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.ASSEMBLY FI ELD OF THE | NVENTI ON [ 0001] The present ifvention relates to an

i proved XOSM/AR66350r att enuating pressure waves in -or deRCT/US0DL0Isu6E -
undesirable 5 effects of these waves. BACKGROUND COF THE | NVENTI ON [ 0002]
Expl osive devices are increasingly being used in asymretric warfare to
cause destructi I ' i urban areas
or agai nst trar@%ﬁvﬁ %ﬁgr‘?feﬁﬁ@l es. e%{éﬁe:xp ofsl]&%LeH%eé\/l‘fy%ﬂéug can
sonmetimes be disrupted C burIEhererofrten mwemIrosuf ficient warning of an
attack. This. is becon1n% nore so in a glqbal scenariq of suicide attacks

. and maiPRPidd nadbec REGECFedIVERBETR BEIUSNEUER ERTFVESCESHIRY

‘ frag"En}‘séreg@ﬂéhhaam&p%ts@ufﬂeoma%% Q%V'diﬁe&ast'd‘%l%ﬁgaft'éomn@@s‘i&'aﬁg C' ose
.to the “point of expldsion, so called secondary fragnefitation gltlon
_explosi gbfdevsces pha@ﬁcwayhack waves, which can be characterized by having

arisetine that is a virt y. hysi cal properties of

t he gas through 20 whlchléﬁﬁﬁ(ﬁ¢§¥§”§?rwﬁé E*@%i e that acoustic waves

may ranpoop]to fekplskeek WeVESeaS abeglieicry2S5¢1e WaIey Lkakwelin C Wth a

hi gher velocity than | ow pressure waves. However, for an explosive device
t he mvegmmeaﬁéédwaréaa?w&?s CaMEEK ARSFEIICLiGRO O WEPPSTEYoatEe 10RE AEgh! y

d I S d
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praasureaclhﬂdlebe cmheaetexpibsayeoﬁeaugmmemamedbmﬁmlﬁasebepdﬂémupdedthe
shock wave opagates outward fr the source ,of the explosion o I ng
dgrtaln $Fy££€§ P%ﬁ&n ?ﬁe?@g EﬁgghFH§n§0“@5ﬁ§@ﬁv8F|8H SE gs WB nt um and
ener gy, ; deseebRengomot-Be soshack ?ﬂ@%Qats%%rfaliﬁ%U% 2uAREHUMLERE Cks and _
inportantly, how it "~ propagates fromnediumto nmediumw th the associated

changesman1m¥éedcm§§Saﬁéspﬁé§§@ﬁe Shocks propagating away fromthe source
[0003] Explosive devices produce blast fragments emanating

15 both from the device casing and from material close to the
point of explosion, so called secondary fragmentation. In
addition explosive devices produce shock waves, which can be
characterized by having a rise time that is a virtual
discontinuity in the physical properties of the gas through

20 which it propagates. It is possible that acousfic waves may
ramp up to form shock waves as higher pressure waves travel

(:_ with a higher wvelocity 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

25 blast. BShock waves travel at a speed related to their
'amplitude, higher pressures traveling faster than lower
pressures, and the characteristics of a given medium. Onée
produced, the shock wave propagates outward from the source of
the explosion cbeying certain physical laws. These laws, the

30 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
veloéity and pressure. Shocks propagating away from the source

of the explosion will generally be expected to drop in pressure
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of "‘the explosion will generally be expected to drop in pressure WO

2005/ 026655 PCT/ US2004/ 005916 2 very rapidly. This/is highly dependent on
t-he area sWig fesedidass the explosion. Reflective barriers, ptyiRSlos0009 NEr s
and many -other structural features can reduce the rate at which t'%e
shockwave decays and, in sone circunstances, locally increase 5 pressures.

[ 0004] A shock propagating radially decays rapidly with distance as the
ener gy i seslyaregridizer dfhisncredsigig s wdrsowlerdy em tSeocksd ravetongling a
pl anar m)ili on, such. as iq;aaf t ynnel , decgé/ at significantly |ower,levels as
they | os&PEn O Bht y BT A S SETETE + FETR LS -ar Pk 1 S Rce.
Thi's C rataeef spassinelaat ot kardnamiide ally dater easashinh placi ng
material in the path of the shock. Materials that possess __elenments of . “
di f f er i nghopbmMavasiafMite althe Ift ESBFc CIFCYNRARCSouA@adldy dfFrngaseability
to a or?rg%%r&)ésb_y wor k done on 15 pr.oducing irreversible changes within

the matefrial,” are excellent shock pressure attenuators. Porous solid

mat eri al §oopedsess A hreckygaddpagat iaad rard alaxc eldoayts ataipaindiat erixlof shock
waves and therefore of blast. Ggses,and solid ([:B(%s,t alline mterjals are

i nher ent F§SHESC S At I SRSFSYat e RURTE s OVEF PROASFIBASINT SUFARSE can be
reflected,and didfdagd ad-de1 iRhpse Bowndaidesorsieh asdd G ddrppl ets or

solid particulates suspended in air. These deflections serve to increase
the di stancelthatease atawdanidicentdy dowescdsyedis mgl thihsve lossf lesstrigyns

and diffractiqns. .Scatierin d, dispersiqon thus 25 .prodyce nore.attenuation
e PHEY &redFS Rl wglE’[%"r(]_:n&?'tey 3112‘a%‘|nrc1%5 Lok RIS 38

bec he=di sconti € shock wave," t esult of
v@ ch i sratsi gf igreaturdidepayn cane deure ama thilta 118t dhicdleasBd SypACRERghas
been shown to only provide a |ow |evel of attenuation over all, as the

resul tanPaieFdsli dTweRe @RFYiATy HeoMIORE -rediehfTead Sr &RF UPBERFRai n into a
shoc ge‘é"a¥%E{nEgl%:ng%6§%€f}%i%g§9? ACER! QARG cHP AR dff RS bl e
boundaries and the ability to absorb energy by work done on
15 producing irreversible changes within the material, are
excellent shock pressure attenuators. Pofous s0lid materials
possess these qualities and are excellent attenuétors of shock
waveé and therefore of blast. Gases and solid crystalline
materials are inherently poor pressure wave attenuatérs.
20 [0005] Pressure waves can be reflected and diffracted by
phase boundaries, such as liquid droplets or solid particulates
-(j suspended in air. Thgse deflections serve to increase the
distance that the wave travels by a process of multiple
reflections and diffractions. Scattering and dispersion thus
25 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
30 again intec 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.




crushing, accounts for the majority of the attenuation. These nechanisns
cSignificantly reduce, or "altogether elimnate, the /pressure waves

ori gi nal | ywonreesal2sssg i n a specific direction. WO 2005/ 026Ga5052004/005916

PCT/ US2004/ 005916 3 [0006] Rebut, in French patent 2 573 511 discloses a
partition or wall having high thermal and nmechani cal resistance conprising
honeyconbs into which are introduced conpressible elenent(s) or which wll

i mpart pE®Peeli es BEPWkt ehBi BrEney, PaEBRFafmBbh? | PLY, CLFEILEFES, 20r resi stance

to nechagigal ¢ Pbn gp_e\;,lgﬂ ﬁQ@EJﬁé_i hfgggpiégémgi th'ﬂécﬂlahgr:%@h%egﬂgkaqse

aram de “or conpressible materials, astic materi al s. er nmaterrals
i ncl ude éompeisingbkenepobyest éntoiwbbabustrebirt rodueedatompfessible

inflanmmbj!lit rotection), which, may jnclude 10 inconbustible.foaned rubber
ol ong w e heardnPRE 6F WeldR FLLE iR rh SR P rt bR ot T CEEFBRAPAI AR de can
prot gct fy pramhenili6P0- 709031 M Xt oF eSedf sEanBONt @NFleEREANESL PO €Ct Up. tO

“‘about 2500C, and ceranic alone protects up to about 3500C. For rigidity,

the cel |shaapabesherkad Wxampbedrof chibbeunsaberislsi ingiudet eramdde7]

Mazel sky, i t 6,115 | 0, i bl y arnor nade
of a sin eg?éééésg?gggr%%?%r???%é &%d%%g%§£+ya§€?ﬁéég%'toegﬂggexible
fragnentmitepahg jackede [oH068])rwhibdrergolyestes, PatembubdbibBe801, 416,

di scl oses a 20 flexjble blast frafnent bl anket nfde of glurality of layers
of flexiTreehtads - f£F st aHERRY FHFY WPTACBFEsPR} esVRIGRt ™Y piafLtedenhedded

theggin.; (HGROGESi BIE f&&ﬁé&dr@%é!‘@eﬁléé@ wDt Rl £82h0qk MRAr hethxiBility to
the blanket. [0009] . Keenan et al., U S’ Patent No. 6,289,816, disclose a
> wat ermét enkel s f orMixtereg of pathersavimbdeneamteptotatti fave ahast

b ossur < h9hd | 9L, LR0tEr L eherah oL ane gl e, BLENGRCE, [l erket
of wat erzstef@geas®Perdmbnt Sloddrpy¥dt€tts up to about 3500°C. For -
rigidity, the cells may be filled with boron, carborundum,
15 silica, etc.
[0Q07] - Mazelsky, in U.S. Patent No. 5,996,115, discloses
flexible body armor made of a single layer of ceramic tiles
adhesively attached to a flexible fragment-trapping jacket.
[o008] Gulbierz, in U.5. Patent No. 3,801,416, discloses a
20 . flexible blast fragment blanket made of a plurality 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
25 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.
30 [o010] 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



30 [0010] Gettle, in U S. Patents Nos. 5,225,622 and 5,394,786, disclo
_naterials described as a flowabl e attenuating nedi uni exhi biting aqueous

foam char agfideshicgs which conprises solid particul ate ha¥icRAg 2R 5916
nechani cal properties and flow WO 2005/ 026655 PCT/ US2004/ 005916 4

properti

es of a fluid. These materials are produced as panels that are

relatively rigid. [0011] The nost effective materials in attenuating
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SUMMARY OF THE INVENTION
[0012] It is an object of the present invention to avoid the
aforementioned deficiencies of the prior art.
[0013] It is another object of the present invention to
provide materials for attenuating the effects of explosions or
blasts that can be used for a variety of configurations and
which are sufficiently flexible so that the material can be
placed around any shape container or surface.
[00141] 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.
foois] 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

e



[0016) The assenbly of the present invention provides shock 30 wave, and
.therefore blast, attenudtion capabilities in both ¢onfined spaces and
unconf i ned V&P 2WE02655re assenbly of the present invention BORISR®eH0NO

fl exi bl e sheets arranged one over the gher and joined by a plurality of
seans. The seans may be wel ded, stitched, hot nelted together, or joined in

WO 2005/026655 CT/ US20 4/0 059 16 Th
Zp¥angedcgﬁv§§ tgne rW?geIIEg CoFcFEge’ §85aF%gEé§%;#§F%§ @gygorﬁgc%gﬁgso?re '

recessesqar eebébked 1nntheas§hm¢b abaar bhagceatebralrectiiecasaeablyigan be
cut to the desired size al ong g of the seanms wi thout |oss of the 5 shock
at t enuat whghnat Ehegk. aFEBI?}n$h@a §§éﬁ%ly ghet RESEIbENCAPNPENERENEPs hi ghly

ef f1c1 ent gl aLapdhyogbleaushbngnll OR BRESSUERSSIALRIRYSBes beCenehl ast.

The asse e present i on provides shock wave attenuation in
confEnedsnpakeatMEnheuingematermglthe 10 space to be completely filled by
"aqueous foam ( '

r ot her ge medi u The assenbl, .0Vl des
at t enuat -8Rt 3? shotRe ﬁﬁ@%@éﬁ OEoFﬁeppﬁﬁFﬁB elﬁﬁEnFéﬁBtééeE %@Vons The
assenbl yo r Py QYLHESa h@ﬁﬂSl&@yeaﬁtéﬁﬂéﬂihgnthhCQErfeb@%QeSEﬁ%@& whiBgut the
need for the confining walls to be gas-tight, or free from15 | eaks or

penetratioas, pb@sB] Theepressubéywafethet BREAENSN iayealbPy §¢0Fhée§resent
;g;ggtggn?hgkf&séé 0L £ 8. € 880020 3R E%ﬂearggaeegnml%ﬂaﬁe Laqueanhor ppLo the

W appe cause aCoustic wave i ng
ﬁHtthals@&c@OﬁblhedcmmphEﬂenyefﬂmleécbysaqueoubhéoa&se&bbny bbheassenbly
can be cut at any area between the iecesses so that the attenuation

nat eri al 2@88S ﬂBtme@l?@ak ohe. apBeTl Y TRECKL teRuatirorvakieri 9f Sfotke
present jnyvepntiop H@ﬂh pPSkHHQtEH&ﬁaI§é§o£8feﬂb9$b§bﬂg ad@h&'ggﬁ% n?flre of

capabilities, such as adding i1nsulation to protect a system
some typpsomidead$h@¢bnanﬂcﬁudengaalOO andcpnfapedaspagBpays thout the
need for the confining walls to be gas-tight, or frge from
15 leaks or penetrations.
[oo18] The pressure wave attenuation assembly of the present
invention is flexible and can be wrapped around any shape to
~ conform to the shape of the wrapped item. Because the specific
acoustic wave attenuating material 1s confined within the
20 recesseg in the assembly, the 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
25 as adding insulation to protect a system from fire or some
types of radiation, including «, £ 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
30 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 ‘



i nt umescent or gopol ymer. coatings to provide additional thermal energy
.fesistance from proxi mate expl osi ons or post-blast “fires, or to include
chem cal fwoesmuppsssssi ng powder or 30 gaseous agents W tpimus20b868916
additional materials are well known inghe are of insulating and
fireproofing. [0020] According to the present invention, a blast mtigation
assenbly is provided in the formof a flexible Iamnate or assenbly forned
of a fireatemial 9daaf peephiel @rrr00E/ bPestsl eCTALSEZOBY/ Dasing reckateri al

and a Seo%f%%%%’{és Ofo%g&ipﬂlgr%e”:ﬁé ?Ig'i\ﬁ%cggspQEKEEéesgés.rﬁ%ﬁ?%es formed

t herein, ets or recesse i ng wth a materia at absorbs

or attemiiltlesd tneclshmokabérial athhasabsdhes asseabtgnohtehetipe eskatki afenti on

attenuates all 5 types of géﬁ;SUEe wave, both acoustic or shock waves, i :
t

Al gasedu@siyi rHeeateethiy PELFES | BeSeah b BRER AL B BHETTRACEB AL i ons.

_ Moresgspegiid£ald Yord SouASS@aPL Y BbthhechLseer ori BMEBLI QRvesbsianiial |y
suppresses or attenuates blast effects fromeither proximate or renote

expl osi gEseEHRNGIreneenD? o NAr vl arbahpl @8bbenpratvousehewie, acoustic,

or shock waye . onditi.ons. 021 particul ar inportance is the fact
t hat thecoréasljgt@réﬂs;c/' of P{I%%psr%%cgln%l%%%%t ?%Iﬁei%s??ﬁﬁlcéka A8 used to
sur r ound rafeh Gt | st aoni aThy Ssusppassesubarayceénnotéabldd: i afpeot£cting

structures that require other than flat panels, for structures that are not
rect angfizam Gt RFCTHRMARY refeke RXRiagiorecept et 2F Heg ImeB@s, and

the,pi k%edeoxqg?dx%%@estc% PEESEREe | RYGOL i&’é‘o&é’(ﬂP&l &5 BhEGE NGasLiOCK-

attenuating nateri I n separate conparthnents that are 20 connected together
gs part cefnditfilans bl e sheet. The flexible sheet can be cut anywhere between
t.he desired dinensions, and

none. of I Shook T TEar I MRRTTERTS 1ot RrERct fehemie: s out.
[0023] EhassiiGk ot tenslgbiedemBt Bivaht Obn t1e PIE&8EPle and can be used
to surround any configuration. This is particularly important
15 in protecting structures that require other than flat panels,
for structures that are not rectangular or cubical in shape,
such as trash receptacles, mailboxes, and the like.
[0022] Thus, the present invention comprises placing shock-
attenuating material in separate compartments that are
20 connected together as part of a flexible sheet. The flexible
- gheet can be cut anywhere between the compaftments 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
25 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
30 1in 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



25 ‘invention is preferably a flowabl e nmedi um whi ch i npedes shocks.
Materials that possess elenents of differing shock ifipedance, the presence
of phase bwaormes/ixeessand the ability to absorb energy by wor/ksohoneisen
producing irreversi ble changes within the material are confined within

I ndi vidual cells or recesses 30 in a flexible sheet. The flexible sheet

whi ch confines the _shock attenuating material is sufficientléyporous Wi th

respect the TRESEEHlstFRETOERICRETETE F5°5| Fitfy THechca¥ei c 6ri8hock wave

to penetrate-dhe-floypbhe MheHuathNDafEdi MinERs OsEtyint arhbe smbekial s
used all ows the shock wave to pass rapidly into WO 2005/ 026655

PCT/ US206:4v 99594 eneraef v erhiay shask ovaye goasees 9yinronand et Bhoedh v .

i at ure shock ves as

This create urbul ent_zones and | ar nupbers of _mn

ener gy PO ERES RO B 5 AREEET Ot oTAR YRS FEt ot | bRatT a9 Tonuat | ng
medi gm gHendel ostsdemtEs i tthe | Se Bl $ ot efle Se e H QP Fowl dEsSg obxtbeiIGet | S Or
“recesses providing excellent_ shock attenuation independent of the direction

of the sHm®K FehveEiuakidi andependrilyyof rone therediotRn wabet e @liRef bed by
e oo, . S ! Topr Y
ceasedt ! MR R SRS, Dhr o KD RO vl it Moobihed Y

perlit e chwhizht ersudinion texiihave enistend oy enef Dyerdasordbi ngincapabi lities.

However, the flowable attenuating material may also be forned, for exanple,
from sol5%tPar?¥ ClRH Tt erial  preferably having bul k mechani ca

propertigspaid fl ovwdGenioner tiigs Ofowakh] &l 4+ Bacaises thecseldp particles
are contained within recesses or cells, there is little relative

di'spl aceesntited, twiel@hurky Hreywmithihate eswrs it alh ere | absofgoRs] For

ot posee QA AP AR U | LY SOPEIRLEAL BLoperd) Srpnd ) o
act in tdisdasartormdd a fd:1wEchnipElss, tDroeseslid ajatt veu Th sl meeseidl by
surtace A AUy B HSSoanfOaL ot cd d0aHrogantially
pre b4 g prop
15 properties‘of a fluid. Because the solid particles are
contained within recesses or cells, there iz little relative
displacemeht of the particles within the material as a whole.
[0025] For purposes of the present invention, the term
“mechanical properties and flow properties of a fluid” refers
20 to the ability of the attenuating medium to act in the natufe
of a ligquid mass to resist relative displacement by surface
. tension and viscous forces, and the ability to substantially
scatter and disperse pressure conditions transmitting
theréthrough by virtue of multitudinous curved surfaces
25 dividing gaseous and solid or liguid 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
30 mediuﬁ‘assumes the shape of the cells or recesses, while at the
saﬁe time resisting applied shear forces in the nature of
viscosity.

[o02¢6] The cells or recesses in the flexible sheets can be’

of any shape, with spherical being the most efficient.




scatter and di sperse pressure conditions transmtting therethrough by virtue
_of mul titudi nous curved-surfaces 25 dividing gaseous~and solid or |iquid and

sol i d phasggy »¢@bhec&nabl i ng the generation of turbulent f{,@WU%@,@]? y

transmtting pressure conditions. More briefly, these terns aken as

referring to the ability to resist appl#%d shear forces in the nature of

fluid viscosity. The attenuating 30 nedi um assunes the shape of the cells or

recesses[owbvl e atahbehepan®etbfietheseabichgaapphuadiaeasskablesof nthée

nature of viscosity. £0026 The iells gr recessgi In the flexible sheets
%@F ' Fn

can be' PEFSERy IREPREIGRtH° sPRePIEGP hBPNGRLREIAOSPEEIEFE BnfETVEF e
2005/023§%§ EC:U520044 095P18u1 8 1882+4h éﬁ?hhﬁé Hegwltetheoshpeke 8Lt gRyat i ng

assenbl the present”invéntion is to place the material between a
st r uct urtthe astdrucsure ofmeii nghotiquvdvaedplinrtbel preseunat wrytophpnonent i ng

t he st t f h f her, . henor 5 I Si
i ronPundE WL BP BABT oM OTE TS5 P ERTEShRRP, PEy SSH T EnRSCARAIt hot ] exi bl e

mat er i alyphoubdsbetMat £Tex fIpbs Rabbeiadr shauldt Be- WAPSETEARLEmEQNEE | NGr Can
be pl aced over the flexible material. In this case the flowable attenuating

medi um i% WRFEF ei BREYTERIP 1S 1@OVADIPGOZET PR RABFREr C¥ABoBPReAlexibe
a“e”“atrﬁé]éleﬁ?ﬁ%ﬁa{m@ cd &l ”?Hebhé%itg ePQEE%zﬁ{ClggléM%'rg.gdr- g hol | ow or

may ot herwi Se 1 nclude a gaseous phase, e par erably bei ng
macr oscagptef endbkyehenbitwe pref erabl y having a di aneter of about one
mllimeter. 15 [0029] In yet anot enbodj ment _of the resen I nvention,

t
thel@tt elRBR%hg nelf FRPENTH FHRC g&ﬁFBf 5 2Rt bgRrat iy e PEA1 IR oFR1 vi§ ght
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vant ages of the present invention are to provide total reliability and
ef f ect i vienebedeya 20a8pdiR) PRas®vi Raeopastéeles caretenpoh¥nbeingnd by not
depenm'%%croscopic and even more preferably having a diameter of about
one millimeter.

15 [0028] In yet another embodiment of the present invention,
ﬁhe attenuating medium is in the form of an aerogel, a very
light weight material described in greater detail below.

[0030] Additional objects and advantages of the present
invention are to provide total reliability and effectiveness by

20 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
h any type of available materials which function to attenuate
shock waves and which can enclose the attenuating material in

25 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

30 {00311 Figure 1 shows tops and bottoms of the assembly prior

to being assembled.

foo32] Figure 2 is a close up view of the bottoms of the

assembly.
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I nvention provides substantial attenuation of all types of pressure waves
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Figure 2 1s a close up view of the bottons of the assenbly. WD 2005/ 026655
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[ 0036] FiéDure sse Oinstalled Iint Intertor of a dish
21, il | usta=aitrdendy diovendieorsssenbl y can assune the shape of the surface it is
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retaining he shock attenuating material in place, the cell's can be of any

%kﬁ"si red difdFs] i nclBidiwge & difinws oveg aepemely rdt tigmfialaked gt yidenal , etc.

€ Slzefgterior of a dish 21, illustrating how the assembly can assume

the shape of the surface it is to protect. The individual
cells are joined at the seams 22, and the assembly can be cut
15 at any of the seams to form a desired shape or size. |
[6037] While the assembly has been illustrated with
rectangular cells for retaining he shock attenuating material
in place, the cells can be of any desired shape, including
round, oval square, rectangular, polygonal, etc. - The size of
20 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,
25 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
attenuvating material and a frangible cover is placed over the
panel. This frangible cover is attached to the flexible panel
30 Dby 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.



.20 the cells is not critical other than to make themsufficiently small
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used to copf@hinshsssihe shape of the object to be protect ! can
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about 5 inches thick, 25 depending up0|3r°t he ulti mte use of the assenbly.
[0038] In one nethod of producing the assenbly, a flexible panel is
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| eaki ng from the cups. [0039] The assenbly can be made of any material that -
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that is placed into the cells or recesses of the lanm nate may be an
aqueous thoaHghaagdd g sReKipwhBr 8he &ogEs ofs athhlsishedviddhd thies géssed
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di anet ergu%iejggr (%Il y%gcg)%}?e sehlrggta g?&%&&&é@%ﬁkﬂ&%ﬁoﬁﬁa %Z‘%?‘%%% %Ebbl e
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particles which have the C necessar l,ow characteristics. The preferred
presddur eS#dive Ot Eéﬁﬁ‘&ﬁi""ﬁgoﬁaf’éf‘ﬁﬁl gpgléePPFFé.caﬁ?Oml%&?V&G us foans

a{)'e used,as.the 4l ewell enabteryatingsTedinum Jhee Ry Pegeneralad.l rom any
foamabl e 15 agents, preferably those which.are nornmally used in fire

suppr essaphenwaitdnot heseripadr 6 Bowditiere resistance to the material. These
agents i?BbHQ? hydh%g%?%%uggggekgakgqgggsUSed as the flowable 7
attenuating medium, they may be generated from any foamable
15 agents, preferably those which are normally used in fire
suppression, which then imparts some fire resistance to the
matexrial. These agents include hydrolyzed protein ligquids,
proteinaceous liguids with fluoropolymeric additives, along
with a large number of synthetic surfactant and stabilizing
20 chemical combinations. The foaming 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
25 extinguishing gases such as carbon dioxide, suifur
hexafluoride, or halogenated carbon compounds (halons).
Compressed air is alsc an acceptable foaming gas.
[0042] Solid particles for use as the shock attenuating
medium preferably have both mechanical properties and flow
30 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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30

polyurethane or other elastomeric compound, or otherwise be a

sponge,-wherein the gas and solid phases are both continuous,

‘'which thus distinguishes sponges from foams, in which the

gaseous phase is entire enclosed within a liquid or solid
continuous phase. Alternatively, the scolid particles may be
comprised of entrapped gas phases, for example, in the nature

of volcanic foam glasses, perlite, vermiculite, pumice, or the

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 agqueous foams are used és 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 agqueous 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 of‘aqueous
foams, substantial energy is also removed from pressure waves

reflected back into the attenuating fluid from the flexible
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~whi'ch thus distingui shes sponges fromfoans, in which the gaseous phase is
_entire enclosed within aliquid or solid continuous phase. Alternatively,

the solid Q@é&%&k@éﬁgay'be conprised of entrapped gas phgﬁﬁ??%%&&mgﬁgnple,

in the nature vol cani ¢ foam gl asses, perlite, verm pum-ce, or
the like. The preferred solid particlestéare perlite. [0044] Any of the
solid particles used in the present invention can be flexible or elastic or

rigid. [O094B) Mbhesragyeaus foantrBitensetlan Ehei1psessdaBl 2Bhalt Bpuati ng
material, substantial energy is renoved froman _incident pressure wave by
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removal by the invention is that propagation paths of pressure
15 waves through the shock absorbing materials are substanfially
Ieﬁgthened by their scattering and dispersion. All of the
energy possessed in that discontinuity is dispersed by the
numerous interfaces. At each interface there are different
materials with different shock impedances where some of the
20 shock is transmitted and some reflected. This takes energy
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
25 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.
30 [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



renoval by the invention is that propagation paths of pressure 15 waves
.through the shock absorbing materials are substantially |engthened by their
scatterlngu&nﬂmdmamg55|on Al'l of the energy possessed i act/dioo4/005916
discontinuity is dispersed by the nunmerqus interfaces. At each interface
there are different materials with dif erent shock i npedances where sone of
the 20 shock is transm tted and sonme reflected. This takes energy away from
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unl ess t he shock waver undergoes reflections. [0048] Shock waves displace
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in essence trapping part of the original incident pressure
15  wave.
[0043] Yet another substantial contributor to energy removal
from the incident shock wave, thus attenuating these waves, is
that the incident wave within the pockets of the assembly
reflects a portion of the incident shock wave. In this manner,
20 only a fraction of the energy carried by the incident shock
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
25 of this shock wave is reflected back. When the reflected wave
must travel through perlite particles or agueous foam
dispersion, attenuation of the wave is greatly increased
through the phenomena described above.
[0050] In another embodiment of the present invention, two
30 -layers of flexible material are used. One layer contains the
shock attenuating material encloséd 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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f0051] The flexible laminates of the present invention can

15 be coated with compounds that absorb thermal and radiant
energy. These types of chemicals reduce the energy of incident
blast waves due to the mathematical linkage between blast wave
temperature, overpressure, and propagation veloéity, which
enhances attenuation of the incidental blast wave. Thermal

20 energy absorbing materials only serve to enhance attenuation
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

25 features can easily be added to enhance the attenuating
capabilities of the material, or to provide additiocnal
capabilities, such as stopping fragments resulting from
explosions. Typical agents commonly used in fighting fires can
be used in the present invention.

30 [0053] The attenuation of acoustic waves is accomplished
without regard to intensity, directiorality, 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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protection of artillery crews exposed to enemy artillery and
air dropped munitions from both blast effect and from the noise
15 produced by their own guns. The flexibility of the material of
the present invention makes it possible to form the material
inte a variety of shapes, allowing for better protection of
structures.
[0055] The flexibility of the assembly of the present
20 invention makes it useful for protecting Ships and offshore
structures from shock effects arising from underwater
explosions when Perlite or agqueous 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
25 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
30 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 or inhabited,areas. By mtigating blast ."eénergy, noise and shock
waves are u Bonb fragnents 10 are stopped by a [.nAat i f
reduci ng kﬁ&% |g&éﬁ%?gy and by nmultiple |ayers of optiongﬁgﬁhgﬂugﬁggﬁgth
material. These same capabilities enab*® these devices to be used to
provide protection of artillery crews exposed to-eneny artillery and air
dropped gURLt08S iHEOMbaAdh asioteHe dpenad ficomHd &0 Sthd M qHiaduagd by
their own guns. The flexibility of the material of the present invention
mekes it spousitbre £8 WoHimh FEIGRR @mdhlCoMNES 1Ny FLAIFE WP al | owi ng
for. better_ pt ct.l.0 f I ~the 4§ | by dqt ) w%&ienbly
of . t he ngg grr%?l reﬁz%oi %\‘/’g’r}tdl Z{gﬁ#ﬁ% ec?c;[a %g?gl%d}(%ﬁ dg!ragt)ge(t:gtrlldngé/% ﬁapéﬂ}n )
of f shor eemgtrtyeait-yr esefwr opestaadlioref.f ect s ari sing from underwater expl osi ons
~when Perlite or aqueous foans are used gs.the flowahle attenuating nmedi um
The A exi[BPF_’VEy of Tﬁﬁe abfenpRt g liakEe el p 58y BlEQ Pt &84T entire

hul I of gnshhpinehudkls 25pahiran {wRderpaban 15 tayekye Fiha asserd] y of the
present 1nvention can simlarly be used for protecting offshore and

coast al ghreousr phaBeom Seramed ssiegek bef freond achmired iwst Cip st xansdnyt yow

| npor tant, _for., underwater . s | ng devi_ces he preferred shaock

at t enuat PRGSAGERES \éﬁg T, ﬁ%g":neg;o %a%f oge%lg%ghﬁléirc cofﬁierer?ott St'eoax.ﬁcevfr}d
whi.ch dozpgt hefedleagt Bxiet ke@wpowadshoenskillded ithelasserlof ilodight in
wei ght and may easily be stowed during transport or when not needed. Unlike
expﬂébiodevéﬁt¥,mﬁ5ﬁ69éﬂ?-the assenbly of the present invention can be used

im cl ose es. ' k £S5, C Kbt ;
5ot/ Us2009P 888010 APE Es R e T Ehireh Coinet (oe Saentl FaThE ks and
within aap agtievosufeamn wsi dessnolkedapdhovenrbuitiken Fermddust,s theste fwams

confined to avoig harn1t%_%£g%p%q I'n 'vid%als and to f iIE}ate ener gency
crew ope?ﬁ?l Bﬁg oX1Cc an (& progcuce OX1C compounds wien 1ln use,
[0059] In another embodiment of the invention, the assembly

15 can be used as an exterior armor or barrier element for a wide
variety of structures. Since the assembly.is flexible, it can
easily be made to conform to the shape of the structure
produced. '

{00601} It is also possible to wrap an explosive device in

20 the assembly of the present invention to protect it from other
explosive devices in the vicinity thereof. The flexibility of

C' 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;

25 the container can be of any shape, because of the flexibility
of the assembly.

(00&1] 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

30 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.



5 [0057] The attenuating material may also be an aerogel, which includes a
_plurality of small cavities filled with a gaseous /phase. Aerogels can be
manuf act urveg 2eed/d266s5t renel y | ow densities, al nost down t @dimed200foos016
atmospheric air at sea |level, and have4ong been known to those skilled in
the art of low 10 density materials. [0058] Another alternative for the
attenuating material is an aqueous foam as described above. Like Perlite,

t hese fdd}ﬁa&?]are ot 1DxEFR %dl%elfﬁﬁo%o%%‘é *f-]@ﬁuléhéé%@m @Fen in use.
[ 0059] |n r@géij V. enpl used
as an ex erl or ar%)g %%rrllg%ré err}\?:é]nti3 or a ﬁ%%ﬁr%t% 0 h%‘t?ures
Since t kmdssentdy. Ionitaxidhe, The cuaansaafsmdymémeenmjbﬁtbonomﬁmmm@ t he

shape of the structure roduc 0060] aI SO OSSI ble.to wap an
oxpl o5 QSRS SSe TTEFL BB PR THE SRS R IRORREI Bh Lo pr ot ect i

frongot har e 81 BFd VEoERY | BBShdw: tctr@pa/f@iﬁgtﬂr&hem@flnx?@ﬁtidﬁx' bility of
t he assenbly nmeans, that it can be nade to conformto any shape desired for

maxi mum [Prodtdct i orTHm B CRERERRSI O t UNeRRS Viedy” 2m@ %%@%I@ﬂ’édh e used

to line_a_caont f hape, S of the
f1 exi bi MY y% o?fcé]%([a as%ganl%%] Sﬁ{%o%ll%eq%e %Irpcg‘éegl nrg&] egciraiigp & on r?%
speci f i peaindi fElltcred by 5Cfdmdﬂ:§bﬂael/&aiattéme1gten%:@é mttekme@ftds he

invention that others can, plyin current know edge, readlly nodi fy 30
and/ or &RHHINS ANY HFIGS W ‘E%’% ahe FHY 1 GrboFRERT S wi Phout

undyg e@%tﬁéﬁl%m Wit N AGRAIS |G i UMY Neow ORI @Rl

Therefore adapt ations and nodificati ons shoul d and are Inten
c{ngpr ehendext viidzhi gextdiei e amithge h€antdacr Iw.alte‘“metshctﬁ' ¢henal scl osed

odi nent s. 2005/0 PCT/ 82 591 is.to be
Cnolor St SOPGHRALY TRl 0 e C?ﬁ%n%?% y%n%%a@%%ﬂ%@%%.%?%lcrsoﬁdthe
pur pose iqf wIRSHpdgtiitation above. It is intended that such

" expressions be given their broadest interpretation.
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and not of limtation. The neans and materials for carrying out various

di scl osed functions may take a variety of 5 alternative forns w thout
departing fromthe invention. [0063] thus, the expressions "neans to..." and
"means for.." as may be found in the specification above and/or in the
claims below, followed by a functional statenent, are intended to define
and cover whatever structural, physicalgchemcal, or 10 electrical elenent
or structures which may now or in the future C exist for carrying out the
recitegéﬁgggﬁgon, whet her or nor precisely equivalent to the enbodi nent or
enbodi sclosed in the specification above. It is intended that such
expressions be given their broadest interpretation. 15 18 CLAIM5S 1. An

“assenbl yi, fm as@érﬂlﬂjﬂféﬁﬁttdﬁ@atﬁﬁl ok waaxeesmﬁlﬁﬁmg itved ﬂ@mmﬂslaﬁxﬁg@& end dvbdtBe ar ranged

one over a ed by ality of sea seans being
o't angec i s oing? pef Ak o s e Bl ahodie S R umee T BoEReS 11 | 1,
wher ei n inhke gatd ietasen HeCRIEBwhatie tel delledr whdskes ard filsgabitiea flskalkshodk t enuat i ng

mat eri al and fIC ible to assune, a i re shape
and wher EPREEBRGR tnd Bel s Sl SR PR s e RS SR MR s ol y
can be ctit asdnaiigistaigpisicatisorsoudidiab thas theaksemblyenn bd dun glongthe séanls sb érBi NS
confined | | 1 I cording to claim1 wherein the.
shock atsthgcg{u [ ua%agrnsﬂ%na?ir afqlgcper%{Tl%)ltﬁie ﬁ "The assenbly according to claim 1
wherein the shock attenuating materi al |s an aqueous foam 4. The assenbly
accor di AgTheoass¢rablsnagconting¢e plainh & vdiswik thatsheak attenwegingenateriadis feglitan aer ogel .

5. The assenbly according to claiml further including wiwthin the cells or
recesses @pd idsGnbl9BEdHimG to GEIW(PW}Qrm@the-EH&kaa’it%ﬁlﬁ%g il di'ngaqﬁ&)u(é k@a&dﬂ 1
further including'withinthe cells or recesses polystyrene

assenbl y cor di Ja|n1 rther ing Wt ceIIs or recesses
e T east- Bhentmbe apchriiog g pminy T RGHeR 18 Sh e‘em@sgﬁt%&?@fanﬁewgs# oof i ng
materials, heat insulating materials, intumescent materials, and radiation
i nsul at isnFherasemblglascording 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 insulating materials.



