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‘TI TLE METHOD AND APPARATUS FOR CONTAI NI NG AND
SUPPRESS! NECEXM@51 VE DETONATI ONS |, John L. Donovan®CHES®95ent ed
certain new and useful inprovenents in a METHOD AND APPARATUS FOR

CONTAI NING ~ AND SUPPRESSI NG EXPLOSI VEREF@NATI ONS of which the foll ow ng
Is a specification. This application is a continuation-in- part of ny

pendi ng appl i cation Ser veeor08AEY Ar2ARakidethor ReAGImAY. 1995, and

i ssued March 25, 1997 ampUsSppRebeiine ENPLAS 184S EHNATIONS
FI ELD OF THE | NVENTI ON This invention relates to a nethod and

.apparatus for ronfehni DY, DevAR| | have andvetppaessiragihhfedetanat i on of
expl osives, particularly for the explosion working of netals, and for the

di sposal ofugwfwint Hdpespéoshtve hwnatMPTEOD AND ADRARATHEEFORl SONTAINING
BACKGROUND OF THE | NVENTI ON Expl osi ves have many useful industri al
applicati orAND S$URPREEHONG UEXRIG@S h¥E deETONATIONAs bénwhichnmahgafiedd calilngy
steels, surface dep03|t|on coating, welding of netallic conponent s,
conpr essi ord- st dPRCHE 1@©ﬁment'§hi$oﬁpprQtson aﬁdagcanguauaﬁe@namand
di sposal of unwanted expl gsive or toxi c mater prior art
reflects ndﬁ?r%t?%HﬂYsp?Bdé%ﬂt%Pﬂl%ﬁ§t1°§x§P6S|Hﬁ pP§é§§§ ?89 @HéEd '

suppressi on_of noi se, sh and Noxi o uting_expl osi on _products.
Canpel 5, TBSERISEE 2P 0sb0o S | 4Gl BRBPULIBRCEN aReer SFY Sul Sh SRtent

expl osi ve wﬁék g’gf§,4§3[ntroduced in through an

FIELD OF THE INVENTION

This invention relates to a method and apparatus for
containing, controlling and suppressing the detonation of
explosives, particularly for the explosion working of
metals, and for the disposal of unwanted explosive munitions
and toxic materials.

BACKGROUND OF THE INVENTION

Explosives have many useful industrial applications
including surface hardening of austenitic manganese alloy
steels, surface deposition coating, welding of metallic
components, compression molding of components from powders
and granular media, and disposal of unwanted explosive or
toxic materials.

The prior art reflects many attempts to contain the
explosion process for the suppression of noise, shock and
noxious polluting explosion products.

Hampel 5,419,862 discloses a large explosion chamber in

which an explosive work piece is introduced in through an
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2 air WO a vacuum chamber where it is detonated, BAHUSISHSTH,
detonati on the expl osion products are allowed to escape into the

at nosphere. The chanber is nechanically secured by anchor rods to a
f oundat i on. Ganbarov, et al. 4, 150, 783 discloses a cylindrical

contal et vesse! 1rapl Ll oM, ks leATRlRl g of SEpAAALLALC o, g openabl ¢

fon O rge wor preces suc rarl wa rogs, stone

a . " f ( . ; |
crusher “ﬁ@%gggggﬁfﬁg@%e trfek%xggogagge O;s:;tflcgﬁ%&naﬁé 2118k gpiece an

expl osive'C chanber cked and the expl osive

det onat edeB¥aBePYikly thel AtdRPMI¥T d8Yd CEhantber €XB! REERANGRENTSL i ON
products are al l owed to exhaust to the atnosphere through an air val ve.

Deri bas 4g@85x883 b3N&nMhidirn rbd281P82 fhwed®sEon. spheri cal cont ai nment
vessels with a bottom opening through which a work piece incorporating an
expl osive is i cambduesd ett lwlaugh 100 €18V adbschesas, aangldiadrimadus f eed
wre el ectrodes are used to nake contact with an electrically initiated
det onat or celm¢rinirentoressiedce Sl it plene. iThedianatesr fpat éepaglagdon,

di scl oses neans for introducing an internal liquid spray after the

expl osi on ahgr cpieaaRledRr dihe INAATEION| af +3KEe WOTrpr BAGGSS Muthes

expl osion. | Smrnov, et al. 4,079,612 discloses % rqughl y
heni spher @il wayh i feontS WG ST HIRGK c¥Edh B2EbRAcRBRetRE at *IFSHth a

O S o A o o B LA "Grep 1 ob 1 e "BhK e LA a0 v
is closed and locked and the explosive detonated by a built-
in detonating device. The explosion combustion products are
allowed to exhaust to the atmosphere through an air valve.

Deribas 4,085,883 and Minin 4,081,982 disclose
spherical containment vessels with a bottom opening through
which a work piece incorporating an explosive is introduced
through an elevator means, and continuous feed wire
electrodes are used to make contact with an electrically
initiated detonator when the work piece is in place. The
latter patent also discloses means for introducing an
internal liquid spray after the explosion for the purpose of
neutralizing toxic by-products of the explosion.

Smirnov, et al. 4,079,612 discloses a roughly
hemispherical containment vessel mounted on a concrete
foundation with a shock-absorbing work table for supporting

the work piece and explosive material, which are detonated
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3 through electric ignition wires | ] hr ough openings in the
‘contain | to the | T HAS BEkEdif ferent appro | SGl osed
by Paton, e Mﬁ?%ﬁ 3,910, 08 HB% S %&mC | tiple cl osed-end gﬁ%@gﬁggg | sposed
radially around a central ¢olum . Tra-whelr—ttie explosion is initiated, with
t he shock waves danpened by internal baffles wthin the tubes. Access is
gained to the chanber through a renovable top cover plate. Kl ein, et
al . 3,611l.%6Budhsellesesia Yemitdan Mmé&il%di%%ouéj}ﬁ%ﬁ@@ﬁﬂﬁ@@giﬁ

cushi oned work table for supporting the work piece and expl osive charge,
and an i nk@engbnthdtkentmresised nechdr ealt gaigeni ng nmeans consisting of a
steel grate for absorbing the explosive pressure waves. Klein 3,464,249
di scl oses a si M ldirf feoendi appricacdssied diistlideessl Imaskatspherécadl.with a
bottom covering of |oose granular material such as sand whi ch supports the
wor k pi ec8,®1@ , 084plizs wWhd cdhandd ipiiee abqaatiand pipkstarardigpesddr ged
through a vertical pipe containing a noise silencer, and the entire
assenbl y r&dd@apor Be@WE sheae e il thei efpiesdonrigk or
concrete pit for the further syppression of shock and, noi se f

) Al |
the above ¥pHitd@tEd: dehcdds rﬂavﬁﬁnﬁ%mﬁﬁﬁﬁﬁsbﬁvb?t?ﬁﬁaﬁePﬂSﬁéeFirgt
df |, asi deni f ! | i whi ch
ol ved I hhd R 0o eI Ao B AR i oot e SAMBREn CEelgh dor

the bottomof . AR10P} PidoicAf &n abandoned gravel

Klein, et al. 3,611,766 discloses a vertical explosion

chamber incorporating a cushioned work table for supporting
the work piece and explosive charge, and an internal shock-
mounted mechanical dampening means consisting of a steel
grate for absorbing the explosive pressure waves. Klein
3,464,249 discloses a similar containment vessel, in this
case spherical, with a bottom covering of loose granular
material such as sand which supports the work piece and
explosive charge. The explosion products are discharged
through a vertical pipe containing a noise silencer, and the
entire assembly is supported by shock absorbing means in a
reinforced brick or concrete pit for the further suppression
of shock and noise.

All of the above prior art devices represent
improvements over tﬁe methods first used for explosion
hardening of manganese steel rail components which involved
placing the explosive-covered work piece in an open field,

or at the bottom of an open pit such an abandoned gravel

This Sheet Hag Been Replaced
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4 pit, ng off the explosion in the open air wth t

noi se, d&ggﬁ§§%%urbance and contam nation of the envi ronﬁéﬁ-?‘fga*"h%l
addition, the uncontrolled use of explosives required great anmounts of
space, posed substantial danger to equipnment and personnel, and had the
undesirabl e effect of denolishing the ignition |eads, the work piece
support S%i@c%ncﬁf@e@t\!ﬁﬁ%t@ff‘gtﬁ‘éséxﬂlbgh.ant he t'ng%ﬁ'ieEH @Mt Ghitid y of - the
expl osi on is therefore the principal object of the present

i nvent i on tesyltantdenahse npduyed desbadbandeappd aidit dnfimat Gt "iHYW,
controlling and suppressing the effects of expl osi ve detonations used for
i ndust ri alepuipoyesnt Theln addposenef theeuncoatticdl éds use ppbvi de a
cont ai nment device  which can contain and suppress each expl osion so that
it poses=¥RLoR R Y reduiredusteay phmenntanefequigmmeniposedto the

envi ronnent . A further object is to provide such a nethod_ and

appar at us W%‘Fﬁrb@‘@ﬂt@a?%%th‘anﬁqBéHV‘éﬁFeﬁPdcmrgﬁ%@%d ang diasy dthef work
pi eces, therﬁb eV|£g nmuch gher Sé of productiaon than have been
possi bl e US® %Z ecHe9fc@ mQhd St B thige 9T A RP D ddt®is to
provide an |ve conLa t vessel. which can be constr cIed

i nexpensi ve?rkoé) co%%p%aferl gaﬁ& n§ 8o VET T mg GEAE Jtréctl"n'ﬁ ques

but which |5 %ééﬂégg @98999tg?of‘Eﬁét@Qg1E%QEQF and years of continuous

use w thout deteriorat
It is therefore the principal object of the present

invention tc provide an improved method and apparatus for
containing, controlling and suppressing the effects of
explosive detonations used for industrial purposes. The
purpose of the invention is to provide a containment device
which can contain and suppress each explosion so that it
poses no hazard to surrounding plant and equipment, or to
the environment.

A further object is to provide such a method and
apparatus which permits rapid and convenient charging and
removal of work pieces, thereby achieving much higher rates-
of production than have been possible using prior art
devices and techniques. A related object is to provide an
explosive containment vessel which can be constructed
inexpensively of common materials ﬁsing conventional welding
techniques but which is sturdy enough to withstand months
and years of continuous use without deterioration. A

related object is to provide such a device in which
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rel ated object is to provide such a device in which WO 98/ 46943
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materials, such as silica sand and pea gravel, are used as danping an
shock absorbi ng agents, rat her than conpl ex and expensive internal
springs, netal grates, and the like. s Anot her object is to provide

an expl osi on cont ai nnent chanber which is readily opened fromone end to

allow chimgxpgr@ide exxmsimaifl evondt gf sxks, byuchbnasnsibbah seadsandsuch as
a forklift truck, and to all ow easy entrance and exit by maintenance -

per sonnel . P&af grEVEl ol tuges a5 dampingeandi skoahdabsbkbingt agenbeal of

gaseous epr05|on by- products after detonation so that naintenance
personnel &&k erlﬁhﬁﬂéﬁ@ﬂﬁ}?ﬁﬂ%ﬁ tevePemRther inbereabyeprhagss eaetdlwor k

pi ece and put anot her ace for the next operation. Still another
obj ect is G535 r'fq?eﬁt i ignition systemin which the electrical

| eads for the det OQ&}IOH i ation m ar e tected from. bl ast

| t
ef fect and are eus(si'rbIoeb:'fe‘:rnc lsgrte%tpﬂ?\: ‘S? 3F §§B$8§?8ﬁ EgeradnmERther
th bei d aft h |
Aot her pr R AL TR § BopEaLEPLABE SRS  Eha BShaTUEHS of
qui ckly re@z‘&z@ﬁr@‘%r{d Sl Ak 1 Nr 9RSEL 1ec8§pE?SbBHvQXtQEQQ‘iCEEaQ%

passi ng them t Wrough a scrubber syste operat 1 ng pérsonnel can

re-enter th@cHhaidbel forkmerh albhok WihE £heasehiibhgs CQHE%QH%% hAgprocess
t he products of the previous explosion as a new worz pi ece and
exit by maintenance personnel. A further object is to
provide quick and efficient removal of gaseous explosion by-
products after detonation so that maintenance personnel can
immediately enter the chamber to remove the treated work
piece and put another in place for the next operation.

Still another object is to provide an internal ignition
system in which the electrical leads for the detonation
initiation system are protected from blast effect and are
reusable for a great number of explosion cycles, rather than
being destroyed and having to be replaced after each cycle.

Another principal object of the invention is to provide
a means of quickly removing and treating the gaseous |
explosion by-products by passing them through a scrubber
system, so that operating personnel can re-enter the chamber
immediately while the scrubber continues to process the
products of the previous explosion as a new work piece and
explosive charge are being readied. Also, it is an object

of the scrubber system to further dampen and suppress shock
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expl osive charge are being readied. Also, it is an iject of the scrubber

system t wwéd 08/4d9¢3 danpen and suppress shock WO 98/ 46948T/US98/05721
PCT/ US98/ 05721 6 and noi se from each -
detonation by virtue of the extended travel path of the expl osion
products as they pass through t he scr ubber. A particularly

I mportant object of the invention is to provi de a sinple and inexpensive
means for ISR tFem eapliseatenardpnobyt Néréus &fi She fetended

I nst ant aneousl! y. reduci n tenperatures and pressures within the chanber,
whi | o o vl HRME B8 Chpor BBl PHG L BEOINE tear GRS GARR (AT he
expl osi on qi-pQ%QIQ$s. Still another principal object of the

i nvent i on 1°& tY V1 de a nethod and apparatus for controllably

destroyin it |,Ni; L.t . | o&d [ | yst. nmb
weapons) by detost? BEcHEREEY M RBORLHLPLE Y JE Khe bl o

The i nprovee,exfd 081 88msaMBAl PhekBensiVeNedhs LATRIHRDHih W e-wal | ed
st eel expl’osi on chanber anchored 0 a concrete foundation, and having a

doubl e- wal hgs&€ c@sergydesr ther expabaiibe , NFW \alrs G feo@dld, dreducing
doubl e-wal | ed vent door for discharging the products of the expl osion.

The  doubtemperasupést Aadcpaebeiureacedthidoahaanthandr dodiiler eat thd | ed
wi th granul ar shock danping material such as silica sand, and the floor

of the chawdmee timeoseppteastinggdast and pshoclcuwlatps mathesr suthles pea
gravel .
explosion by-products.

Still another principal object of the invention is to
provide a method and apparatus for controllably destroying
munitions containing multiple explosive units (cluster bomb
weapons)} by detonation.

SUMMARY OF THE INVENTION

The improved explosion chamber of the invention
comprises a double-walled steel explosion chamber anchored
to a concrete foundation, and having a double-walled access
door for charging new work pieces, and a double-walled vent
door for discharging the products of the explosion. The
double walls of the chamber, access door and vent door are
filled with granular shock damping material such as silica
sand, and the floor of the chamber is covered with granular
shock~-damping bed such as pea gravel.

Along the outside of the chamber are steel manifolds

from which a linear array of vent pipes penetrates the

double walls of the chamber, with each pipe terminating in a
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Aldng t he outside of the chanber are steel manifolds fromwhich a |inear
array ofWQ@&##6948 pes penetrates the doubl e wal |l s of thePEREABAS72W t h

each pipe termnating in a SUBSTI TUTE SHEET -
(RULE 26) WO 98/ 46943
PCT/ US98/ 05721 7 har dened steel orifice

-
through m@é?@eﬁga gfggqswylfié§N€¥£%§$H1JH§§wQ&§be%%%bsion Within the

chanber, pre-neasured containers ener gy- abs I'ng nmedi um

pref er abl ¥ GRARE k ShNgrRl@itC pad20l ymer filmbags containing water are
suspended ?ron1stee| W res over the explosive material, and at each. end

of the chanbgithkheehel GHank@H,! rd SR MRS M irddi®s GrRmer  through
a steel hood having a downward-facing access opening positioned in a

pr ot ect edeheeay-absealbdnd heediumf agerafertdtd y @hipitildAindogd.aduiic accessible
by an operator for quickly attaching an electrical blasting cap.

The accespoapdevxelfit ldodacs eanttadnliock edhtwdrt latehesusparei=td ifomdm iggreder to

bl ock ignition unless both doors are positively shut. Wen the doors are
opened afwiresg oveat digt iexplasimmtmItarisl pegid ianekdly endhafsttlexpl osi on

conbustion products fromthe chanber and to draw fresh air in through the
access doshampgE -mafileatdsiaild AEHiteloodread diistarargit amttdiay wadigrer for

further cooling. and ) , i
through a steel hood having a downward-facing access opening

positioned in a protected location below the surface of the
granular bed, but accessible by an operator for quickly
attaching an electrical blasting cap.

The access and vent door are interlocked with the
electrical igniter to block ignition unless both doors are
peositively shut. When the doors are opened after a .
detonation, a vent fan is positioned to exhaust explosion
combustion products from the chamber and to draw fresh air
in through the access door. The manifolds and vent door
discharge into a scrubber for further cooling and
environmental treatment of the gaseous combustion products.

The method of operation of the invention comprises the
steps of placing an explosive work piece through the access.
door and onto the granular bed, suspending plastic bags
containing an amount of water approximating the weight of
explosive, attaching an electrical blasting cap to the
igniter lead wires, closing the access and vent door,

electrically detcnating the explosive, immediately opening
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environnental treatnent of the gaseous conbustion products. The

‘met hod of wepRf@ddson of the invention conprises the step .Ag an
expl osi ve work piece through the access door and onto tﬁEBBPQ%@%?P bed,

suspendi ng pl astic bags contai ning an anobunt of water approxi mating the
wei ght of expl osive, attaching an elegtrical blasting cap to the
igniter lead wires, closing the access and vent door, electrically

det onat i ngbehb egpessi aad vemsddebel y amgdenisigng fan wWRAS/ #6043

PCT/ US98/ 05721 . ) 8 both access and vent
door, and 83PAYSEARInERASs CPBPUStdphapOdug tishe ft driirisié oonat boocfsonf t he
detonation fro he chanber in preparation for inserting the next

expl osi ve CPRofRAPPEEe 1N Preparafdog, fogud nEGmiuNg dherrekict expkesivg . t he
mani f ol ds apd_vent discharge are then cool ed and environnental ly

treated inwgrchﬁSBSV before being released to the atnosphere.

Wh d to di b .a_fra ntation, ., contai nnent_upit
R s used: P GaRegTH bbhBE: B0 LISERINAL ol c 1R o CHRRE FgLas

pref er abl vagh JBAGARESERaLER! arBLbAG o dd }rgo;témxaor?nﬁg?tgéar )| 1ca sand

onto which the nunition s p supporte one “or ¥ers of
gypsum boaggeate@ eh hheckidpetlsrerded HdiNg 0004 of 5 tfige Chanber, is a

t
conventional steel cable or chain blast mat. iEe munition I's detonated by
a starter agbmogphessd the FCU and bl ast mat absorb the inpact of any
fragments or shrapnel, and the

When used to dispose of munitions, a fragmentation
containment unit ("FCU") is used. The FCU is a heavy-walled
bucket -shaped casting, preferably of manganese steel, having
at its bottom a bed of silica sand onto which the munition
is placed, supported by one or more layers of gypsum board.
Over the FCU, suspended from the roof of the chamber, is a
conventional steel cable or chain blast mat. The munition
is detonated by a starter charge, and the FCU and blast mat
absorb the impact of any fragments or shrapnel, and the
chamber then serves to absorb the remaining energy of the
blast and to dissipate the explosion combustion products in
the manner described above.

A BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings,

Figure 1 is a cut-away perspective view of a first
preferred embodiment of the improved explosion containment

chamber of the present invention;
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chanber ves to absorb the remaining energy of the dto
di ssi pat‘;élgsg/ééggépl osi on conbustion products in t he nanngFTaleSgﬁ'sl%gd _

above. A BRI EF DESCRI PTI ON OF THE DRAW NGS In the

dr awi ngs, Figure 1 is a cut-awaygperspective view of a first
preferred enbodi nent of the inproved expl osion contai nnment chanber of the
present invent Fagure 2 W08\ A6¥MEY partial perspective view of the
PCT/ US98/ 05721 9 Figure 2 is a
cut - away pepbisatepershedt ithe whamber tdfe Figppmosi t eirenbudingha chanber of
Figure 1, including a _scrubber for cleaning the gaseous expl osion
product s Befrubber iHgaatiag the lgassowss mrplosion progughgebgiprea
partial sectional plan view of the expl osi on chanber of the preceding
figures; ventingritdhigme tp jtde, afFaspiienssctional side el evation of the
expl osi on chamber of the preceding.figures; Fi gure IS a

reduced- scal e Se8M4%shal ﬁﬁpé‘n RATW iong Ip]}%‘hg‘f’he%fo?hléh%xpl osi on

chanber of _the precedin figyres show a railroad track work piece in
pl ace for e_"pgﬁ’ﬁllc%’! éﬂxaﬁ’g’redferﬂﬁg:qer é’é:[er?ﬁﬁ{}'%g JJ‘lgurﬁ”gure 6 is a sectional
end el evation shonind 4 g o 46585300008 S ofsdbe. £xplosianoshapger of
t he preceding gur es; I"gure I'S""a sectional —end ‘elevation

showi ng t%?¥%%%ﬁ_n‘HHHmﬁéfﬂB%‘35é'§%é%§%‘ﬁ§‘¥&§ﬁf@$?r of the preceding

: i
figures, a piece of rail trackwor n place fo
Figure 5 is a reduced-scale sectional plan view of the

full length of the explosion chamber of the preceding
figures showing a railroad track work piece in place for
explosion hardening treatment;

Figure 6 is a sectional end elevation showing the
access door 6 end of the explosion chamber of the preceding
figures;

Figure 7 is a sectional end elevation showing the vent
door 7 end of the explosion chamber of the preceding
figures, with a piece of rail trackwork in place for
treatment;

Figure 8 is an enlarged partial sectional end elevation
of the ignition wire entry point into .the explosion chamber
of the preceding figures;

Figure 9 is a sectional side elevation of a typical
multiple-weapon or "cluster bomb" artillery munition, such
as the United States Army 155 mm. M483 projectile containing

88 individual shaped-charge anti-personnel grenades, which

SUBSTITUTE SHEET (RULE 26)



treat ment; Figure 8 is _a =
of the i gphbi ire entry po 19 BHbC 1t ["osi on chanber,

pr ecedi ngﬁ??g’ﬁd}éﬁm Fi Eﬁe opipLABERe al side el é’&;‘{ |58£h/0§g lea )
typi cal mul ti pl e-weapon or L= 0 artillery nmunition, such as
the United States Arny 155 mm M83 projkxrtil e containing 88 i ndi vi dual
shaped- charge anti-personnel grenades, which

10 is typieatyRicahechuhhei BRS1RAIEE iyl de wayf iy shfplosadii sposey ehe
present invention. Figure 10 is a sectional end view of the nunition
of  Fi gur P9, tRARFATERRhe 1 PNEAFiI@Hal gr enades di sposed in eight col ums of

t its. Fi 11 spective il]ustration of how th

g enades i t hi rFIREFubPt F8n 2P SEGSIA T SH%, VERE G T (BT HEOR et on,
Iled as, i | ast i er - tub i of. to being | oaded

"o the retguft b0, BhEnl B 3ol dlan, Wi Hiaen i o

containnen%oy@&ﬁsonggghaQEngg for use with the explosion chanber of the
preceding frgures, containing the explosive contents of a cluster nunition
encased wi thin fhgueariiehis bURR Apddiei i eCeHi it 4d O & r 30w the Figure
13 is a partial sectional side elevation of a second preferred enbodi nent

of the exphpenddeswirbhinatar! atiniftoref tFDerdli SP0sa)  asbovlNgg the FCU
contai nnent unit of

the invention, expelled as a group into a plastic carrier

3 i al sectional end el evation

tube, prior to being loaded into the FCU.

Figure 12 is a side elevation of a fragmentation
containment unit or FCU adapted for use with the explosion
chamber of the preceding figures, containing the explosive
contents of a cluster munition encased within the carrier
tube of the preceding figure; and

Figure 13 is a partial sectional side elevation of a
second preferred embodiment of the explosion chamber adapted
for munitions disposal, showing the FCU containment unit of
Figure 9 positioned within the chamber and ready for the
destruction of the contents of a munition positioned within
the FCU.

DETAILED DESCRIPTION OF THE INVENTION

Turning to the drawings, Figure 1 is a sectional
perspective of the improved explosion chamber of the present
invention. The chamber comprises an inner casing 1 having a
ceiling, floor, side walls and ends, being fabricated of

sheet steel using conventional welding techniques.

This Sheet Has Been Rep

T
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Figure 12 positioned within the chanber and ready for the destruction of
the cont¥M98/46943a nunition positioned within the FCU. PCT/US98/0572DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Turning to the drawings, Figure 1 is a
sectional perspective of the inprovedﬁgﬁplosion chanber of the present

i nvention. The chanber conprises an in casing 1 having a ceiling,

floor, 51 deN8llaand gadsnael ngaly hoated of: abeet 5788l sbag

t'echni qués

PCT/ US98/ Q3 2lmstantial flanges or ribs 2 over lhicRUL' QEAALAIshAE:] nner
casing 1 are a plurality of Spaced circunstantial flanges or ribs 2 over

which a walkded Fheelr cadlied 30UlLleditiMcted Ss60PBAEUEhRd r§Bst hakatiBe ribs
2 cause the outer casing 3 to be spaced fromthe inner casing 1 and

| eavi ng a t@RP otliedh dasirke fid Iked sWdded Bremuthe shaek- casdagpiingnd
material. In the first preferred enbodi nent as shown in Figs. 1 - 8,

whi ch enbddiaventg iss gaar twltidlarilsy theadaht Eled owitheaeyphasilar shokbice

har deni ng treat nent of railroad trackwork, the inner and outer netal
casi ngs ardampigghstatetied of Irhritde duiarsterpratarreidckmbbdémenteals
separated by circunferential steel |-beamribs 2 spaced every two feet.
Al seans showre gt iFiEus-wel dod whicdvrempedimentt ke PA¥EACMIRY 1Yhe space
bet ween the_ i nner and qQuter casing 3 is filled with a firm granular
shock- abs ARG % il SXRIRFGRTYr 53¢ cRagdRping treat &kpl osi on

h roi hor I r r [ .
:’:e?m‘)grce(sf aneho grbglcktw)n?o}}t:s, OtheOt{]r?ner arslg E)Stlgle% m%%% g:ré%tlnségovgqe to a

constructed of three-quarter inch thick sheet steel
separated by circumferential steel I-beam ribs 2 spaced
every two feet. All seams are continuous-welded. According
to the invention, the space between the inner and outer
casing 3 is filled with a firm, granular shock-absorbing
material, preferably silica sand.

The explosion chamber is anchored by bolts or other
suitable means (not shown) to a reinforced concrete
foundation 5. In the preferred embodiment shown, the inside
dimensions of the
explosion chamber are: eight feet high, six feet wide, and
fifty feet long. The reinforced concrete foundation 5 is
preferably at least four feet thick.

As one of the major advantages of the invention, the
internal dimensions of the chamber allow an operator to
enter, stand up and work easily, and its length, in the

first preferred embodiment, permits long pre-welded sections
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foundation 5. In the pref t shown, the inside di nensi ons

of the wespsss on charigrSHbte: HAS @EE eet high, six feet rarasys/enzh
fifty feet long. The rkinfomggedrCincretg foundation 5 is preferably at

| east four feet thick.l As—one of the mmj or advantages of the

I nvention, the i nternal dimensions oft2t he chanber allow an operator to
enter, stand up. and work easily, and its length, in the first preferred
enbodrnemPfrﬁﬂ%n¥%§¢on§aﬁk¥9 | §8d beedfysgrsed and explosion-hardened,

12 of railroad trackwork to i nserted and expl Qsi an- hardened, which was
not possi Bt 3 CROD BobSiBlel 0n EraaREt SXelosHin SRaTers s o1 ovi tod

h d d d Both d
Const 1 uct ed of BB TORE) £ ga kSIS L PANT & °?13r>rtsd i SRR |
and each ¢s hipged, Lo, O§ER,! # an éd?:‘t@rd%@'ﬁr r as-g?c%&  Jfd blaer—

constructed SO t hat each oor fits1n a sea atron I p SO

i ncreased QU eRSAINfe YHEE QtEEQ Ghahelr tAUIRS éH&%b‘éQorwathSseaJné 'e%'@k?r
against its frane. The volume within the double-walled doors is also

filled wtis 1egdd despbpenmaneEnlinwdiref igldt ign.i canaibor jambslhe

fl oor of the chanber is preferably covered with a bed 8 of granular

shock- danry dmistiatreflr ebetdllty garmh qpaavelitd dm aiidairimgept h of about
one foot, thereby formng a support surface for the work piece and

expl osi ve relmtheodshdpasedthat increased pressure within the chamber

causes the door to seal tighter against its frame. The
volume within the double-walled doors is also filled with
shock-damping material, preferably silica sand.

The floor of the chamber is preferably covered with a
bed 8 of granular shock-damping material, preferably pea
gravel, to a uniform depth of about one foot, thereby
forming a support surface for the work piece and explosive
to be detonated.

To initiate ignition of the explosive, electrical wire
firing leads 9 penetrate the chamber through a pressure-
sealed opening 10 and emerge through a welded sheet steel
shield box or hood 11 having an downward-facing opening
positioned below the surface of the granular shock-damping
material. To prepare the work piece and charge for
detonation, a suitable electric detonator cap 12 is inserted
into the explosive charge and the ends of its wire leads 13
are routed over to the firing wire hood 11. The pea gravel

is scdoped away to expose the ends of the firing wire leads

This Sheet Has B

e
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To initiate ignition of the explosive, electrical wire firing |leads 9
penet r at ewd®s/4sbdTber t hrough a pressure- seal ed openi ng 1ECTHUSPS@HBI ge

t hrough a wel ded sheet steel shield box or hood 11 having a :
downwar d- f aci ng opening positioned bel ow the surface of the granular
shock-danmping nmaterial. To prepare theltork piece and charge for
detonation, a suitable electric detonator cap 12 is inserted _into the
expl osi ve éhaﬁéﬁ* S%eaﬁﬁdgwat? stRPFERREAHS F3MPARES, ShCedi89BF to the

firing wire _hood 11._ The vel is_scooped away to _expose the ends of
the firing %F%u%teaa%ng cRER, PhiPaaogave i slept backBoRE he

PCT/ US98/ 05 5% . | eads..are

tw sted toég (ﬁa%%Fc%%%lé?%théBfF?iﬁ alncFPgﬁFﬁgdaﬁ dtﬁgﬁlfﬁg %8% gravel

s swept bagle:P\eialbe tndChoBal 0f . Cann eadent3abeondibh sUif auadsand

encl ose the™ open end of the hood 11 I etonator Cap leads 13

are ,SUbStarEfé’l'édeftéﬁﬂiQMﬁt 8dsbyirbBeatxnl 89 0Re ERBI1USIRY chW Ee iggds 9
remai n protected under the hood 11 and may be re-usSed repeatedly.

As a princiyate fedds esoteinhéni pyebkceBd Ghaek thesUPROBSIIIORMEIAG Bee
provided for the chanber in the form of a plurality of vent pipes

di sposed almmguddd repéatedhg. of one or nore of the interior side walls
of the chanber, wi th each vent pipe conmunicating through the chanber
double wall irmk® anprivajreddfeatuirenadi thedibyemedas,exsthend ng
al ongsi de the chanber on each side and termnating in a discharge outl et
16. In the SYPRYePHPLPRr MEANENBEEI PEAVidgehfor the chamber in the form
of a plurality of vent pipes disposed along the centerline
of one or more of the interior side walls of the chamber,
with each vent pipe communicating through the chamber double
wall into an elongated steel manifold 15 means extending
alongside the chamber on each side and terminating in a
discharge outlet 16. 1In the first preferred embodiment each
manifold 15 is ten inches square and is fabricated by
continuous-seam welding from one-half 2 inch steel plate.
The ribs 2 consist of eighteen-inch I-beam sections spaced
at two foot intervals. The vent pipes 14 are of two inch
diameter steel tubing, and like the ribs 2 are spaced at two
foot intervals. Where it connects to the inner wall of the
chambexr, each vent pipe is fitted with a hardened steel
orifice 17 three-quarters of an inch in diameter. In the
first preferred embodiment, the fifty-foot chamber has

twenty-four vent pipes 14 and orifice 17 per side, for a

total of forty-eight vent pipes 14 and orifice 17 in all.
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manifold 15 is ten inches square and is fabricated bf conti nuous-seam
wel di ng fy@ps half 2 inch steel plate. The ribs 2 con

ei ght een-inch ﬁﬁ%ean1sections spaced at two foot interva?b%h¥%%m§%h .
pi pes 14 are of two inch di aneter steel tubing, and like the ribs 2 are
spaced at two foot intervals. Wiere itigonnects to the inner wall of the
chanber, each vent pipe is fitted wth a hardened steel orifice 17
three-quarters ofitdnirn rute ichahlze®e} esquare tdernefs rate piebdeadberhagienent ,
the fifty-foot chanber has twenty-four vent pipes 14 and orifice 17 per
side, for ®f thet dlergierfay tof exphlosibns pipesxdvt amusuallgehighin al | .

WD 98/ 46943 o . PCT/ US98/ 05721
14 \wresEsnefe athfier Crkuirel @pirts. ar%h%ﬁ@ﬁ@@@ bacfiddet of the
tendency of explosives taq exert unusual ly hig pressures at such critical

poi nts. Th&P &S em a % iYglged W’e%eei@"‘l%OW’ﬁe%P|kPFE%a]éa'é1h'308Pne§qPérSr eak
the 90[err] squar caorner ch has the effect, of

r oundi Lg t}*?é’ orlﬁ'etr atrY‘EPeql i %4}%{’ 'é% r%?t?%b @ rﬁ%‘l‘gg oPIp&BRet s

whi ch woul d ne rabl e destructive r he corner
A o f|r “bare S L A SRR S 4 SEneF (5% ppERets

addi ti onal | @ rfaces
of the outer l&E{i er manl dlb‘ﬁéé ?ﬁll?aeg? *§%r%€%‘éﬁ%gﬁ'g%d %Dr%lé
coating 20 4f g@%ﬁmq,iéjd@n to a depth of at least four inches. The
entire foam covered structure is further enclosed in an encl osure such as

a In the first preferred embodiment of the invention,
additional sound suppression is obtained by coating the
exterior surfaces of the outer chamber and manifold 15 with
a polyurethane rigid foam coating 20 of known composition to
a depth of at least four inches. The entire foam-covered
structure is further enclosed in an enclosure such as a
sturdy wooden shed (not shown) having screened wventilating
slots to permit free circulation of air.

To open and close the access and vent door 7, double-
acting hydraulic cylinders 19 are provided. As a further
feature of the invention, important safety objectives are
realized by providing each door with sensor means 21 as part
of an electrical interlock (not shown) between the access
door 6, vent door 7 and ignition means, whereby the access
door 6 must both be in a closed and sealed position before
the ignition means can be energized. 1In this way it is
impossible to inadvertently detonate an explosive charge

prematurely before the doors are fully closed the result of
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sturdy wooden shed (not shown) having screened ventil ating slots to

permit fwO®8EpM3ul ation of air. To open and cl ose RGTAREBERE and
vent door 7, doubl e- acting hydraulic cylinders 19 are provided. As a
further feature of the invention, inportant safety objectives are
realized by providing each door with s or neans 21 as part of an

el ectrical ,interl ock, (not shown) be en_the access door 6, vent door 7
and i gni t W& &RﬁiQMRﬁeﬁ§%??ﬁ§%ﬁié!€é5trfﬁﬁﬁo% Adt 9BBRESHECI n a cl osed

d seal ed_pasi tion bef th it b ized. Ln thi
wey it is TEMSISIE (60 FRUVEFRENTF) Gt oat et QrnERBTEE: VESCRARle

o8/ do0as Of BOAVIS LM B € Bl il bEREIIE, HESkG Fhpinicy’ Ot

15  whi chywouyl e sahst agtial destruction and damage to  equi pnment such
as the vent fan 22, not to nention the risk of bodily injury to operating

personnel in the, Wid Nfiy¥s©f pretbLragCORBoMPRENE- the chambl@rt Reifiik

preferred enbodi nent the chamber ceiling is fitted with a wel ded I-beam
for use ass flitdddewitth aiwsbdédandbeamoyerpasei asl ar kyocliaey kengt hs of
st eel trackwork or other work pieces of a simlar shape. Anot her

princi pal ifresstnir earad tdreovaveatrtbaulsripelongr bengths bdr seaell expl osi on of
liquid-filled energy absor pti on nodul es di sposed roughly al ong the
interior tusgkwork rer opthet ehukbpiecFheoé desivédazeshereo cool the
gaseous expl osion products, and_to suppress dust and debris in the
chanber after(ﬁﬂnggﬁ|B§}Bﬁ;pal feature of the invention is the

provision for each explosion of liguid-filled energy
absorption modules disposed roughly along the interior
centerline of the chamber. These devices serve to cool the
gaseous explosion products, and to suppress dust and debris
in the chamber after each explosion.

In both of the preferred embodiments, the energy
absorption devices are simple self-sealing polyethylene bags
filled with water and hung on hanger wires 25 approximately
along the center line of the chamber above and around the
work piece and explosive charge. It has been discovered
that commercially available “"ZipLock" brand sandwich bags,
six by eight inches in dimension and .002 inches (two mils)
thick are satisfactory for this purpose. While water is
preferable, any suitable energy-absorbing vaporizable
material can also be used.

According to the invention, the volume of water placed

in the chamber for each explosion is selected to be
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In both of the preferred enbodi nents, the energy absorption devices are

sinple self-seal|ng polyethyl ene bags filled with materﬁﬁygl n
hanger W‘Y‘égs@%‘%pproxi mat el y al ong the center line of the cﬁgﬁ%’é? above

and around the wor k pi ece and expl osive charge. It has been discovered
that commercially avail abl e "Zi pLock” briahd sandw ch bags, si x by eight
I nches in dinension and .002 inches (two m1ls) thick are satisfactory

for this pﬂﬁgﬁéﬁimﬂﬁél? sglal iih weipief ed@btRe amyusti bAbérplosive to
ener gy- absor bi ng vapori zabl e material can al so be used.

Accordi ng be déeonarvedti oThishsolaimembfwakeer ipl dtstdributaedt Aamosdanber
for each explosion is selected to be WO 98/ 46943

PCT/ US98/ 08@¢4ral bags which are then hung inlg staggesRfndrtRY equal in

wei ght to the anmount of explosive to be detonated. This volune of water

i s di stribapptosiBagelysaeng Wwysantien hivet AEnthangharbarsiBggBeed
array app{oxinateI% alon% the center Iing of ﬁhe chanber in the

vicinity oVifhBiEXpPSstVE. Wiy, EFReiGaRBLYbafBe2%ateL, B2HEng%on t he
hooked ends of . nine-gauge steel rods,welded. to the ceilin f.th

chanber . are hUpg g8 k& APURRLSTIT 130 BHBPGY2HEEPbEon RENYIFEY has
been found_th the.i a us Hﬁg tical pressure of the expl osion
i's reducedtSy%h8r§g§E§§ hgkﬁ?ﬁhnéﬂi e égintroduction of noisture into the

charmber at the E?mé@in%f nlQlanati om pod Lhereyf hekokeidnbrRahiGi ak

ef fect of suppfessing dust and cooling the eXpl osion products
has been found that the instantaneous theoretical pressure
of the explosion is reduced by more than half, and the
introduction of moisture into the chamber at the moment of
detonation and thereafter has a beneficial effect of
suppressing dust and cooling the explosion products
instantly. In contrast to explosions without the use of the
water-filled bags, the perceived impact and noise of the
explosion is substantially reduced, and operating personnel
are enabled to enter the chamber immediately after each
detonation to remove one work piece and replace it with the
next.

It has also been found in practice that the beneficial
effects of the water bags 24 are enhanced if an additiocnal
water bag 26 is placed at each end of the chamber, away from
the work piece, approximately four feet from the access door
6, and twelve feet from the vent door 7, although other

spacings are satisfactory also.
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instantly. In contrast to explosions without the use of the water-filled
bags, theydedeesved i npact and noi se of the  explosion i sPEUHEWMFIIal |y
reduced, and operating personnel are enabled to enter the chanber ‘

i medi ately after each detonation to renbve one work piece and replace it
\t/)\nthf_the I next].cf f It has al so beéd found in practice that the
eneficia effects of the water bags 24 are enhanced if an additional
water bag 26 isl%l%%ﬁth?eeaﬁﬁlgﬁdtbﬁg%eéhm 23y t:fhr‘eor‘f‘}"‘mnetnneog(/)vork

pi ece, approximtely four feet from hhe acc&seﬁ__ door

{A;)ognS} zggﬁm HenTion| FRBUghSotRef e S &svfrpé’rsia{aftsjfacgrgt%w%%s;eet
17 the praker cand §PRgPPAgeRiyes nﬁ.'aé)sa x isﬁ%n"#?ﬁ%ﬁ%ga?o b and

nventi on Lesul L. by Lhe, SEERLELe YRR I B Rk bn, (IR HE Biavill the

pol yet hyl eﬁlép%?;tgs, serving to abso suppress the undesired shock of

the expl OSFQHin&thﬁthSQYWQO JRehiiRd o4 il due No ke Seggh r esi due. After
each explosion, the accéss door 6 can be opened i medi ately, and al |

that can bgy,5e88i8HE WhePScekstRRIoY AP Wabe lopdted SBpdi otk ly heanént

door 7 in the manner described further her ei n. According to
anot her inpont gpatf eahube ekehare wingmntdHrwaret YEseoushiapl aséon
by- products are quickly exhausted fromthe chanber in a controlled

manner. Af keept oeachhexplensi dnont e irerthelgoantenndesceilsed dbertbenr e
si mul t aneously opened, the vent fan 22 is energi zed, and the
herein.

According to another important feature of the
invention, all gaseous explosion by-products are quickly
exhausted from the chamber in a controlled manner. After
each explosion, the vent door 7 and access door 6 are
simultaneously opened, the vent fan 22 is energized, and the
gaseous explosion products from the chamber are drawn
through the vent door 7 opening while the atmosphere in the
chamber is replaced with fresh air drawn through the open
access door 6. In practice, using the method and apparatus
described, it has been found that the access and vent door 7
may be immediately opened after each explosion, thereby
permitting operating personnel to enter the chamber
immediately after each explosion to remove the treated work
piece and replace it with the next.

Another major feature of the present invention is that
all gaseous explosion products are controllably discharged

and directed into a suitable environmental treatment means

SUBSTITUTE SHEET (RULE 26)



gaseous expl osion products fromthe chanber are dr awr t hrough the vent

door 7 oDqghBeudtfti| © the atmosphere in the —chamber is regﬁﬂﬁﬁggp%éPth
i €

fresh air drawn through the open access door 6. In practi

met hod and appar at us described, it has been found that the access and
vent door 7 may be i medi ately openediafter each expl osion, thereby
permtting operating personnel to enter the chanber | mredi ately after
each expl osswrhtasreanseeubbert 2fat ednwmtle illpistoetadl emtpddbRent, Wat h t he
next . Anot her maj or feature of the present invention is that

al | gaseousvab@¥ oSPBHaYpEeaudberard edntacgiviesis] iordils cdimngedhict icanis disedt ed
into a suitable environnental treatnent neans WO 98/ 46943

PCT/ US98/ 057@1receive the discharge from both sgigle-mounted manitfobdets27
In the iIIustéaéed enbodi nent,. a __water-spray scrubber 27 of conventi onal
const ruct i GG sTERBdtRe; yerkc £ade 22h@sdiwedHar i@ Tt eR BaserRUSDuNt ed

mani fold 15 and fromthe vent fan 22 as well, sq that no gaseogus

expl osi on pPRRT $°Bs PASSUFS S FEAPFoS5h FRUQERRRES | yREregeedi onlt he
tortuous palgat{shed RL LRGSEUIORE 2 bee IGRYSS Gy g%%%ﬁ%bl gugh of

advant ageous shoc noi se  suppression. the illing

of gaps in thea€83MReE MR NS 1e8RYS ' f S i ng
silica sand, aabi n o?l hopper e28 [ ?tp%?\ﬁ-;e%ééa%%{/ée) i %h%%%&?gg\ng?h spaced

openi ngs 2%wuhwpeglivhi.ch sand may nove to repl ace | ost vol ume as the
sand in the walls settles or conpacts with

To permit the refilling of gaps in the chamber walls
caused by settling of the shock damping silica sand, a bin
or hopper 28 is provided above the chamber with spaced
openings 29 through which sand may move to replace lost
volume as the sand in the walls settles or compacts with
each detonation. It has been found that despite such
compaction, the use of silica sand (as opposed to masonry
sand) does not result in any diminishing of the shock-
damping effect.

Despite the immense destructive forces of each
explosive detonation, the chamber of the present invention,
with its vent pipes 14 and energy absorbing liquid modules,
has been found in practice to diminish the surplus
destructive energy of each explosion to a point where the
trolley beam 23 is virtually unaffected. Similarly, the
depending wires for hanging the energy absorption water bags
24 are virtually unaffected after each blast. This allows

the chamber to be used continuously, with a productive
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each detonation. It has been found that despite such, conpaction, the use
‘of siliccpan@edsas opposed to masonry  sand) does not resRATUSI08TY

di m ni shing of the shock- danpi ng effect. Despite the inmense
destructive forces of each expl osi ve detonatlon t he chanmber of the
present invention, wthits vent plpe 214 and ener gy absorblng liquid

nodul es, has been found in_pr

éo di_m ni.sh the s Ius J_q:elstructlve
ener gy of VAP o8P oli*t8 &5poi Prv\/rjr r@"[ €51 H earﬁ pA

tual | ffected | '
bher Gy absth prFeRt vt cPefagEuat Etrraég‘éev‘fi T e una“fr“{"’?dct% il
?Igast Thi S)(gﬁﬂ)g%n chQﬁb%gé”‘a%f S:Ie(llbsre%ftontdf“wl%dhvé’i’xﬂfbr?alpr oductive

out put as nan osl ons per hour, which is an order

of nagnitugﬁegrﬁggeéx%@gglg@rmégﬂﬂidﬁééqw of the explosion chanbers of
the prior art, or onventional open-pit explosive techniques. In

practice, with ghe Eé%ﬁ:@.béedvﬂ@pdﬂH@fﬁréﬂﬂaﬁﬁfédJ%imbodhﬁemtckmbmd
apparatus of the present i nvention has been successfully utilized to

saf el y det ppat Re€kpHOSINGe aghagasis idF ache deresege Diventzosn namdbern from
two to fifteen pounds of C-2 plastic explosive (also known as PETN), with
m ni mal aBugoesséfildhocltilnciet Endaltky sdetdiate eYoloRivenshargaent .
Surprisingly, it has been found that business office operations in an
adj oi ni ng @hfacy1§g|mmng§(gﬁ3§xmﬁﬁ ranging from two to fifteen pounds
of C2 plastic explosive (also known as PETIN), with minimal
amounts of shock, noise and adverse effect on the
environment. Surprisingly, it has been found that business
office operations in an adjoining office building only two
hundred feet away from the explosion chamber can be
conducted in a completely normal manner, with the explosions
being indistinguishable from the ordinary background noise
of the cffice environment.
A second embodiment of the invention, shown in Figures
11, 12 and 13, is particularly adapted for the destruction
of surplus or defective munitions, particularly
fragmentation munitions. Figures 9 and 10 illustrate one
such munition 30, the United States Army M483 155 mm.
ncluster bomb" artillery shell, each of which contains a
close-packed array of 88 individual miniature shaped-charge
grenades or bomblets 31 arranged in ten layers of eight

grenades each, all contained in a cylindrical shell adapted

to be fired from a 155 mm. howitzer. The munition comprises

{ THIS SHEET HAS BEEN
REPLACED

Sheet Has Been Replaced
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' an be ' conducted in a
conpl et el WoYRiges manner, Wi timis ot ' bei ng i ndi stpagussshaiie from
t he ordi nary background noi j nvi ronment . A second-
enmbodi nrent of the invention, In Figures 11, 12 and 13, is
particularly adapted for the destructi orR0 of surplus or defective
muni tions, particularly fragnmentation nunitions. Figures 9 and 10
i |1 ustrat eaonglindeshcminime; @Ay R nkasel Sttatiss Aopwardengsbyns
"cluster bonb" artillery shell, each of which contains a close-packed
array of 8BhrgafeRdGeReniH A9 shhR Harkes Rpemdies? P28enBleBs341
arranged in tepn | ayers of eight, renades each, al| contaiped iﬁ a
cyl i ndri caPtshBPl ta@affedne Qﬁyéﬁ%%xF?rQ) 159 s X 198 chghEe
munition c ri ses ‘s . . , 20.. a Lindrical
met al bodyggg c%@?@dtgfiqﬁgﬁﬁﬁ%%u%ﬁe%ﬂf%® %Pdt?ﬁ%ﬁﬁﬁﬁP%%n%tﬁrE§5?$ *33 and
at its bas y a I 1l p gi Y& S f nd
expul si on gﬁ%r 5%5@33%%%% t%hee néégrﬁ‘{l?%lnéé scx?llfé:%%a%ﬁ %%bvro’g% htégei ,{Hg%ta rget,
the fuse igg bﬁ%ntaa%s%%@mﬂh,ck@w@i&%tﬁé'yagg wec@ré%araﬁeg?_%ﬁ«des
backward, causSing the base 34 to separate from the body and the
i ndi vi dual tgleRRdes 3120 MHb RS i ndi ¥ I@ua B frefl&es dE SPEi Sperseagh ehet he
i ndi vidual grenades is arnmed by a spinning ribbon fuse (not shown) and
det onates @ir.counael didperwd hasdchusf acke Theiyienalesrenabeckave a
frangi ble netal shell which breaks apart into shrapnel fragnents on
det onat i onarared &ysa srsirapeds ahbbbgencbopenéndt shown) and detonates on

contact with any hard surface. The grenades each have a
frangible metal shell which breaks apart into shrapnel
fragments on detonation, and also a shaped-charge component
designed to pierce armor. The use of conventional

To deactivate and dispose of such munitions,
conventional techniques of hand disassembly and removal of
explosive components are dangerously impractical because of
the large number of small individual grenades contained in
each cluster-bomb munition. Should the munition be
suspected of being defective or unstable, the problems are
multiplied even further.

In accordance with the second embodiment of the
invention, a munition 30 intended for disposal is first
stripped of its ogive 33 and base plug 34, thereby exposing
and allowing access to the stacked array of individual
grenades 31 from both ends of the shell. Then, a

cylindrical carrier tube 36 of any suitable light organic

This Sheet Has Been Replaced
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designed to pierce arnor. To deactivate and di spose of such
muni t i onsyo sgMeyant i onal techni ques of hand di sassenbl y andeareosssalsraf
expl osi ve conponents are dangerously inpractical because of the |arge

nunber of small individual grenades contained in each cluster-bonb
munition. Should the munition be suspeckgd of being defective or unstable,
the problens are nmultiplied even further. In accordance with the

second enboplasnic ohatérial nyerhi as, palyvnhyilorh30riidieed®d ) ars di sposal is
first stripped of its ogive 33 and base plug 34, thereby exposing and
al | owi ng acpesitionefeint htkedwikhalyhefopani Préeakndgodnddes Skl dmdiot h

ends of the shell. Then, a cylindrical carrier tube 36 of any suitable
light organ??- The ¢@-ope48b¥ay of grenades is then simply pushed as a

PCT/ US98/ 05721 ] 21 | asti terial h
as polyviny?iﬁﬂ}%r?ﬂét(?ﬂED°Fsthep§§F§%oh8§YiﬁzlPﬁgléﬁﬁaLﬁhéf%égﬁﬁkﬁzugnd
f th hel d 32,.T ti f d .S t.hen sinpl hed
2 & singFEBENTE SBCCBFCIReNener) BhBayranaRty ARE e R e 5
S0 that ”OQﬁaBéléBEb rgﬁgdggeggggrbe TPQ%VHQHiguiatﬂqﬂyﬂﬁgk%ﬁ%é??% is
operator. This mani pll ation; because it is rélatively sinple, is also

adapted to Psiﬁgwswomsl@y isrsggbeaeggueg' iUy rahotd crd@nipul ation
nmeans ( nhot shown) . When the array of grenades 31 has been
transferredybhgfe cohbBeoghehkolgHY rdBot R0 mah i/t iin h86(nddie carrier

t ube
shown) .

When the array of grenades 31 has been transferred from
the shell body 32 into the carrier tube 36, the carrier tube
is placed into the open-topped cylindrical container 37
referred to herein as the Fragmentation Containment Unit, or
"FCU". The FCU 37 acts as a primary containment chamber for
the detonation of the munition, serving to partially
suppress and contain the explosion and to absorb the initial
high-velocity impact of fragmentation shards and debris from
the explosion. The gaseous explosion products and
fragmentation debris not contained by the FCU are deflected
and escape upwards into the containment chamber, which is
constructed in the manner shown in Figures 1 through 8 and
described in the preceding specification.

Preferably, the main explosion chamber intended for use
with an FCU for the destruction of munitions has interior
dimensions in which the side and end walls are of equal

length, so that in plan view it is substantially square. It
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Is placed into the open-toppedT%§I$ﬁ%ﬂ]Hé$*ﬁ%Ntainer’S? referred to

herei n awo pm4sBsagnent ati on Cont ai ABPhACRMiI t, ar "FCU'. PCTRS9$0%7287 act s
as a primary contai nment chanber tor the detonation of the rnunition,
serving to partially suppress and contain the explosion and to absorb
the initial hi gh-vel ocity inpact of frPagmentation shards and debris from

h | osij .. Th | 0S| d d f e ' , '
?101(:a g)(;ﬁt g.;s:;'lgga]o?o t(:alﬂ gg—%io#g}gxggggg%?‘&g%% ld'g‘:?g‘ g%%%%%[ﬂ%ﬁ?%ﬁ?%'tﬁg%ﬁ@p” >
o red b € AL
goPh?ngﬁn%sg“ﬁ ?r3£§2?§5eéﬁﬁnpgﬁgg%%;ggéﬁﬂﬁﬁgﬁ%gg?ﬁ?ﬁ??%ﬁégeg@tln e

Prefer abl vyt 0e; 0BT JofiRk 08LAR: GRANRC Lyl {041 USRa redsbiaBleCU for

t he destructron o ons has I nterior I mensions in which the side

and end ma%#ﬁsefﬁceﬁoﬁqHéEhniqh@Qgthid“%ﬂfﬁ“e&ﬁb&&@@nﬂiéflEheis _
substantially square. 1t 22 is also

preferably;goBatiyat edrwhiBagpeaairiilit eidomirei ghdéns adiwpbkalal kheor the
pur pose of providing the greatest interior volume consistent with
practical aRdmbegsphelieeablendtsr dehisurusodhiwies. ihnerhad difredisiens of
the invention intended primarily for nunitions disposal, the chanber

pr ef er abl yoifs sécsheenudeed wint leaicht evintd afidrenshehght opLsfruzEgefieet on each
side and a height of fourteen feet. In the preferred enbodi nent

shown in Fifgetes 12 and 13, the interior diameter of the FCU at its nouth
(upper end) is . . .
In the preferred embodiment shown in Figures 12 and 13,

the interior diameter of the FCU at its mouth (upper end) is
42 inches, with a wall thickness of 3.5 inches, and a height
of 48 inches. At its base, the FCU interior diameter tapers
of 36 inches. The FCU 37 is preferably cast of manganese
alloy steel, to give it impact-hardening characteristics and
to make it more resistant to the impact of shrapnel
fragments. On each side of the FCU are integral cast handle
lugs 38 with openings adapted to receive the prongs of a
fork-1ift device (not shown), so that the FCU may be charged
with a munition outside of the chamber, and then carried by
fork-1ift into the chamber and placed in position for
detonation.

At the bottom of the FCU there is preferably placed a
granular layer 39 of about 12 inches of energy-absorbing
material such as silica sand. According to another aspect
of the invention, on top of the sand layer 39 is placed a

support platform 40 to keep the for the carrier tube 32

This Sheet Has Been Replaced
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42 inches, with a wall thic , and a height of 48 inches.

At its bﬂﬁeqsmkﬂg FCU i nteri qrTHiS &mEEBrHASaPERNs| of 36 i ncheseTIdhensQyU 37 is
pref erabl'y ‘cast of manganes al | ggpiicep! , tojgive-it inpact-hardening
characteristics and to nmake— ' to the inpact of shrapne
fragnents. On each side of the FCU are RAtegral cast handle lugs 38 with
openi ngs adapted to receive the prongs of a fork-lift device (not shown),
so that thspERhteandecentrgedy pPshtionedi wishiouttdiedd@i. t hechanber, and
then carried by fork-lift into the chanber and placed in position for

det onat i orsupport ma%mo%soﬁréﬁemélvcma@l?eroép icfey e @K aissce®ia

granul ar layer 39 of about 12 inches of enerqy-absqrbing material such as
silica sardYPRRPERH BygﬁﬁFﬁgrcéiﬁéHW sy i%ﬁﬁﬁﬁ%ﬁﬂ#ghn?tHﬁP%ﬁ t he

sand |l ayer 39 is aced. a_ support platformA4Q to ke t.he carri.er. t.ube 32
uprightyanaoverlngi. ghls 1ng§pensgve, reaﬁgﬁgtﬁy- R e A& Y

"< pref er Bt 5T RRREEFEANERET e Y, ] i s M A O
(hydrated &gtgwg@g' La&gﬁgges&ﬁ pgppi@e%a%ers%mgg .stable flat Thi s

i nexpensive, ‘readrly available ma al 1s sintegrated entirely
by the ensy|pg,det gRaLhPBIMebNpBRition for the carrier tube 32

containing the array of bomblets 31 after removal from the
munition.

Alternatively, a granular material may be used which
can be mounded by hand into base for supporting an
irregular-shaped munition (not shown). A hydrated granular
mineral material such as commercially available cat litter
has been found quite suitable for this purpose, and, like
gypsum board, it leaves no residue after detonation.

Within the chamber, an interlocked steel blast mat 43
of woven steel cable or linked chain is suspended from the
ceiling of the chamber directly overhead the FCU 37. The
blast mat 43 serves to absorb the impact of any shrapnel
fragments or debris not contained within the FCU.

As with the first preferred embodiment of the
invention, liquid energy absorption modules are dispersed
within the larger chamber in close proximity to the FCU to
absorb and disperse the energy of the detonation of the
munition. As before, these are preferably vaporizable

containers comprising plastic film bags (not shown) filled

This Sheet Has Been Re
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det ect abl e resi due and provides a strong and stable (I at surface
on whi ch irion the carrier tube 32 containing ’ ay of
bonbl et s \&% 92?‘?%{3 renmoval fromthe mnunition. Pcﬂ‘%%sgi{zlivel Y,
a granular material may be used which can be nounded by hand into
base for supporting an irregular-shaped,gunition (not shown). A hydrated
granul ar mneral material such as commercially available cat
litter with wd@srbeslibeHAdi AU eesehl bl shohivitied RW RASespaed. |ike
gypsum board, it |eaves no residue after detonation. Wthin
the chanberardihd nded! as&ed sheekchl Bt wikke h3ngers in thef mapves steel
cable or linked chain is suspended fromthe ceiling of the
chanber di rmcdtiowseyhdadcrhbeBCU 37. The bl ast mat 43 serves to
absorb the inpact of any shrapnel fragnents or debris not
cont ai ned wi t hi fiTh¢emEer), of water to be uaediiitrh thiee ehiergly pbsbaptddn
enbodi nent of the i nvention, liquid energy absorption nodul es are
di spersed modules hapt heant feupdr §or behdependeantcvpsa HhexitaPey ofo t he FCU
to bsorb and disgerse the energy of the detonation_ of the

muni tion. ARFREPIIES FReBE GPECPREFE: ABAY L& FIASFabl Fecause the engrgihers
conprising plastic filmbags, (nqat shown) filled . Wth ter

cubst ant | al TYOERRRPY BFE(PRBGL 84 FRPIAGYShdaT1es acRETs s, the type
PCT/ US98/ 05721 . . . j t.er.,

cubstant alty TRMPTIIPSEPVBIVES | fornertimn ks, erts B e, reu by
W re hangergall FheiBaBRehacel! @Y QiphbedsRe bl also be vEIAJESS Wl WAt ef

to be used 1n the energy absorption
following ratios have been determined to be substantially

optimal for use with the types of explosives indicated:

Explosive Btu/1lb Water/Explosive Ratio
HMX 3,402 2.50
RDX 2,970 2.20
PETN 2,700 2.00
c-2 1,700 1.25

Once the FCU 37 has been charged with the munition to
be disposed of, either as an array of grenades contained
within the carrier tube 32 or as a separate munition, the
FCU is picked up by a fork-lift (not shown) by means of its
handle lugs 38 and placed within the explosion chamber as
shown in Figure 12. A small starter charge 41 is attached
to the munition and wired for external initiation in the
manner previously described.

With the FCU in place within the chamber, and the

starter charge wired for ignition, the doors of the chamber
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nodul es has been found to be dependent upon the type of expl osive to be
det onat eqvar}gmwé mass. Because the energy | i berated per &p/'ggg 5721
expl osive varies according to the type of expl osive invorve , tor optinmm
bl ast suppression the mass ratio of water to explosive nust al so be
varied. The follow ng ratios have beeggdeterm ned to be substantially

optimal for use with the types of explosives indicated: Expl osi ve
Btu/lb Vot eri Explosava Riel @losure idiMérified. The3sAQZter charge- 50
RDX 2,970 2. 20 PETN 2,700

2.00 41 €s2then detonatkd[O@hereby detbrdring the nfiddde ildie FQWe37 has
been charged with the nunition to be di sposed of, either as an array of

grenades cohntaiagdblasw md fdagreartatdon wye 3betas ialdgpataite nami tion,
t he FCU is picked up by a fork-lift (not shown) by neans of its

handl e | ugso@plahelpyl acedbaiimieich hvhdhex JAEI and kheberemesining Hfomed i
Figure 12. A small starter charge 41 is attached to the nmunition and

wired for tReebPharti dist itharepy dafiectedmndd dipastasy sipyagelse dingey the
Wth the FCU ip place within the chanber, and the starter charge wred

for igniti6RAMPRE d&Ged fof e EREMRSion chamsmghesysg a much
PCT/ US98/ 05721 , | d dth
closure i sSTERFRFeFORRETEDG PTG Jhan £hs ﬁher‘ﬁa‘{fg{%ngtsog(fuq%se%s

gﬁ;g?gfqit Ingl‘:l%lge egr‘%t@. Jﬁa{tict):%n 'th-léhegaseior{lé ieanéplbclsaisotn apnxdoc{Jcat%neirH q{[}ixeo I?naar{neer
previously described, while the fragmentation shards left
behind are picked up and disposed of separately. The
carrier tube 32, being of light PVC plastic, is essentially
vaporized, as is the gypsum board support platform 40, so

that there is wvirtually no other debris to be removed before

the next munition is loaded for detonation.
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conpl et el cont ai ned t he remaini ng force of bl ast is
t*her eby ‘ﬁéfs’f”é@f‘éd andllmmmﬂmmmﬁnm into the chanber Pq"g'é?rs’og.'ﬁ’me

expl osi on chanber, havtng®a ywuc¢th s greater contai nnent volunme than the FCU,
serves to suppress and evacuate the gaseous exptosian _products in the
manner  previously described, while thé fragnen B‘ﬂlﬁosﬁf'iﬁaﬂw geefit behi nd
are pi ckedq yp ang. di sposed of separately. The carrrg@pg 5 bbei ng of

i ght PVC plastrc is essentially vaporized, as—Ts—the gyncnn1h)ard

support platform 40,aA80appdRatud hese ESn¥ibitablyy ke =AtRgF Hehhis diohe
r enoved before t he next munition is | oaded for "detonation.

26 y ldetidnidgion having a chdmbeA) appaealts dry slidisid albdor,
destroying nunitions by detonation having a chanber, at |east one
seal abl e doaremovable openfeoppatd| Erageantapped ccarasrinen tonciont Eretent
unit (FCU) for containing a nunition positioned within the chanber
and for igprita bningadsmink t dlenopasii bdoarde wiltdsiny & heh arhyamivé 2t rend t he
sub-chanber to initiate detonation of the munition, and

char act er i Zafi thion peanal foy detepapiagerp ezrpérqszarﬁ eharge within the
liquid-fill ed en @%% absorpti on nodul es suspended . in a aced
array Wi t HFYP Fbe? FﬂlBFBEFn@?'y‘OPSttIH’E‘ r?ifnrttl?%d“m%%’ﬁéndeﬁ at ed.

£ o Sonaal e Lot g Bl Sosl B RO A2 gy <O 17

absorption modules suspended in a spaced array within the

chamber in proximity to the munition to be detonated.

2. An apparatus for controllably destroying munitions
comprising:

a closed metal inner casing having a ceiling, a floor,
side walls and ends, and a closed metal outer casing spaced
from the inner casing, surrounding the inner casing to form
a symmetrical double-wall chamber,

spacer means for connecting the outer casing to the
inner casing in rigid spaced relationship, with the space
between the inner and outer casings being filled with
granular shock-damping material,

an openable access door at one end and an openable vent
door at the other end, said access and vent doors each being
of double-walled metal construction and having sealing means
for causing said doors to seal tighter with increasing

differential pressure within the chamber,

This Sheet Has Been Replaced
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2h0e et o, TURIGS: Cosing"Es 78, e oemossgern e

symetrical doubl e-wal | “‘chanmb®r, spacer neans for connecting
the outer casing to the inner Ggasing in rigid spaced relationship,
with the space bet ween the inner and outer casings being filled

Wi th géﬁBHkéﬁnﬁﬁog%aﬁﬁﬁﬁkn%HE@%ﬂadﬂplng material covtrigRenahd e
access door at one end and an openabl e vent door at the other end,
sai d accesg1ap¢ wenkadaokchagdehr B BG even deptdf fdautine saldwgshbowt al
construction and havi ng seal i ng neans for causing said doors to

seal tightegurfihthk ifeer aasiexplosive to did fdarentdtald,praess o vt idn medres
chanber, WO 98/ 46943
PCT/ US98/ 0fd21detonating said explosive, and 27 addi ti ona

granul ar shock- danplng material covering the fl oor of said chanber to an
even depth for nisheck supRnessiogumeans fiockifiag darals e et vrRE ed,

and ignition neans for detonating said explosive, .an shock
suppr essi oPiREENSAMAdNY I urarde k! v%%tthe[ﬁ¥ﬁé¥§RNW%Eﬁ My the

nside wal |l _of the chanb r t el ongat ed net al neans_fo
Ireclai ving &A@GAES MRS 5 %ﬁ% Tﬁ‘%‘b‘&g %rflf%cfﬁlt‘ﬁena/earﬁé) ‘?:b %Ct"é%?d

mani f ol d nean tern1na | tern di schar ge. iy a

r enovabl e 3505 ?%ﬁ %HY%? Rhe S Tni 791 (%{Qifo}%rmean

cont ai ni ng a mu t ol i1 cgggg éf g ﬁggﬂyﬁr, said FCU bei ng nade
of an |npa Qﬁg%?ﬁb Q§ E %E% a [ayer of granul ar
shock- danpi ng ﬂﬁéefér@évam@to;séﬁ-@%ﬁ@@ fEPé&FnQﬂtétP&%ec&%a§Hﬂéﬁfthﬂﬂta

muni tion to be
(FCcU) for containing a munition positioned within the

chamber, said FCU being made of an impact-hardening steel
alloy, and having a layer of granular shock-damping material
at its bottom forming a base for supporting a munition to be
detonated, and

a plurality of liquid-filled energy absorption modules
suspended in a spaced array within the chamber in proximity
to the munition to be detonated.

3. The apparatus of claim 2 in which a flexible steel
blast mat is suspended over the FCU to absorb the upward-
directed energy of the exploding munition.

4, The apparatus of claim 2 in which the energy
absorption modules comprise vaporizable containers filled
with water.

5. The apparatus of claim 4, with the mass of water

being selected to match the mass of explosive to be
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det onat ed, and ] f_.J__'L_q.ui-d——f—i—I—\‘—%*ﬁnergy absorption

" nodul es woﬁnamndiml"muﬁmuﬁmiﬂHIF&Mls/\BHEﬁTnHMeB Nanber~ perpsossisiit Y

to the nunition to Be detbnated. * RBEPLACHe aggkratus of claim2 in
whi ch a flexible steel bl ast mat w-s—stspend€d over the FCU to absorb the
upwar d- directed energy of the expl odfng nunition. 4. The
appar at us gf claim 2 if whi ¢h _t he ener%ét absor ption nodul es conpri se
vapor i zabl et EeRePelerEregEromithg Reldowing table accor@ingppar khes of

claim4, with the fass 9f wat er beingﬁ§elected fo. match the nmass of
expl OSi ve ?]61!6%lpa explosive component the munltnz%n: det onat ed SE,‘| ect ed

fromthe fol |l ow accor di oth rincipal explosjve conponent of
the nmunition: wégﬁlé%?%%osive gku?é%h/lb%aé%é£é§¢¥%&)%§i€%£?8tio HVX
3,402 2 RDX 3,402 2,970 5 ¢ 2. 20 PETN
2,700 2. 00 C2 1, 700 1.25 6. The
apparatus of clgbx 4 in which phevgontai ners aAargyindividual bags made of
pol yet hyl ene sheet material, and the chanber ceiling has a plurality of
depending wire pguRports from phizgly t he bags a epdung. 7. The
apparatus of claim2 in which the FCU contains a |ayer of hydrated m neral
salts atop the Cager of granul ar 70®9hock-danpi ng.2mterial to forma
supporting base for the

6. The apparatus of claim 4 in which the containers

are individual bags made of polyethylene sheet material, and
the chamber ceiling has a plurality of depending wire
supports from which the bags are hung.

7. The apparatus of claim 2 in which the FCU contains
a layer of hydrated mineral salts atop the layer of granular
shock-damping material to form a supporting base for the
munition to be detonated.

8. The apparatus of claim 2 in which the FCU contains
a layer of gypsum board atop the layer of granular shock-
damping material to form a supporting base for the munition
to be detonated. |

9. A method for controllably destroying munitions by
detonation within a removable open-topped fragmentation
containment unit (FCU) for containing a munition positioned
within a chamber having at least one sealable door and
ignition means for detonating an explosive charge within the
chamber, comprising the steps of charging the FCU with a

munition to be destroyed, placing the FCU and munition

This Sheet Has Been Replaced
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munition to be detonated. &1 P T of claim2 in which the
FCU cont 3Y388/46843 ayer of gypsum g%ﬁ?oé@@égyﬁ]gtﬁiyer of gr ERE{VRPE/AHL k-
danping material to forma suppdrtingRBBEACEDOr the nunition to be '
det onat ed. 9. A method for contrglgd ably destroying munitions by
detonation wthin a renovabl e open-topped fragnentati on contai nment unit
(FCQU) for GophahntRE ahemMBEeki,0BLRASHNGeGn W {141 néasbapbernbaying: 8bn

| east one seal abl e door and ignition ifeans for detonating an expl osive
charge wi tékglébeveglhéﬁbpéndﬁﬁgpél $i1 g al1ie: S tPS] Pdu £HAF 91 NEat BReF&Y Wi th a
munition to be destroyed, placing the FCU and nmunition 29

wi thi n t heabbappeionambdohesgingai sparateansrdy withiunthéoshaekeloshve,
suspending a plurality of conpletely vaporizable liquid-filled energy
absor pt i onprogihétyi hoatbpatedisioay oliddhimy tdred chaabingi nher okambey t o
the nmunition, closing and sealing the chanber doors, detonating the
muni ti on, éperFngdethrBathaghshedoond timmn exprnindg nghe hehgmbeougoexpl osi ve
conmbusti on products throu%h t he door before re-loading the chanber with a
new muni ti 8RS exhausidngatRst HGGeryE EomyId| SoHRYEES9NNETALGHEEFONS by
detonati on gonprj Si t.he steps of: first, placing a nupition to be
dest royed Fﬁrgggbeﬁggagpgrobg 9F€p§@d%9%ﬁﬁﬂﬁu%ﬁ¢oﬁhéﬁﬁgﬁiWﬁﬁﬁtauﬁﬁw ( FCU)
bei ng made of.gn | mpact - hardeni ng steel alloy, and having a |ayer of
granul ar sHBBk-A8Mpi ng material at its bottom

10. A method for controllably destroying munitions by

detonation comprising the steps of:

first, placing a munition to be destroyed in a
removable open-topped fragmentation containment unit (FCU)
being made of an impact-hardening steel alloy, and having a
layer of granular shock-damping material at its bottom
forming a base for supporting the munition to be detonated;

second, placing said sub-chamber in a chamber
comprising:

a closed elongated metal inner casing having a
ceiling, a floor, side walls and ends, and a closed
elongated metal outer casing spaced from the inner
casing, surrounding the inner casing to form an
elongated axially symmetrical double-wall chamber
having a central axis,

spacer means for connecting the outer casing to

the inner casing in rigid spaced relationship, with the

RN 0 i
sommeonmns T
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el ongated netal inner casing aV|ng a ceiling, a floor, side walls
and ends, and a cl osed el ongat ed al outer casing spaced fromthe
I nner casing, surrounding the inner casing to forman el ongat ed

axial l'y SynnEtréﬁégedgggb%éﬁﬂéhéﬂgﬂg§¥ and ouaéy'ggsﬁnﬁgnﬁé§h a¥i%$1ed

spacer neans for nnect i ng t he outer casi ng t e | nne casing I n

rigid spaced re&§€h0§§ﬁhﬁldﬁtéhdékidamplndvh§%%ﬂ§§ﬂ3
PCT/ US98/ 05721 space between the

i nner and outer casi ags dpeinipled ldetess doorV\&tE rbxgéaeuaaanahaﬁkogaﬁabmg
mat eri al , an openabl e access door at one end and an openabl e

vent door at theeathe@obcandt Idal ccloessendd seid alooess and veeachobeisng of
doubl e-wal | ed nmetal construction and havi ng seal i ng nmeans for
causi ng sai d doeasht bede@ of doubleghakbledi ndtahcecenstuygctibheraqdti al
pressure within t he chanber, addi ti onal granul ar

shock- danpi ng nBewing sealing gesans$ nfoT heanssng %ﬁléaﬁ§°§ﬁaﬁ§eﬁeﬁé an even

depth formng a support surface for _said sub-chanber,
i gni ti on neans FéﬂﬁiﬁﬁmﬁﬂQWKf@ﬁE%ﬁﬁ%ﬂgt?bﬁ fexgptial pressure §H5@ﬁn

suppressi on nea including a plurality of vent pipes connecting the
i nsi de wal | of Eﬁ Eﬁ‘zfr?giﬁ’g

additional granular shock-damping material
covering the floor of said chamber to an even depth
forming a support surface for said sub-chamber, and
ignition means for detonating said munition, and
shock suppression means including a plurality of
vent pipes connecting the inside wall of the chamber
with an elongated metal manifold means for receiving
and directing explosion products from the vent pipes,
said manifold means terminating at an external
discharge point,
third, placing a plurality of liquid-filled energy
absorption modules suspended in a spaced array above and in
proximity to the munition to be detonated,
fourth, closing and sealing the access and vent doors,
and
fifth, detonating said munition.
11. The method of claim 10 including the further steps

of opening said vent door and access door and evacuating the
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wi th an el ongat ed net for receiving .recting
“expl osi &P?ﬁ"g"aﬁt S frﬁmnﬁmmﬂﬂ,mﬁm sai d mani fgﬁﬂﬁg%{ﬁéghe
terminating at an external * ™ Sdischarge point, third, placing a
plurality of liquid-filled energy abspr pti on nodul es suspended in a
spaced array above and in proximty to the nunition to be detonated,

fourth, chasesgsaestpiealiiony ddwburass msdvens doothRe detsfdtion
fifth, detonating said nmunition. 11. The method of claim 10

i ncl udi ngthireufbr ther vwrgpsioor ofwhopleni abl swidgvEnesHoairand &ctésshdoor
and evacuating the WO 98/ 46943
PCT/ US98/ obapber from the access door. 31 gaseous expl osion

conmbustion products of the detonation  through the vent door, while
al l owi ng freshldir (IeiMethefd of wkaierlroncindingckhe dusther steps 1o

The met hod _of .cl ai m 10 .including the further steps  of directing_the
gaseous e?ﬁlG%FSHQﬁﬂﬁnﬁﬁq(ﬁ??ﬁ%&ﬁﬂﬁ%?#%%h?n Fﬂ@gHﬁﬁFPBIHrHQHHESaSHOWrom
0

h d I bb f i ppi id
expl 051 on CEETBACHESTS THBH TS of PR CPE PSR EoHREPEr RNt PORSODERor s

13 TS THRARd, 0o |0 MR LU SIET B onSRACERhRB.EAY, o

conpri se i'm<¢ a 14. The

e ool BERPLELE O, kel YLELOE Bt onsol QUMY 20s T of
dependi ng Wi re;3UPPOFfHeS method of claim 9 in which the energy

absorption modules comprise plastic f£ilm containers filled

with water.

14. The method of claim 13 in which the containers are
individual bags made of polyethylene sheet material, and the
chamber ceiling has a plurality of depending wire supports
from which the bags are hung.

15. The method of claim 9, with the mass of water
being selected to match the mass of explosive to be

detonated selected from the following table according to the

principal explosive component of the munition:

Explosive Btu/lb Water/Explosive Ratio
HMX 3,402 2.50
RDX 2,970 2.20
PETN 2,700 2.00
c-2 1,700 1.25
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fromwhi ch the bags are hun 15. The nethod af claim9, with the
mass of WabGkue943 b “ﬂ ﬂ m h SASTBEEN| OBLYR&IshEI0HL!
det onat ed sel ect edE“ Sﬂ l H)ﬂl E}B{S SHERY t he pri nci pal

e g ng to
expl osi ve conponent “of ‘the munition: ﬁﬁgﬁﬂcm‘ e Btu/lb
Wat er / Expl osi ve Ratio HVX 32 3, 402 2.50
RDX , 970 2.20 , PETN | 2,700
2. 00 C-26. The metdenyf claim 9 in wrich a flexible steel g5
16. The method of clagim9 in steel. blast mat is_suspended
over the FEY3EG S5 SHE OV"tﬁ rtz'b? gl!(ﬁénte‘? FPHITR h‘éh%x’ﬁP‘SﬁFa
muni tion. 17. The et of cI 0. i the FCU contains an
addi ti onal dllgfé:t;egf elx?s?grgé’t e mhneerea Jh ‘{‘hm %hl ayer of granul ar

shock- danpi ng eri agh, q% r n be
det onat ed. m'% aﬂﬁe%r?fe od o al mi}g ?ﬁs"\%ﬁ c)ﬂ t%ge,i;% g%htegllﬁg an
addi ti onal |na)é%rd:.Qf S U RoATSE Q{Wréé@dhﬁ%@ér&i sl eHUhebpShREK1dgaRI NY
material to forma supporti'ng base " for the nunition to be detonated.

19. A nmet het igpiarcaniy AN WeaQsi i hieeFik 1 i b ef oL ph OsupporBihg base
(cluster-bonb) munitions containing a multiplicity of individual bonblets

I n a clustdoad tie ayuniviiidn ta led cdetomyteddri cal shell, conprising the
steps of: exposi ng the bonbl ets by renoving both ends of the

18. The method of claim 10 in which the FCU contains
an additional layer of gypsum board atop the layer of
granular shock-damping material to form a supporting base
for the munition to be detonated.

19. A method for controllably destroying multiple
explosive unit {(cluster-bomb) munitions containing a
multiplicity of individual bomblets in a clustered array
within a closed cylindrical shell, comprising the steps of:

exposing the bomblets by removing both ends of the
shell;

expelling the clustered array of bomblets intact
through shell into a carrier tube of similar diameter;

placing the carrier tube containing the clustered array
of bomblets into a an open-topped fragmentation containment
unit (FCU) within a chamber having at least one sealable
door and attaching a starter charge and ignition means for
detonating the bomblets within the chamber; and

suspending a plurality of liquid-filled energy

absorption modules in a spaced array within the chamber in

is Sheet Has Been Replaced

TR
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Shelt ' i owmes | er cube-of oo o) ENCHRLIMMIER © 5,20 2 cemmumnars

tube containing the clustered arréy ¢ of* bdnblfetS into an open-t opped
fragnentation containnent wunit (FCU) within a chanber having at | east one
seal able door and attaching a starter éﬁarge and ignition neans for

det onati ng the.boEbI ts%gtrnn t.he gh nberi and suspendi a
plurality BFOFEQard- F° F8F &REFgYT 6 pCOT 1REd G 957 5104 array

wi thin the_gh rsl . . 4694

PCT/ US98/ Og§aﬁﬂ'8§ doBrs, 1gnt®ity ¥ carcer 5338 i VRt R G r i er
tube, cl osj fad sseabierd & h c@%ggﬁr r i Qniqi Jgg r charge
to detonatgegﬁe génb?&tsfkgpeﬁ ng t grgﬁgﬁ%gf gﬁﬁégghn ééﬁgu% %ng t he

gaseous exghggbue estg%%tiw iRehidtliSnt PR clhe HiRRIgn RELOr o - | 0adi ng
t he chanber. 20. The nethod of claim 19 for use W th shaped-charge

muni ti ons, befiovki ek -lkadday itéle tciabeent ai ning the clustered array of
bonmblets is oriented with the shaped charges oriented downward toward the
cl osed bottom oR0the TheChethod of claim 19 for use with shaped-charge
munitions, in which the carrier tube containing the
clustered array of bomblets is oriented with the shaped

charges oriented downward toward the closed bottom of the

FCU.

SUBSTITUTE SHEET (RULE 26)



