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A subterranean gas or oil well typically begins with a hole bored into the earth, which is

then lined with joined lengths of relatively large diameter metal pipe. The casing thus formed is
10  generally cemented to the face of the hole to give the well integrity and a path for producing

fluids to the surface. Conventionally, the casing and cement are subsequently perforated with

chemical means, commonly explosives, in one or more locations of the surrounding formation

from which it is desired to extract fluids. In general, the perforations extend a distance into the

formation. Once of the problems inherent in the art is to maximize the depth of penetration into
15 the formation.

Explosive shaped charges known in the art generally have a substantially cylindrical or
conical shape and are used in various arrangements in perforating tools in subterranean wells.
Generally, a tubular perforating gun adapted for insertion into a well is used to carry a plurality
of shaped charges to a subsurface location where perforation is desired. Upon detonation of the

20 shaped charges, explosive jets emanate from the shaped charges with considerable velocity and
perforate the well casing and surrounding formation.

Liners of shaped charges have commonly been designed in an effort to maximize

penetration depth. Various metals have been used. Solid metal liners have the disadvantage of
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Li ners of shaped charges have commonly been designed in an effort to
maxi m ze penetration depth. Various netals have been used. Solid netal

| i ners hawe oehesodd sadvant age of 1 SUBSTI TUTE SHEET ( RULEPRZG)USH02¢ 075099
PCT/ US02/ 07028 introducing netal fragnments into the formation, detracting
fromthe effectiveness of the rforation.. ress owder met al
liners hdWEedugngmeit Tagmenss lﬂ@éﬁé)ggﬁ?ﬂ?ni ﬁiel%é?tg‘c%g &dﬁ)‘iﬁ&?téesﬁﬁfe&ﬂ det onation
of the shaped charge, avoiding the problens aSSOCIated gﬂ qet

f r agment erfortions Garamrpssedpqylered mpeta] ﬂf&?fs RREOmREE) Reen pey p§|“fl1 WSftar 1y suited
for use in liners. 5 Generally, the heavy netal is conbined with one_or

mor e ot halisintedrai spasi defongtion eftiheshepedcihprge, avpidingdhenrplieme asspciated it Ficyt d
liners through very high conpression of the nmetal powders. One of the

pri nci palfragmefts.clrss knownhethgntt thes bedyy aretalyre partiewiprly suited fos necindinee heavy
metal content of liners. Such attenpts are outlined in the United States
Pat end NuGdneraHy,Ghedmeayy Mittahis dombin8d witl b orwinire htherr reetils ewith puitabiedsinding ei n f or
all purposes by this reference. 10 The success in the art of producing
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identify suitable binding agents anong el enental netals and all oys.
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conpresse |ner Wt tungsten content higher than previously known 15
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appar at us” O$18r s & errane

10 The success in the art of producing compressed powdered heavy metal liners has been
limited by effort to identify suitable binding agents among elemental metals and alloys.
Previous attempts in the art have increased tungsten content to approximately 80 percent. The
present invention employs binder materials in combination with tungsten powder to produce an
improved shaped charge compressed liner with a tungsten content higher than previously known

15 in the art.

SUMMARY OF THE INVENTIONS
The inventions provide shaped charge apparatus for use in a subterranean well. In
general, the inventions contemplate an improved liner for a shaped charge constructed from a
20  combination mixture of a high proportion of powdered heavy metal and selected binder metal.
According to one aspect of the invention, a mixture of powdered tungsten and powdered
metal binder is formed into a rigid shaped charge liner having a tungsten content in a range of

between approximately 90% to 99.98% by weight.
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general, the inventions contenplate an inproved liner for a shaped charge
constructed froma 20 conbination m xture of a high proportion of powdered
heavy netwlb oandsosel ect ed bi nder nmetal. According to one apgatsopbrothe
invention, a mxture of powdered tungsten and powdered netal binder is

formed into a rigid shaped charge |iner having a tungsten content in a
range of bet E&AFINSSP 83Athes RSt 086%1?‘@“@@’.’ 9%‘9‘%6?"\% Pg‘fﬂg.ste‘} Co‘gﬁﬂggﬂ R
SHEET (RULE 26) WO 02/ 075099 PCT/ US02/ 07028 Accorgi ng .to another aspect of
t he i nve®f besieenapproxizpately 9P%do 89-P8ie §x tsight s sprstuctegho gﬁ"aﬁ?@éﬂe@ﬂ‘cﬁaé?‘f\leen
approximately 90%to 99.98% by wei ght is constructed of a binder

net al - codeaty mételpeydercformedpfp@digidtddired i nto a rigid body. According to a
still another aspect of the invention, a liner for a shaped charge is 5
construct ed f rAseordingity a stilbansthepasnecs oé the inysatiane a liagidorrothaeqdedaigedsal  bi nder
bl ended with a binder netal -coated heavy netal powder fornmed into a
substant icahdtpcted fromal mixiuge of gfowdyred Tingsterr awpowidergd metabbingenblandedwitiimgst en
nmetal content in a range of between approximately 93%to 99.98% by wei ght.
10 BRI EF bRASGREERTdoahdd GEavihe tADRAWIMESMEd énta ¢ sdbspatiallynmpnigalangih bedya rlde
incorporated into and forma part of the specification to illustrate
several exalipgdisertavinga tifgeeR Aietal conedmt incange Hidsteveeks approxgmattlg@dtdter with
the description serve to explain the principals of the inventions. The
draw ngs 99ro8vsBy weigld the purpose of illustrating preferred and
alternative exanples of how the inventions can be made and 15 used and are

not to be construed as limting the inventions to only the illustrated and
descri bed
10 BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are incorporated into and form a part of the specification to
illustrate several examples of the present inventions. These drawings together with the
description serve to explain the principals of the inventions. The drawings are only for the
purpose of illustrating preferred and alternative examples of how the inventions can be made and

15 used and are not to be construed as limiting the inventions to only the illustrated and described
examples. The various advantages and features of the present inventions will be apparent from a
consideration of the drawings in which:

FIGURE 1 is a side elevation view of an example of an axially symmetrical shaped
charge in accordance with the invention; and

20 FIGURE 2 is cross-sectional view taken along line 2-2 of Figure 1 showing an example
of an embodiment of a shaped charge in accordance with the inventions.
DETAILED DESCRIPTION

The present inventions are described by reference to drawings showing one or more

examples of how the inventions can be made and used. In these drawings, reference characters

25 are used throughout the several views to indicate like or corresponding parts. The drawings are
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exanpl es. The various advantages and features of the present inventions
w Il be apparent froma consideration of the drawings in which: FIGURE 1

i s a sidewelewaiooon vi ew of an exanple of an axially synmecmiusat/osbaped
char ge Ln acFordance with the invention; and 20 FIGURE 2 is cross-sectional
view taken along. line 2-2 of Figure 1. shaw ng an exanple f..a nbodi nent
OL as haﬁ‘etj"e&??éf?f{jé tq Waééﬁ%ﬁ'ﬂm@ rigns of Gepn p vf g???@tﬂé?‘&?ﬁi’ébgﬁéém PTI ON
The present inventions are described by reference to drawi ngs show ng one
or more idsHaedetailsanddeafiresf theestiPBns can be nmade and useg. I'n thege
drawi ngs, reference characters 25 are used throughout the several views to
i ndi cate |i ke Toe 2prsratuessand methogs plthe ivention ag shoivp generlly in §‘gSI9B$?P‘$%JTE SHEET
(RULE 26) WO 02/075099 PCT/ US02/07028 not necessarily to scale and the
propor t i @neonisally smmgtricad shapsd phevge 19deshognadye shepedichaggeietizedifor 3 | | ustrat e
details and features of the invention. The apparatus and net hods of the

i nvert i opedoretingawwrogerslyalstd toiperfeiatpsubterraneamyelis and foraghensal Typicalfet ri cal
shaped charge 10 is shown. The shaped charge is sized for a 5 perforating
gun conmmphirylityefshapes dhengéare brangediner substeviallykdlical patten oo theenerforating
Typically, a plurality of shaped charges are arranged in a substantially
hel i cal pahtsemblgn Thé exapesifecimd shapg of tha shapsd etndodeyor thehvenfgueationsif e and shape
of the shaped charge or the configuration of the perforating gun are not
critical pefofatigy gun\e@diidtofitical ththshearidnClhy gapeihaige ¢0 ¢ cosleskdby axasase 12.

Generally, the case 12 is substantially cylindrical or conical. As used
herein, tjhe GefidriMy, the case 12 is substantially cylindrical or conical. As used herein, the term

10 "conical" is used to refer to shapes substantially conical or in the form of frustum or truncated
cone. Again, the exact shape of the case is not critical to the invention. In use, the
perforating gun (not shown) is placed in a subterranean location where perforation of the well
casing and/or formation is desired, herein designated the target 14. The shaped charge has a
muzzle 16, which is oriented toward the target 14, and an opposing closed end 18.

15 Now referring primarily to Figure 2, the case 10 is shown in cross section, revealing
that the closed end 18 has a relatively small aperture 20 connected to a detonation cord 22.
The detonation cord 22 is typically operably connected to a detonation circuit system (not
shown) known in the art. The case 10 contains a predetermined amount of high explosives
24 generally known in the arts, for example, RDX, HMX, HNS, CL-20, NONA, BRX,

20 PETN, or PYX. A substantially conical liner 26 is disposed inside of case 12 between the
high explosive 24 and the muzzle 16, preferably such that the high explosive 24 fills the
volume between the casing 12 and the liner 26. The liner is typically affixed to the case with
adhesive (not shown), but a retaining ring or spring may also be used. Upon detonation of
the high explosive 24, the liner 26 disintegrates and the liner material is propelled through the

25 muzzle 16 into the target 14. As known to those skilled in the arts, it is advantageous for the

SUBSTITUTE SHEET (RULE 26)



10 "conical" is used to refer to shapes substantially conical or in the
formof frustumor truncated cone. Again, the exact shape of the case is
not critiwalo2osophe i nvention. In use, the perforating geaT(Usoz/o®ROWN) i S
pl aced in a subterranean | ocation where perforation of the well casing

d/or f tion is desired herein designated t t 14 The shaped
Char g ndBeEto Ay SE0 Elona & o i ralhon 6 § el 6 Bkt 0SS “E0

opposi ng closed end 18. 15 Now referring primarily to Figure 2, the case 10
i s shown Ma$s &&€CEct j on, revealing that the closed end 18 has a
relatively small aperture 20 connected tq a detonatiqn cord 22. The

det onati on corfdrther refgrming primarilyto Siguredy thy Hoghafds pesder tgyﬁmlﬁgt‘% Yon circuit
system (not shown) known in the art. The case 10 contajns a predetern ned
anount ofcompisRsieg@Prsleredheavymeielaad apyderedaetal hinder matespkunder vsry Wigh | e,

RDX, HMX, HNS, CL-20, NONA, BRX, 20 PETN, or PYX. A substantially conical

| i ners 26 pressufg tpfomed rigiddiodr Bhe praesss afxompresredly foyaingiheytines figmawpidereds and
the nuzzle 16, preferably such that the high explosive 24 fills the volune
bet ween theevyonetalragd powdanel métal bindseis understqorcbyl theserskilled inthe edd. |Qtherf f i xed to
the case wth adhesive (not shown), but a retaining ring or spring my

al so be usethhds Opfabricktibmrsath asrsingdring niay bausgd. dhppowdered Ireayy migtal isipraserablp
disintegrates and the liner material is propelled through the 25 nuzzle 16
i nt o t he tiugksratbul hay Bs adotenmetabort ihiasree afiendtile dMietalstwich lagh density, high

advant ageous for the 4 SUBSTI TUTE SHEET (RULE 26) WO 02/ 075099

PCT/ USO2/dué@#, anll capabletod achicvinpligh stbestid pelocidedropdicned. Metddhokingionethpl osi ve

and to have the nmaxi mum possi ble nass and velocity. Further referring
primegil yoréud tinigdieh SartaluinlBathiuMeind2Bppet aRAFRIREY YuitiBles A1thehghcothyt metals
may be used, cost is often a major factor. Preferably, the percentage of heavy metal, preferably
tungsten, in the liner is within a range of approximately 99.0% to 99.98% by weight.
Optionally, percentages within a range of approximately 90.0% to 99.98% may be used.
The binder metal is chosen for its ability to bind together under high levels of

15 compression. Typically, metals chosen from the group copper, lead, zinc, tin, and bismuth are
used. The percentage of powdered binder metal, preferably lead, in the mixture is preferably
within a range of approximately 0.02% to 1.0% by weight, although percentages within a range
of approximately 0.02% to 10.0% may be used. Optionally, mixtures of binder metals or
alloys such as those containing relatively high levels of tin or zinc may be used.

20 Optionally, the liner 26 may also contain approximately 0.2% to 1.0% lubricant by
weight. Powdered graphite is a preferred lubricant known in the arts, although oils may also be
used. Some oils such as linseed oil or tung oil, or other unsaturated organic compounds as
disclosed in United States Patent Number 4,794,990, which is incorporated in its entirety for all

purposes by this reference, are thought to be helpful in preventing corrosion of the liner.

25
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conpressing a powdered heavy netal and powdered netal binder material under
very high 5 pressure to forma rigid body. The process of conpressively
form ng twe okziom®p9 fr om powdered heavy netal and powder ed pagtio2/iongler i s
understood by those skilled in the arts. G her methods of fabrication,

such as sinterjng may be used. The powder heavy netal..is ef erabl.y
tungsten, but Tﬁﬁgre%%lé{ﬂ&sh%rf’ efed epb m‘?ﬁ%f@? é“VSIFt}IOI’?é‘f%ﬁ asl.meﬁ/éff’;‘foélswc%ﬁl hi gh
density, high ductility, and capabl.e of achi evjng hjgh oustic velocity
are pref diomeiheakrmaiakputss eopted vy ”tleEdelH‘C&i&d’[b“‘i"b%@@['g‘?ﬁte%ﬁ%‘fya‘f’% haf ni um
and copper are particularly suitable. Al though other netals nmay be used,
cost is ®PWaH campigpdively fosmpd intors mgid pady yIhe pracessof eeating e %?WHB%P%&POH@F% ,
preferably tungsten, in the liner is within a range of approxi mately 99. 0%
t o 99. 98%%ithy hirdeyetal is@pdsresned byythoqsémle%tnag@%rtwmﬁgﬁava meiH pawdgt, coated
approxi mately 90.0%to 99.98% may be used. The binder metal is chosen for
its abi | iwith atbindei mdtal, oythethermpresdest unidergieny kigle pressyte 01 agigigh bedys iPagsently,
Typically, nmetals chosen fromthe group copper, |lead, zinc, tin, and

bi smut h aurgsten siedleadldre preéared fivralipcheaty petalidddinder mekel coatinga respestiz¢liy abl y

lead, in the mxture is preferably wthin a range of approximtely 0.02%
to 1. 0% hythough tHetaltembtiveanehls descdbadtabgesmayi tichised. aCombigaiono6f metpls meay atsvel y
0.02% to 10.0% may be used. Optionally, m xtures of binder netals or

al | oys swehseds Pidiaably chélpértdnitapd of fahgdtdne khe limegis withined angef oftapprogimagdinc  nay
be used. 20 Optionally, the liner 26 may al so contain approximtely 0.2%to

1. 0% | ubrgo@egio 900824 \Q&th, FDOELET ReCeHth g N ithen 4 fange GiappKineakly Blo%aant known
in the arts, although oils may also be used. Sone oils such as |inseed oil

or teng Qbloge thaydle\REd. Heh 80 fAEDia MemXANPRPRIEraBly witliselaggest i n Uni t ed
States Patent Nunber 4,794,990, which is incorporated in its entirety for

all ~ pur Qiggr?ﬁ{raiél)t G051 iz.g%%iglﬁ,r AhblpApRREnthges REthie Rhgd of afpldkRiedly | Ng

corrosi on ne 11 ner.
0.2% to 10.0% may optionally be used.

An additional alternative embodiment of the invention uses a liner 26, which is

construed of a combination of the elements of the first two embodiments described. That is, a

15 mixture of heavy metal powder and powdered binder metal may be used in combination with
binder metal-coated heavy metal powder to construct the liner 26. The same proportions and
variations in ingredients described with reference to the first two embodiments may be
employed with this additional embodiment as well.

The invention has many advantages attendant with raising the percentage of heavy metal

20 in the liner to higher levels than have been known in the art.

The embodiments shown and described above are only exemplary. Many details are
often found in the art such as: types of high explosives, size and shape of shaped charges, and
configuration of perforating gun assemblies. Therefore, many such details are neither shown
nor described. It is not claimed that all of the details, parts, elements, or steps described and

25 shown were invented herein. Even though numerous characteristics and advantages of the
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5 SUBSTI TUTE SHEET (RULE 26) WO 02/ 075099 PCT/ US02/ 07028 The presently
nost preferred enbodi nent of the invention uses a liner 236 constructed
froma hewoy2netoad powder coated with a binder netal, a bipadarsozetoas - coat ed
heavy metal powder conpressively forned into a rigid body. The process of
coating the heavy netal powder, w th bi.nder netal is. under od.by those
skilled ipFFS?‘Hé“VQ?‘/‘E‘E‘.S e s fortvan e f&‘i&%& &esﬁ%%{t°é‘dt°§etﬂﬁftﬂg'ad%%i%ﬁ8’ér met al |
is then conpressed under very high pressure into a rigid boqy, Presently,

t ungst en thegruptagepng funchoneidhe @de‘g’ﬁfls’ tﬁf?éi‘%‘fé’é\?ﬁ lsn’g‘t‘%ﬂat‘& enlypiand shanges al
coating, respectively, although the alternative netals described above may
be used. n@yhsinade iothe despil, espesially irapatierssef shaps, tizcemd apapgegicatfyhe Ragts
percentage of tungsten in the liner is within a range of approxi mately

99. 0% t o vothiro®eptincinled efithe inggntinesig thefull extentanicates; hythebraad gengel of
approximately 90.0%to 10 99.98% nmay be used. The percentage of led in the
m xt uf e inseaping bfthaldrms wsedhn theattachedjelainfs. approxi mately 0.02%to 1. 0% by

wei ght, al though percentages within a range of approximately 0.2%to 10.0%
may opti onal | yThbeestritivk dedrripiodiabd drawinga bf the mzcificexamplosiibore o ndt ppisgout
invention uses a liner 26, which is construed of a conbination of the

el ement s wifat hiafrinigégént bhisgpazadword bs, bdeaetd frevde dtiedst ore, explandtioniof hkewir e  of
heavy metal powder and powdered binder nmetal may be used in conbination

Wi th bi ndemar®indlusé Rtisdnti@sy Thémiha ofitenaesntions adihd bovats éfithe pdtener 26. The
sanme proportions and variations in ingredients described with reference to
the fir styrdt¥étion BRRQALEREd By Mlydehifed i6 MR foNGAngLlking hi s addi tional enbodi ment
as well. The invention has nany advantages attendant with raising the

per cent age of heavy net al
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20 in the liner to higher |evels than have been known in the art. The
enbodi nents shown and descri bed above are only exenplary. Many details are
of ten fouwd o2n7iobe art such as: types of high expl osives, psrasoaom2shape of
shaped charges, and confi guration of perforating gun assenblies.

Therefore éuch tails are neither showmn nor described. It is not

cl ai med t‘ﬁg’(" aflﬁ ‘details, parts, elements, or steps described and 25
shown were invent ed herei n. Even t hough nunerous characteristics and
advantages of the 6 SUBSTITUTE SHEET (RULE 26) WD 02/ 075099

PCT/ US02/ 07028 present inventions have been set forth in the foregoing
descri ption, tlogeliteriforvi shapalehaige somprisingie structure and function of the
inventions, the disclosure is illustrative only, and changes nay be nade
in the detail amispecbfpdwiered hambytmétal antl pshdgred bimdarenataldoamedingenigid bady t he
parts wthin the principles of the inventions to the full extent indicated
by the brgagigeneral 5 nmeaning of the terms used in the attached claims.
The restrictive description and dravvl ngs of the specific exanples above do
not ppint out t ot O

pr ovffd)e at Ieést on en&«g Panlg?l on o thﬁ;n&tmtegsgr’g&igﬂarﬁ%u%se ?l%gln%eg?lgé)tns

The Iimts é{f}b nt| ons and the bounds of the patent protection are
measut ed t‘b3§) a é(é‘ﬁ‘ d in the following claims. 7 SUBSTI TUTE SHEET (RULE
26) WD 02/ 075099 PCT/ US02/ 07028 WHAT 1S CLAI MED:

1 2. A liner for a shaped charge according to claim 1 wherein
2 the heavy metal powder is chosen from the group consisting of tungsten, tantalum,

3 hafnium, silver, gold, platinum, copper, or any mixture thereof.

1 3. A liner for a shaped charge according to claim 1 wherein

2 the heavy metal consists essentially of tungsten.

1 4. A liner for a shaped charge according to claim 1 wherein

2 the percentage of heavy metal in the mixture is within a range of approximately 99.0%

3 to 99.98% by weight.

1 5. A liner for a shaped charge according to claim 1 wherein
2 the binder metal is chosen from the group consisting of copper, lead, zinc, tin, and
3 bismuth.

8

SUBSTITUTE SHEET (RULE 26)



1 1. Aliner for a shaped charge conprising: 2 a mxture of powdered heavy
nmetal and powdered binder netal formed into a rigid body 3 wherein 4 the
per cent agwoak/ohwayy netal in the mxture is within a rangecafusapproexi nmat el y
90.0% 5 to 99.98% by weight. 1 2. Aliner for a shaped charge according to
claiml1l wherein 2 the heavy tal powder is .chosen fromthe group
consikting of & yhlaerder 2 thaprdaharge acopr ﬁfm’iﬁi‘?ﬁ“ ]sWﬁVSW, gol d, platinum
copper, or any mxture thereof. 1 3. Aliner for a shaped charge according
to clai m 1 whdhebindermetd congyisgssensiply ofdedtsi st s essentially of tungsten. 1
4. A liner for a shaped charge according to claim1l wherein 2 the
percentage of heavy netal in the mxture is within a range of approxi mately
99.0% 3 to 99.98% by weight. 1 5. Aliner for a shaped charge according to
claim 1 whereim Rlih&igotd Epsd dieigelaciosding@seind I wherene group consi sting of
copper, lead, zinc, tin, and 3 bisnuth. 8 SUBSTITUTE SHEET (RULE 26) WO
02/ 075099 PCT/SARAOE Wdher dorfprishs higieimbely GOBRAPEI%AIRH@SR! BOREEHE ng 0
claiml1l wherein 2 the binder netal consists essentially of lead. 1 7. A

| iner for a shaped charge according to claim1 wherein

1 8. A liner for a shaped charge according to claim 7 where in.

2 the lubricant comprises powdered graphite.

1 9. A liner for a shaped charge according to claim 7 wherein

2 the lubricant comprises oil.

1 10. A liner for a shaped charge according to claim 1 wherein

2 the percentage of heavy metal in the mixture is approximately 93.0%.

1 11. A liner for a shaped charge comprising:

2 heavy metal powder, coated with a binder metal, formed into a rigid body.

1 12. A liner for a shaped charge according to claim 11 wherein

2 the heavy metal powder is chosen from the group consisting of tungsten, tantalum,

3 hafnium, platinum, silver, gold, copper, or any mixture thereof.

SUBSTITUTE SHEET (RULE 26)



2 the mxture further conprises approximately 0.02%to 1.0% | ubricant by
weight. 1 8. Aliner for a shaped charge according to claim7 where in. 2
t he | ubriwar/ocmepri ses powdered graphite. 1 9. A liner fecTtasstreqpesi charge
according to claim7 wherein 2 the lubricant conprises oil. 1 10. A liner
for a shaped charge accordin o claim 1 wherein t he percentage of heavy
netall in the Px Il?rif%raaﬁbiﬂegﬁf‘ﬁ?@W{&‘%t@‘yﬁ“mfli‘%emﬂ‘I i ner for a shaped
charge conprising: 2 heavy netal powder, coated with a binder netal, forned
into2 rigid tegheavy metapcomprisehipgsien: a shaped charge according to claim 11
wherein 2 the heavy nmetal powder is chosen fromthe group consisting of
tungsten, tantalum 3 hafnium platinum silver, gold, copper, or any

m xture thereof. 9 SUBSTI TUTE SHEET (RULE 26) WD 02/ 075099 PCT/ US02/ 07028
1 13.; A liner 1401A lnes frpatdapei@hgige awodinh t0glaim 1¢vdiersid 1 wherein 2 the heavy
metal conprises tungsten. 1 14. A liner for a shaped charge according to

claim 1l wher ?l!lé]bigdeitr@ﬁetahii@&ﬁﬁen@&rﬁl{heig?o@rt‘éﬁﬁﬂinfgrdi’%ﬂﬂ%ﬁ Y] 9iHE) 16DBis@bthng of
copper, tin, zinc, lead, bismuth 3 or any m xture thereof. 1 15. A liner

for sh har ording to claim 11 wherein 2 the percentage of heavy
met aIa3 i n%%%'rﬁ'gg\lfg?hn@g ogfl powder is within a range of

1 15. A liner for a shaped charge according to claim 11 wherein

2 the percentage of heavy metal in the heavy metal powder is within a range of

3 approximately 90.0% to 99.98% by weight.

1 16. A liner for a shaped charge according to claim 11 wherein

2 the percentage of heavy metal in the heavy metal liner is approximately 93.0%.

1 17. A liner for a shaped charge according to claim 11 wherein

2 the percentage of heavy metal is within a range of approximately 99.0% to 99.98% by
3 weight.

1 18. A liner for a shaped charge according to claim 11 wherein

2 the heavy metal powder, coated with binder metal, is mixed with approximately 0.02%

3 - 1.0% lubricant by weight.
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3 approximately 90.0%to 99.98% by weight. 1 16. Aliner for a shaped
charge according to claim 11l wherein 2 the percentage of heavy netal in the
heavy netwb okiom®po i s approximately 93.0% 1 17. A liner frar/soybmped
charge according to claim 11l wherein 2 the percentage of heavy netal is
within a range of approximately 99.0%to 99.98%by 3 weight. 1 18. A liner
for a shaped dRaAginentw@shinggc %g‘?:‘!cﬁf’%ifn_glto\ﬁ)ﬁ&‘éﬁh"%‘ﬂreérhe heavy netal powder,
coated with binder netal, is mxed with approximately 0.02% 3 - 1.0%

| ubrizant by ke lgbticantl @mpSigBIPWHEEE sSIRBRT. ( RULE 26) WO 02/ 075099

PCT/ US02/ 07028 1 19. A liner for a shaped charge according to claim18
wherein 2 the lubricant conprises powdered graphite. 1 20. Aliner for a
shaped charge according to claim 18 where in 2 the |ubricant conprises
oil. [ 21. A bon@riifepford sbipRR ORarEORIcORinpR G 18@vhert i M xture of powdered
heavy netal, powdered netal binder, and a heavy netal powder 3 coated with
a bi nder net al ] I : jgid body. 1 22. Aliner for a shaped charge
acco;}gi ng to é?é;lﬁ%ﬁ%gt%ﬁe@es?sn&ié the rigid body is substantially conical. 1
23. Aliner for a shaped charge according to claim21 wherein

1 21. A liner for a shaped charge comprising;:
2 a mixture of powdered heavy metal, powdered metal binder, and a heavy metal powder

3 coated with a binder metal formed into a rigid body.

1 22. A liner for a shaped charge according to claim 21 wherein

2 the rigid body is substantially conical.

1 23. A liner for a shaped charge according to claim 21 wherein

2 the rigid body is substantially conical.

1 24. A liner for a shaped charge according to claim 21 wherein

2 the rigid body is substantially conical.

1 25. A liner for a shaped charge according to claim 21 wherein

2 the percentage of heavy metal in the mixture is within a range of approximately 90.0%

3 to 99.98% by weight.
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2 the rigid body is substantially conical. 1 24. Aliner for a shaped
charge according to claim?21 wherein 2 the rigid body is substantially
coni cal . Wwo23/0759% i ner for a shaped charge accordi ng to clearrusadowberei n 2
t he percentage of heavy netal in the mxture is within a range of
approximately 90.0% 3 to 99.98% by weight. 11 SUBSTI TUTE SHEET (RULE 26)
WO 02V 075099 RETAUSE fay2chaped tharge aggordingdp claiip wdiesdiped char ge according to
cl ai mwherein 2 the percentage of heavy netal in the mxture is

appr axi mat el y tBSpeddéntagd oPeavAnietahirthé orixtareshanpeekivhtghyd®3.Becording to cl aim
21 where 2 the heavy netal powder is chosen fromthe group consisting of
tungsten, tantalum 3 hafnium silver, gold, platinum copper, or any

m xture thereof. 1 28. A liner for a shaped charge according to claim 21

wherej n 2 t heshegier iitadhage@Riirgt Socofdimsioiimal whef tungsten. 1 29. A
liner for a shaped charge according to claim21 wherein 2 the percentage of

] r e har ge_accor dr ! ent age
00, 9yt by wei Gt Eayy gElaf AR b ety R B pn TR LB Pl o 23

wherejn he bi.nder | is chosen froamth roup consisting of copper,
| ead,3 Zi ﬁx , 11Eq1,r§}lv%{n§olgznt1%ln§lmj{:?ﬁper, Or any Ak fheflo?

1 28. A liner for a shaped charge according to claim 21 wherein

2 the heavy metal consists of essentially of tungsten.

1 29. A liner for a shaped charge according to claim 21 wherein

2 the percentage of heavy metal in the mixture is within a range of approximately 99.0%

3 to 99.98% by weight.

1 30. A liner for a shaped charge according to claim 21 wherein

2 the binder metal is chosen from the group consisting of copper, lead, zinc, tin, and

3 bismuth.

1 31. A liner for a shaped charge according to claim 21 wherein

2 the binder metal consists essentially of lead.

1 32. A liner for a shaped charge according to claim 21 wherein

2 the mixture further comprises approximately 0.02% to 1.0% lubricant by weight.
12
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1 31. Aliner for a shaped charge according to claim 21 wherein 2 the

bi nder netal consists essentially of lead. 1 32. Aliner for a shaped

char ge acworodionsg9s o cl ai m 21 wherein 2 the m xture furthePCrarspz/iBes
approximately 0.02%to 1.0% | ubricant by weight. 12 SUBSTI TUTE SHEET
(RULE 26) WD 02/075099 PCT/US02/ 07028 1 33. A liner for a shaped charge
according to @Baintineniafashaped charggaccpigding te glim 2 Wheredks powder ed gr aphi te.
1 34. Aliner for a shaped charge according to claim?21 wherein 2 the

| ubrizant comnhe Igkricant ¢omptisgEpowaletedrgsgphitor a shaped charge according to
claim?21 wherein 2 the mxture is conpressively forned. 1 36. A liner for
a shaped charge according to claiml1l wherein 2 the mxture is
conpressively formed. 1 37. Aliner for a shaped charge according to claim

(11 V\hﬁrzg') N 234hQ [{HeX ot Bhdped CRAFRS 8&oidiR 18 cladh TR Gvhededn SUBSTI TUTE SHEET
RULE

2 the lubricant comprises oil.

1 35. A liner for a shaped charge according to claim 21 wherein
2 the mixture is compressively formed.

1 36. A liner for a shaped charge according to claim 1 wherein
2 the mixture is compressively formed.

1 37. A liner for a shaped charge according to claim 11 wherein
2 the mixture is compressively formed.
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