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APPARATUS AND METHOD FOR BLAST SUPPRESSI ON BACKGROUND OF THE | NVENTI ON 5
This invention relates to expl osive bl ast suppression, and to an appar at us
and met hod fq{,og§§l4f41er efor. DESCRI PTION OF THE PRI OR ART 1 Lhe use

\ \ : CT/CA98/01 .
of aqueous foam enclosed in various barrier structures has béen enployed in

the prior art wth ni ¥RPARATESAND METIROBRORBUAYRSUPPHERSIONES are, U.S.
Pat ents 5, 225,622 and 5, 394, 786. Both references describe a foamfill ed

encl osure for explosive blast suppression. Figure 10 of the first patent

il lustrates a dBRAEKEROBNDOFITHEINVENTION noted that the 15 dianeter of
the donme and hence the volune of the enclosure is quite large, i.e. of the

order of 12 ft. and is thus inefficient and unnecessarily bul ky. Moreover

t he foam expansi on r-ft:k Oini i Ok, 5 0. This C S

I nst abi | i ty@énd ear I@'Er'ggﬁrggi\*n}%’?gtbhgb feﬁhﬁé‘%ob%m%@‘r@ﬁ%ﬁm ON
When a bl ast ocapparatuscand methed dor Usedherefsr. each bubbl e bursts, there is an
incremental |oss of the blast overpressure energy, the net effect of

m | lions of bubbles being destroyed represents a significant bl ast

reduction. 25 DESCRIBTIONOR THEPRIORSARThat the suppressant quality of the
foam woul d be a function of the nechani cal generation and strength of the
bubbl e we have found that superior blast suppression can be achi eved by

significant{y reduciTe UBE ofiatfebiis tdkin @%sﬁﬁ%%ri@%'bﬁﬁ'wresttl?i%ﬂlrégﬁagmum
of foammaterial, and by enploying a sel ected aqueous high stabilrty
f1 owabl e foam 3eeemeMmpiovad Rathienpriar arhwith pixed swucaessi oTwarrdlatervrelevantage
rate properties [ o] [ LAN, oaf apparatus is
brovi ded Tor suggenged &g US. PRy 8idesed Win SYGEREL: B MRfResng 1

describe a foam-filled enclosure for explosive biast suppression. Figure 10 of

the first patent illustrates a dome-shaped enclosurs. 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 enciosure 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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a) a hem spherical enclosure defined by an upstanding wall, b)
positioning means associated with the enclosure, for positioni ng the
expl osi ve device within the enclosure substantially equidistant fromany 5
point on the wall, and c) an opening in the wall for receiving an aqueous
f1 owabl e endYQYSPBA#Ior bi ng foam material, having an expansiPERGAR¥PIA63of

17-49: 1, substanti IIy | coV devi ce,
wher eby upon detona i on o H#’%{'g& exp oselo\a/ée* g\?ﬂl}gaen s?%ﬂocﬂgqﬁgﬁe t he

bl ast is suppressed. According to another aspect of the.invention,:a nethod

2 " provi ding a hehn Sphertesno ieand Beetah MhedhE Rakele R ngRRE

wal |, b)  poshéiexpiosive ddvice witihahé \ehclodam Sebstartially equmtamnr%rﬂsaﬂye
substantlally eqw distant fromany point on the wall, and c)

subst ant i aPl y RAMtiandgesyad, 8| osure and covering the device, with an
aqueous energy absorbing flowable foam materi al havi ng an expansi on 20
ratio of 17-49: 1, and whereby upon detonation of the device so positioned,
the blast is suppr @%sedanmﬁngmmwﬁm@mwgnwwmmmle energy Fi gure

L is 2 PerSpetkiotad BndefelE NS RlerBRE ARNEE RIS DfRude

I nventi on; erspecti Vi e em spheri‘cal
accordi ng to ffiling saicendlosure ant cawmng thernblvicetwhel‘ebwﬂpomﬂetdnhﬂon of the

r n of ri rom whi,ch i nstr :
gngsz sect1| 0 e?cplosnve dgewce song)osshonedn% %Ia'sﬂs sup?)resseldC 't Is constructed;

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

15 wall,
b) positioning the explosive device within the enclosure,

substantially equidistant from any point on the wall, and
c) substantially filling the enclosure and covering the device, with
an aqueous energy absbrbing flowable foam material having an expansion
20 ratio of 17-49 : 1, and 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



Figure 3 is a perspective view of an apparatus according to the invention.
5 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS As seen in Figures 1 and 2, the
hem spherical enclosure 10 is defined by an upstanding wall, and as having
a dianeter ofwbo9sfsss It will be appreciated that other enclp@@wAeg/aila;es
particularly smaller _sizes, are within 10 the scope of this invention.
Foam i nj ection openi ﬁlgyl’el2 i @ pespedtive viexw of en tappacgtus raccording dar the and
a door openi ng &.4 ehiio I,prow ded at the base. An optional opening 16 is

provi ded near t ase for foaminjection, or to renbve noxi ous gases
resulting froma | ow energy device when no foamis used. For such cases a
15 filter/punp device could be used. Al of the openings include a sealing
flap (figure 3) and the opening 16 includes a zipper or other suitable

cl osure neans, DESTRIPTIONIORTHECRREFERAED BMBOBIMENTSr apnel or noxi ous
gases. As seen in Figure 2, the enclosure 10 is made of a conposite textile

material, including a central |layer 20 of a ballistic fabric material (one

such 20 materi al 'SA§%EQn'(1)i?F}§’ulr¢%§‘? ahe@gn@hbm%meﬁ@a)emmg&%@& fifganeen

i nner and outer |ayers 2 rip-stop n bric material.
Ot her useful babyianiupstanding avall, |anﬂ @dehawing @& [diamgtenrof ebri ftal dhmdll behe

materials are s i . sthlsl can
be elim nated o(r'3 re%%g él{“at %’ﬁ?ég@#laﬁﬁg S#a r?’gﬁﬁggﬁgb?ﬁ%@ﬂﬂz@ﬂ a[e gr'é

provi ded m:l()deﬂtmsbmdﬂhvsmmﬂomhe threat to be addressed. Weight is also
a consi deration. For _exa foot1€| amet er 8Sncl quere with three

bal listic | ayers wei Gﬂ?@n%@"%h‘?m'"% Are Rrovided negrthedgp of tha englesure, nan

dressed in a bulky dasbr éyéﬁmg? q4Ciapryvidsd al e Basabl A ehiidralefenifgf 16/R
foolt enclosure with four ballistic layers would also net this criterion.

30 I'n sowmgear 168 daaseofor; FBML iPEliona i 1 FemPYs dloxiols gases
heni spheri cal s.ymtpfsgt frfQRly brierBf UaticB Wit MY/ Ridnile ddbc? LSRN’ dies a

structure. The
15 filter/pump device could be used. All of the openings include a sealing flap
(figure 3) and the opening 16 includes a zipper or other suitable closure
means, to prevent foam leakage and escape of shrapnel or noxious gases.
As seen in Figure 2, the enclosure 10 is made of a composite textile
material, including a central layer 20 of a 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
ort 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 multi- ply textile material as the enclosure. Additional fiys can be
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of the sane multi- ply textile material as the enclosure. Additional flys
can be 3 added, depending on the nature/energy of the expl osive devi ce,
to ensure containnent of the resulting shrapnel. The extra baIIistic | ayers
are preferred, since the flys add to setup tine and effort. Fi gure
3 illustrat 0% H ¥fbodi nent  of the apparatus which enploygcgcﬁwﬂypﬁle

external fra

doorways, V\hlmé ar' e&%ﬁﬂe&@m@ o Itli%%tédrge dc?f;&hngt’%l I'n t%géeen%o ment
shown, the freoma®mantof mergsulnmgaehrspnelv chihecentes batiistic ayeps arawef:&ﬂeei menber s
which are dis qu?é thsa%ss%?@ﬁrﬁe%ﬁagﬁ rtand_ spaced equi di st ant f_rom each

other to form. rrangenent facilitates the positioning of
t he apparatus w t hout m)dlflcatlon by a robot armor the |ike. The poles

are made of fibreg .ass dshra on but caul d be made of
other flex?ble lig dlms rﬂ%f’e&m 3’"88&'"1?5'&0 Pﬂr@{j’?a‘rh@“ re"ﬁwst%bes
The encl Osureflé)ﬁblg*?éi@erﬁél ﬁarﬁ@fBQOWhidh Wit fleix| t6 piﬁskethfo%ighsdpéwlr@é bacH hat  of
the figure 1 enbodi nent, difference bei ng that the inner and out er

| ayers are of @W&r”ﬁﬂ'%ﬁ'ﬁf?ﬁ%sméwmaé‘ itgedidmeter. 20 The outer |ayer of
the enclosure 10 includes a plurality of tab portions 34 for attachment to
the frame 32. Wder tabs 36 are provided adjacent the top for added
strength at this |loctiei embogimentshown,hibet istrpe 32 inchides dhtee seroiircllar t he

mbodi sh h
55 cour a'be (Egkikd pole, merb R, B aondRt b, BN ARG RN ™"
i dentical t rl Sﬂi@ddaéqmd:smns fibih eachl atireri tot fmgmaihehﬁamgonihlsf areangefiibnibhi ch

appr oxi mat es ircl n i on openi ngs ided.inp alternate
pgﬁel s. d Osu%é:ﬁikates ﬁ'se pos mn%n c%%e apparatus V\rl} ug‘ lflca on y a robot arm

or the like. The poles are made of fibreglass to avoid shrapnel formation, but
could be made 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 édjacent 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 alternate 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




flaps 15 of the same conposite material as the panels are al so provided.
The flaps are secured e.g. by Velcro fasteners. The floor 40 includes
positioning 30 neans in the formof a central opening 42 for positioning
an expl osi ve \feveH@sy; substantial ly equidi stant from any poi pér/@Resdidiss

encl osure wal . The integral floor 4 ensures that there are no week
spots or corrersensnﬁ'és:ﬂhahthreee area Wwealvgpotaon dumens) whickhave bedraknawniingthei n

t hi s enbodi nent dgo opening 14 is provided in one of the 5 panels,
and includes a ‘?’?ﬂr 2“9' Ler closure neans to facilitate operation by gl oved

hands. Upon filling with foamthe enclosure inflates to forma
hem spheri cal shape, wth the | osi ve devi ce positi.oned, substanti a
equi di stant from anyAl§® in g gm 8 imeRt tg?lé’PBEBP%TPQ&M 1S ?Fﬂé“ df‘&\?r%“lﬂﬁ

rounded adj agenbariels, {4 ficR@es d'Rirgd ippef b@sh@fﬂéﬁn@fté Q&élllt@t@ Sprafiots |b9SUr e
shape. Thi's positioning and rounded enclosure wall provide for optihum

di stribution ofgleved hands. force in all di rectlons toward the encl osure
wal |, providing for the successful integration of various blast scenari os,
as described below. 15 In fact, the conbination of these two features has
proven capabl e of wiYpern dilidg rwjthafaanm dhe winclosureeinfiates de i forn fao hemjspherical

conpared to the fi ure ng .. See o 200 The

nmet hod accor di nﬂ‘at QJ‘Pﬁ\r}’g‘Rf‘j’P'é!ﬁ ‘}88}‘?%?%@@%%? 5@%‘5‘%@ e@ﬁ@l's&'urféo'ﬁ(?néfver

an ihrrpr ovi s&ﬁl ewhpanvthe dmieiosere( ng) Te aﬁbloswn@l g?dﬂeisﬂbomdma@jab@tftd thed

with a suitable ous en ) |ng e foam_pateri . 0.

Silvex). See ush ?fgt EﬁY'“ﬂé“ ﬁi‘f%;*ﬂg &F Sé'FﬁJéE‘a% IS Pﬂ%“?ﬂ'égz Iaggur e

of which is incrupacaleneiobsresial Mwﬂsff&r @imm iseriittion Qﬁfﬂé blast force in all
directions toward the enclosure wall, providing for the successful integration of
various blast scenarios, as described below.

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 propetties
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 gallons/minute though filling port
12, using a standard foam generating fire truck, or a portable pump and foam
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25 conprise 1-5 % w of active foamform ng ingredients. W have found that
a particularly useful foammaterial of this nature conprises 1-3% w of
active foamform ng ingredients, the balance being water, and has an
expansion ratio of 17-49:1. Such foanms exhi bit good stab| I |_tH§ and drai nage
properties X081 be used in relatively small amounts asPFHEABMEY in the
Exanpl es 30 hsﬂatﬁ SXem. ThrRe filRW LS id Bkprasssd 'ﬂawqg waﬁl at a
flow rate of ?ﬁ ) sk/ ons?m nut e, l re'serab [;(/:; E{Iléf rgﬁiglr% nut e
t hough filli n@q@mgenmtorusmg flgws etafeasn mtedhenegé uegt br@nﬂallyeabouncaes or a
portabl e punp e t w R essed
as flowrate 8@,@ ffanéP‘ : %auggf&e{hg IHf%rr rﬁg]‘ﬂqghglfé%vrﬂow I?%‘amﬁs r'ﬁ% %

encl osure is d_etounatddy mmeuof the3 resultmg ﬂE@tiaagmerasammtrafe tthnee dnerogﬂre.vol une

of the fo n e LED det Qqnat e n of .t he result | E fra ment
penet r at eaﬂ]ewgﬁerehg&r e ginseipﬁgqg'aﬁﬁ Jrom ﬁ@e | PHRRsIn afr%lrjg'ééqiﬁg% ’ >
expl osi on ar eodlwaedlyerbm thé |0 a(n@tne/mcﬁ o ériergy frbm thE Bl 66 élb‘ébrf)éﬂ 5? or

energy fromt bl ast bsormgﬁ e surrou | f oam The snpoth
concave shape! Sy oglprcongave, s the epdosyanwhiahd/ or
the corres pO“dht@QasFQﬂH&a fﬁlhﬂtiéefoafn ta'ﬁG/d‘rQﬁ@cél'réé’deoﬁ')gSc&ivreQ's‘?ua 8id#qRe Ot her
configurations tested such as cubes, rect angl es and |nders fail at

the comers. ClaE alspoplaysta dples &incer @g‘ef fonfigrations fQﬁ“Fd)\ﬁPHg asThebgs; ovi si on
of an i nt egr a|, c{t}ﬁ’ﬂ_#leé iu?c?&gflﬁ'uhﬂérfﬁll chWéoh‘né]‘sce”t ral 1ED receiving opening
t oam

woul d prevent romflow ng out around the bottom Preferably, the
fabric surroundi ngOthes inassemntisll femmesnr@lmdeﬂnadeﬂqmm@ 15 erX| bI e by t he

il usion of an SLARk baSEncs B el 8 SREARRSHHES e SRR IR B
fl oor woul d beecsiviey @peningeoukk prévent the foam from flowing out around the
bottom. Preferably, the fabric surrounding the central opening is made more
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 external 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.

Testing of the Explosive Device Containment System
This Explosive Device Containment system is a 7 ft hemispherical

30 shaped enclosure filled with foam (app'rox. 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
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An internal franme(not shown) or an external exoskeleton(figure 3) could be
included to facilitate erection and naintain the structural integrity of 20

the dohe following the explosion. It will be appreciated that the donme can
be erected b§v6§9lmhis99 with the foam EXAWPLES 25 Forpcdieasgs9si ve
device tested, not only is the blast suppressed, but the shrapnel fromthe

bl ast is cont aDYNEEMA®. n Diependihg wpionr the thesst, additiéndl fmllistipl lapers carldéon ce
Cont ai nnent Sygtem This. | osi ve . i ce Containment system.s.a 7 ft

e apher | cal” 965 G BfMReth AARSREDTY RPRYF-vit R 'POD P GRIBFIRY B BRI
feet). The enchgpititing foahfhbiziat (edindritl, sength=R5eem| elidrhéter<iSept)siitte.anThe .
outside and inside | ayers are a I|_g||ht, ri -stoE n\él on andf t he %nséﬂe | ayer
is a ballisti ceﬁSPmW{@'&qu@@"B‘ 25 MME/E[’%"P N9 PISSSEIRP AP ﬁ @ndyy eat |
addi tional Bal Ly $biyC rdtdy 8f 57086/ 85 gbﬂb’i\s%_ﬁ fBAAY isdRMonMRinGiS CTTRE dodhOVv e

The foamis generated using an air aspirating foamnozzle (cylindrical,
| engt h=25 cm @&bacanteate comprises abouh 18%unSilex® in waters dbewoczzie s thiet h an

001119,y 1Py B et U, S il

of foam sol uti m nu con rat’e conprises

Silvex in wat eNovéimbend996.e i s t he subject of our co-pending US
application, Serial No. 08/758,075, filed 27 Novenber 1996. 10 Test

bj ective: To establish the explosive blast and expl osive fragnent

m tigati onigualmest ©bjeefivd:ne Expl osi ve Devi ce Contai nnment System Test #s 1
and 2 were done with the figure 1,2 enbodi nent, and tests 15 #s 3 and 4
with the figure 3 efBogstablish the explosivehiast and exp ggmept mitigation

qualities of the Explosive Device Containment System.

Test #s 1 and 2 were done with the figure 1,2 embodiment, and tests
15 #s 3 and 4 with the figure 3 embodiment. Also, in test #3, the composite
included five ballistic 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 lbs.. of dynamite
initiated by a standard electric blasting cap. The muilti 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.



included five ballistic layers. In test #4, two additional flys were

I ncl uded. Test #1 Expl osive Device: 20 Pi pe bonb constructed of a
12" x21/ 2" dianeter steel pipe with end caps threaded on both ends ‘
containing a Brom mately 1.5 I bs.. of dynamte |n|t|atedm‘y a_standard
electric bl.a¥PPH¥4%hp. The multi | ayer conposite, plus tw GEAFPHRA f1ys,
is used in thigdest. 25 Results: After the pipe bomb was functioned none
of the pipe fragnents were found to have penetrated the enclosure. This was
very signifi cdmplesive Dewisef i rmed this techni que was effective i n cont ai ni ng

a very energetic explosiV evi e, fraanents .for expl osi ve
devi ce can be 30 ﬁ%ﬁi@?@%&a‘%@@?‘bi&%?é%‘gﬂrfﬁ“ mgﬁ&? fbgfofé%g &
feet/sec. and iniiated B3OS .2 (bs3Hitiatiendhargé. TheTmﬁéla#ar:cdﬁwdsnenyaswmﬁ% St eel
t ool box ( prox 18"x10"x8") containing 2.2 | bs. of C 4 explosive

initiated desb | bs. Initiation charge. The five |ayer conposite is used
inthis 5 test. Results: After the device was functioned an exam nati on of
the enclosure revealed that all fragnmentation formthis device was

contained in thesult$stem 10 This is quite significant as it confirms that

this systemis verylfel h¥fed rludé}.e%rfc%héd " 'SREmalt%n SO IS ehEio8hietCt S O

| arge and destructive expl osive
revealed that all fragmentation form this device was contained in the system.

10 This is quite significant as it confirms that this system is very effective in
neutralizing the very energetic effects of large and destructive explosive
devices.

Test #3
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.
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Test #3 Expl osive Device: 15 Pi pe bonb constructed of a 12"x21/2"
diraneter steel pipe with end caps threaded on both ends contai ning
approximately 1.5 I bs. of dynamite initiated by a standard electric

bl asti ng capwo'lz{,ggu Iti layer conposite, plus two additiongkridayserrdss used
in this test. 20 esults: After the pipe bonb was functioned none of the

pi pe fragnent sResulks:f ound to have penetrated the enclosure. This was very
significant as it cgﬂfirmed this technigue was effectjive i.n contg,i ning a
very energetic expl By e HeVics WaR Uppl £0 PEIRINAeN (3fpthen PNEIOBYES ve
devi ce can be PZdvealydthat it fhagineMetion fdmethis devibe waisdntdied POBe dystdm. :
feet/sec. and uR_t,o 200 to % 0 l?;ards. Test ﬁg: Expl osi ve Device: Steel tool
box (approx. 18his1i§ q@te sighificantasdt gonfimg that tirs system s ivery stiectivsi i at ed

by a2 | bSs i nhblihiizf #2Vafy efiefgefie erfucts FORRRSBhA. désthidfie Idkplddive t est.

8 Results: After the device was functioned an exam nation o

encl osure revededges.hat all fragmentation formthis device was contained in
the system This is quite significant as it confirns that this systemis
very effective in 5 neutralizing the very energetic effects of |arge and
destructi ve exGerersl€Cammenss. General Comments:

Both these devices represent examples of very energetic explosive

10 devices. These devices can result in the projection of high velocity fragments

causing considerable injuries and property damage. This system could be

used by both police and military Explosive Ordnance Units. It is a portable
system that can be positioned in a very short time.

15 Although Silvex has been used to illustrate the operation of our invention, it
will be appreciated by those skilled in the art that many other foam materials
may also be used, including those containing biological/chemical
decontaminating agents, provided that they are formulated to exhibit the
requisite expansion ratio and other related properties discussed abaove.

20
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Bot h these devices represent exanples of very energetic explosive 10

devi ces. These devices can result-in the projection of high velocity - '
fragnents causi ng considerable inj ur| es and property damage. This system
coul d be used by both police and mT Sét Hﬁ)gpgn%iﬂ e, Ordnance Units, Is a
portabl e sysvi’%?f?/’t #¥t can be position Bhrt ti RETICALBO1AEY hough

Si | vex has beeggusiggM;0 illustrate t f our invention, it wll
be appreciated by those skilled in the art ny ot her foam naterial s
may al so be used, including those containing b| ol ogi cal /.chemi cal

decont am nat i ag e r I t he
requi site expgﬂm o%mrg %%g}#df&‘?dﬂ@:ﬁ?éss tgfdapt?g%)tgirtmlﬁegﬁ ?Lgcdl%g};eégé\lﬂ %’ve 20
25 30 9 WV\E conxirisingl . An apparatus for suppression of a blast from an
expl osi ve %ew ce, conprising 5 a) a hem spherical enclosure defined by an

upstandi ng*wal I, b) positioning means associated with the enclosure for
posi tioning t he exp) osi ¥ hemisphericaliehbiosurehizfined by anupstankirigandli 2l |y

equi distant fromany point on the wall, 10 c) an opening in the
wal |, and d) an aqueous energy absor b| ng fl owabl e foam material having an
expansi on ratio of 7 4 m:éaﬂ t

covering the expl os gs\./lﬁ%rgﬁ Eds@{ajt’:%tgﬁaﬂv '%Hofrq‘gtélr%?t‘osgré t‘ﬁ?g ﬁlof:iﬁgl ve
device so the exploswe device within the enclosure substantially equidistant from any

10  point on the wall, and

c) an opening in the wall, for receiving an aqueous energy

absorbing flowable foam material having an expansion ratio of 17-49 : 1,

substantially filling the enclosure and covering the explosive device, whereby

15 upon detonation of the explosive device so positioned, the blast is
suppressed.

2. Apparatus according to Claim 1, wherein the enclosure is inflatable,
whereb'y upon filling the enclosure is inflated by the foam.

3. Apparatus according to Claim 1, wherein the enclosure includes an
integral floor, and wherein the positioning means comprises a central opening -

in the floor.

25 4 Apparatus according to Claim 1, wherein the diameter of the enclosure
is 5-9 feet.

5. Apparatus according to Ciaim 1, wherein the volume of the enclosure
is about 2570 ft°.

30
6. Apparatus according to Claim 1, wherein the foam material comprises
1-5 % wi/v of active foam forming ingredients, the balance being water.
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positioned, the blast is suppressed. 15 2. Apparatus according to Caim
1, " whérein the enclosure is inflatable, whereby upon filling the enclosure
is inflated by the foam 3. Apparatus according to Claim1, wherein the
encl osure i novoighesigsan 20 integral floor, and wherein the paSieisshtizg nmeans
conprises a central opening in the floor. 4. Apparatus according to Caim
1, wherein the dianeter of the enclosure is about 5-9 feet. 25 5.

i | ure i s ab 5 5.
sbout 570 11 orr) - Aperas Bebor A it '8, WASHIF sfa BEniBs offp oF e oo

mat eri al conpr ifoem ridteriallis about@%: of active foam form ng ingredients, the .
bal ance being water. 10 AVENDED SHEET 7. Appar atus according to Claim
6, wherein the expansion ratio of the foammaterial is about 25: 1 5 8.

Appar at us agcorgli ng Appafatas mcéordimetoetiain 7e wihepdin 1 ﬂfdn@'mdié’r'iﬁ!rcbﬁ%ﬁsés7 %
w v of active fo?? Wrn&p& i r}gredi ents, the bal ance being water. 9.

Appar at us accor b g Woiadive,igam fprning ngregientsihehalancedeingiwater. a
conposite textile material, conprising a |layer of a ballistic fabric

material, 10 sandw ched between inner and outer |ayers of a |ight-weight
ri p-stop nyl on 9.abr iAPpasatus iageordirg to Glaimr hiwherainciedinaipsure @& madelof a

wherein the en i ] f: | | I . conpr.i si ng
several |ayer scé(? a s@gl F{sﬂ?ﬁﬁa%élgﬁi%m&mgt 8 lajé bt & BRistlc' fbric material,
10  sandwiched between inner and outer layers of a light-weight rip-stop nylon

fabric material.

10.  Apparatus according to Claim 1, wherein the enclosure is made of a
composite textile material, comprising several layers of a ballistic fabric

15  material, sandwiched between inner and outer layers of a light-weight rip-stop
nylon fabric material.

11. A method for suppression of a blast from an explosive device,
comprising
20
a) providing a hemispherical enclosure defined by an upstanding
wall,

b) positioning the explosive device within the enclosure,
25 substantially equidistant from any point on the wall, and

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 positoned, the

| Oy
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15 mat eri al, sandw ched between inner and outer |ayers of a |ight-weight
rip-stop nylon fabric material. 11. A nethod for suppression of a blast
from an expl osive device, conprising 20 a) provi ding a hem spherical -

encl osure defined by an upstanding wall, b) posi tioni ng l-osi ve
device wit I’N‘?\”“l"ﬁé encl osure, 25 substantially equidist ai)t& ?sr’(g?(#any

point on the 3'2 ASREIHOY accdrfisg #10Id! ¥1,TWihérbMOthiehéncidsih® S/ inflatiibtb,
covering the devi ce Wth an agueous ene absor bi ng f1 owabl e foam mat eri al
RN |

havi ng an expaherahy upan filing the englpsure is iiilatashyith ii@foask onat i on of the
device so positoned, the 30 blast is suppressed. 12. A nethod _
according to Claim1ll, wherein the enclosure is inflatable, whereby upon
filling the engl osArmethod addoedingl tevGlaint me, Wharein g2 encloswetocludesendi ng to

cent 15 ophni Koo doshant & dohu=CEppEs, B dnerah e peloRis vl @,

openi ng. 14. pAsiibhé®mh sigopeting to C aim 13, wherein the foam nateri al
conprises 1-5 %W/v of active foamformng ingredients, the bal ance being
water. 10 15. ‘A nethod according to Claim 14, wherein the expansion ratio

of the foam ngyeri g méﬁnoa%%rd?@ tOJCI&ﬁn 13/ wheieliPtheoam matetal confrives 15,

wherein the foam naterial conprises about 1.7 % w v of active foam
form ng i ngredi®fe wiv @fra@tmarmtormmggmem theybalapcebeiRgwak®'cor di ng t o
Claim11, 1Wner ein the enclosure is made of a

15. A method according to Claim 14, wherein the expansion ratio of the

foam material is about25: 1.

16. A method according to Claim 15, wherein the foam material comprises
15 about 1.7 % w/v of active foam forming ingredients, the balance being water.

17. A method according to Claim 11, wherein the enclosure is made of a
composite textile material comprising a layer of a ballistic fabric material,
sandwiched between outer and inner layers of a waterproof nylon fabric

- 20 material.

18. A method according to Claim 11, wherein the enclosure is made of a
composite textile material comprising several layers of a ballistic fabric
material, sandwiched between inner and outer layers of a waterproof nylon

25 fabric material.

19.  An apparatus according to Claim 3, wherein the enclosure is inflatable
and wherein upon inflation the enclosure wall is rounded adjacent to the

integral floor.

. W
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conposi te texti.le material conprising a layer of a ballistic fabric

mat eri'al, sandwi ched between outer and inner |ayers of a waterproof nylon
fabric 20 material. 18. A method according to Claim1l, wherein the

encl osure is wadgsiady a conposite textile material conprisingcpexsfdsstayers
of a ballistic fabric material, sandwi ched between inner and outer [ayers
of a wat er pr oof2¢y| ofy method ﬁ??fé"nﬁatoeﬂaém 131 gvhergin themnclosue iscintiatdbley t 0

G aim 3, whereigng %e‘?ﬁ ‘finfl%ﬁ thé rfémsﬁ @%Ilmﬂefo‘a e&'%gﬁacengl §he" the

encl osure wall 1s roun acen tot e ral “fl oor

met hod accor di nlgtegmalcﬂoarm 13 wher ei n the encl osure is inflatable, and
wherein upon inflation the enclosure wall is rounded adjacent to the
integral floor. 5 21. An apparatus according to any one of clains

1-10 and 1% further conprising a flexible frame to support the enclosure
during positioning and use. 13
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