapresspgel, a very
s C ‘ . _
llgh%ﬂ¥%ﬁgb%2g%?%ﬁﬁgg gg?c&XBngEHgégég@ledgﬁégi'Egﬁow.

enuate s waves and which can
[o03@ncl osaddieiahténwdt ergsnahdr ndivahnagekl sfotheepessest

The material of the present inveption provid .
invegtEPaAteak OaPEENISE] GREGE APEIGHALA SI SPreSChPELjKTRESS bY
using no moving or electrical components, and by not depending
upon materials that must be without flaws, imperfections, or
other defects. The material of the present invention can use
any type of available materials which function to attenuate
shock waves and which can enclose the attenuating material in
cells or recesses. The material of the present invention
provides substantial attenuation of all types of pressure waves
on the source sides as well as the remote side of the pressure
wave attenuating structure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031] Figure 1 shows tops and bottoms of the assembly prior
to being assembled.

[0032] Figure 2 is a close up view of the bottoms of the

assembly.
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on the source sides as well as the renote side of the
pressure wave attenuating structure. BRI EF DESCRI PTI ON
W@R00FBES6ERAW NGS [ 0031] Figure 1 shows tops anPChU810041@05916

of the assenbly prior to bei#ag assenbl ed. [0032]

Figure 2 is a close up view of the bottons of the

assenbl y. [ 0033] Figure 3 shows the assemhly installed
(007551 do Tidiinc? OHER ridie TBEHID éREeAeTRETound
contd N1 ON [0034] Figure 1 shows tops 10 and bottons 11

of the attenuating assenbly prior to assenbly. Once

t hese cel | BEBAIREP cPESERhHT hell ¥ aTHE r ENYEN RN

t aget her. as b | for, ang, th
10038 oy e B ML e 2 g (BTN, pEgtre

at teHumnsig s sdul3b pHiqqure 2t ya clooser thieew aklibeof
bottonms 11 of the assenbly. In this case the cells are

attenyatddguniatrsiddli dFe Jeided KBagatder sohy ergesive means
to ﬂ?%%ﬁ'@a)fn%o s LRl deRh iy dhe HNRI @t @hed s@atl 21 the

strating how the assenbly can assune the shape of
desitresl slimfegpeidnts.is to protect. The individual cells are
jaoi ned _at the seans 22, and the .assenbly can,be cut .at
toods), "of B2 E Y 6 ARRR BN B pheC PR EE 12 e che

assd@37] Wi Ithitheassar vdias been filllest natedpestrtihte.
rectangul ar cells for retaining_he shock attenuati n%
[0037dt er i A1GUW P IPaddOWh & NG lAs$ YheOofinghildes; fegthe

inteéjil%le’of. ncluding lr,OLiinué%\i%Jti%%u"Hoﬁii theChaRAmbal, can assume

ol ygonal, etc. The size of thé cells is not critical
the atiegre tdfartheo svedf@ dehern s fticc pewttlegts nalfhet hatdivhdual

assenbly .can b t to the desired size and,shape nd
cel IR T At bt iR ae Shans D! SEREThyaban, B8 cut
at B FOeR edanhe L Edrm catdareioshapamphe sikeom

about 1 to about 4 inches wide and fromabout 1 to

[003fout Fhidenédie FisEemdep&i@i Pgedpda LupE raternti Ehuse
rectgagngyg;ﬁrsﬁz%gqg ¥od (UH:iniA0BE BRLRRT 22t eRUAUYAL Aot BE a1
in place, the cells can be of any desired shape, including
round, oval square, rectangular, polygonal, etc. - The size of
the cells is not critical other than to make them sufficiently
small that the assembly can be cut to the desired size and
shape, and can be used to conform to the shape of the object to
be protected. The cells can be, for example, from about 1 to
about 4 inches wide and from about 1 to about 5 inches thick,
depending upon the ultimate use of the assembly.

[0038] In one method of producing the assembly, a flexible
panel is provided with recessed cups. The cups are filled with
attenuating material and a frangible cover is placed over the
panel. This frangible cover is attached to the flexible panel
by seams around each of the cups, making it possible to cut the
assembly without the shock attenuating material leaking from
the cups.

[0039] The assembly can be made of any material that can be

configured to form cups to hold the shock attenuating material.



i0

15

20

25

30

panel is provided with recessed cups. The cups are
filled with attenuating material and a frangi bl e cover

wo sooplozasesl over the panel . This frangi bl e coveeT/1S2004/005916
attached to the flexible papgl by seans around each of
the cups, making it possible to cut the assenbly
W t hout the shock attenuating material |eaking from

Howepied ,cuifs 15 [PoBIGETrEde tas serbPy fdawibd ennategprany plastic
.nat efi. C figure |

cesiff, Uhth, e % PosSORNLOEF ey CHETLLRRA o

desipfeef eongd gurarsena flexi bl e waterproof plastic resin,

i ch kes it possible to bend, the assenbl he
(004 e BEoRFIGELIE GRVY] GOT T gy BeLeropabat s placed
int AkRNahiRg JratkHedlselhalr kthephas@dakt Ral/NBeChl SgQEous
recesses of the | am nate may be an aqueous foam_ a gas
foamemal giagn epwierionn (whgaeins acappailfegnanginrdpandedispersed
t hrough .a _l.iqui tri X, i f bl '
enrol 0 SO0 B BT e £ e B ERRIRE BT LhUth] oae
bubbillee dikinekress gehetrad 1yi qomtiehshirbeewalith) theathetkness of

preferably with_entrained_gas) , or_granular or other
the qiuddpM&Ieeg Son Ragelt ﬂerﬁéeééégyywFﬁmﬁntramed

gas)ChAGh8Ra LI C & r Emﬁegr%B@&aegaeegg§agewn@&ﬁ have the
attenuating material is Perlite. [0041] Wen aqueous

necefsgany dleowisbdrastendstiowabl dhat peafiarrad redpaure wave

t hey .may b enerated fromany foamabl e agents,
atteﬁﬁ@%&?§%ﬁ$%F%3§§ Wﬁi%ﬁrgggeﬁornally used in fire

[0043UPPr ewdiedN aqtleiotls tFhemsi apar usedoae theeflesablance
to the material. These agents i ncl ude ?ydro

ze '

attepugitaly Meqdids, tHedt BRYabsogsrrrgtrds WPF‘haXY foamanle
il uoronely ! ot iMesn akenaovhhhig Laege; aubss

agen&f”s%%%%eticlgﬁf?%%Fant and s?ab?lizing cheniéa

suppressicat i ehschThbehoampagtgasomer faxe rasihbagae to the
squr,ce be _of si.m Lar.ly, wi.de.range L ong. as.

mat el lgas TSR0 OSRb CAFT Y IPeRerr obY PR oabBatet ot gatds.

protamaRk st h itfe dst abichi Zlonerepoponenrtis hadibeveubbitong
~wall_ l'iquids, Foam ng gases preferably include inert.

withyas dergec RUESear §6n SYBENEELE EXELAGLABRI AGdgaERRISLehng

cheﬁ%%aﬁaE%%@iQEgﬁhﬁgn S%EEQanming gas for use in the gas
source may be of a similarly wide range, so long as the gas is
not chemically reactive in a destructive manner with the
stabilizing components in the bubble wall liquids. Foaming
gases preferably include inert gases such as argon, or fire
extinguishing gases such as carbon dioxide, sulfur
hexafluoride, or halogenated carbon compounds (halons).
Compressed air is also an acceptable foaming gas.

[0042] Solid particles for use as the shock attenuating
medium preferably have both mechanical properties and flow
properties of a fluid. Also preferably, the solid particles
include means for resisting relative displacement of the
particulates in order to better simulate characteristics of an
aqueous foam. For such a purpose, the particles may be

provided with a coating to resist relative motion between the
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hexaf |uoride, or hal ogenated carbon conpounds
(halons) . Conpressed air is also an acceptable
wo cmsiongsyas. [0042] Solid particles for use aBCT/182004/005916
shock attenuating nedi um preferably have both
mechani cal properties and flow properties of a fluid.
Al so preferably, the solid particles include means for
partigdiest iwhg Liec PEEMiE tadngpitaowmaRt Aa6FOFRBNESr WLEHH &fi8sPFRsent

inve rqﬁﬁltOEQEIE%TMElgu'%%% B Eéﬁgehbgtbgs Oﬁlgﬁtagaﬁggﬁve or

am For such a™purpose, rticles my
may @even cdethpwiitsike hookaamdglbopréssSEneeBaEpver&Busbmng

bet ween t hepar | es _wh ermtting flowin
rela&&aﬁ%&§W€@e%ttﬁegwseﬁr§§8nPgFﬁ&8 fFfon. For exanpl e,
[0o4e coatiengoray berdikigbt maghesi ¥&¢ ahyNMBKap¥eNincluding
conprise hook and | oop fasteners for resisting

spheﬁem@ﬂu@@dnéﬁgﬁgﬁﬂa§e€Wé@ﬁ th@hsaﬂﬁr@ﬁé§ digpg8pryher
larg%%ﬁ %I%%rtl %io%%& m% s3B%sS Q?ggP Bes#ggﬂgs sed in the

ericar |rregu of s. iameters
pres@mtlamge&tlomosho&édtgenakadﬂyebeimassothahehpaftthbedepth
used in the resgﬁh i nvention shoul d, general.ly be

or AiRERTRA P FEIERL S0P dFRREPEFSor TRE EOLiG BRrticles

shoul€CeRseSal1he peokihdratbpskes @H@HEdﬁQ§B§E§EEYmQ§ be hollow
macroscopi c. These particles ma ollowwth solid

w1ths@pﬂa§e§ur§@pe§ shellid ﬁhﬁﬁ1SnWéthannéavn@ﬂegav1t1es
cont n| as y [ y .
cons§RUGTT Y R B RURSES, Bl U g ROUR BB0,£RLL T Ehaonso
matefraam. suhb a&ladpmhyamebhamayobeohhebleHaSbamersach as a
npound, or ot herwi se be a, spon ereint

e gas
POlYHHEt§€P@d°§h8§€§ra?éaEBPWeEbﬁtFﬁ%BBEn thEhOFEE§W1se be a

spon@bStMﬁ%%b%ﬁe§h§pga§e§nﬁrleﬁeaﬂﬁaség &@éCBoEHec9ﬁ§§Hﬁéus,
hase is entire énclosed within a liquid or sol

whlchohhmwudugtpnageshﬁﬁtepnagesefyomtﬁeagsb|dnpuhncblebe
na conpr.i sed. of entra d has r X
gac<b: RB2RR: (PeS0F 061 SAnt EoPaal g hbeae 1purf o, SORLE

anl C amg asses

cont¥auBueubhbee . puRleernatit-beyl i kRe EhelarpéetieMesomaﬁ be
particles are perlite. [0044] Any of the solid
compgaperc Pés e EarPRdt ABspPBaEfRE | AVENEXBFPLan be the nature

of v%h%éhgkefggm ?égbgsorgékgkge,[Qg%éch%§@e?qﬁﬁﬂy§e, or the

oans are used as the pressure
like. The preferred solid particles are perlite.

[0044] Any of the solid particles used in the present
invention can be flexible or elastic or rigid.

[0045] When aqueous foams are used as the pressure
attenuating material, substantial energy is removed from an
incident pressure wave by scattering at the multiple interfaces
presented by bubble wall liquids and the entrapped gas which
comprise the basic units of aqueous foam structures, and
through the displacement of the liquid in the aqueous foam. A
similar effect is obtained when solid bead materials are
employed—particularly solids with entrained gas, such as
vermiculite and organic solid foams. In the case ofvaqueous
foams, substantial energy is also removed from pressure waves

reflected back into the attenuating fluid from the flexible
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attenuating material, substantial energy is renoved

froman incident pressure wave by scattering at the
worosiopdess | nt er f aces presented by bubbl e wal | PETyUsZIB4/005916

and the entrapped gas which,conprise the basic units

of aqueous foam structures, and t hrough the

di spl acenent of the liquid in the aqueous foam

filmigavering fdug 4o topmal vidaw ddis ﬂxﬁﬁfqﬁh%ﬁh%ﬂ:?y
I d £
oo i BB B AU G S i S D g o

solichsfoai raeaniss .oans, substantial energy is also

renoved m pressure waves | ected back intq the
(00481, oo GHAT iR GG, 1 [C oD FTSTALOF itg. due

traﬁsinthl% ‘iﬁtesfslm&‘@é fiRleds iestalldnpiadHay E@sﬁgﬁeqflattﬁ%n

Initial pressure wave. This is inpossiblefor solid
(th¥oaramelddtdan @Eo4s] ondd tEitossir terier ppiate @isusiictated by

at t enyation transmttl ressu
Sup%ﬁﬁﬁﬁﬁo 1% ed he wave IQF 33 A %r Yhat 051t10n

dEnCelSR55H Tt his candel T at i on olcur

The Qi&cgapto&ameamm|m Tl tdicc trat etheb wostp elopesialsi drt. travels
The mave reasserts itself after that paosition. The

throughn st e andnd i£97 &ot 4@ itth & SWEr RS de the media.
Perf rtéév ealrﬁi LU QUG ddRe R ® i3 @l AW @RS ol i Seduce

nmedi a. Perlite and fdéam shock absorbi ng
the rmmd areadt arfattihealshpaked@ceurnide 1S6m¢ spéedd rebads to the

S0 R A B L S A e Skl GRS tndnd reflected

wavésﬁfﬂeﬁﬁrﬁad RS deerqe AC GuieihdenicontAibutidietoward energy
contributor toward energy . renoval by the invention is
remqvifgt B Gy ATV tERhd Soft hte PEGPEIRRIOF PRESFgR Lt RESSSUTe

wav egé*%ﬁ&{gfxgr NG HRGE 'bglosfb%% %ﬁte%&%trsalalr% ls%%tt%%@ggl 1y

cattering and di spersion. of the energy
1 eng:tdm dg ithetihats cditsearinion aindy dusp@lrgpems edABy olfethe

cna RO HLEL RS A cS0e LIS 065 e 1y e

numeMRIL i$E Rfcddhe akoelsdns ihtergaicet @tedd as@MBifferent
refl ected. This takes energy away fromthe

ma.t e igdeh 4 irkli Wféﬁae@ts SEOSKs impedpngies vherst EOAgartnghe
shoéﬁaduCg Fﬁg 4 ogﬁ.ah%sg e'§e%9%c%@gu9hT QSdE%ﬂ@E'%ﬁgkﬁy

as on exitting the ne
away from the discontinuity and disperses it within the

attenuating material. This in itself is not enough to
dramatically reduce the shock, as on exitting the media the
pressure wave will “ramp up” to a shock again with little
losses. What is needed is a substantially irreversible
mechanism to absorb energy, crushing Perlite, or bursting
bubbles, for example. The dominant mechanism is the rapid
acceleration of the material by the shock and then rapid
deceleration by the surrounding media.

[0047] Incident shock waves are attenuated by additional
phenomena generated by the assembly of the invention. Shock
and blast waves consist of an initial overpressure, or positive
pressure phase (in excess of the ambient initial pressure)

followed by a negative, or rarefaction, phase. The rarefaction
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pressure wave will "ranp up" to a shock again with
little |losses. What is needed is a substantially
WO e008MBI6S3 bl e nechani smto absorb energy, crusPECTgS2004/005916

Perlite, or bursting bubblegs for exanple. The
dom nant mechanismis the rapid accel eration of the
mat eri al by the shock and then rapid_decel eration_by

phased S5 Rinadilng haadiexr. o Rrticst gedesshdde wipss ¥pyer
éﬁgéggj jtional phenonmena generated by the

unda sean;B%fQ¥hgg%%vention. Shock and bl ast waves

[004&dnsi stsmclﬁrwaiwﬁa iddlspdweepbabdlies, aod posietlierate liquids

f the ambi.ent _ini

in BRI IGINE Gl RN, dopi e RRF PR sr, HiBples o

shripfkasthd They duehaed erphase apsel.ypitedls Milspngelemeht of the
duration unless the shock waver undergoes reflections.

1lq1{1(§70481hesﬁ>c¥cﬁ@1%ﬁ\9e§fdlb§|§b&@e wedBisl egadngtatbel eraesive force
of é}#‘l%b‘i:gxglf&ééu*%@ || %n {32 %%%%%%aft%&‘i‘ o%a‘iﬁ Qd
les to i nK many bubbl es to col
dropllikts dicgmlest dmemnt amauﬂaidd @Mb@letﬁalﬂseaﬂﬂngbebrb
bubbl .e mallsggg%lnst he coheS| forc o&ltheir
subsEantdad FOT & Hre 5888% F@n qaive
subs#H=01 @S Jaoitedff o $hahkeried ibubhhe waklkaseakblreake@nBeted
substantial energy fromthe transmtting shock wave.
backsuts@t%ﬁhealaqp@% dParhatt thgsAnterigcehbek waahe thee foam
and 'S é‘u %h K o’iI% SLEEE) a%“ga%%efs%a%%ht he &%%%5%@88
betme n oan1an contigtous gas or
numqmc@@esanwhlbw-parmepéat@@ puhigiaad unn&dehy paetsote wave,

t he original ,incident ure.wave, | sence
L ORE o EBBn PR At AL Oeeh, BTRATEES

wavd.0049] Yet another substantial contributor to energy
removal fromthe incident shock wave, thus attenuating
[004fese Wakesnotherhsubskentaeldeantwabatart hpnenpsgy removal
fronp%%ket CQdﬁ%Qes%%%ﬁwg ereEhﬁgtgt@eBBEEFRQ Qﬁeggewaves, is
Pt h manner a fract

thatothhh&nenaegy earve edthynt baei pocient shochemaseembly
all oned to pass through the first screen encount er ed.

ref Igf&Se 3 ROTEAORS AL £BE SRGLRSBRcSHACE: ¥a¥Rot &P SBi8efanner,
onlya%QEQ%%tlon of the energy carried by the incident shock

in

wave is allowed to pass through the first screen encountered.
Where the transmitted shock encounters another screen, another
fraction of this shock wave is reflected back. When the
transmitted shock encounters another screen, another fraction
of this shock wave is reflected back. When the reflected wave
must travel through perlite particles or aqueous foam
dispersion, attenuation of the wave is greatly increased
through the phenomena described above.

[0050] In another embodiment of the present invention, two
layers of flexible material are used. One layer contains the
shock attenuating material enclosed within cells or recesses,
while the second layer comprises flexible material from which
air has been removed from the cells or recesses. This

combination greatly increases pressure wave attenuation because
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fraction of this shock wave is reflected back. When

the transm tted shock encounters anot her screen,
wapwslozisss racti on of this shock wave is refl echeniubmok005916

When the refl ected wave nustgtravel through perlite

particles or aqueous foam di spersion, attenuation of

the wave is greatly |ncreﬁied t hr ough t he phenonena
evacyedGd HEd VAT SFEE56] Wit aH&tthé‘rFag’%B i RERCSHF S Haves -

Incﬂ@éﬁ%ﬂﬂfééﬁﬁ¥g'ﬂ%%eé‘walhaX%EQe%E Eke%hgl%oﬁ@ﬁe%hﬁkaééewhlch
used. "One | ayer contains the shock attenuating

confiimiesy itale mwedlmetsm ﬁh@emayem arecsugdsciahtily dnsense
second . l.a |l e material_ , fr
as %?qué% rg The {3 ?bWI ﬁ§C§e||§%8F bok ggh%thﬁﬁs

i3 been reaned recesses

sur feRbiiRAiupt ugeddt Ithd peeeases paesstiketwavemitted by the
attenuatlon becauseevacuat ed _or vacuum spaces_ w || not
£lowabdgs ittt epieddiide MrEE acreilgEatepr EhEGrENWERES TPFRTE

and E%E %%bf@htt@%ssql'%b&grkécqewn'qnteoeﬁen@%rhaelyaevaahated

ess the waves are sufficiently intense as
spacmuptMDWGW@E,C@mﬂWhﬁn@m@&ﬂf@@Qtl@ncefthéecgnﬁﬂdﬁng pressure

surface.is ru tur d,. the.pressure s tra n1tt
wavep Jble Hey iRuanie, FAEHER BREEusE, RECERE bhETL mass
and tiRecgwnial %,tr@wiutrlée oZnmphentcgas elraté@ euheoh€akednEDowable
the fornerly evacuated space. Howeve only a sma

mal |
attepyetiien seding.- |n@“é@ﬁ?rpF§§§GFé1ﬂﬁvénﬂoﬁFét5§rln9 of the
tran%%ﬂ%%%ﬁd LA ghis qARRep-hecaus oﬁfehESuﬁEekhngaéaceegs1ve

structure of the accelerated, uncon
1aye&boudbt@eahﬁ$&uaadng nedlun1 Furt her reflectlon and
occu

oosgion onbas tleati <k 1308 Bak s PRy ERe bR eFRuE Lafgihion can

be dod@al wihe koapiobings! araRabesceb therpresanl radeshton
can be coated w th conpounds that absorb thermal and

energad.aﬁme@ﬁemgpeSTﬁés@hﬁwgégléfr@ﬁéﬁﬁcahg PEALEE PReincident
blasﬁnﬁgg%SO%u@n%'d%@% @ﬁgmgﬂxgéldEgnkgg&hseﬂaggﬁnﬁiagelwave

€ between ast wave tenperatur over pressure,
temp&ﬁétmmepagaEmpmewehmE|tyndm@ropagahanneseabtenyatWhnch

el S ISR IEDLEL Bl g5t vawe, Thet el el gy, abogEbing,
ener®3PaRisbirbii &g hﬁt@%ﬁb@bnoﬁ@9|b@@béoﬁéaeHﬁ&ﬁ&@rattenuation
capabilities in certain applications, however.

[0052] The pressure wave attenuating assembly of the present
invention can be used for any type of pressure wave transmitted
in a fluid medium. Other energy absorbing or protective
features can easily be added to enhance the attenuating
capabilities of the material, or to provide additional
capabilities, such as stopping fragments resulting from
explosions. Typical agents commonly used in fighting fires can
be used in the present invention.

[0053] The attenuation of acoustic waves is accomplished
without regard to intensity, directionality, or frequency. The
material operates regardless of orientation with respect to
impinging pressure waves or, where present, confining walls

defining an enclosure in which the invention is placed. The
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[ 0052] The pressure wave attenuating assenbly of the
present invention can be used for any type of pressure
wowre/otdgeensm tted in a fluid medium O her eneP@pUS2004/005916
absorbing or protective featjures can easily be added
to enhance the attenuating capabilities of the
material, or to provide additiagnal capabilities, such
assemblsf ¢Plpi i MERFRAH SLPEAHG g & ld@lx gibyiegiglt and thus
is eI GRIpAYeM I CHMRN S WaBdH Rdd SRl fdendaar be
usedin the present invention. [0053] The attenuation
suppofe sseiows ta wowed esl iaxradidc ol Siedd ol idesutt urdgared engines.
i ntensit irectionality, .or frequency. T rial
Wher, é?ogheecse/érde <t &esarl:ofandér/ i ST rféjls%‘glesgt% trt oS%able

for IgHRIIEHIHE PasisadL. waves or, where present, confining
wal I's defining an enclosure in which_the invention is

[005flaced STHEdERamIS aFtame s &ft dldv aFisen Afs PRSgRLTe
wavdd' i} tj]t:a}}%éﬁlbslé § £aBiIdpb ROIIrakLE 113 1922 i icTlinance
are usefu or nol se suppression around aircraft wth

neay ettorctgases wbiimhamdietesiredisen Byotmedtiged thimgmbiest

and |ight, aquequs .foans are stabl e for prolonge
eneriihi GHESE [HUb AP S IR GTS SLEETAEe of oIl TepgEents
are Wrd¥Rss W2 I iTRkESH bPessillied kidiespesenefrgy and by
expl osi ves and ordnance near structures or inhabited
mul s 1 axena 9igaatiensladi dn StFEndhdi fetexdadhocfhese same
S . t ’ S .af 0 ; a
capse o;gﬁ:nlge{sfoeﬁ{%ﬁ%rjgﬁ%%eng [ r%ts?%@é%tgr 51% egngtob% Il:a %pl e
protemyteiren off epttidiaryhictewst repgisledmitioe enginy Eredd lsamye and

~ capabiljties enable these devyi.ces tq _be used to .
aix bR OTHOtTEn HOTMER BFoE SR Sk 300 L8 e il Polee
prodiddd B G- &lvn derped THeniflieanpifinep bet khel asterial of

ef fect "and from the noise produced by their own guns.
the Treddraxiigiventia maresmitepogisibile: ke Fragephe material

. i nvent.i.o 0ssj{hl e . f rial..i:nto
ince, X U L e SR gl ST LR R pEEL BB iCpt
struddutedaures . [ 0055] The flexibility of the assenbly of

ool " S iy 2y B Ehe had2Rhly CF (REopEELLAL
invention makes it useful for protecting ships and offshore
structures from shock effects arising from underwater
explosions when Perlite or aqueous foams are used as the
flowable attenuating medium. The flexibility of the assembly
makes it possible to protect the entire hull of a ship, or. all
of an underwater structure. The assembly of the present
invention can similarly be used for protecting offshore and
coastal structures from seismic shock effects, which is
particularly important for underwater sensing devices.

[0056] The preferred shock attenuating agents are particles
of Perlite which are not toxic and which do not produce toxic
compounds when in use. The assembly is light in weight and may
easily be stowed during transport or when not needed. Unlike
explosion vents, however, the assembly of the present invention

can be used in closed spaces. This latter feature is critical
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structures from shock effects arising from underwater
expl osi ons when Perlite or aqueous foans are used as

wo besht@dmbl e attenuati ng nmedium The fl exi bi | PE€HUST004/005916
the assenbly makes it possihke to protect the entire
hul | of a ship, or all of an underwater structure. The
assenbly of the present invention can simlarly be

aboarse G prtictt iGRGIHt Hfor@RfE c0ashsl Sserudngr ydthin any
strJJ#prPes Qs mfhcic%h 1&f o0t %onm's%qggs PRAIEY Hs¥ be

I mportant for underwater sensing ices. [0056] The
con flimefde troe chvstick haatnt équ dtriapgesdg emds vadeagar windl ¢ dhcilitate
Perlite which are .not toxic and which do not produce
emengecy &6&8’08@&5%&&%“ use. The assenbly is light in

[005W8i ght TaRd JFRERATiNG ke tekawad rdy Ngot banspokkrogel ,

when not needed. Unlike expl osion vents, however, the
whichs daediudest & pdugiedsdint ofneerlilogayanise fdddednhwith a

cl os aces,. j ek f e .l i tiscal 1
gasein Engfch hexldstq, Tan e FBRAERCERrEl bAtH EfZRRe1y 1ow
densdny est,r adinaise idownhiteh térik e faad mosphesticoaipr aduees level,

nust he confined to avoid harmtaq_trapped_ individu
and bays QQ%ﬂQQePagQC@WeFGeﬁ@§SEr@%légggaﬁpoﬁ € F555?? Tow
densift§ @af=t@Ruallisng material may al so be an aerogel, which
inCludes a plurality of small cavities filled with a

[005@dseoudnsithss. aldesgelts veah oe thgnataerypsdngi paterial is
an.a%ﬁ%%ﬁpe%%akpwé%e %%&%%ed?%ﬁ%%% do kEOF%Q%Et%f tEﬁgﬁnfoamS

spheric 'ai’ at seéa level, and have [ong beén
are h@tt hesd cskind eid nott hecduteotokdw dempouyndeatveenalia. use.

[ 0058] Another alternative for the attenuating
[005%dt eri & PEOkReZqFERRSIER Cds t4Es cFVERE 190y ERe pREETPLY

can B lidk® alshese heans o &l Fgéhggr%@rd@le%ner @aWCe wide

t oxi ¢ conpounds when in use. I n anot her

variemyodifmstrugturies .i nddncieothet hesgrbdybliy drxbblasedt can
.asS an exterior arnor_or barri | ement. . for '
casily B TE6F 6B RPIREr te fbE BheBRoBR s etk lRs o

structurés. "Since assenbly i
proddbe@an easily be nmade to conformto the shape of the

structure produced. [0Q060] It is also possible to wap,
(00684 expﬁ&sﬂ@eaéé@i@ésﬁﬁble to wrap an explosive device in

the assembly of the present invention to protect it from other
explosive devices in the vicinity thereof. The flexibility of
the assembly means that it can be made to conform to any shape
desired for maximum protection from shock waves.

Alternatively, the assembly can be used to line a container;
the container can be of any shape, because of the flexibility
of the assembly.

(0061] The foregoing description of the specific embodiments
will so fully reveal the general nature of the invention that
others can, by applying current knowledge, readily modify
and/or adapt for various application such specific embodiments
without undue experimentation and without departing from the
generic concept. Therefore, such adaptations and modifications
should and are intended to be comprehended within the meaning

and range of equivalents of the disclosed embodiments.
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the assenbly of the present invention to protect it
from ot her explosive devices in the vicinity thereof.
wabmshtezi bility of the assenbly nmeans that itPCEHISTNE4/005916
made to conformto any shapgydesired for maxi mum
protection from shock waves. Alternatively, the
senbly can be used to line a_container;

[0058éntalﬁ r1@aﬁ°b?eopn§ﬁ§s§ﬁgﬂethBEc&ﬁ@ePBFa?EQlogy or
term&ln@i'o@yl emp18lelih et amby £l 00BA] plkeoker %@oﬁagcrlptlon
escription of the specific enbodlnents will so fully
and nevesglf ﬂhmlgenepal n@h@r@e@ﬁSthedlmaenrneﬁStﬁer cahsying
o) rrent knomAed readll dlfy
out G sPE. AR PRl EbPE e et fise Sttty prL
alte@fBedivee Fogmsl tuhﬁhbuundégaet@ﬁgl nreatnathen iavdnwibhout
departing fromthe generic concept. Therefore, such
[0063dapt alll8fs &HE RBEEESEAPPSNSMSRBSI 80afid2BFe ‘MRABAJERT-" as
e d n r angey,af
may B R SR Rl carased e abaarmente Foghat ot o™
belowe EeIQDWedsbgod fhatttheaphetsteimeny, oarEenntandegyto
.enp ed her ei s_for he ur pose f .description_and
aet 1) Gk CoRrL WPRGE e et naSRLRla. RavSiFats Fpsaal’ ‘or
e1ec%%'if:}ﬂngléhhbn\tabkot&&rdbﬁﬁlr@ﬁedhﬁdﬁCﬁlEQHEOWHMrt aketBe future
variety o f alternative forns w thout departing from
existhéorngamkydng PobesheTrasitedefurpEdssi onBetheANSY nor
s:f0 0
precg@ely, et c L kng, SBoRHER:Cpy HapaPnEREs disclosed
in thelbpmedfbyaalbnnabpmeal §tausnentendeé thaendedht o
def i.ne apd cover atev ructu ra
expTERBNPES) DeoLEFRC LS BEPRHEHE SFCSFPRELFSe™ani ch
may now or in the future exist for carrying out the
recited function, whether o r nor precisely equival ent
to the enbodi ment o r enbodi ments disclosed in the
specification above. It is intended that such
expressions b e given their broadest
interpretation. WHAT IS CLAIMED |'S: . A an assenbly for
attenuating shock waves conprising two flexible sheets
arranged one over the other and joined by a plurality
of seans, the seans being arranged so as to formcells
or recesses in the space between the sheets,
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wherein the cells or recesses are filled with a shock
attenuating material . 2 . The assenbly according to
wa@b@sorebssvher ei n t he shock attenuati ng mat eri aPCT/B8S2004/005916
perlite. . The assenbly accegding to claim1 wherein
the shock attenuating material is an agueous foam
The assenbly according to claim1l wherein the shock
WHAT B FLAEMEY A&terial is an aerogel. 5 . The assenbly

accor dhngy t 9, ¢l aldpyd: %éﬁeétéégsh&@i M '%Jkﬁ‘ﬁ
cells %fq$é%ésses a %%re retardi ng ég%pouﬁ%{. . The
compassanlyl ywaccdediibdet shekasmatrhogelepnenoledi hpewothen and

. . the cells_or recesses polystyrene balls. .. The

Joingds WPy BALEBLSERs Ot SERlEm LELFERDP DRANGIRRE=RPER: FO 25

to fbPf eelhs or Keeesses ah kBaskpare pBERERAl thel sakeds,
fromthe group consisting of fireproofing materi al s,

wherkéat thesgealengrnieeeisaes, arat @ﬁég@énwi t 8r BBPSkK and

radiatiop_i Lting materials. . The assenbly
atte&%%%?%ﬁngaF§§EF§rnul wherein the assenbly is adapted

and constThe taskenbIhad cddmd iass enbl gl scian bevicite ial arge
the seanms so that shoik,attenﬁating mat eri al renains
1l is perlite.

shockoAt ERBUAFANPRBAEEE LS

3. The assembly according to claim 1 wherein the
shock attenuating material is an agqueous foam.

4. The assembly according to claim 1 wherein the
shock attenuating material is an aerogel.

5. The assembly according to claim 1 further
including within the cells or recesses a fire retarding
compound.

6. The assembly according to claim 1 further
including within the cells or recesses polystyrene balls.

7. The assembly according to claim 1 further
including within the cells or recesses at least one material
selected from the group consisting of fireproofing materials,
heat insulating materials, intumescent materials, and radiation
insulting materials.

8. The assembly according to claim 1 wherein the
assembly is adapted and constructed so that the assembly can be
cut along the seams so that shock attenuating material remains

confined in the cells.



