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environment. Another type of gun is a sealed hollow carrier gun, which includes a

hollow carrier in which non-capsule shaped charges may be mounted. The shaped
charges may be mounted on a loading tube or a strip inside the hollow carrier.
Thinned areas (referred to as recesses) may be formed in the wall of the hollow carrier
housing to allow easier penetration by perforating jets from fired shaped charges.
Another type of gun is a sealed hollow carrier shot-by-shot gun, which includes a
plurality of hollow carrier gun segments in each of which one non-capsule shaped
charge may be mounted.

Another type of gun is a puncher gun, designed to perforate the interior tubing,
casing, drillpipe or similar wellbore lining while leaving the exterior tubing, casing,
drillpipe, drill collar or similar wellbore lining intact. Another type of gun is a cutter
designed to perforate the tubing, casing, drillpipe, drill collar or similar wellbore
lining in a pattern which will allow removal of same without damage to the formation

or other wellbore structures.



or other wellbore structures. 1 WO 01/58832 PCT/ US01/ 02893 Referring to
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general |y  recess 14. The side surface 16 and the bottom surface 18 are generally perpendicular
to each other. The bottom surface 18 and side surface 16 define a generally
cylindrical geometry in the recess 14. As will be described below, the generally
perpendicular side surface 16 of a typical recess 14 causes reflection of compression
waves that interfere with the perforating jet (from a fired shaped charge) as it extends
through the recess 14. For big hole charges, this reduces the opening in the casing
created by the perforating jet. For deep penetrating charges, the depth of penetration
may be reduced.

Referring to Figs. 2A-2B, a generally conical shaped charge 20 includes an
outer case 32 that acts as a containment vessel designed to hold the detonation force
of the detonating explosive long enough for a perforating jet to form. The generally
conical shaped charge 20 is a deep penetrator charge that provides relatively deep
penetration. Another type of shaped charge includes substantially non-conical shaped
charges (such as pseudo-hemispherical, parabolic, or tulip-shaped charges). The
substantially non-conical shaped charges are big hole charges that are designed to

create large entrance holes in casing. Another type of shaped charge is a puncher



coni cal shaped charge 20 is a deep penetrator charge that provides
relatively deep penetration. Another type of shaped charge incl udes
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penetrates thgswel |l bore fluid imediately in front of the web and inside

the geonetry of the recess 14. At the velocity and inpact Pressures
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the wel | bor etlfel glljllndcarrier. The perforating jet tip then penetrates the wellbore fluid immediately
in front of the web and inside the geometry of the recess 14. At the velocity and
impact pressures generated by the jet tip, the wellbore fluid is compressed out and
away from the tip of the jet. However, due to confinement of the wellbore fluid by
the substantially perpendicular side surface 16 of the recess 14, the expansion,
compression, and movement of the wellbore fluid is limited and the wellbore fluid
may quickly be reflected back upon the jet at a later portion of the jet (behind the tip).

As ’\che perforating jet passes through the recess 14 (Figs. 1B and 1C), a

compression wave front is created by the perforating jet in the fluid that is located in
the recess. When the compression wave impacts the side surface 16, a large portion
of the compression wave is reflected back towards the perforating jet, which carries
the wellbore fluid back to the jet. The reflected wellbore fluid interferes with the
perforating jet. The effect is more pronounced in a relatively deep recess with a

perpendicular side surface (such as side surface 16), or if the clearance between the

gun carrier and the casing is limited (that is, the gun carrier is close to the casing).



may qui ckly be reflected back upon the jet at a later portion of the jet
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wellbore to prevent damage to such components as the gun is being retrieved to the
surface.

In forming the recesses, the recesses are made relatively deep to reduce the
resistance path for a perforating jet, but not so deep that the carrier housing is unable
to support the external wellbore pressures experienced by the gun carrier. The size of
the recesses are also optimized to ensure that jets pass through the recesses and not
through the carrier housing around the recesses. However, the sizes of the recesses
are limited to enhance the structural integrity of the carrier housing in withstanding
external wellbore pressures and internal forces created by detonation of the shaped
charges.

The generally cylindrical geometries of some conventional recesses provide
for relatively reliable carrier housing integrity. However, as explained above, such a
geometry causes interference that may adversely affect the performance of the
perforating jets. Other types of recess geometries are also available. For example,

some may have generally elliptical shapes. However, such recess geometries may



In form ng the recesses, the recesses are made relatively deep to reduce
the resistance path for a perforating jet, but not so deep that the
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description, from the drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A-1C illustrate a conventional perforating gun that includes a hollow
carrier having plural recesses.

Figs. 2A-2B illustrate formation of a perforating jet by a conventional shaped
charge.

Fig. 3 illustrates a portion of a gun carrier housing having a plurality of _
recesses in accordance with one embodiment.

Figs. 4A-4B, 5A-5B, 6A-6B, 7A-7B, 8A-8B, 9A-9B, 10A-10B, 11, 12A-12B,
and 13 illustrate different embodiments of recesses useable with the gun carrier of
Fig. 3.

Fig. 14 is a chart of test results comparing the performance obtained with
recesses of prior art Figs. 1B-1C and recesses of the invention Figs. 4A-4B.

Figs. 15A-15E illustrate a simulation of a perforating jet extending through a
conventional recess according to Figs. 1B-1C and compression waves generated at

different time points.



BRI EF DESCRI PTION OF THE DRAWNGS Figs. 1A-1Cillustrate a conventi onal
perforating gun that includes a hollow carrier having plural recesses.

Figs. 2A-gR@dilssgipt rate formation of a perforating jet by q(ggﬁ*%mhggna
shaped charge. Fig. 3 illustrates a portion of a gun carrier ousing
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01/58832 PCT/ US01/ 02893 Figs. 16A-16E illustrate a sinulation of a
perforating jet extending through a recess according to Figs. 4A-4B and
conpressi on waves generated at different tine points. Figs. 17 and 18
illustrate different enbodi nents of recesses having inwardly extending
side surface portions. 6 WO 01/58832 PCT/US01/ 02893 DETAI LED DESCRI PTI ON
In the follow ng description, nunmerous details are set forth to provide an
under standi ng of the present invention. However, it wll be understood by
those skilled in the art that the present invention nmay be practiced

w t hout these details and that numerous variations or nodifications from
t he descri bed enbodi nents nay be



possi bl e. For exanple, although the described enbodi nents include recesses
used wth perforating gun carriers containing shaped charges, other
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positions above or below a given point or elenent are used in this
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relationships as appropriate.

In accordance with some embodiments of the invention, recesses formed in the
outer wall of a carrier housing are shaped to enhance the performance of shaped
charges (or other types of explosives). As used here, “recess” refers generally to any
type of thinned region or portion of an explosive carrier housing to allow easier
penetration of a jet due to détonation of the explosive. Such recesses may have any of
various different shapes. A recess may be bounded by one or more side surfaces and,
optionally, by a bottom surface and/or a top surface. Without the bottom or top
surfaces, the recess would generally be a hole. The recesses are shaped to reduce or
control the reflectivity of compression waves from the side surfaces of the recesses.
The geometry of the recess is formed to control the interaction of the wellbore fluid
with the passage of the shaped charge jet to improve performance of the shaped
charge. While providing for reduced interference with perforating jets, the recesses
are also designed to maintain collapse resistance from external pressure and burst

resistance from internal detonation pressures. By reducing interference of the



The shaped recesses in accordance with sone enbodi nents acconplish the
obj ecti ve of enhancing perfornmance of shaped charges by controlling,
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Phat ahown | FoE ok ecSit, 2he 560 Sood REtEoPARos Mt oBormSpiy o
carrier housingthd8® slstddeRdesigiekipRerll surfab atsofhe MR With RRBE: usihBdbtt&acCt | on
of the carrier housing 80 is represented by line B-B. 8

surface of the recess. The slanted side surface may have a flat (or planar) cross-

section or a concave or convex cross-section. The side surface may also have a

profile, such as a stepped, grooved, or other profile, adapted to scatter, focus or

otherwise control reflected compression waves. The diameter of the bottom surface,

the depth of the recess (with respect to the outer surface of the carrier housing), and

the shape and orientation of the side surface may be selected to optimize shaped

charge performance, collapse resistance from external pressure, and burst resistance

from internal detonation pressures.

Referring to Fig. 3, a portion of a gun carrier housing 80 is illustrated. The

gun carrier housing 80 includes a plurality of recesses R that have one of various

shaped geometries. The gun carrier housing 80 may be part of a perforating gun that

is similar to that shown in Fig. 1A. .In Fig. 3, a transverse or cross-section of the

carrier housing 80 is represented by line A-A, and a longitlidinal section of the carrier

housing 80 is represented by line B-B.



WO 01/58832 PCT/ US01/02893 Referring to Figs. 4A-4B, a recess 114 in
accordance with one enbodi nent nay be forned in the gun carrier housing 80

(Fig. 3).wio@/ssgsd i s the cross-section of the carrier hoygitngso302998
accordance with one enbodi nent taken along line A-A, and Fig. 4B is the

| ongi tudi nal sectjopn of t C r housi 80 taken a i pe. B-

Shoun in Frg. 5. BaRrTHetodies A arerenLr it K60t “iRaRe RBIGEER: om t he
top is geneppllhy f&ﬂrﬂe@llih He e%h@&%ouélﬂg ko @a@ex) FIDN [BAL Srosd RR1BELE Phery
100 of the recess may have ot her shapes, suCh ‘as rectangular, square,

triangul ar, @elmptqrdaausm&&@lm@heudanmmgne @ubadiment takenFlgsg linkAA 4B antlhe

recess 114 has eperal .y fl ott surface d si de face 106.
The i de- sur Tk 2B FSREaithginaEieshitof e it BFuige  ARfn ofe BBk B4 85° o

used here, asmvaﬁnﬂgfﬁ@@cﬂﬂaaéssﬁxg @p&spmfpmmthhmhmlwaﬁfmmqhe tdpas recess
refers to the presence of gnent of some depth around each point of

the peri pheg@efé\l%‘t%fcalagéhMP I Iﬂ ﬁl,ﬂ ewgmhodomentp,| thp perihery Eleafdhe regesssi de
surface 106 {n%. H20 6tﬂ?1hsl1!1§1pes gl%ﬂrlng réclil r}g‘ag s[%hae.“rr ytn%%%&lar e%ﬁcl;%sanéir A%herHowever

if the recesS has ano hape, SucC hgu

rect angul ar, shapes. SAd@l‘l(ﬁuflfnr’ﬂigs 3064B\vahié tbcbs 1dl4\ha@I@@endialq>y ﬂmﬁottbml frfaggment s
corr espondi ng to the segnents of the trian squar e, rectangle. In the

iIlustrated EPbedl widde surfacedQenTheside slaméoa ﬁétepéfr ilfBWlf} ‘}le@PﬂPhﬁéy pEdEss
114, the si df‘ecg%ﬁfﬁ(:?\s%ﬂgd ﬁé&feﬁi‘gg%é’&vﬂfagema?g%ﬁ &ﬂﬁi géﬁgﬂeﬁf {g@e bot t om

surface 104 e side surface ens as | bott om
surface 104 fccesa refgestortad prgsawaof b el sapmeaerof saihuslepth acoupd ehapgrdntgefahet ry
is provided %&phe recess 114. As shown in Fig. 4B, two axes X and Y nay
be defi ned. W's Yis generally perpendicular to the bottom surface

104, while the X @xisa %%lﬂcﬁla} Bﬁelhﬁﬂl&'i‘?ecggs EH&%IMI{'@&E 04 ik %Sl?mﬁxgﬂs The

angl e of the side surface fromthe axis defined as 0, and
angl e of t hearsinkthepefipbery dehefrecass i b Howxves, ufshedetcsnhals aotler slhape the

erbodi ment s, St (ARG BUaR o SHapDe: e atraoi e NG imng

per f or mance ﬁﬁltiﬂl@se@%fﬁo@ﬁehﬂlﬁdir@to theeRSRhsYf tHEiaRd)8! Quike"EHeétands

between an angl e ?nr t%ggl?éstr;tgggmbodlment at each point along the periphery of the recess
114, the side surface 106 extends at a predetermined angle from the bottom surface
104. The side surface 106 widens as its extends from the bottom surface 104 in a
generally cone-like manner. Thus, a cup-shaped geometry is provided by the recess
114.

As shown in Fig. 4B, two axes X and Y may be defined. The axis Y is
generally perpendicular to the bottom surface 104, while the X axis extends in the
plane of the bottom surface 104. The angle of the side surface 106 from the axis Y is
defined as 0, and the angle of the side surface 106 from the X axis is defined as .. In
the illustrated embodiment of Fig. 3B, both 0 and o are 45°. In further embodiments,
the angles 0 and o may be varied to provide the desired performance of the
perforating jet. Generally, the angle ot may range between an angle greater than 0°
but less than 90°. A more specific range is between about 10° and 80°.

The slanted side surface 106 that angles away from the bottom surface 104

reduces, disrupts, or re-directs reflection of compression waves from the side surface



but I ess than 90. A nore specific range is between about 10 and 80. The

sl anted side surface 106 that angles away fromthe bottom surface 104
reduces, @ipsfi4Rss. or re-directs reflection of conpressi opaYRSHidoem t he
side surface 9 WD 01/58832 PCT/USOl/02893 106 to reduce interference with

a perforatin hat, ext ends ner al.o an axis indicated as J,
Wnipch is geng‘?%ﬁq r§5%e%ﬁ’aﬁee‘eﬁ %{gﬁwe A lagﬂ%@?ﬁt SHicRdTEenerlly algng agjays
surface 106 fnlaib%te?lla@jt§hﬁl’1‘@s\’ b mggagpea&ﬂcmaﬁm Rt BBfibAGuRhicd 1A, hg%ld%urface

106 relieves a substanti al part onpressi on waves generate
| eadi ng par t swface 466 thye sfaptsawaydrgne the akiisslo Slallttmgsdfam side surthee 406 fdxesesl%
i ncreases the ti

i .neede conpr essi on _wayes .t avel m t he
perforating fé‘fbs{m 181 H%&@H@r?ﬁpp%eﬁ%eﬁ?ﬁ%‘i/b%ﬁ’@a ‘f){etﬁ?or ating jet
J. Conseque n&érYorat’in el ARY] tHQ sfaiRd sRielsBFAQA 06AANELRS 'tﬁérhrﬁ@i{@e?le@ﬁq
increasing the travel time for incident and reflected conpression waves to

t he recess steoprsssidmwavesdo trava iffom thempetforating jetd|t thd sideisurkace 804 mst ed i nt o

t he path of rforati.n during the critical tine period to reduce
|nterference5%§fﬁﬁq ‘xﬁ5qlgﬁﬁﬁé generally, the recess 14 according to

Figs. 4A-4B has agQomehGert§eheictieling tﬂ@feﬂb&tea cb®@ Rﬁ%é@n Whvesahd iAdi€asiRCBES | S
bounded by a surface at | east a E‘?rtl on of whic | anar and lies at an

angl e to t hetrayal §mepfer imeidenipndgeitpcied copmremionawaves &31329043% sidesurfacaamce

shown 1n- i gRiasipgufTRARUITERY iSicriedich iRl e pebialind [ ol FEFRS, 05"
away from t heritixat tlmm,pﬁﬁf)(ﬂ acededineifetdnee wlithctleé;ﬁt.214. However, in addition
to the angling of the side surface 206, the side surface 206 is also

roughened or ot helWss genstay Hedeegss A4 acc‘mr@aétt%ﬁrasffbw&rlw.an@xnséger@mylw n
f h d t
urther 'sr?aana@o fis fahélaﬁ re&spgs HoRAR a\\e@\éﬂ%ast %@ﬁg&é e R EPS

208 may be Tornmed I n the side surface 06 as ustrate
Ot her types planarpmdflies esannanglde thoaxied on t he SI de surface 206 in ot her

RETCR A T S ET A  ot EER EI R

pattern may ghbsdiRend SisRAsiited "R s Hifahe HERCA4 shown in Figs. 4A-4B, the side
surface 206 of the recess 214 is slanted away from the bottom surface 204 of the
recess 214. However, in addition to the angling of the side surface 206, the side
surface 206 is also roughened or otherwise provided with a predetermined profile to
aid in further disruption of reflection of compression waves. For example, steps 208
may be formed in the side surface 206 as illustrated in Figs. 5A-5B. Other types of
profiles may be formed on the side surface 206 in other embodiments. For example,
grooves or slots may also be machined into the side surface 206 to roughen the
surface. Alternatively, a more random pattern may also be formed in the side surface
206 to roughen it.

In another embodiment, effective disruption of reflected compression waves
may also be achievable by forming a profile on a side surface that is generally
perpendicular to the bottom surface of a recess, such as with conventional recesses.
Thus, a modification of the recess 214 would be to provide the side surface 206 at an
angle of about 90° to the bottom surface 204 while forming some predetermined

profile in the side surface.
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206 to roughen it. In another enbodi nent, effective disruption of reflected
conpressi on waves nay al so be achievable by formng a profile on a side

surface t{@foilsgs@enerally perpendicular to the bottom surg 0(1);52,@3recess,
such as wth conventi onal recesses Thus, a nodification o e recess 214
woul d be to provide_the si rface 206 at .an angle of about 90 to the
bot t om surface 208eiRRingLoy 3% %gaéo?@cﬁsrsé)’&ét“éﬁﬁ‘ﬁoﬁ@@“ pitrenpdes n the side

surface. 10 %Q&ﬁéﬁ’@é %llfsgﬂeldsqye Q&%gs?‘?) 1088 rnb ll'{'agls eld@schdtd ﬁotﬁgﬁ@a@@sm@ recess

314 in accordance wth another enbodinent 1s I trated recess 314
does not haveurﬂicss:asemehdwnbodnmnts of iFtls. 438 ankSA-O8. i Instbdib tlendocadi Gt s of
Figs. 4A-4B and 5A-5 ead, the rec |1y arcuate or

4 h
curvilinear SHY3&TE" (?I‘E O EPrdfpRAT SP %ﬁ“’rd3 Batﬁgﬁnﬁhgf?)?}&i%e PeRBher¥ Ok s 5

314. The ar cuetrecesygwcﬁhéﬁeuaé sﬁr!t‘é%e@@@%?ﬁleeréées§§lé§g§%\x}nrln%ﬁ§36A% fBis
general |y sem -hem spherical in shape and has a bottom surface portion 305

that is congmmailyseewm{hhnmp@ﬁdealsluslfaaeenqbbasta ot Surédcopgrtiom 306 ¢h4tas shown
in the sectlon in a

h |
direction fr&M F’ngso‘gmﬁ%ﬁ*%ﬁpf%%eepo %@%ﬁ%@%ﬂlﬁ% (%% O eel%?nﬁa‘%rl top of

the recess abRwk).thie figd surRRE BOO & tuPéurtiliBedras @&ﬁrect%ﬂfroﬁhﬁe %tﬂﬁ’n SuHtdcace
portion 306 of the surface 300 extends away fromthe axis J (al ong which

t he perf or at PRGN 805 éxtheviayr asige oo P qfﬁ@ﬁ@@@ﬂsmbﬂ@fdh@ &lbpariphetyi g tafetfecesed by
the arcuate 3 fﬁ?ehsﬁg Qurfdb‘g%bﬂfont ﬁ otf 308 %(P eﬂencfswgv § ggoéléﬁ'lur k2

portion 306 and 'S sucC corrpressl on Pated by the

perforating jabéngewhiehdiengrfophtinget etxeews) & sdma de@ﬁm@‘dfreﬁtlbﬁ/sﬁi;yddfﬁfaﬂ ected
back into the path of the perforatl % et. erring to Figs. 7A-7B, a
recess 414 ab¥8ediehpte keeesier Asnd Pﬁ%ﬁtﬂmﬁh@ of thfb%ifi% W@GPP’&’@@ 3@é&nénd a

si de surfac eth‘éoaﬁlstﬂgtsudhsthgted?)%éﬁéés%n%’ﬁ@?é@nérﬁfe& Hzaﬁa AY ggﬁttfnr rjétrégcteftnglcng' oA

8A- 8B, anot her enbodi nent of recess I NC tto sur
and a si de salohgte HGI arb;l&ss efegbrby @flbsted bankeinta the phthpe thelpeefotainggete  si de

ourface, 00 and L her ol sl I8, SHTA e TR0 ncEesesn it it it
perforating b&kom surface 404 and a side surface 406 that is generally concave in shape.
Referring to Figs. 8 A-8B, another embodiment of a recess 514 includes a bottom
surface 504 and a side surface 506 that is generally convex in shape. The concave
side surface 406 and the convex side surface 506 of recesses 414 and 514,
respectively, are shown extending away from the axis J along which a perforating jet
generally travels. Again, both side surfaces 406 and 506 are curvilinear from the
bottoms of respective recesses 414 and 514 to the tops of the recesses.
Referring to Figs. 9A-9B, a recess 564 in accordance with a further
embodiment includes a lower portion 570 and an upper portion 572. The lower
portion 570 has a bottom surface 554 and a generally perpendicular side surface 556.
In the second portion 572, a slanted side surface 558 is slanted outwardly with respect
to the side surface 556. The lower portion 570 is generally cylindrical in shape, while
the upper portion 572 generally forms part of a cone. The recess 564 is thus generally
a combination of a conventional recess and the recess according to Figs. 4A-4B.
Thus, the embodiments as described in Figs. 4A-4B, 5A-5B, 6A-6B, 7A-7B,

8A-8B, and 9A-9B, as well as other embodiments as described herein, may generally
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generally travels. Again, both side surfaces 406 and 506 are curvilinear
fromthe bottons of respective recesses 414 and 514 to the tops of the

recesses. wigaf1@g$32ng to Figs. 9A-9B, a recess 564 in accor dangesovoidds a
further enbodinent includes a | ower portion 570 and an upper portion 572.

The lower portion 570 ha bottom surface 554 and a general |
per pendi cul attcdaa cagrer ¢ aglggl_smgﬂ}qv;(n,géegeé%ﬁac B}tﬁiagﬁ%g?gfnegﬂlgqufﬁﬂgh si de

surface 958 ioindd HNEath RULNAL dhsthalithh SESRRALe, ith 1BRISIAE oM hRGRIsI9C. The
| ower portion 570°1s generally cylindrical in shape, while the upper

portion 572 thesaleabtfgced wrymg front a bbttem ob He. reddse ta atopad thocdss abduighe
generally a.conhi Eat iC&EIéOf a conventional recess and the recess according
to Figs. 4A-48.PHROSY XK EHBSdi nents as described in Figs. 4A-4B, 5A-5B,

6A-6B, 7A-7B, 8ApBR:ibed FeRAalBBin AStheRWhy adnRldMHodaiRd AT MctudRs Ges& | bed
herein, may generally 11 WO 01/58832 PCT/US01/02893 include a carrier

wi th a housi hayitgs houpingwik sewsssea cchtiavingam ad. sThegeerss isldefinghbuhbide to

axis J). Each recess,is define a.side surface it.h the di,stance from
the axt s Lo G EaRAC FRL e PheRush i § Hebif Brortl b hebtSh bR Y5 &' Top
of the recesgpabiliinesdi6n eduald the GistaAbe fvnOdnet SfatecOaBOppbERGuithaargener al | y
i n anot her way, sone enbodi ments may include a carrier having a housing

wi th recesseBicauked Hang alnepassingdhropsl apdperpendicnlyrdpithtearivylhe sspepd  surface
and has a f'ﬁﬁ)%ct%ﬁgﬁﬁtiog%:cﬂﬁﬁﬁhg RisPide oﬁae&%%ﬂrfaéé’@% J ?%{%Ss'uﬁgce e first
aspect di nensron equal's the distance from one surface‘to an opposite
surface and meesused flongh ting passingrtikropgl andiperpéridicidén tamisk ey pripdpanldinldo t he
axis. The second_ aspect di nensign ,qual(i t he di stance fromone surface to

an opposi te GUNE HE% aipet GFRSASERed s Fiohgnd sIcPRE RECERG AR (RGN TRRLP
per pendi cul apoitdin bPBiedEdess MOEE%%}%&QJ ar to the first aspect dinension.

The first and second aspect dinensions vary froma bottomof the recess to
a top of the receBsferiesf @rkignd0Aesl08,gs andbex-ebd®dimentanetéss 614 mvbelesant , a

e0eSs SL4, | BSLGR, R SR IAREFL 0! SO aRe 00, 800, SAEIRRTY |

nodi fi cati onjsQené ARy pRaBSISo tHLaMPY | A heHSHRNBS the recess 614 would include a
concave instead of a convex-shaped bottom surface 604. Another modification of the
recess 614 would include a slanted side surface 606.

Referring to Fig. 11, a recess 714 according to yet a further embodiment

includes a bottom surface 704 and a slanted side surface 706 that has a predetermined
angle less than 90° with respect to the axis X in the plane of the bottom surface 704.
In addition to that arrangement, the recess 714 includes an insert 708 (generally ring-
shaped) arranged around the side surface 706. The insert 708 may be formed of a
shock absorbing material to reduce or disrupt the reflection of compression waves.
The insert alternately may be used to tailor the reflections to focus on the jet.
Alternatively, instead of a separate insert, the side surface of the recess may be coated
with a shock absorbing material. Example shock absorbing materials include
aluminum, ceramic, plastic, powdered metal, foam, or other like materials. The insert
708 may have various shapes, with a vertical inner surface 710 and slanted outer

surface 712 shown in Fig. 11. Other configurations of the insert 708 may be used
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concave instead of a convex-shaped bottom surface 604. Another nodification
of the recess 614 would include a slanted side surface 606. Referring to
Fig. 11, wo@Ases® 714 according to yet a further enbodi nenict/idghigdss a
bottom surface 704 and a sl anted side surface 706 that has a predeterm ned
angl e | ess t\Q’?tF,r,go Wi th respect to the axis X in the plane of the bottom

surface 704. CCERREF ?Hﬁgf‘(ge?‘ﬁ Y B§IP fide surface asdpconveniionsle| ydes an

insert 708 (gegageally ring- shaped) arranged around the side surface 706.
The insert 708 may be formed of a shock absorbing material to reduce or
di srupt the refl eBetfieomgto KignpRAskKiBm amﬁlslnce Wik ahotbesramtzidireentat gicgssmay be

used to tail r ef tion foc e Al ternatively, instead
of a separ at 8{4 WE@PF“{’W&IEF‘&%‘? fléﬂ?g tSH ‘f'ée@gslga ﬁﬁ%erl?éﬁ]té'oat ed with a
shock absor bpéiﬁeﬂm&ﬁﬁﬂ t8lthe BotRMPLR2H 90K (a@bﬁ ebieRfloniR tREisas)S HAWwdveEQ

alum num ceramc, plastic, powdered netal, foam or other I|ike material s.

The insert m%aypmvtedvaﬁhmsessﬁéﬁe@th {hietchp sittingran xgiouiden8i0 pravidede 710

and sl ant ed face 2.shown i.n Ot,her co tions of

the T nert 788 camisy nolife £4° aret R b A s TSy S Rt o b coses

havi ng a gengagbinyr MefcHanst Bulaltding] i esathplacie ﬁaﬁtlbﬁbmm&ﬁﬂhb en@ide aheesses.

Referring to Fllg b 12A-12B, in accordance wth anot her enbodi nent, a recess
3] 4%

814 i ncl udesoys Gom sl theap 58840 reyidg assealesodhitrassealed obarbgiB104s gener al | y
per pendi cul a&eﬁn%gglgﬂle%éésg’ﬁlé U%&I nffq[e%gs“en{b i a@%e%gﬁw&tthggtﬁ]fe ck&HESSes) -

However , ovi de he Trec cap sitting on
a shoul der Sdlfhnﬂreoel@ﬁﬂy bb)ﬁllehlevmﬁmf |@thehtypss OfgeaSEs OI’/ﬂl.ﬁ)dlﬁ&deb@pldeQi&ﬂ iseal
812, which may be forned an__elastoner, material or by wel

exanple, is K5SPEMBFRIOar ﬁapﬁﬂ%%tbgrwéegﬁ&ml cemloa@ﬂ}%fk%m’a a he cap
808 to provigg @anmsta%ﬂ m@aﬁtsﬂem &ﬂ&sﬁﬁémt t%ﬂestlrgéfs' é&ﬁ élﬁtt&l%ﬁ recess

814. Since the assenbly Is assenbled at the surface, nber 816 nmay
be filled w bhaperforaGhp et tiaygeg thfough desecass 814 ds nay be prOV| ded in the

charber 816, TS G200 S R BB A CEL A €S OLRL NS
time is easipahepdied ;ah&8ir chamber 816 are significantly reduced as compared to
compression waves generated in fluids in a wellbore that may be outside the gun
carrier housing 80. As a result, interference with the perforating jet inside the recess
814 (the chamber 816) is significantly reduced. In modifications or variations of the
arrangement of Figs. 12A-12B, the side surface 806 may be slanted with respect to the
bottom surface 804. In addition, the side surface 806 may have a concave or convex
shape. Further, an arcuate surface, such as the surface 300 shown in Figs. 6A-6B,
may also be used.

Referring to Fig. 13, a top view of a recess 914 in accordance with another
embodiment is illustrated. The recess 914 may be shaped as a conventional recess or
as any one of the recesses shown in Figs. 4A-4B, 5A-5B, 6A-6B, 7A-7B, 8A-8B, 9A-
9B, or 10A-10B. In addition, slots 910 are extended away from the recess 914. The
slots 910 provide a travel path for compression waves so that only a portion of
incident compression waves are reflected back to the path of the perforating jet. The
slots 910 thus provide a mechanism to disrupt reflection of compression waves

generated by a perforating jet.
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by a perforating jet traveling through the recess 814. Wen a perforating
j et passes through the recess 814, conpression waves generated in the air

chanber 8W® @rsesx3i gnificantly reduced as conpared to CcONEHSH0P028H8VES
generated in fluids in a wellbore that may be outside the gun carrier

housing 80. As a result, interference with the_.perforating jet inside the
recess 814 (the t%ﬁb{?rbe%‘l‘%fu@ag?eﬁﬁ?sﬁf%ﬁ&m pof E}c’:lé’ﬂ‘g qlg‘hh]ﬁc‘fihf‘ﬁg@%ti ons or
variations ofiredfBrough EGRBBHIEIH r&bssel ScordiddtolidBs. tH1ECShdSectlieh a6Rr@d8 My
be slanted with respect to the bottomsurface 804. In addition, the side
surface 806 wdjighddedB. concave or convex shape. Further, an arcuate

surface, such as the surface 300 shown in Figs. 6A-6B, nay also be used.
Referring to Fig. 13, a top view of a recess 914 in accordance w th anot her

enbodi ment is illustratedlediiict €CESSEHAV®RY He sh#pg¥@s g conventi onal

recess or as any one |of the recesses ?59("??’ in Fi gppo 4B, |5A-5B, 6A-6B,
7A- 7B, 8A-8B, 9A- 9B, or—1tGAOB— madgitron—stots ext ended away
he \sqdl?) th fg

fromthe recess 914. T s 91D provide a travelo' r conpression
waves so that only a pgorti que®f 1 hci deptzaconpriessi omggaves lare refl ected
back to the path of the perforating jet The dlots 910 thus| provide a
mechani smto disrupt rlefl ed8bn of | compPd8si on |waves0.83ener at ed by a
perforating jet. 13 W)—61f L'U'S“"Z PCHUSE1-02893—The—tapte—bel ow sumari zes
test results perforned usi ngg%i g- hpl e cﬂzz ges flired (t)‘z?lough conventi onal
recesses according to [FI gQve 1C and reemsses |accorg3eg to Figs. 4A-4B.
Cl earance EH AVG EH AMG___75x(0 1. 00x45 0. 62 0.177 0.82 0.69 0.74 0.89
0.84 0.73 0.83 0.92 0.71 0.79

The table includes 3 columns, with the first column indicating the water filled

clearance distance between the gun carrier and the casing (in inches). The second
column includes the average entrance hole size created using a big hole charge fired
through a conventional recess according to Figs. 1B-1C with a diameter of about 0.75
inches and a side surface that ié generally perpendicular to the bottom surface of the
recess (represented as the angle 6 of about 0°). The third column includes the size of
entrance holes created in the casing using the same types of big-hole charges fired
through a recess according to Figs. 4A-4B having a diameter of about 1.00 inches and
a slanted side surface 106 having an angle 6 of about 45°.

Thus, as shown by the table of results, the shaped charge performance with
recesses according to the Figs. 4A-4B embodiment is superior to the performance

. with conventional recesses.

Referring to Fig. 14, a chart illustrating the area open to flow created by the
casing opening per shot versus the gun clearance is illustrated. The triangular dots
represent the results obtained with conventional recesses (0.75 inches and angle 0 of
about 0°). The circular dots represent results obtained using recesses according to
Figs. 4A-4B having a diameter of about 1.0 inch and an angle 0 of about 45°. As

illustrated, the average area open to flow per shot obtained with a recess according to
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Average 0.736 0.839 The table includes 3 colums, with the first col umm
indicating the water filled clearance distance between the gun carrier and
t he casi ngg(dssgzaches). The second colum includes the ayeragsesdos ance
hol e size created using a big hole charge fi red through a conventi onal
recess accorgdin :LB 1 with.a dia inches and a
side surface %gﬁg‘k‘&%? aé%ﬁ%rg epc Sﬁa}nﬁ%ﬁdﬁugﬂ?(gro OS? ﬂg dﬁ‘ %%P’?Igboéla f the
recess (repraseReed as the angl e 0 of about 0). The th| rd col um i ncl udes
the size of entrance holes created in the casing using the sane types of

bi g- hol e char ges Refeadng torfigs dRAal Yeenkto Avd 6B dinpltipns ‘Fﬁ pestoratimgdeishavi ng a
d 0
6 Sreter o o0 0115 Btk RSO0 SIS et

charge perf othivupbes otéss accEdid'ﬁgS@FlgSC‘t@M@ (Figst 06 ANEE) agd assddadB errbodl ment
is superior to the performance wth_conventional recesses., Referring to

Fig. 14, a cﬂarlrrersr%wr%&qr%gluméteér Eigs olehandol G4 show e peslgrasipeeierizhtasi ng
openi ng per ag t ar
dots repr esent t e resu‘itnﬁ3§Ct a‘%ﬂﬁg}g%@mﬁ&ﬁog(gﬁggﬁ?%%a i%g'elcs-eﬂg@edsfé(-0. %J

i nches and aﬂxglperf@rabﬁxgjabexmndihg tHEbEg}cpdmurhsarf thiotveby effroaespuindingsetdsses,

obt ai ned usi ng, recesses accordin 4A- 4B havin di anet er of
about 1.0 i n¥HhSRBPLISIQAJraye drogss gl&&@étanﬁgﬁoﬁlé gelpqrptﬁg "erguy’ttﬁlf‘e aver age
area open { ek st war&tcl&grartﬂ@ge&b&ﬁngjer RRSHe ﬁ@ﬁ@@k&%o 14 WO

01/ 58832 PCT/U 1/02893 Figs. 4A-4B at any given clearance Is superior to
t hose obt ai ned wi Al Sh@mmrﬁrg&n]élc andekbés merﬂéeﬁtmgrjetngmﬂmvgmgsndeﬂamn% and

16A- 16E, si | ati on .oratin ndl t hr onv ti onal
recess accor Hengr S ﬁnﬁ 011 n&ff’c(sﬁ%gma%rﬁc ugg]?lgﬂ%hwa&f Enh
accordi ng t orecb@ss. Potiéis (0620Sandlb2bak: a?&ﬁoéb’iﬁt@f?ch@hﬁﬁof SRR gGBLs WAV €S
are illustrated. Figs. 15A and 16A show the perforating jets right at a

poi nt bef or ehavephe highestmeassures, wulerthe povrifrans sewewsling partiges 10028 aadd 16B
show the peié&ﬁ}”ﬁa{x}%%\';vgﬁEre?sﬁ%e%”?io@%véﬂ“ LM PR O, A kG Ve B3N g

correspondi ng recesse
recess with the generally perpendicular side surface, a compression wave portion

1004A constitutes a high pressure reflection from the side surface. In contrast, as
shown in Fig. 16C, no such high pressure reflection has yet occurred in the recess
according to Figs. 4A-4B.

Next, in Fig. 15D, reflections in the conventional recess have created a portion
1006A that includes high pressure compression waves. In contrast, as shown in Fig.
16D, the high pressure compression wave 1006B is still created primarily by the
leading edge of the perforating jet. In Figs. 15E and 16E, a second portion of the
perforating jet that is behind the tip has extended almost through the corresponding
recesses. In Fig. 15E, two high pressure compression wave portions 1008A and
1010A are illustrated. The compression wave portion 1008A is primarily reflected
back from the side surface of the recess and, as illustrated, is about to impact the
perforating jet to cause interference. In contrast, as shown in Fig. 16E, the high
pressure side reflections are not present in the recess according to Figs. 4A-4B. Thus,
the simulation results illustrate the superior perforating jet performance using the

recess according to Figs. 4A-4B.
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W th conpression wave fronts 1000A and 1000B generated. Generally, the
conpressi on waves closer to the perforating jet have the highest pressure.
As shown w fisgs32 15C and 16C, the perforating jet tips hageoiendsd
through the webs of corresponding recesses and are close to extending all

t he way through t +~Portibons 100 2B that ~are cl.osest to
the tips of corregﬁ enag%%sﬁg%sl 7 aﬁgtlé RESH é@g gd%@@sruﬁ'pgguve\]%lafcorfhﬁg wave
fronts surr owwthagermﬁﬁm@ms arkQddvatdiid SuthetBsdeangvd 1@W@fdlﬁ ERBRUAESde Hovever ,
as shown in Fig. 15C, in the conventional recess with t eneral l'y

per pendi cul afu Céét@hﬁfﬁééé?te%t%®ﬁ%?@ﬂ§¢tm af£QBPEEEion sraves bk Ankvhst i t ut es a
hi gh pressur o] r shown in
Fig. 16C, noﬁ%&u ‘?égh %%s@é%sté&g flﬁg{rll(g I%QUCAS%%% aﬁ%ﬁ)ﬁrﬁﬁ?ﬁe til(r?ec ess

accor di ng t oFfg. ¢3, thé&dé&lrfﬁdemuoz nmgdﬁegx,llybsﬁbave@\flﬂmtlmﬂspomm lieat extends
conventional . recess_have crﬁat ed a portion 1006A that includes high
pressure conpPiEs 1lyoﬁ“ kg, 48, the side sfacedi202 isgengraly planar-agd extangls at %1?1@%1\‘? gh
pressure congr @@%g 19; i C | eadi ng
edge of thenge%? at né@ ?’ﬁh SSE& t&bﬁ’ &?s&%%g%ﬂfagggé@gﬁaﬁé’ ion of the

perforating j1204. tslasih rec:‘esb;e hn@d;ddﬁl@aﬁthgbdﬂ@l@ wsad ﬁﬂdﬁdltﬁihﬁ@&iuntﬂiﬁr%ﬁﬂ ko t he
correspondi ng . recesses. In qu% 15E, two high pressure conpressi on wave
10n

portions 1008Aughthe depthk pspetrationy dhe shapg Ofﬁ}?ée%ﬁﬁﬁr@@é‘i’%ﬁl (9séha i on
1008A is pri I e surface of the recess and,
as illustrat g\%ﬁé) goaggﬁéﬂﬁteog}t#g OEQQ%B%{?#%U ng jet to cause
interference. In Wnlerthsinveaﬁorshm%eem dlsélbgad wfflicyespére tha fimitedmesder & si de

reflections ar n th recess according to 4A- 4B, Thus,
Che o1 i ati GbORsnRe TR tieietindhs HESE ﬁ@rpgﬁtea@mmtmwgﬁf%&onbm or mance
usi ng the re&;@aﬁﬁmg%%fg&ﬂgntlpm%ﬂéd tfh it Bppdmied s eS8 41Kk US01/ 02893
Referring to Figs. 18, recesses 1100 and 1200, respectively,

accor di ng toH@difmatletmﬁmﬂl viasintiensaas dali withax thatred Splsuaﬂrd scope o the imauton.nwar dl y
extending side surfaces that are adapted to focus reflection of

conpressi on waves back onto a perforating jet. Such focusing of the
refl ection reduces the charge performance. In

16



Fig. 17, the side surface 1102 is generally concave with at |east a portion
that extends inwardly. In Fig. 18, the side surface 1202 is generally

pl anar ang/oqisegpds at an angle O that is greater than 90 pgriilkoiespsct to
the axis in the plane of the bottom surface 1204. Such recesses may be
advant ageously used in a nultiphase puncher gun to reduce the depth of
penetration. The shape of the recesses may be different (or the sane)

al ong the differepihPRassse@is:t he puncher gun. Wile the invention has been
di sclosed with respect to a limted nunber of enbodi ments, those skilled
inthe art will appr ecAalaaiqmﬁmoaJtﬂéninngﬁlbsimﬁ, oorspEAsiag: vari ati ons

therefrom It isintendgd t hat the 8}%‘% ﬂf alm;il ﬁ

nodi fi cations and vari atf 424 PIUHIER PIICERFECS PRf rg’fﬁs? ?Vl%ﬁpg%%tﬁéy of
the inverg i oghd dédd\rhte eRBAENPeubSHd foepisry a\ﬂﬁ%hapeﬂ 16 b debBekry f reduceA
carrier for containing explosives, conprising: a housing having a plurality
of recesses, FeBaelion fCOMPressioNWAVES grCrarLinyesEONaME a8 @pgxél\'@uﬂfca@éededueenm ng
around the p&)rdeq’c;h%{1¥n§f'£h§;§fi‘&s?&’: to a geonetry to reduce reflection of
conpressi on Waves gener response to an explosive jet created due to
detonation of an explosive. 2. The carrier of claim1l, wherein the recess

further includes a bottom 10 surface, the side surface being slanted with
respect to the bottom $be ¢aEer ofglaimnle Wherein ghe teess Fusther nclugeer Bptomhe si de

surface je agurf’acgrtﬁggihggﬁlf&%%el g%ﬂin‘?ecl%%ﬂ‘rersﬁéq??&tetb%tt&% ¥, | N the plane

of the bottom surface d&ter m ne ing se ected in a range
greater than 0 and | ess than 90. 15 4. The carrier of claim2, wherein the

side surface is a det er m angle with respect.to an axis.in the
pl ane of the bottdm su{r Eaé’nert‘i’fé]’?aﬁme%é‘?f@eﬂr‘i‘ Het "a‘?\’éﬁ‘%e et agredsicnyingd in a
range great ejndidighn fg@&% laﬁ%%s%ﬁﬁ;ﬁé?xeo@%ébot%ﬂ?sﬁ?arcé'tﬁé Pf%ﬁet@hﬁah@&lz

wherein the side surface is generally convex. . The carrier of claim2,
wher ei n t he siglkebsing fdeded m aggangy giehtgr thon 02 wed less than 90°.
15
4. The carrier of claim 2, wherein the side surface is at a predetermined
angle with respect to an axis in the plane of the bottom surface, the predetermined
angle being selected in a range greater than 10° and less than 80°.
20 5. The carrier of claim 2, wherein the side surface is generally convex.

6. The catrier of claim 2, wherein the side surface is generally concave.

7. The carrier of claim 2, wherein the recess includes a generally arcuate

25  surface including the bottom surface and the side surface.

8. The carrier of claim 2, wherein the recess further includes a first
portion and a second portion, the first portion including the bottom surface and a side
surface generally perpendicular to the bottom surface, and the second portion

30 including the slanted side surface.
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7. The carrier of claim2, wherein the recess includes a generally arcuate
25 surface including the bottom surface and the side surface. 8. The
carrier ofvocdimsgs2, wWherein the recess further includes apdmsdoromesti on
and a second portion, the first portion including the bottom surface and a

S o b e enine PSRBTl B B S A ggRihi L second
PCT/ US01/ 02888 sBoothRErfs@ grbgle. Of claim 1, wherein the side surface has a

predeterm ned non-snooth surface profile. 10. The carrier of claim9,
wherein the surface profile includes one or 5 nore steps. 11. The carrier

of claim9, wherein the surf.ac rofile includes.a r hened surface. 10
12. The carrier ow‘cl aﬁ”ﬁ EIG rcg?lﬂl S%’H’gheg‘ﬂpFl}slecsé‘r%%?]ﬂ%geg]inﬁ@ﬁffd%%e Bne or
nore grooyesmotdstepshe carrier of claim1l, wherein the recess further

i ncludes a bottom surface, the bottom surface having one of a concave and
convex shape. 15 14. The carrier of claim1, further conprising slots

extending fromthe,sid f 0, eriph 1 of s adapted to
recei ve portions g} thgh%g%?gé@cll%%lQm%égst%u[%?gh%g%erﬁglr@h J;ﬁg gun
conprising: raight@dstrfasee shaped charge; a carrier housing having at |east
one recess, the shaped charge aligned wth the recess, the shaped charge

when fired producing a perforating jet through the recess generally along

o L E® o IS ST A AR RrALIR T pesorafenc

around t peri phery and sl'anting avay fromt a
more grooves.

13. The carrier of claim 1, wherein the recess further includes a bottom
surface, the bottom surface having one of a concave and convex shape.
15
14.  The carrier of claim 1, further comprising slots extending from the side
surface around the periphery, the slots adapted to receive portions of the compression

waves.

20 ~ 15, A perforating gun comprising:

at least one shaped charge;

a carrier housing having at least one recess, the shaped charge aligned
with the recess, the shaped charge when fired producing a perforating jet through the
recess generally along an axis,

25 the recess having a periphery and a side surface extending around the

periphery and slanting away from the perforating jet axis.
16.  The perforating gun of claim 15, wherein the side surface includes one

or more segments.

30

18



16. The perforating gun of claim 15, wherein the side surface includes one
or nore segnents. 30 18 WO 01/58832 PCT/US01/ 02893 17. The perforating gun
of cl ai mwp ovenei n the side surface has one of a convex pgT/CPIOMKYe Shape.
18. The perforating gun of claim 15, wherein the side surface forns part of

5 a cone. 19. The perfaorati un of cl ai 5, wherein, the rrier housin
is part of a sho%’?by-ﬁﬂ%Perg‘%ﬁg%%mb & ’Wﬁgreérhglﬁéﬁjecsﬁﬁf%%asfﬁe? 2 A ggn

carrier conprising: a ggHgkRBgchirwidhapepl urality of recesses; and a
mat eri al placed along a side surface O0f each recess, the material having

shock absorbing characteristics. 15 21. The gun carrier of claim 20,
wherein the nmaterial i | udes one or re .dnserts,, 22. T n carrier of
cl ai m 20, wher ei ni$he ﬁg‘? gt;«r?%{ﬁtll?%g%g{{:ggn}]é,t reél?glgs%etﬁu?%%%é%p%? The
gun carrigr of claim2Qcomherein the recess further includes a bottom

surface, the side surface being generally perpendicular to the bottom
surface. 24. The gun carrier of claim20, wherein the recess further

i ncludes a 25 bottgm s . i r 2 W espect
to the bottom surﬁ%ce. Wzﬁ‘%ﬁﬁ%‘%ﬁ‘?}ﬂ %Zcrl ?%#le{rf%?leg llél mc%,%q\%\lﬁgsrlg fr?rbtaheosfi nsert
is generally ring shapsibt-b3%shdbgurfatbddntelis drershagydlohiieng expl osi wes for

use in a well bore, conprising: 19 WO 01/58832 PCT/ US01/ 02893
10 20. A gun carrier comprising:
a housing having a plurality of recesses; and
a material placed along a side surface of each recess, the material

having shock absorbing characteristics.

15 : 21. The gun carrier of claim 20, wherein the material includes one or more

inserts.

22.  The gun carrier of claim 20, wherein the material is coated to the side
surface. |
20
23. The gun carrier of claim 20, wherein the recess further includes a

bottom surface, the side surface being generally perpendicular to the bottom surface.

24.  The gun carrier of claim 20, wherein the recess further includes a

25  bottom surface, the side surface being slanted with respect to the bottom surface.

25.  The gun carrier of claim 20, wherein the insert is generally ring

shaped.

30 26. A carrier for containing explosives for use in a wellbore, comprising:
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a housing having a plurality of recesses; and a plurality of caps each

seal ably covering a corresponding recess to provide a chanber in the
recess se@load/sksm wel | bore fluids. 5 27. A nethod of i nprevi/ud1/0858 or nance
of explosive devices in a wellbore, conprising: providing a carrier
housi ng having a plurality.of, recesses.. each recess, defined in part by a
side surface having a %bélydsé’?%]?arﬁ%%p@ﬁ%’ﬁ%? réa’g?%seisagﬁ%g t he expl osi ve

devi ces, each expl osi vgpHeMitgef EaisHadigscanblylébvernnt 0 sbitepbhdingxdcesdbng

t hrough a correspondi ng recess, the explosive jet inducing conpression
waves in wel Providgiagchiamberia thegasess sealpé fgpevellreflpids. shape of the side
surface reducing reflection of the conpression waves back onto the
explosive jet. 28. A carrier for containing explosives, conprising: 15 a
housi ng havi ng at27.easi raedod e @gsoliay ipddommne bbexplédie: ddvidesdsd one recess
defined by a surface; and the distance fromthe axis to the surface of the
recess varyi WGBS ROMPISHE om of the recess to a top of the recess about
the full periphery of f)}.tz)‘%lici %Eﬁﬁﬁeﬁﬁ’o&% lﬁvﬁ%ra;ﬂ@slﬁfalihpéf rEQéQEé’%l! cH%ecess
expl osi ves, conprising. a housing aV|n§ at IPeast .ore recess having an

axi s; the atefiredst panby neckesarfdaf havagy dyredetsmiheddiape;he at | east one
recess having a first aspect inenfipn equal i n thg)_distange f.rom one
surface to an opposit e®&4yAHag eéﬁB‘ﬁ%ﬁ§@Y@ﬂ*ﬁW%ﬁap sjvelevise duBYnE 3% ¢ 1y ough
and per pgndi : | By | ng; .econd
aspect d?mrre ng)%ﬂéﬁﬁ%%@%%}?%%gmddép g‘tc?rilrg gﬁ@rﬁgnr%qgﬁegﬁ,ggf?;i)éik@\;/éoﬁgﬁﬁg%g site
surface and ewmopessieh whvasgn avellifhed peibs irgvgss, theredgteranit drbapeoidhesidar to t he
axi s and perpepdicul ar to.the first aspect dinension; nd 30 the first and
second aspecgnﬁFﬁﬁ Eﬁ%ﬁgﬁ“¥ﬂéﬁﬂ5¥3gg&@%?@ﬁﬁﬁm§ﬁ%%i “’@85?8 i lihe recess

to a top of the recess. 20 .

28. A carrier for ‘contajning explosives, comprising:
15 a housing having at least one recess having an axis;
the at least one recess defined by a surface; and
the distance from the axis to the surface of the recess varying from a

bottom of the recess to a top of the recess about the full periphery of the recess.

20 29. A carrier for containing explosives, comprising:
a housing having at least one recess having an axis;
the at 1¢ast one recess defined by a surface;
the at Jeast one recess having a first aspect dimension equaling the
distance from one surface to an opposite surface and measured along a line passed
25  through and perpendicular to the axis;
the at least one recess having a second aspect dimension equaling the
distance from one surface to an opposite surface and measured along a line passing
through and perpendicular to the axis and perpendicular to the first aspect dimension;
and
30 the first and second aspect dimensions of the recess varying from a

bottom of the recess to a top of the recess.
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WO 01/ 58832 PCT/ US01/02893 30. A carrier for containing explosive,
conprising: a housing defining at | east one recess; and the recess bounded
by a peripanagsaurface that is curvilinear in a 5 directipgndso9mrges bott om
of the recess to a top of the recess about the full periphery of the
recess. 31. A carrier for containing explosives, conprising: a housing
defining at |east one recess having an axis; and 10 the recess bounded by a

surface at |east gopor i QficffoMbtingdning cRHIBERE, codtfprisinges at an angle to the
axis. 32. A carrier for containing explosives, conprising: a housing having

a plurality of recesse8hoedrshdefudesel leastomayeeespeandphery 15 and a side
surface extendi ng aroupd the periphery and sha t eonetry. to focus
reflection of conpressrt r{eg/\elgaggu g?llg?[étp_g’agl?%&rsgg%%en@gﬁfguggl%befénoasi ve | et
created due ditertidf fnnh bofoRlof @i® eXdlk aFd 169 of thteresdsd abSu thR M ﬂe@i@ﬁét%/ﬁﬂ the
refl ected conpression waves back onto the explosive jet. 20 33. The

carrier of cHhgireses®, wherein at least a portion of the side surface is
i nwardly extending. 21

31. A carrier for containing explosives, comprising:
a housing defining at least one recess having an axis; and
10 the recess bounded by a surface at least a portion of which is planar

and lies at an angle to the axis.

32. A carrier for containing explosives, comprising:
a housing having a plurality of recesses, each recess having a periphery
15  and a side surface extending around the periphery and shaped to a geometry to focus
reflection of compression waves generated in response to an explosive jet created due
to detonation of an explosive, the side surface focusing the reflected compression

waves back onto the explosive jet.

20 33.  The carrier of claim 32, wherein at least a portion of the side surface is

inwardly extending.

21



