; noe3e0[ (0X| (6T(<B)~ | APPARATUS AND METHOD FOR BLAST SUPPRESSI ON

BACK ENTION 5 This invention relates to expl osi ve bl ast
supp?ggﬂwwﬁﬂm% an apparatus and net hod for use thereforio Jore@8oRPTI ON
OF THE The use of aqueous foam encl osed in various barrier
structures (¥4%been enployed in the prior art with nmixed success. Two

rel ated rel evant references are, U S. Patents 5,225,622 and 5, 394, 786. Both
ref erences descri be APPARATUS AND MEEHO@F@HfBirAS:’RBU@ﬂRESSiO&Bt

suppression. Figure 10 of the first patent illustrates a done-shaped
enclosure. It is noted that the 15 dianeter of the dome and hence the

vol ume of the BAGKGROUND ©FITHESNVENT®ONI . e. of the order of 12 ft. and is
thus inefficient and unnecessarily bul ky. Mreover the foam expansion ratio
is quite high i.e. 135-1000:1. This causes instability and early breakdown

of the foam 20 SUWMQRmvgﬁtlJﬁEela%éEW| SNPGRS Bladt! SiJpressioH, Sarﬁ:%r Aqueous

foam as each bubble bursts, there is an increnent aI | oss  of ast
overpressure @RBARUS ankmethoddpr eea therfefa.| | i ons of bubbl es bei ng dest royed
represents a significant blast reduction. 25 Wrking fromthe prem se that
t he suppressant quality of the foam would be a function of the nechani cal
gener at i on anfDESCRIRJIONCDF {ThiE BBIR AR¥e have found that superior bl ast
suppressi on can be achi eved by significantly reducing the size of the done
shaped encl osure and the anmount of foamnmaterial) and by enploying a

sel ected gagueous hTHE usbadl dduasul!foambériidsednindiridas daridr dhéturgs Rakow
expansion ratio, and | ow drai nage rate praoperties. According to one aspect

of the invent PBAN eAPIayRshimthes Pigr BF‘d’\‘I‘F*Hé‘%IxQQMSU%QPéEf etWp dgnlakgd releyandt from
an expl osi ve dq¥idiResCABPU.8! Matehts 5,225,622 and 5,394,786. Both references

describe a foam-filled enclosure for explosive blast suppression. Figure 10 of
the first patent illustrates a dome-shaped enclosure. it is noted that the

15 diameter of the dome and hence the volume of the enclosure is quite large,
i.e. of the order of 12 ft. and is thus inefficient and unnecessarily bulky.
Moreover the foam expansion ratio is quite high i.e. 135-1000:1. This causes
instability and early breakdown of the foam.

20 SUMMARY OF THE INVENTION

When a blast occurs under aqueous foam, as each bubble bursts,
there is an incremental loss of the blast overpressure energy, the net effect of
millions of bubbles being destroyed represents a significant blast reduction.

25 Working from the premise that the suppressant quality of the foam would be a
function of the mechanical generation and strength of the bubble we have
found that superior blast suppression can be achieved by significantly
reducing the size of the dome shaped enclosure and the amount of foam
material, and by employing a selected aqueous high stability flowable foam

30 material having a low expansion ratio, and low drainage rate properties.

According to one aspect of the invention, an apparatus is provided for

suppression of a blast from an explosive device, comprising
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10 June 2002 a) a hem spherical enclosure defined by an upstanding wall,
wherein the enclosure is made of a conposite textile material, conprising
one or nore |layers of a ballistic fabric material, sandw ched between inner
and outer |layers of a light-weight rip-stop nylon fabric rrat%iJa.l, 605)
posi ti oni ng means associated wth the enclosure, for positioning ?%e

expl osi ve device within the encl osure substantially equidistant from any
poi nt on the wal | 8 andaceansiifangencloswe wefinedahy an srstapdiguvalher gy
absorbing fl : i i i tl 17-49: 1,
ubst ant Lal | TP g FRESUR jsdnald b atbdtodohe tERfRINA A dofnilpity ofd

wher eby ugonodmmgalayem of atb@lliwqofamc;/maﬁmélpeanmmhedtbetwedn ihher Bhdst is
suppressed. Accordin nqt her aspect of this_invention, an apparatus is
provi ded foroﬂt?ré%bf%gé)&ﬁth'W' tHiPaSioPYiRA W”&(ﬁ?@é'ﬁ‘/e devi ce,

conprising: a) a ms il ; 1 i : ,
wherei n the encl ogﬁre PE%F'B@@? @%sbﬁ?gé@a‘ﬁ%ﬁ \ggﬁ}%ﬁge%gﬁéﬁﬁp?ﬁﬂhéﬁb?osure
i s inflat abl theapaplohiveedevice evithimfthatanclosune stibstantially eqaidistast froonaey

adj acent to the inttﬁ%ral| flqor, 20 b) positioning nmeans associated with the
encl osure foPORbNtISMAlgaPtle expol sive device within the enclosure

substantial 'y equgfli st aAtopenfiy mtheRIRangn the wal I, the positioning means
conprising a central opening in the floor, c) an oggni ng in the wall, and

25 d) an aqueous @her g@nZ&SBISONERNEgY ARBOPING Hawahlecsfoam matenialdraving an

expansi op, rati : -49: taptli fedl 11 | osu

coveri ngﬂ% hegé'g%'f%%'ﬂ%“%@ﬂ%‘Z‘@@h@ﬂ’&@@% rﬁ"h@t t@%a‘%’r"i%ﬁ@% ﬁeéoglfgiﬂgstp?e

devi ce so pogkplosiveddetice, bhBsiebys uporpe@ton 36f ABEOEfpIBSIvEC daviebhed
aspect of the invention, a nethod is provided for suppression of a bl ast
from an expl Besitienedthedlastdnpupriesged) provi ding a heni spherical encl osure
defined by an upstanding wall, wherein the enclosure is made of a conposite
textile material conprising 2 10 June 2002 one or nore layers of a

bal i stic fabBecordireg emotier aspesti ohdhisbiivention oaheappadtusirierproaidedsforf a

W thin tHS cRUPBSSFE < auaestiea 4 Stibrteseiive. EPBTRY: poi nt on the ual |
an aquoous.encr gy absorb e PTSAEl copaoeutes defefi B! bRo upsendig Jfal, L7
rati o of 17-wherein thaedclosareincludasnani srtegral Floar, @d: Whersdv theeesdosure is
positi oned, |tnti!|%ta%|léi %\tndiV\S/hesrltjepnIO LSoSnS (lanchation the enclosure wall is rounded adjacent to
the integral floor,
20 b) positioning means associated with the enclosure for positioning
the expolsive device within the enclosure substantially equidistant from any
point on the wall, the positioning means comprising a central opening in the
floor,
C) an opening in the wall, and
25 d) an aqueous energy absorbing flowable foam material having an
expansion ratic of 17-49:1, substantially filling the enclosure and covering
the explosive device, whereby upon detonation of the explosive device so

positioned, the blast is suppressed.

30 According to another aspect of the invention, a method is provided for
suppression of a blast from an explosive device, comprising
a) providing a hemispherical enclosure defined by an upstanding

wall, wherein the enclosure is made of a composite textile material comprising



10 According to a further aspect of this invention, a nmethod is provided
for suppression of a blast froman expl osive device, conprising a)

provi ding a hem spherical enclosure defined by an upstanding wall, wherein
the encl osure includes an integral floor with a central openygg QP 2
positioning the explosive device in said opening within the gﬂc ggure,
substantially equi di stant fronlanYFﬁoint on the wall, wherein the encl osure

i s inflatabl B'eadMepRrRYeie %t Hellshe fahde Matedalnandwichest hateaitpaiEnt to
the integral ghL aHer 1348 OF NQ@}%%%@M%? fndgri:s'fﬂgteﬁ’igﬁ encl osure and covering

the device wth an aqueous energy a |'onabl’é foam material having
an expansion 20 rb}i o pbsitignihg: 1theshexplogivepodedee oneithian tife t eacibsurese so

positioned, the blast is .suppressed. BRI EF DESCRI PTI OF THE DRAW NGS 25
Figure 1 is aute;%teaﬁae'@w%a@f)a@w?@m é”HEﬁfrE[S’_rﬁ‘BEPd’Q"@H | osure according to
the invengion; Figire gubstadtifify ARRGthd itiere ard BSEHR e 88ticENRitAS " ©
according to the ihvention, cut away In part to 1llustrate the

cr oss- sect i oancdqueneis3énergypatsarkingeflewable foaommatedal having arvespansiond;

and 2a 10 Jyne Figure 3 .is perspective vi of, an _appar at. us
accor di ng toqu{Weo\zgeér?ti gn?n% "ﬂ%@%’ #PP&\‘IF{*?”% ﬁﬂzﬁ@ﬁfﬁ é%ﬂﬁ'ﬁ% As
seen in Fi gugRsblaseRGupprédiednem spherical enclosure 10 is defined by an

upstanding wall, and as having a dianeter of 5-9 ft. It will be appreciated
that other enclosure sizes, particularly smaller sizes, are within 10 the

oot 1L s Ack L 180 JGEREL sRoBEL o TR eBA 8, Mok ¥ fSHgREYor, "
optional opesupgretSionsofer blastiftdmnenexplbsiveareiced tomptisingnj ection, or to

remove noxi ous gases resulting froma | ow energy device when no foamis
used. For such ca3ks aPloyidingiahemispherical @aclosure dedingd &y ap ypfanding

openi ngs inc i il ; t i i des a
2 pper or ot Aal wReRERIE EnCloBirelinbBIdeE epinfidfalioraBith Pantal UGS 2o
of shrapnel or nob) ouspgsitioningAshes esxplosive-i dpvice An said epehingumdthird the nade

of a conposite textile terial, including a central |ayer 20 of a
bal |1 5t 1 Bt aBRPESHiR: cbIE NG somidisiant e anii poiat 001 (e Makr WORETE tiBermr
Dyneenm) ) sagawpshrsd i@qﬁmme:, “é'ﬁ‘oct! hupa’am%fwﬁbﬁr tHed ¥eichostife Wvalp i]L,' Hihokgi ght

rip-stop nylon fabric material. er useful ballistic materials include

Kevl ar TM or adjacent torthe.intEigealfidosrarnd s are sewn together in sections. In

sone enbodi nents this | r el.imnated ort several lavers.of the

ballistic fabric ter Pg‘%gsetgpﬁg@r ﬁ@r‘aethei%ﬂc'%%ﬁ%n%l?dﬁ&°"e””g the devicd W'tp\
an aqueous energy absorbing flowable foam material having an expansion

20 ratio of 17-49:1, whereby upon detonation of the device so positioned, the
blast is suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Figure 1 is a perspective view of a hemispherical enclosure according
to the invention;

Figure 2 is a perspective view of a hemispherical enclosure according

to the invention, cut away in part to illustrate the cross-section of the

30 composite material from which it is constructed; and

2a



25 upon the threat to be addressed. Weight is also a consideration. For
exanple) a 7 foot dianeter enclosure with three ballistic |ayers weights 30
pounds, which is the practical Iimt for a man dressed i n a fouWdse dooab suit
to carry any appreciable distance. A five foolt enclosure with four
ballistic layers would also net this criterion. 30 In sone cases, instead
of the extra ballistic |layers) a hem spherical fly (not shown) is added as
an overlay to encl GFigure h® ista yerspastivahdew | of a8 appisalos aceordingetontifeti - ply
textile natermﬁ;qgﬁnthe encl osure. Additional flys can be 3 10 June 2002
added, dependigf the nature/energy of the explosive device, to ensure
contai nnent of the resulting shrapnel. The extra ballistic |layers are
preferred, since the flys add to setup tinme and effort. 5 Figure 3

il lustrates an enbodi nent of the apparatus which enploys a flexible
external franBSCRPTION OF I THE PREFERRES EMBODIMENTPBENI ngs, such as
doorways, which are nmade snmaller than its dianmeter. In the enbodi nent

shown, the frane 32 includes three sem -circular 10 hoop-like pole nenbers

whi ch-are di Sposed dihdbnihiqirGs Shd BIAE oA ARERShoRtkigI1 B 1@ Bbaddem each

other to formthe frame. ar rangemnent Itates e positioning o
t he appar at us byi shoupstamding i walt,i amd asy havingbatdiameteoroft 50 Ifi kdt withdepol es

are nade of fibregl.as 0 oi d _shrapnel fornmation, coul d be de of

ot her i1 exi bl GPPTHREAN G SRk PP BARR S2es, delRbieR: siler Hther o0& WBlGS " The
encl osur e 1igs RElecEie &f thRTRsHtion. textile material simlar to that of the
figure 1 enbodi nent, the difference being that the inner crz%nd outer |ayers

are of a vvaterprooiF oA( ipiectien ppeRings { € arg provisiednaar g top 9t iR pneiesrac

enclosure 10 ifl 44R3r dpBhiGa4 feyprelidbatut RR6 1a88S At obfionaHdpRAIMGETE id 0 t he
frame 32. Wder tabs 36 are Erow ded adj acent the top for added strength at

this | ocation.prayidedunsgertthe bagss far foanyrinieatians 9o éhIoMAVe HOXGHSo B8RSRt
shown, it wll ; | t : NEoPEGRS uld be
used. In this rg g'yﬁéﬁ‘tcé mggé@odsﬂ%q%@ﬁ%ﬁgg% Fgent | C%%‘éscao
t ri angul artSparfitespudp daviteacoultbeguasd. halk aftheappéenings inctidata sealingdiiapki mat es

ircle. F dnjegti ' . ' i .
G osur e 11 ape UiaerS) Bl R SHeliize, 46, BERBE A 5PRYL P ihor kiRl SRaGHe,
provi ded. The rhéans t@pmveamaadeakmedmdé@dapeco@shwhermrmxioﬂs@abbaor 40

central, openi n

R TG S R T Y A T
on the encl osuynh&teyial, linciddifg iané&tfadllayer U offa ballistic fabric material (one such
20 material is sold under the trademark Dyneema), sandwiched between inner
and outer layers 22 of a light-weight rip-stop nylon fabric material. Other
useful ballistic materials include Kevlar™ or equivalents. The materials are
sewn together in sections. In some embodiments this layer can be eliminated
ont several layers of the ballistic fabric material are provided ie. depending
25 upon the threat to be addressed. Weight is also a consideration. For
example, a 7 foot diameter enclosure with three ballistic layers weights 30
pounds, which is the practical limit for a man dressed in a bulky bomb suit to
carry any appreciable distance. A five foolt enclosure with four ballistic layers
would also met this criterion.
30 In some cases, instead of the extra ballistic layers, a hemispherical fly
(not shown) is added as an overlay to enclose the structure. The fly is made
of the same muiti- ply textile material as the enclosure. Additional flys can be

3



10 June 2002 ensures that there are no week spots or coners, which have

been known in the prior art to fail. Also in this enbodi nent, the door
opening 14 is provided in one of the 5 panels, and includes f JIwed®02i pper
closure neans to facilitate operation by gloved hands. Upon filling with

foam the enclosure inflates to forma hem spherical shape, with the
expl osi ve device positioned substantially equidistant fromany 10 point on
t he encl osur eadgéd,. deﬂe@d(m!cboém aajurblenergyr oluthgeexplasive sleviceota BBSlﬂﬂeoor

Foundedenct oanariagt o s, RutAg sRENBE, e, SAPE BaIFIE AV A, BRIP A& TG cc
in all directgipos thiofiy add teesatup timswnd effold. , provi ding for the successful

i ntegration of various blast scenarios) as described below. 15 In fact, the
conbi nati on of these two features has proven capable of w thstandi ng around

tw ce the gxpl osi VPIgDRJ Qelllus%’étééoéi’?%ﬁ%dfn‘ibr{thﬂ thé GipbaralusWhRAi Pbys gee
tests # 3 and 4. 20 The nmethod according to the invention conprises placing

t he encl osur eflq:gbl@v@fteranl frampe 033, yeiche il fdﬁsﬁ KPeP%F‘@/mE@JQhI eppniRgs, 30¢h &8d t he
encl osure is Ebéjvf'a& %ﬁlg%gré;lﬁgg trEIIQrO(HEr?h'éd %y absor bi ng, flowable foam

material (e.g nt no 94 of 13 Septenber 1988,
t he di scl osure of whi ch IS incorporated herein by reference. Useful foans

2 part curarly useltfhe Bt iowg B farbSRe s, e SBFSAG, "
active foapn f abop-ike l;mu eabrabérs, whible dral dispesodeimn@ vwisedrossaRthrin@s aﬁnﬂ
expansion ratio of 17-49:1. Such foa exhi _bi t d Stab[l | i T@é’ and dral nage
properti es an8Peead Bauidisiant;from &aghi nE?W%ﬁ%fm t*g‘hgf&mes adig gapgement n t he
Exanpl es 30 V"f%dﬂg%tégkﬂé)ﬁ??ﬂ&?ﬁnd BAIL bp hFHtLEéJWHﬁ&ﬁ rhasu.m:afnbﬁ W"E'r&l?dfra‘?mat a

flow rate of ons/m nut e, prefera g;alons/mnute
t hough filli ngl’phﬁrhkelzTthQDhg age maslecefftragiags *geemwhshrﬁgneﬂ prnationchut or a

portabl e pu”pcg‘ﬁ'lg l;é)ﬂmo% of other flexible light-weight material or could be integral air
15  tubes.

The enclosure is made of a composite textile material similar to that of
the figure 1 embodiment, the difference being that the inner and outer layers
are of a waterproof nylon textile material.

20

The outer layer of the enclosure 10 includes a plurality of tab portions 34
for attachment to the frame 32. Wider tabs 36 are provided adjacent the top for
added strength at this location. Although the tabs are formed as loops in the
embodiment shown, it will be appreciated that other known attachment means

25 could be used. In this embodiment the enclosure 10, includes six identical
triangular panels 13, and an integral hexagonal floor 40 which approximates a
circle. Foam injection openings 12 are provided in altemate panels. Closure
flaps 15 of the same composite material as the panels are also provided. The
flaps are secured e.g. by Velcro® fasteners. The floor 40 includes positioning

30 means in the form of a central opening 42 for positioning an explosive device,
substantially equidistant from any point on the enclosure wall. The integral floor



10 June 2002 generating system The flowrate is expressed as flow rate of
wat er, into a foam generator. The flow of foaminto the enclosure is
actually about 2-3 tines faster, because of the |arger vol umm Jfiihetdoe2f oam
When the IED i s detonated, none of the resulting |IED fragnents penetrate

t he enclosure. 5 Apparently, the lines of force fromthe expl osion are
directed radially outwardly fromthe IED and the force or energy fromthe
bl ast i s absoebsifedihat there arernuwekingpotansomers, which have beemkrowhimtbeof t he
encl osure mhig&o o.MaF @ nold for the foam) and/or the correspondi ng
convex shape the fodm al so plays a role, since other configurations
tested such as cubes, 10 rectangles and cylinders fail at the corners.

O her inessenti al atures include,the follow.ng.,,The prpvi.sion of. an
integral tent fl od&?f’i'@in'%egbmm%t'a{n%éiﬁﬁ SPG'?"E%‘%%BTQ?’H%& g R8g; AdMRoul d
prevent the fﬁaﬁmé,rmiddweega Riige 2ippen@ioshe Aehhomd AUiRAR" abdritior B? fabric
surroundi ng the central opening 1s nade nore 15 flexible by the inclusion

of an el asti co®¥ed paedg.ner which forns oversized gores 44. This mnim zes
bl ast damage to the floor. In another enbodi ment (not shown) the fl oor
woul d be made of a net material. An internal frame(not shown) or an

ext ernal exoskel et dpgn ifiling ewith) faaouthe eocloaweuiniates do ffaen 1a hamispbetieali on and

mai ntai n the C [ |t " I ' si on.
o i 11 b apBrans: Yive bREe dpufe delirbliS SABRaEY SRS BRT e
f oam EXAMPLEPoiab ohahetdnelosura wall.v dhdeenciesure siatidy roodeanbdjacentttbehbl ast
suppressed, byt the shrapnel .fro he blast.is contained within the
structure. Teﬂ??fngﬁwgt%@a %g@}%% Pceém&?eraPmF@nﬁ%@Q?‘ﬂ nfipg and

Expl osi ve D_ev'rcsuhdg_arétnaioaa@malsyr@wamférs%ﬁinﬂrr_i Hishibutiem BEtheChst I8rcehR @ d
enclosure filled with foam (approx. 570 cubic feet). The enclosure is

fabricated w gifegions teward the gnclpsure walorrovisingrioe the suscassiliptepratonef| ayer s
are a |light r{fhsilsMadiboiurdltad dsschibsd B&olvayer is a ballistic product
called 6 ' '
15
In fact, the combination of these two features has proven capable of
withstanding around twice the explosive force, as compared to the figure 1

embodiment. See tests # 3 and 4.

20 The method according to the invention comprises placing the
enclosure 10 over an improvised explosive device (IED) at 30, and the
enclosure is filled with a suitable aqueous energy absorbing, flowable foam
material (e.g. Silvex®). See US patent no. 4,770,794 of 13 September 1988,
the disclosure of which is incorporated herein by reference. Useful foams

25 comprise 1-5 %/w of active foam forming ingredients. We have found that a
particularly useful foam material of this nature comprises 1-3%/w of active
foam forming ingredients, the balance being water, and has an expansion
ratio of 17-49:1. Such foams exhibit good stability and drainage properties
and can be used in relatively small amounts as indicated in the Examples

30 which follow. The foam is introduced into the enclosure at a flow rate of 40-
80 US gallons/minute, preferably 40-60 US gallions/minute though filling port
12, using a standard foam generating fire truck, or a portable pump and foam

5



10 June 2002 DYNEEMA. Dependi ng upon the threat, additional ballistic

| ayers and/or flys are provided, as described above. The foamis generated
using an air aspirating foamnozzle (eylindrical, |ength=25 1mQune 2002

di ameter=I5cm wth an expansion ratio of about 25:1 with an operating
pressure of about 70 PSI and 5 a flow rate of 57-60 US gallons of foam
solution/ mnute. The foam concentrate conprises about 1.7% w Silver in

wat er. The nogeneratiag siistesubThetfloyf rajeis expreesatl ag) flod rappbof watérdnto Ser i al

No. 08l 758, 07 [ : | ectiyve: ish th
expl osi ve bl a&ar@#gﬂg&aﬁ) rc')gli? vgwﬁaﬁe%%\% r'#t Qitggt% bgﬁgg@gﬁ%ﬁt&lwg?ﬁ@h?y shthe
Expl osi ve DeviimesGastes boeuse Syfsthentargeestolidtae f ahed fdame Véhatotiee WEDHst he

figure 1,2 enmbodi nent, and sts 15 #s and 4 with the figure

riods ment . APGENAT: ind 9k T4 fesuied 4Ep! Blgriemthcenetate. B anclasuie. | ayer s.
| n test #45 tynpparkmtiy] ARl lineky of iBfce irofl UREdexpledidn #ard EXEXtES MRIdIgVI Ce:
20 Pipe bonmb constructed of a 12"x21/2" diameter steel pipe with end caps

2"%21/
t hreaded on b8HWvardlydram HealEh agd gﬂﬂ)f%@ﬁ prpenrargy from thpdblast iy abgarhed by
e h . . . si t e
Initiated by ﬁaé&@,mﬁo&ngek&aﬁﬁf ih éﬁé&ﬁp@@ﬁ% sim@e gggﬁ eéaxﬁgrteg@mpﬁ& e

pl us two additi onal S, Is used Int est. 25 ul t e pipe
bonb was funcersrasiafoeld fof thehipap), gndiarabewetrespanding cenvextshapavef the

penetrated th 1 ' v si.gnlfj j t i r this
t echni que mas?oeﬁgéééf)qgvle&sngngﬁ% ﬁﬁengf%rvdg?' 3b%%g§g§eg€szedefﬂﬁggsv8 evi ce,
t he fragntht srdatamgléhand gyiimdefs fai pt thw coenalsyvi ce can be 30 proj ected at

vel ocities in the der. of 50Q00-7000 .feet/sec., and up to 200 to 300 yards.
7 10 June 2002 T@_iqer#fssgltﬂﬁ8"3?9@5['%65’%%&'93?%"?9'90! box (appr ox.
18" x10"x8") cont ai Thé@Gravidiohbst. affinfegfalcteht Mebifgurai 3)i aitkch ensat FED PS-

Initiation charge. The five |layer conposite is used in this 5 test.
Resul ts: Af t efeqeMNG QReRing o uld, Eevenh dhe afpary diem dlowing et tareurghdhesur e

;)e/;teglmed t hat phalbml rEEfRMIR! hetabRt SutdlindifieineCR@nitaofdiitifisddé hdrge
15 flexible by the inclusion of an elasticized retainer which forms oversized gores
44. This minimizes blast damage to the floor. In another embodiment (not
shown) the floor would be made of a net material.
An internal frame(not shown) or an extemal exoskeleton(figure 3)
could be included to facilitate erection and maintain the structural integrity of
20 the dome following the explosion. It will be appreciated that the dome can be

erected by filling with the foam.
EXAMPLES

25 For the explosive device tested, not only is the blast suppressed, but
the shrapnel from the blast is contained within the structure.

ti the Explosive Device Contai
This Explosive Device Containment system is a 7 ft hemispherical
30 shaped enclosure filled with foam (approx. 570 cubic feet). The enclosure is
fabricated with a 3 layer textile composite. The outside and inside layers are
a light rip-stop nylon and the inside layer is a ballistic product called

6



10 This is quite significant as it confirns that this systemis very
effective in neutralizing the very energetic effects of |arge and
destructive expl osive devices. Test #3 Expl osive Device: 15 ) agelzoob
constructed of a 12"x21/2" dianmeter steel pipe with end caps threaded on
both ends containing approximately 1.5 I bs. of dynamte initiated by a
standard electric blasting cap. The nulti |ayer conposite, plus two

addi ti onal fl pYNEEMA®edDepehding Upeatthe 2Brédg sadditionalfvatistit yeps padeD was

functi oned nope of the, pipe Ha errtgﬁr#s wer e Eo nd to have g netrated the
encl osure. Thi¥s R PlAvidpds Ag qsg abve. ¢ T %K‘?#Wﬁ@eﬂﬁﬁé ‘fé’ﬁ'ﬁﬂi%ﬁh%‘rwas
effective in a@ﬁlFeﬁhQ: ﬂ&gnﬁndgiléf ,(@)Flﬂﬂﬁéﬁl,ib gengngsérﬁ?d%ﬁ%téﬂ 5EME withagRent s

formthe type of explosive device can 5 projected at velocities in the
order of 5000e¥RAUBINEMEtioofabodigh:lwithamereratngpesywedds abpus70 RS amstpl osi ve
Devi ce: Steel ;t [AX. 1148, X8 NL &l 3L ki | By Ok - 4

expl osi ve 30 Fn?@!\’af}gg é@wz éﬁ; Lﬂ%sg%qﬁﬁ?l gft i)f%%rﬂc%g‘flggﬁﬂ‘,& tlg'veqlhgyf(faora%
conposite i s usmzbntratd bomptiset ab8ut 1.7%/WuBilvex@0id Watenl t The Abkzde it Hee devi ce

was functioned an exam nation of e_enclpsurg_reveal al,.

fragment at i on SERJPEh Pﬁf’gr GeREENG CBH{’]Q?ﬁ% $ﬁr'$t{§°‘s§€/t7 éﬁ\%t7§hif'Ledi g7qui te
significant asiovembeni®gers that this systemis very effective in 5
neutralizing the very energetic effects of |arge and destructive expl osive
devi ces. General Comrents: Both these devices represent exanples of very
ener geti c4@xplrasi @6jedfvetevi ces. These devices can result in the projection
of high velocity fragnments causing considerable injuries and property
damage. This syst ef® celiaklishethgs explesiveydiast pind explgsive niragmanty mitigstios i ve

Ordnance Unit i tcMdi positioned in a very
short tine. 13”?\"‘{9%38% gﬁléégéﬁggﬁgeen %Q@gn@%@ﬁhstrate t he operation of
our invention, it will be appreciated by those skilled in the art that nmany
ot her foam materi als al be uged, includin ose_ cpnt ai ni

bi ol ogi cal / cheni cﬁeﬂgﬁ%m%yﬁr% °’é""g£’ﬁ$g'?e ﬁ?‘é iﬁgae’?e‘?P m?’ﬁe?“ﬁ?%s‘s

formul at edst o#exdahd 4 whie thedigusi 8 entbaaimentonAlsef inotesh #3pt thercongosited

ties di .
properties digere s a9Nkiic layers. In test #4, two additional flys were included.

Test #1
Explosive Device:

20 Pipe bomb constructed of a 12"x21/2" diameter steel pipe with end
caps threaded on both ends containing approximately 1.5 Ibs.. of dynamite
initiated by a standard electric blasting cap. The multi layer composite, plus
two additional flys, is used in this test.

25 Results:

After the pipe bomb was functioned none of the pipe fragments were
found to have penetrated the enclosure. This was very significant as it
confirmed this technique was effective in containing a very energetic
explosive device, the fragments form the type of explosive device can be

30 projected at velocities in the order of 5000-7000 feet/sec. and up to 200 to
300 yards.



20 25 30 9 10 June 2002 CLAIMS 1. An apparatus for suppression of a bl ast
froman expl osive device, conprising 5 a) a hem spherical enclosure defined
by an upstanding wall, wherein the enclosure is nmade of a compagietmopextil e
material, conprising one or nore |ayers of a ballistic fabric material,
sandwi ched between inner and outer |ayers of a |ight-weight rip-stop nylon
fabric material, b) positioning neans associated with the encl osure for

posi tioni ng 1dett#2:expl osi ve device within the enclosure substantially

equi distant fr an oi.nt on the wall, c) an opening in the wall, and d)
an aqueous engrg‘glpsg%ﬁ‘?‘ﬁ?%g fl owabl e foam naterial having an expansion

ratio of 17-49 : 1gted)sd daki@gryx.f1d k1098 RenRitih@2\d 18s 6T C-a@4kPIdshve t he 15
expl osi ve devi ce, whereby upon detonation of the explosive device so

posi ti oned, tlindtialpddy a £ lbaplpitiaiergharge. Ahedivetlayersommasitads veeddnahis 1,
wherein thg e osure is inflatable. 20 3. Apparatus according to claim 2,
wher eby upon fil1ling the enclosure is inflated by the foam 4. An apparatus
according to claim?2 or claim3, wherein upon inflation the enclosure is
rounded adj ac?{qt fo_ the integral floor. 25 5. Apparatus according to any of
t he preceding sHt‘T’rs, wherein the enclosure includes an integral floor, and

wherein the positi ARbPGhgEdE\ices YHRM fuikiored @it BRAMMAGOA Nef the Eheloblireor . 30
6. An apparatus for suppression of a blast from an expl osive device,

conpri si ng a) revaasd ¥isk el ifcgmestatiopdaime thie dewes Was eantajped imtverystem. |
wherein the eApiORIbG Ridrittant @8 it BbAGHA! tHak ANE, syalkh W SR} BiibétRetHC! OSure
is inflatable and wherein upon inflation the enclosure wall” is rounded

adj acent to t ineutralizing dhe 3@ry |angrgeticoeffecty of e @0g d9stpustive iexplosiyeneans
associ ated w tdgv%gg encl osure for positioning the explosive device within

t he encl osure substantially equidistant fromany point on the wall, the
posi tioni ng nAast#8onprising a central opening in the floor.

Explosive Device:

15 Pipe bomb constructed of a 12"x21/2" diameter steel pipe with end
caps threaded on both ends containing approximately 1.5 Ibs. of dynamite
initiated by a standard electric blasting cap. The multi layer composite, plus
two additional flys, is used in this test.

20 Results:

After the pipe bomb was functioned none of the pipe fragments were
found to have penetrated the enclosure. This was very significant as it
confirmed this technique was effective in containing a very energetic
explosive device, the fragments form the type of explosive device can be

25 projected at velocities in the order of 5000-7000 feet/sec. and up to 200 to
300 yards.
Test #4:
Explosive Device:
Steel tool box (approx. 18"x10"x8") containing 2.2 Ib. of C-4 explosive
30 initiated by a .2 Ibs initiation charge. A five layer composite is used in this
test.



c) an opening in the wall, and 5 d) an aqueous energy absorbing fl owabl e
foam material having an expansion ratio of 17-49 : 1, substantially filling
t he encl osure and covering the expl osive device, whereby upofp figecrpari on of
t he expl osive device so positioned, the blast is suppressed. 10 7.
Apparatus according to any of the preceding clains, wherein the dianmeter of
the enclosure is about 1.5-2.7m (5-9 feet). 8. Apparatus according to any
of the precediRaguib:ai ns, wherein the volune of the enclosure is about

or cceding ol ai s, (BT df % ST AERARNEY Y, sapREREbY’ ouid B8 tact v
foam f ormi ng iregsatel that 2l ftagmentdtiondormb ¢his glevigbavas Gihtdifed Apther siistsim.
according to e foam mat.eri al nprises 1.7

f clains.l to 8,. wherein. th
Yow v of actiJels B AHNS SANIANT a8 Jb CORIES et tBiS| SYSIE s vy RilPENe iy

Appar at us CCetitralizifg® tAE Webf éHngHceéﬁ@Btélgofcla?gséf%;nd"\ﬂé’étﬁicﬂvé hplosive
expansion ratio of the foammaterial is about 25:1 12. An apparatus

according to &®yices. t he preceding claims, further conprising a flexible
frame to support the enclosure during positioning and use. 30 13. A nethod
for suppression of a blast from an expl osive device, conprising a)

provi di ng a hderapaldCoramientsncl osure defi ned by an upstanding wall, wherein
the enclosure is de of a conposite textile nmatecial conpri.sing, one or
nore |ayers of a E§0ﬁ7 gfgqs(:a fq%‘g&?sc r%?%erq)ga?’fa ?ﬁj\ﬂ; 0! eBg&ﬁb%r?xgl?Fé’re and
inner | ayqos devicewaThbsdteviteswaroresinin the prajeetibmbt high velockp FhyineAtsng t he
expl osi ve device within t h% encl gsure, substantially _equidistant from any
poi nt on the \@HEING gamsiderable injynss.and PHORGMYsAaBRge:t i ThIS pYstem) ¢otid e

encl osure and Gy y B&th!gthics AWHCRiliIn ExplosREUORINANES YInitY. aPROL BoRdble! owabl e
foam materi al havi ng}@an expansion ratio of 17-4.9:1, whereby upon

det onati on of Syfplenyibat ean be ppsiiphediRcivery OBt i s suppressed. 5 14. A
met hod according to Caim 13, wherein the enclosure is inflatable. 15. A
met hod according to claim 14, whereby upon filling the enclosure is

i nfl at ed VBt h Altheuglo Silvex bag deen usetitodliustrets thengperstiest af ourlihventiar, di m 15,

wherei n upon i td u | 5.0 J N
integral fl oorv{']lfI b;apﬁpﬁé%ﬁggﬂgh@%er é‘ﬁ'rll%ﬂtnothgﬁayr{ g‘:é p%&y%@ﬁ%&@?:& 'ﬁjgt,etr\%ﬁer ein
t he encl osur e dy i mSoudks amsednt dghaling | thosew tdntainingnt bislogita#chengicaland
wherein the explosive device is positiopned in said openin 18 . A net hod
for suppressi °8'?ta5"'ﬁﬂg’§t agent EFPV IEﬁqvtbe}ﬁeﬁff’c@,"gﬁ’a*%fit%iel’fa'béb he
provi ding a hesgsisiteexpamsiopnatioand otiierslard propafies fizbasyddndor8. wal |,

wher ei n tg% encl osure includes an integral floor with a central opening,

25

30



b) positioning the explosive device in said opening within the encl osure,

substantially equidistant fromany point on the wall, wherein the enclosure
is inflatable, and upon inflation the enclosure wall is rounded adj acent to
the integral floor, and 25 c) substantially filling the encl qgujfe

covering the device with an aqueous energy absorbing fl owabl e foam ITHLZEI’I al
havi ng an exg:mlh%n ratio of 17-49:1, whereby upon detonation of the device
SO positione bl ast is suppressed. 30 19. A nethod according to any of
Clainms 13 to 18, wherein the foam materi al corrprises 1- 5 % w v of active
foam form ng,ingredients, ,the bal ance bein nmet hod a cor di ng

Loy of ol di o RG BBp3atls far SHAPERSION, At AT fh o, SrpPsYe OStGt 5. 7
% w' v of act cgmptisiag f or m ng |ngred| ents, the bal ance being water. 12 10
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4. An apparatus according to claim 2 or claim 3, wherein upon inflation the
enclosure is rounded adjacent to the integral floor.

25
5. Apparatus according to any of the preceding claims, wherein the

enclosure includes an integral floor, and wherein the positioning means
comprises a central opening in the floor.

30 6. An apparatus for suppression of a blast from an explosive device,
comprising
a) a hemispherical enclosure defined by an upstanding wall, wherein
the enclosure includes an integral floor, and wherein the enclosure is inflatable
and wherein upon inflation the enclosure wall is rounded adjacent to the integral
35 floor,

10
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8. Apparatus according to any of the preceding claims, wherein the volume
of the enclosure is about 0.028m?® (570 ft* ).

16
9. Apparatus according to according to any of the preceding claims, wherein
the foam material comprises 1-5 % w/v of active foam forming ingredients, the
balance being water.

20 10. Apparatus according to any of claims 1 to 8, wherein the foam material
comprises 1.7 % w/v of active foam forming ingredients, the balance being
water.

11.  Apparatus according to any of the preceding claims, wherein the
25 expansion ratio of the foam material is about 25:1

12. An apparatus according to any of the preceding claims, further
comprising a flexible frame to support the enclosure during positioning and use.

30 13. A method for suppression of a blast from an explosive device, comprising
a) providing a hemispherical enclosure defined by an upstanding
wall, wherein the enclosure is made of a composite textile material comprising
one or more layers of a ballistic fabric material, sandwiched between outer and
inner layers of a water proof nylon fabric material,
35 b) positioning the explosive device within the enclosure, substantially
equidistant from any point on the wall, and

11



109%& () - &LOY@& () - &L0%@& () -

Clu112233} A<nbCl ! pL! 9! 10%& () - &10%@& () - &910%E& () - ! a&! 10%@E& () - z! 910%GER

()-10%@& () - 3! 4* 4t 444w5a?2mbCl ! | @& 1094a8& () -

8&010%@& () - & 10%@K & 10%@& ()- F(10%@& ()-!t L!9! 109%& 5 K7~ =

IIF 108/2& () - SHL- 18?)/@ () 10@()10@( 0 O Yoohih@ 4002

10@&910%@& () - 9610%@& ( (cﬁz 109& (

K7. 8A888J99} [ 9~ =) S sIS!u %ﬂnth Mfﬂllflg)mﬂ‘é'%wm@ﬁ%em&l theogewyice withiatou@ &
-1/F  10%

(? 0%z () %qﬁ%g@@%nev %’b%o;mh%lﬂbwfa?lelﬂég% %@nél\w“avfrﬁ%@ar@l? ratio of
10%30& ()-L {7eA% )Nhgge spen (d etggatmn/@tl(nq deygr@ §g@osmoned the blas |s
10@ " 910%& (ppresseaT>f >} ~?b@! 'L
10908 () - 910%)5 ()-ls 9' 110920708 ()-!X9'110% O O& ()-L 109%& ()-I

10908 () - P>>n?2z2@@ A*=b@ ! !

y S& ! 10%& (14! kS& hbﬂ%&éa&r&m% tXBfaiitn 118/ 0 PeSin (the ShBIYEEre(ib infLRAERS: () -
"1109%08 ()- AAAAAAAAB~ @!!  10%& ()-L' 10%& ()-f#L- 10%& ()- 100 100
100 910%0& ()-!2:!10%00& () - BWBBBCG D'<~ @! ! N' ! 109%hbhb& ()-!! 10%b& () - 910
Y& ()-9IMLOYS. () A hqelﬁ&@b&cér)dﬂg tol GRAing 14), -Wwihdrebr ~illdd thé andlR¥aE s) - @
109%& ()-$ 10% a%é}&ththo & ()-9L10%& ()- !10%8& () - EEEEEEECFf G =!!!IN

L' 109 () L g 20 ") - #l y109& () -

I'LF

16. A method according to claim 14 or claim 15, wherein upon inflation the
enclosure wall is rounded adjacent to the integral floor.

17. A method according to any of claims 13 to 16, wherein the enclosure
15 includes an integral floor with a central opening, and wherein the explosive
device is positioned in said opening.

18. A method for suppression of a blast from an explosive device, comprising

a) providing a hemispherical enclosure defined by an upstanding

20 wall, wherein the enclosure includes an integral floor with a central opening,

b) positioning the explosive device in said opening within the
enclosure, substantially equidistant from any point on the wall, wherein the
enclosure is inflatable, and upon inflation the enclosure wall is rounded adjacent
to the integral floor, and

25 c) substantially filling the enclosure and covering the device with an
aqueous energy absorbing flowable foam material having an expansion ratio of
17-49:1, whereby upon detonation of the device so positioned, the blast is
suppressed.

30 19. A method according to any of Claims 13 to 18, wherein the foam material
comprises 1-5 % w/v of active foam forming ingredients, the balance being
water.

20. A method according to any of claims 13 to 18, wherein the foam material
35 comprises about 1.7 % wiv of active foam forming ingredients, the balance
being water.
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