1 Linear Shaped Charge Field of the Invention The present invention
relates to a |linear shaped charge. 5 Background of the Invention A

| i near cuwbi2og/osbange i s an expl osive device for cutti ngca/dmopatomj ect. A
type of linear cutting charge is termed a |linear shaped charge. Linear
shaped charges are known fromthe prior art, for exanple from US patent no.
10 4,693,181, and the product commercially known as "Bl ade" (R) generic
charge, denolition, linear, cutting/flexible, lightweight (COLC/FL). In
use, a |linear shaped charge is appliedq.to target object for cutting. Upon
det onati on of an expl osive el em%ﬁﬁ%@%ﬁ%, a metal liner fornms a
nmetal slug which is projected as a cutting jet towards the target object.
The cutting jet is linear, 15 along a |ongitudinal axis of the charge, and
t her ef ore cut Fidlthef thadmemtiohj ect al ong a |ine defined by a configuration of
the charge when applied to.the .target object. .Thi be a curved |inear
confi gurati on. Theqlélﬁgbeéelgﬁ?jve&gé? ﬁeq%f:s &Ohdel%}?é{ Shr%gé/é%hg?%'nel y controlled, by
sel ecting sappropriate di mensi ons and expl osive | oadings in the charge.
Accordingly, |linear shaped charges have many and varied 20 applications,
both ci vi | an&@ﬁkﬂ&ﬂ@i@éﬂﬂﬁh&ﬁ&u@ clean and controlled cut is required.

G ven the high cutty s I C t 0., cut
concrete or netall ipbﬂlgfia?g‘é g ecé%:r@?%{arﬁ%@vee %%Ee%ef ?é@%ﬁ%éﬂgﬂﬁb@&ér

denol i shi ng bW type g listarustthgahargthie tepmed aSineir shbpddiehatdeneliacml stigmidh of t he

cut allows for delicate cutting operations, for ex?rrple cutting of a bonb
casing. 25 U$sBigeofarg jkigwn GRBNEE PRAF gal, fOF neRrOW 4o | Ui Rt aBinhol e
service in edem] it i FSallyPERAGNEY 13 @xplnogt ¥gargg di nance
di sposal e@%eciggqygigéltgg’ 0 s{ehtre g&jt"ﬁgt%rgﬁl rczaquent 'y encounter e%npr obl errgn IS
reduced cutt i ngmabitiorgnlirehr, acuktingétaxitsibapgidwelght EDLEAIS)ed [byss epdinedri on of

the charge froma target, brought about b epl ogyne and attachnpent
difficulties tsggpﬁp&gﬁf%ﬁdf ?Bplafg%arag@fg%&PFé&: é,cug%léhrlg%‘)‘h ‘%A%‘Eat‘w LMl ex
surface. @”S%Hﬂ%ﬁbé%ierﬁé&tihﬂﬁe hiBE! h VBOES BndYfokig d BletalYud @ hetciseased,

reducing a depth of target penetration, 2 giving an increased cut wdth
and causi ng spadjtctéd agaurugtingujet hevards He targeélobigbt: | Thy cuftinguet isnknegf> pri or

h b di ct abl d i :
et od3 o SleRadl e bR o M ASLET Bt rart byt B PieBPYi afingl oo

I n accor dance aWidehietih€d Py 86itiguratioarsfithcharfewRen $pPedw the darged objerdr shaped
charge conprising an expl osive elenent, a liner, a face for application to

a target obj edthisamay be 8 supedbiesiconiigmation.nEhe shige apd depib of ther@t Mayer pei ng
arranged for projegti q oo 1 ive WhRiindshe

expl osi ve 10%&9@% n O%pgh%g?)g%glfé%?g %%W aée @ﬁ%ﬁ%g?i@e{@%% an B She I i ner
havi ng a V- shapatle chegs. sectordingly, Néndat saapddy tirggdsnhavegmaoy eandf viried
V-shaped cross section of the explosive el enent, the |jner (ﬂFVi ng a length
L of a sidb f@PPIRaEeDs rath (HY! randemilifary, nrhare i cle38,andg cantfolied s T t aken
per pendi cul ar isd Gib hhikh cWRRE PoReANinrdAAHapaH O APeYe Qfedtfae | i ner
nearest the fé%: “:I%g %l&gg{tﬁo léhlg 10%?’5 gle’glr ees, and aar%?an_ -o?f edi stance SD
bet ween t he f ace candet@ poinmtalbé dtiveturdsndor raamplst whiie Hreasdinigs wall9og t o
1.21S, S being a distapce,. parallel e stand-o i stance 9D, be en the
poi nt of the %FWQESM%B%@P"%) AEUFYEY i_ﬁﬁlpfeﬁés“’d]p% ﬁ’%?mf ﬁé‘dl%fn’%tgrdfr%g% ‘\ggt_ t he
face. The geonBbwy f&f déihatel ¢d%ﬁ9r?% opéthlio Ry fe@rgplotuttiig ofrebanb cagignt i on

20 provides an efficient and effective cutting jet for cutting target

obj ects % h nuner dlssrsapld linepipiheredc shireefurineliding ollEfield dewrhaleSEVici ons
occur when applying or. a hj t he k . . I le if
at | east part e(r)'glnf%é’ 8%%‘?‘32"%%@%‘??2% tﬁ?%%grghéen%t g%bg%%@%%ﬁég%&geqlmﬁ?he
expl osi ve el erpgdialiss osdeonrathada fréeatipregeoteréh@rqplas antreduved rduitong i s
arranged to accommodate these. Thus the 25charge of Eq?e invention is

ef fective and 2£@dn abRelinedr shapsd sirargsy seused Y sppiafienof dhe charge fromgg

i nsi ght of the, i ventah e by HepiBembsl 2 JBRhmSH difkS1US (G BHRhdices of a
target object ?‘"Jﬁg‘agfb&fg ttoononyogéi%%hﬁﬂa%%l ?lhcgtrlnon 5 thee chgrge toct he
target obj(ect targetuseaces,onghtason wetdot kbmplaxgswfact.he Conseqiergly} euttinign pri or
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3 the target cut suffers, often |leading to a failed cut and a target wound
with reduced depth of penetration, increased cut width and spall fracture.
The | i neawobapsessahar ge of the present invention delivecs/GBoudodrsy | et
that is optimally thin and Iong for precision cutting. Upon detonation of
the 5 charge, the geonetry of the preseny invention, including the
stand-of f distance SD of 0.99S to 1.21S, and the apex angle of 101.5 to
106.5 degrees, provides that the cutting jet is created near to the surface
of the target,.so the.jet has |l ess distance.to travel to dq.cutti wor k
and thus | ess SBpHoratuRqropased cut nwiddy; and; §a‘b§|‘“gb|58%{ﬁ %f;mr?'n :)i:rulrt Far

charges, the jgfelihGifBoM&aIR of pidr bﬂt@ﬁd’rgé’sﬁﬂa)fWﬁrﬁ]ﬁédiétﬁ@l@abb‘ﬂa%@ré@r get

obj ect. Accordingly, the present invention requires |ess stand-off distance
than prior art chaligesn ofijsiisofipassenidaventioalis eeaictiye theee dipadvaptdgesby devi si ng
a value of 0.99 to 1.21 for the ratio of stand-off distance to distance S,
i.e. SDiS, in conbination with the apex angle between 101.5 and 106. 5.

Mor eover, st he sggaimky b¥thefinddaiohi near shaped charge of the invention creates
a jet which is nore 15 continuously delivered once the explosive elenment is
det onated. |n ot heln aseardancenwith ghe jpseseple sventiqrprthere| isnpfayidad radingay,
nmeaning it can.tr . | £ .0k nger .
Thus, the | of s shiet YBhERinF ARe SAOLHCHERER, FHhe) AEace TR0 R o 89T
target obj ect atdagRt tobRcstaamdr giake diesterncee SDjer iahdnibe fssartyie lamad bgingl |

del i ver hydrodynam c cutting. Should the ch%\ég% ge 20 unavoi dabl y. separ at ed
fromthe targatrapgeddeppioysrbpe tpugh thy ShwEnto R faser WHER ePRIMEbE

introduceg, t Qﬁnﬁ??fs%t(ﬂlfateﬁhﬁld tHY @%15%{)@ WehbnOfldi (NETin@ HaCinglaishipddl span
the gap fromthe tace to the target object and deliver the required

hydr odynami ¢ cuiss isegtioac thedimer Fying her, grdevd off thg Viskapgg exossrrgbeorantithet and- of f
di stance SD i n accordance 2 ith the invention, the.linear s d charge
design is scal%@f’%‘,"e F@Fﬂeﬁﬁkl?%g“%f VT T@ﬁﬁbg(fr}@h%{?egg”\{/ﬂefthﬁ%mgﬁ?? W e

expl osi ve | oadnd fHe 1mefBSIIREH HNRESE takéh bérptBcAsManhiagastwl, t he invention

descri bed above. In preferred enbodi nents of the present invention,
t he apex angl e a i whk@dntao ahgle defjreapex 00 theslinen neasst3heldefecissiOdd O3 t o

105 degrees. In further 3Qpreferred. enbodi ts the stand-off. di st,ance SD
o1 0asa o 10asulsurrt. ondd o udineg Sclbduten B i £ bhinfaBRhor oo
may be scal ed B AGEQE ARTE& WioldYS ¥ 11N8SS RARa dBahe:, padisitiBadnad brdi st ance
paraneters, for obtaining charges with the advantages of the invention and

with a desiredissost 83, betwesadhe point of th dinet krarese thsoldFarant the @pex Bé the

i nvention, S ma be 0O %Fto 1.1 mlli-metres, 0.95 to 1.05 mlli-netres,
0.972 to 1.02 WFIPRShMedecer "1 milli-metre. The 5distance SD may be 0. 99
to 1.21 mili-metreashe dodiboryt 6f lhel Binedn bittingRhERS, ofl (H37 prekent link&ftion
mlli-nmetres, or 1.1 mlli-nmetres, Further, in other enbodinents of

the i nverdd on prayidasyareffixient tagd Fifeglive cuttipng jgt for euttng frgetipigctsy with 3 7.3
to 9.0, 8.2, 1 , - 6. ) . (0] 3.9,
24.8 to 30.3, %ﬂg‘.‘%"?‘sz#dgc?%%%cé),q‘ﬁggragg'.’% Eyep, : chmtbattydsOoctr Sunch

enbodi ments, tpglyihigsiramaehiBptivechatpe B.tHe taoged 7foBex@nple tifbatIed| p&tOf the. 2 to
5.2, 4.7, 8.1t0 9.9, 9.0, 10.6 to 12.9 1.8, 14. 6 to 17.9, 16.3 23.7 to
28.9, 26.3, zﬁh@g@aetgehe&,f%ggtars@. 1ghb ?.reet%&e% ¥° Riement ingeiogd'ed

A l'inear shapeg gfy &@ftﬂegfegé}ﬁdm;erﬁtiaﬁ%Oa{r%@@@tdfn&lamh{aﬁﬁl@ tR&k Mg has the
advant ages of the ihvention, |1 all

and sti all ows the expl osive |oad of the
charge 125 o lobargel etttbe inmerdimooidafitcetive tandt rediablet émdmunesons ipierticalsk.

In yet further pref.erred enbodinents, a length L of a side of the V-shaped
li ner furthestap&t‘cﬁﬂf)?sne face is 8.1T to 9.9T mlli-nmetres, 8.55T to 9.45T
mlli-metres, or 9THihdibht B tKcCHverdtor lidiah readisingitbdt Redscebrofulbfigestotpl osi ve
el ement, taken perpendicular a length of a side of the V-shaped expl osive
20 el ement, méargtfeobie@ Tlepding. tgmasrentimupptapplicatign pf the ghargo g the |targeinet r es,
or 5T mlli-netres. repver.. t | € be 0. 9. A
mlli-metres, Obj.egé ¢ %'\&i%%éﬁ%uqq %}]%nemne@]@f&lizﬁlnﬁéiJ?thelglrpgf&%ﬁ%égtﬁg?ns

enbodi merg(s, tkecithhejenanyg bfeakanp, hasiy, ifs handgeheityd.adedrdinglys theOqualitydof7 t o
0.9, 0.8, 1.3 to 1.6, 1.5, 1.7to 2.1, 1.9, 2.4t0 2.9, 2.6, 3.81t0 4.7,
4.3, 4.4to05.4, 4.9, 5.0to 6.1 0or 5.5 mlli-nmetres. Linear 25 shaped
charges designed in accordance with a length L, thickness E and thickness T
di mensi ons sel ected fromthose above exhibit excellent cutting efficiency.
Sel ecting at |east one of the length L, thickness E and thickness T

di mensi ons in accordance with the above, for a |inear shaped charge having
an apex angle and stand-off distance SD according to the invention, yet
further 30i nproves the quality of the jet, neaning it is nore honbgenous
and continuous, 5



and nore accommodating of irregular target surfaces and a di stance between
the liner and the target object which nay be greater than the stand-off

di st ance #D.2011/0863641 N speci al enbodi ments of the presentcerdsedimeods t he
thickness Eis 51, the length L is 9T and the thickness T is 11. By

sel ecting a geonetry of the 5 linear shaped charge in accordance with this
rel ati onship, an optim sed cutting jet nay be provided for reliably cutting
nunerous different target objects in a variety of practical applications,
due to the highly honbgeneous jet formed and the formation of the.jet close
to the target ﬂl?b%‘é%f‘f .C“‘grﬁ‘éf?‘?rﬁv }eaﬁ’% Qet flsd Ct“ﬁé‘f‘dtahfaég?e‘f% ndo¥ thi p, in
conbi nati on Médmcémfpﬁp%e%eﬁit%n@nﬁreigéa%t Qfidth dh@ suncpacafre 10 the inventi on,
yields this highly effective cutting jet. Wen designing a |inear shaped
charge, a desired dupllinsirvshapeshchasge ohehegivesegeinvestionhdalwpGrieciingddtect ed,

and an optim sed.cutti et capabi kit r.ovi ded by, Lng. th

rel ati onship tES:%ﬁ{,‘mqg'Qilh”éﬁag‘Fﬁoﬂgr,kor i%e(gﬁ)'%icﬁtiwgbnugxﬁpr{)h&gﬁaggée(% tzli]re]gl e a
and st andsof f cKlirgd, aRE SesHRRAL 6O pigseno idvBftidd) VRINIdif thel Narsliott didvatoges t he
stand-of f di stance 15SD may preferably be 1.1S. I n ot her speci al

enbodi ments oDt ole0.pPR @At IS nyihiticcveX pRale el angl Ko feerataPERfEes and
I by (s e e

alternatively er enbodi nen the length L

is 9 mlli-nmedisesice theatehitec ko essing wak andithdsi lessetppesynignfdr tifsgabtifiyckness T
is 1 mlli- 20 metre, In further preferred enbodi mants,dguhgls and- of f
di stance is 1bmsk uphin RIQTHTL Gharass.dhe e fprms nepres dhe sy aRd duigner Iipnpthg, 16 3

m|||-rT'etI’ S, t iy 3 y : X . 4] ez _ ydistance
Fespect [l y, “TRE BRR Rclordifilh i byt ey ess THad 88 distan
respectivel y, tiamdpridreart hhargesesThik has btbeh redlis€d by tRe énvenidribyndevisisg a
respectively. | i r shaped charge with such di nensi.ons is .ong.exanpl e of
an 25enbodi meMt uwogﬁ%&e%ﬁgflr {jPrF]E)er ra%@lq\?ﬂ\?@rnfi'r?stcgs@ﬁ?et [ion(bSthéCte %dtei ﬁP?f;d f or
reliable targgf Gibinhfich WANTRE Yip&0 IHRE pRfvAchi 198l5 aRPlOEGS! iMaisovdExaiRp! es of
an expl osive | oad of the explosive efement which perfornms well w th such
enbodi ment s i gedreley, ofthe hinedishanedraargt fof desineantion SPalssiangf vehigh isTog or 16. 3
mlli-metres, an.explosive |pad substant.i al |.y ) kg m',
30r especti‘vel §9nt*l"r\’88?1§?j%”e§ﬂg%?°§ﬂ[’? S’fqtf(f/sw%eel?rgfrlnt lsrg tggaée(?oﬁ]aoqfr}eé;‘?’l&g?{pl osi ve
load of 6 theneg¥pilsQfdawd fot £12BE: dur@iore ¥RAMIE itan €4 pél dBithe and@dntirfue0. 35 kg
m1l is a nean explosive |oad of 0.35 kg rn-1. . In alternative speci al
enbodi nent's, theuhpiextasgayl fer dongsr.10Bhusedrecisd WAEXHOVEE ZAAIT $15@NKSance SD
is 3.0 or 4.7 mlLi-netres,. aqr t @ nat.j yvel y tdaLi -4ret rees.
Further .t he. PENSER T8 B isnBgEdth BIQE bl Rind ol BMagey JTR! 1
mlli-metres, nac@sdrieahdistikndds/el hyslrddymimid coeinge. Shodldr theechapgefter r ed
enbodi nents, the stand-off distance is 1.1S, and with the stand-off

di st ance ¥ei ngnayaadably separgied fromghe drget H’edegﬂﬁP?‘PtLori aligghpeg) a’?‘.?(jm
mlli-metres, e&l%g@é?i%téﬁ/d%ktyimrb@@ceﬁmh@ KMESE JF thSindemidd widk Seliet hijetr®ir es,
respectively, and the 10 thickness Tis 0.5 or 0.8 mlli-netres,
respectivel y. willlspaealte gmfroth tieafage tathe tasgas tobgiicinend idehveri he ap@tiredr

exanpl e of an eg‘ogdi ment with @eorretry for delivering a cutting jet

optim sed for WEOANTICEUINEACOR i ng i n many cormon practi cal

appl i cations. ExanmpuggeQtiefiiin@uRl ek ¥Rglt aad stahd-biTeligaiet P Mneacedbdariet whi ch
performs well with such enbodinents include, with the stand-off distance 15
SD bei ng 2. 0 ovitthg inv¢ntionnther drear shapsd pihgrde\desighalg sealalgh&ranpkiagiay 0. 04
or 0.1 kg m1,. respectjwvely. The te " fant " ] fers to a
nmean expl osi vng%ra d ?d ?l}?éé/eev%;pl)g gsslu\%ﬁgleZﬁ@%tR’? l(ygaﬂg%()éldae:gﬁﬁ%gbﬂgégé%&
Preferably, thg aivands&fdt ikl mbanke descrivedpbodt.cul ar a pl ane of the face,
and the distance S is perpendicular the plane of the face. 20l n further
embodi ments of t he Ipmpeefered embeimesis, ofahe RESSAY BVENIOONHS 3REX |ABEELX Fart  of

t he expl osi ve . ln other. } asiang. J.s..ar to

det erm ne thelgéz§§B§f¥gﬁf%H§%€E&ggﬁﬂiﬁgggggwagﬁkgbﬁ%b&§¥§Fég@?ﬂgﬁ%.part
for applizmati @reft@ed firbddmaes tipbjtant-off distanet SDuis tH@6Searh dGSSENOES @t | east
part of the space is filled with a filling material. A |inear shaped charge
accordi ng to 251258} af k187, Thenkinesr shaned qharge; ey Rasealsdin ?%Coé‘{at“% é@‘ to fill
substantially all of the space; the termsubstantially in this context
means that nore than 50 % of the space is filled by the filling nmaterial.
In alternative enbodi nents, the casing and the filling material are
integrally forned. Furt her features and advantages of the
invention will beconme apparent 30fromthe follow ng description of
preferred enbodi nents of the invention, given by way of exanple only,
which is made with reference to the acconpanyi ng draw ngs.



Brief Description of the Drawings 5Figure 1 shows schematically a cross

section of an enbodi nent of the present invention; and Figure 2 shows
schenat i cmbl2y11wspmnspecti ve vi ew of an enbodi nent of thecprasentoodoszent i on.
10Det ai | ed Description of the Invention Figure 1 shows schematically

a cross section of a |inear shaped chargge 1 according to an enbodi ment of
the present invention. Figure 2 shows schematically a perspective view of
the linear shaped charge 1 of this enbodi nent. 15Referring to Figure 1, the
| i near shaped charge conprises an_.expl osive el enept .a liner 4 .and a
face 6 for apb‘i‘qs"cég‘?"oﬁ" a ‘?ftﬁ?‘ggff %gl]a'éct?tpaé?meltﬁré’ g%ﬁ’l%ﬁaéﬁ"{}% cg?r_gﬁ%mtﬁand t he
liner have a VhShRRAA:QAHR HO&GHI0ARNd batheNddshedexpiane I8gd.pendi cul ar a

| ongi tudi nal axis LA of the charge 1, as illustrated in Figure 1. The term
V- shape incl udes f dnathenprmbedimgatsofvhesindesions S iy by, 0.2iq hédmidi-g€tes, the 20
apex, are equal r eguyal . in th; ar lcle egqual . The
liner lies i n%agsgg)o})@tg 'ﬂ#ﬁtﬂﬁeére\sl Qﬁzgel 1(:'@%2%%@?&“ Sohpgf '%%l gﬁ%t%l (;Igllgve

el ement. Bhe qipinesSpemey BaBIY tand1 tnkifli-hietres, 18046 b origeehilf-meatgitabs whi ch
adhere to each other upon contact, w thout requiring a separate adhesive.
The face 6 istQlddamiligaeires agl-d Mili-geirepl ane 12. There is a space 14
between the |iner I i d £ 88.9p5Qj ection
t hrough t he space, ‘li[ugty\%r %&P%@?&gggﬁeﬁgﬁt% H@%@%@g@ e&g enment Is

det onat ed. to 3.0, 0.7t BiSstoehodd nedtte 9d), 8aki9rigtol Bl .& Uik Huiddstoat6.3.ekkd, part of

t he expl osive el enent. 2. The casi rovides s ctyral support to the

charge 1, inclzéléitﬁé6t3®?§-ﬁe2‘b§ﬂ] %%?%élﬁr?e‘ﬁtﬁagnﬂr %{lrg ! hg}e"aﬁﬁ%ﬁheﬁendi ng

of the Chir geembBGinfAR, M1 Qe P MapbOLELLH NG 261 99 0/Q 2logTeng7,and ¢ he

liner fromenvironnental factors such as rain, water vapour, and from bei ng

damaged i f dr @pped.9r9.@nidok ed12.9,811.8, 14.6 ThiE/ 2o h@3Wae 28-Y-26aped our f ace

whi ch receives_th X Si el nt. 2 on a side opposite the side of the
e S0l 15 BrETT pHFmae

expl osive ele The casing 16 is arranged to
determne a di st ancelihelWepRd thegd HaeEncanfl aédorlanas &ith fildise pxanilees hay thi s
enbodi ment the casing 16 extends beyond a point of the 5 [|iner nearest the
face to defi neheagdyantegesi afubl imaentings predad! al®wsyhe axplasive load o Hgichgtgenal axi s
LA lyingdn th l,ane, .1 .AC T . asing has at |east one
part for glaéppl itt%g? ?%%Ct?dolntz"ﬁée)grfi}énrqgé'{lﬁ]otgjegnctff'l?(iw%umhg%g extent of the casing
16 beyond the |inemnniyat fhyiser @réfedtdrenibodieidntes Rnghabdfaf Siddittandd SD. The
stand-of f distance SDis a distance between a point 10 of the liner
nearest the fabaped lmgafurestgiemsherfacefs 84E tf’a?cg% willipgires; 3AdT &9 P-Qilst ance
SD may be per 1 r t . of f a st ance SD
s wiinin Che ENnBENES Gy oT PRI ERR e e e R BRB bt of
the |iner near&sienthekémperpandictlae aalpagthodf ahadd iofiehe Néahapst axposiwce. The

distance S is parallel th t and- of f._ di st ance .be perpendi cul ar
to the 15V pl &&G Theds gé 8 i(/j\?{gﬁmph'@eﬂﬁ?’t4s75§{?t°ta£gs’€§§p’ﬁﬁleg?& é’ﬁgﬁlng
beyond the |ingni flefesINRredver, |tl?éqﬂgélnes;ghﬁnﬁl @ ofd 1 dinsiliAReES0.9%8Y be

a

' ¥
taken anywhere between the face an i ne &jm ning the two points of the
| i ner near est ltGfemflhioustreared 1i milkamestree onrasber| embrodiragnty deerdagknessel Mmaye and a

e the | nt or sSEOOR bbilaloarai2e B0 he G sy TP ELTA B0 T

ot her enbodi mery 9 4 e 16 he, B, ust of 54he.9caR Y. Xk &Kl mild-faeyandLinbsr | i ner
may not be equal in length, thus changing the angle of the face with

respect t t héhapedeghasgaseftsignednin mesordanen Ve ddianett 4 tthiCkpsst E ciidr ect
definition of (. - . dis d [ -t aken as
the definiti orﬁlln?)?net§ %gngf[gén%logﬂfs fste&ggt(a aﬁ?@ @%&F ﬁgg%cgr gﬁcez(laé’lm}%nﬂ %F‘é ent

i nvention. 25 effidiendyi rBaechiag aaldasingtehoflthoflergtls Ldehidknesshe and fthioknetsh@ f ace 6.
Further, the liner has a thickness T which s haken er p%ndi ul ar the
length L. The dimensionsperesostinge p4d the 3hryo fen P‘?ﬂiﬁg&? Fhaeeivierdisi de of
the apex. Als | S0 fe | R I L Chhtl en

per pendi cul ar %ge’f gﬁ%lg)k%mgﬁ%]\ﬂg?tgg of %hgé@\%foﬁg@ggggﬁgﬁg\gn%h’ef%nfgﬁ?akThe
expl osi ve3(el enmptovps dleeuabiyyofhibsjes Boammg io ismotei folomes sous aod centisussi de of
the apex. An angle a of an apex of the |liner nearest the face is within the
range 101.5 to 106.5 degrees. As illustrated, 9 the liner 4 has

| ongi tudi nal sides 19 which connect a side of the liner adjacent the casing
and a side of the liner adjacent the liner. These sides 19 lie preferably
perpendicularly to the side adjacent the casing and the side adjacent the
i ner they connect. Thus, the sides 19 may lie in contact with the filling
materi al ,
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i nvention, the apex angle a may be 102 to 106 degrees, 102.5 to 105.5
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| oads as defined previously. .FQr the exanples listed in the table, the
stand- of {0 sPBhEeY PEiabiba1dY ne 't hi ckness E. ¢ he length L and the

tSPi ckness T are religtafl kRl @mbBlin®n® & the lp?%sa-xﬁtih@nﬂion, thEAPS! Angidrant
andoff Distance SD/mm ." Di stance S/ mm Expfosive Thi ckness
is 103 degrees and the stand-off distance SD is 9.0, 11.8 or 16.3milli-metres, or
alternatively may be 1.1 milli-metres. In further embodiments, the length L is 9
milli-metres, the thickness E is 5 milli-metres, and the thickness T is 1 milli-
20 metre. In further preferred embodiments, the stand-off distance is 1.1S, and
with the stand-off distance being 9.0, 11.8 or 16.3 milli-metres, the length L is
13.1, 17.2 or 23.8 milli-metres, respectively, the thickness E is 7.3, 9.5 or 13.2
milli-metres, respectively, and the thickness T is 1.5, 1.9 or 2.6 milli-metres,
respectively. A linear shaped charge with such dimensions is one example of an
25 embodiment with geometry for delivering a cutting jet optimised for reliable
target cutting in many common practical applications. Examples of an
explosive load of the explosive element which performs well with such
embodiments include, with the stand-off distance SD being 9.0, 11.8 or 16.3
milli-metres, an explosive load of substantially 0.35, 0.6 or 1.15 kg m’,

30 respectively. The term “substantially” herein refers to a mean explosive load of
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the explosive element; for example an explosive load of 0.35 kg m’ is a mean
explosive load of 0.35 kg m™".

In alternative special embodiments, the apex angle o is 105 degrees and
the stand-off distance SD is 3.0 or 4.7 milli-metres, or may alternatively be 1.1
milli-metres. Further, the length L may be 9 milli-metres, the thickness E is 5
milli-metres, and the thickness T is 1 milli-metre. In further preferred
embodiments, the stand-off distance is 1.1S, and with the stand-off distance
being 3.0 or 4.7 milli-metres, the length L is 4.4 or 7.0 milli-metres,
respectively, the thickness E is 2.5 or 3.9 milli-metres, respectively, and the
thickness T is 0.5 or 0.8 milli-metres, respectively. A linear shaped charge with
such dimensions is another example of an embodiment with geometry for
delivering a cutting jet optimised for reliable target cutting in many common
practical applications. Examples of an explosive load of the explosive element
which performs well with such embodiments include, with the stand-off distance
SD being 3.0 or 4.7 milli-metres, an explosive load of substantially 0.04 or 0.1
kg m”', respectively. The term “substantially” herein refers to a mean explosive
load of the explosive element, as explained above.

Preferably, the stand-off distance is perpendicular a plane of the face,
and the distance S is perpendicular the plane of the face.

In further embodiments of the present invention, a casing surrounds at
least part of the explosive element. In other embodiments, the casing is
arranged to determine the stand-off distance SD, the casing having at least one
part for application to the target object. In yet further embodiments, at least part
of the space is filled with a filling material. A linear shaped charge according to
claim 17, wherein the filling material is arranged to fill substantially all of the
space; the term substantially in this context means that more than 50 % of the
space is filled by the filling material. In alternative embodiments, the casing and
the filling material are integrally formed.

Further features and advantages of the invention will become apparent

from the following description of preferred embodiments of the invention, given
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by way of example only, which is made with reference to the accompanying

drawings.

Brief Description of the Drawings

5 Figure 1 shows schematically a cross section of an embodiment of the
present invention; and
Figure 2 shows schematically a perspective view of an embodiment of

the present invention.

10 Detailed Description of the Invention

Figure 1 shows schematically a cross section of a linear shaped charge 1
according to an embodiment of the present invention. Figure 2 shows
schematically a perspective view of the linear shaped charge 1 of this
embodiment.

15 Referring to Figure 1, the linear shaped charge comprises an explosive
element 2, a liner 4, and a face 6 for application to a target object 8. The
explosive element and the liner have a V-shaped cross section, taken in a plane
perpendicular a longitudinal axis LA of the charge 1, as illustrated in Figure 1.
The term V-shape includes forms where the two sides of the V, either side of the

20  apex, are equal, or unequal, in length; preferably the sides are equal. The liner
lies in a groove of the V shaped cross section of the explosive element. The
explosive element and the liner are formed of materials which adhere to each
other upon contact, without requiring a separate adhesive. The face 6 is planar,
defining a target plane 12. There is a space 14 between the liner 4 and the face

25 6. The liner is arranged for projection through the space, towards the face, when
the explosive element is detonated.

In this embodiment, a casing 16 surrounds at least part of the explosive
element 2. The casing 16 provides structural support to the charge 1, including
to the explosive element and the liner during bending of the charge. The casing

30 16 also protects the explosive element and the liner from environmental factors

such as rain, water vapour, and from being damaged if dropped or knocked.
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The casing has a V-shaped surface which receives the explosive element
2 on a side opposite the side of the explosive element adhered to the liner 4.
The casing 16 is arranged to determine a distance between the liner and the face,
for example in this embodiment the casing 16 extends beyond a point of the
5 liner nearest the face to define two longitudinal surfaces 18, parallel the
longitudinal axis LA, lying in the plane 12 of the face 6. Thus, the casing has at
least one part for application to the target object.
The extent of the casing 16 beyond the liner in this embodiment defines
a stand-off distance SD. The stand-off distance SD is a distance between a point

10 of the liner nearest the face 6 and the plane 12 of the face 6. The stand-off
distance SD may be perpendicular to the plane of the face. The stand-off
distance SD is within the range 0.99S to 1.21S. S is a distance between the
point of the liner nearest the face and the apex of the liner nearest the face. The
distance S is parallel the stand-off distance SD and may be perpendicular to the

15 plane of the face 6 when the parts of the casing extending beyond the liner are
equal in length. The stand-off distance SD may be taken anywhere between the
face and a line X joining the two points of the liner nearest the face, and is most
correctly taken between the face and a centre point of the line X, the centre point
being illustrated in Figure 1 as the intersection between arrow 26 and line X. It

20 is envisaged in other embodiments that the parts of the casing extending beyond
the liner may not be equal in length, thus changing the angle of the face with
respect to the liner orientation. For such embodiments the most correct
definition of the stand-off distance SD described above should be taken as the
definition of the stand-off distance SD in accordance with present invention.

25 The liner has a length L of a side furthest from the face 6. Further, the
liner has a thickness T which is taken perpendicular the length L. The liner
preferably has a uniform thickness T on either side of the apex. Also, the
explosive element has a thickness E which is taken perpendicular a length of a
side of the V-shaped explosive element. The explosive element preferably has a

30 uniform thickness E on either side of the apex. An angle a of an apex of the

liner nearest the face is within the range 101.5 to 106.5 degrees. As illustrated,
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the liner 4 has longitudinal sides 19 which connect a side of the liner adjacent
the casing and a side of the liner adjacent the liner. These sides 19 lie preferably
perpendicularly to the side adjacent the casing and the side adjacent the liner
they connect. Thus, the sides 19 may lie in contact with the filling material,
5 depending on the volume of filling material in the space 14. In at least some
embodiments, this arrangement of the sides 19 may contribute to performance of
the cutting jet.
In embodiments of the present invention, the apex angle o may be 102 to
106 degrees, 102.5 to 105.5 degrees or 103 to 105 degrees. In further

10 embodiments the stand-off distance SD may b.e 1.045S to 1.155S, 1.075S to
1.125S, or 1.1S. In yet further embodiments, S may be 0.9 to 1.1 milli-metres,
0.95 to 1.05 milli-metres, 0.972 to 1.02 milli-metres or 1 milli-metre.
Accordingly, the distance SD may be 0.99 to 1.21 milli-metres, 1.045 to 1.155
milli-metres, 1.075 to 1.125 milli-metres, or 1.1 milli-metres.

15 In further embodiments of the present invention, S may be 2.4 to 33.9,
2.4 t0 3.0,2.7,38104.7,43,7.3 10 9.0, 8.2,9.6 to 11.8, 10.7, 13.3 to 16.3,
14.8,21.5 t0 26.3, 23.9, 24.8 to 30.3, 27.6, 27.8 to 33.9, or 30.8 milli-metres. In
yet further embodiments, the distance SD may be 2.7 to 37.3,2.7 t0 3.3, 3.0, 4.2
to 5.2, 4.7,8.1t0 9.9, 9.0, 10.6 to 12.9, 11.8, 14.6 to 17.9, 16.3, 23.7 to 28.9,

20  26.3,27.3t033.4,30.3,30.5 to 37.3 or 33.9 milli-metres.

In yet further still embodiments, the length L may be 8.1T to 9.9T milli-
metres, 8.55T to 9.45T milli-metres, or 9T milli-metres. Further, the thickness
E may be 4.5T to 5.5T milli-metres, 4.75T to 5.25T milli-metres, or 5T milli-
metres. Moreover, the thickness T may be 0.9 to 1.1 milli-metres, 0.95 to 1.05

25 milli-metres or 1 milli-metre. In other embodiments, the thickness T may be 0.4
to 6.1, 0.4 10 0.5,0.5,0.7 10 0.9, 0.8,1.310 1.6, 1.5,1.710 2.1, 1.9, 2.4 10 2.9,
2.6,3.8104.7,43,4.4105.4,49,5.01t0 6.1 or 5.5 milli-metres.

Table 1 indicates the apex angle o, length L, thickness E, thickness T,
distance S and stand-off distance SD parameters for preferred embodiments,

30 labelled A to R, of the present invention. The data for these parameters is given

with an accuracy to one decimal place; therefore the actual value may fall within



42.9 4.8 103 3.75 N 30.3 27.6 24.6 44.3 4.9 103 4.00 0 31.3 28.4 25.4 45.7
5.1 103 4.25 P 32.2 29.3 26.1 47.0 5.2 103 4.50

WO 2011/086364 PCT/GB2011/000062

10

a range of +/- 0.05 milli-metres of the value given in the table. Explosive load
data is given also, these being substantial explosive loads as defined previously.
For the examples listed in the table, the stand-off distance is 1.1S and the
thickness E, the length L and the thickness T are related in the ratio 5:9:1.

5
Table 1
. | Standoff . Explosive Thick- Apex Explosive
E_':;?:' Distance D'ss‘/:r:e Thi‘::kness Lf/:‘gr:‘h ness A:gle and
SD/mm E/mm T/mm | aldegrees Kg/m
A 3.0 2.7 2.5 4.4 0.5 105 0.04
B 4.7 4.3 3.9 7.0 0.8 105 0.10
C 9.0 8.2 7.3 13.1 1.5 103 0.35
D 11.8 10.7 9.5 17.2 1.9 103 0.60
E 16.3 14.8 13.2 23.8 2.6 103 1.15
F 21.5 19.5 17.4 31.3 3.5 103 2.00
G 22.8 20.7 18.5 33.2 3.7 103 225
H 24.0 21.8 19.5 35.0 3.9 103 2.50
| 252 22.9 20.4 36.7 4.1 103 275
J 26.3 23.9 21.3 38.4 4.3 103 3.00
K 27.4 249 22.2 39.9 4.4 103 3.25
L 28.4 25.8 23.0 41.5 4.6 103 3.50
M 29.4 26.7 23.8 42.9 4.8 103 3.75
N 30.3 27.6 24.6 44.3 4.9 103 4.00
0 31.3 28.4 25.4 45.7 5.1 103 4.25
P 32.2 29.3 26.1 47.0 5.2 103 4.50
Q 33.1 30.1 26.8 48.3 5.4 103 4.75
R 33.9 30.8 27.5 49.5 5.5 103 5.00
In view of manufacturing tolerances, linear shaped charges

10  manufactured according to the specifications of table 1 may have different
values from those in Table 1 by up to +/- 10 %, with the exception of the apex
angle which may have a deviation of +/- 1 % from the value given in Table 1,
and within the range of the present invention of 101.5 to 106.5 degrees, and with
the exception of the explosive load which may have a deviation of +/- 20% of
15 the value given in Table 1. Table 2 below therefore lists the same embodiments
A to E and J, N and R, but with a minimum and a maximum tolerance value for
each parameter according to manufacturing tolerances. The minimum value and

maximum value for embodiment A is labelled Amin and Amax, respectively, for
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above apply also for the embodiments F to R not listed explicitly in Table 2.

10
Table 2
. | Standoff . Explosive Thick- Apex Explosive
E_Tn:(:::' Distance D'Sslt;':e Thirt):kness LLe,:?r:‘h ness Ar?gle I'.)oad
SD/mm E/mm T/imm | a/degrees /Kg/m
A min 2.7 24 2.2 4.0 0.4 104.0 0.03
A max 3.3 3.0 27 4.9 0.5 106.1 0.05
B min 4.2 3.8 3.5 6.3 0.7 104.0 0.08
B max 5.2 47 4.3 7.7 0.9 106.1 0.12
C min 8.1 7.3 6.6 11.8 1.3 102.0 0.28
C max 9.9 9.0 8.0 14.4 1.6 104.0 0.42
D min 10.6 9.6 8.6 15.4 1.7 102.0 0.48
D max 129 11.8 105 18.9 21 104.0 0.72
Emin 14.6 13.3 11.9 214 24 102.0 0.92
E max 17.9 16.3 145 26.1 29 104.0 1.38
Jmin 23.7 21.5 19.2 34.5 3.8 102.0 2.40
Jmax 28.9 26.3 235 42.2 4.7 104.0 3.60
Nmin 27.3 24.8 222 39.9 44 102.0 3.20
Nmax 334 30.3 271 48.7 5.4 104.0 4.80
Rmin 30.5 27.8 248 44.6 5.0 102.0 4.00
Rmax 373 33.9 30.3 54.5 6.1 104.0 6.00

It is to be appreciated that, in view of manufacturing tolerances, each
parameter having a possible deviation of +/- 10% may not necessarily vary from
15  the specified value in Table 1 by +/- 10%. Each value may vary by +/- 7.5%,
5%, 2.5%, 1.5%, 1%, or 0.5%, for example. Further, for the apex angle, the
value of Table 1 may deviate by for example +/- 0.75 %, 0.5 % or 0.25 %,
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and for the explosive load the value of Table 1 may deviate by for example +/-
17.5 %, 15 %, 12.5 %, 10 %, 7.5 %, 5% or 2.5 %.

In a further embodiment of the present invention, the apex angle o is 103
degrees and the stand-off distance SD is 1.1 milli-metres. In further
embodiments, the length L may be 9 milli-metres, the thickness E may be 5
milli-metres, and the thickness T may be 1 milli-metre. An explosive load of
the explosive element in such embodiments may be substantially 0.35, 0.6 or
1.15 kg m”'. In an alternative embodiment, the apex angle a is 105 degrees and
the stand-off distance SD is 1.1 milli-metres. Further, the length L may be 9
milli-metres, the thickness E may be 5 milli-metres, and the thickness T may be
1 milli-metre. An explosive load of the explosive element in such embodiments
may be substantially 0.04 or 0.1 kg m’.

The shape and volume of the space 14 is determined by the geometry of
the explosive element 2, the liner 4 and the casing 16. A filling material 20 may
fill substantially all of the space 14. The term substantially in this context
means that more than 50 % of the space is filled by the filling material. In the
present embodiment all of the space is filled with the filling material, except for
voids 22 formed to avoid feathering of edges of the filling material when being
shaped. In other embodiments, greater than 75 %, or greater than 90% of the
space may be filled by the filling material. In another embodiment, 100% of the
space is filled by the filling material. In alternative embodiments, at least part of
the space may be filled with the filling material, for example less than 50% of
the space. The filling material has a density of between 15 kg m < and 60 kg m’
325 t0 60 kg m™, 35 10 60 kg m™, 45 to 60 kg m™, 50 to 60 kg m™ or 55 to 60
kg m™; greater than 60 kg m” may obstruct the jet, thus decreasing the
penetration of the cut into the target object. In other embodiments, the space
may be empty; i.e. not filled.

In the present embodiment, the filling material 20 is fixed to parts of the
casing 16 adjacent the filling material 20 with an adhesive; in alternative
embodiments, the filling material and the casing may be integrally formed. In

such embodiments, the casing and filling material press the explosive element
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against the casing and the liner against the filling material with sufficient
pressure to fix the explosive element and liner in place in the charge 1. In
alternative embodiments, with or without the filling material, the explosive
element may be fixed to the casing with adhesive.

5 The filling material preferably does not extend beyond the plane 12 of
the face 6. In advantageous embodiments, the filling material may have a face
lying in the plane 12 of the face 6 of the charge, for application to the target
object 8. The face 6 may comprise an adhesive layer (not shown) for adhering
the charge 1 to the target object 8.

10 In use, the face 6 of the charge is applied to the target object 8, as
indicated by arrows 24. The charge may be adhered or otherwise held in
position on the target object. The charge 1 is preferably flexible along the
longitudinal axis LA, by choosing appropriate materials of the component parts
of the charge. The flexibility means the charge is not rigid and may be changed

15 from a first configuration to a second configuration, so the charge may be
applied in a curved configuration on the target object, for example with the face
6 of the charge on a planar surface of the target object, or with the face 6
following contours of a non-planar surface of the target object.

Once the charge 1 is applied to the target object, the explosive element 2

20  is detonated, using for example an electrical detonator. Upon detonation, the
liner 4 is projected towards the target object 8 as a jet 26 originating from the
apex of the liner 4. The jet 26 penetrates the target object along the length of the
charge, thus cutting the target object 8.

The target object 8 illustrated in Figure 1 is an example. A linear shaped

25 charge according to the present invention may be used to cut many different
objects, of various shapes with varying complexity, and formed of numerous
different materials, organic and inorganic, for example metal, concrete, mineral,
or plastic.

Examples of materials of components of a linear shaped charge

30 described above in accordance with the invention will now be described.
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The explosive element 2 comprises for example a mixture of 83% by
weight of RDX (cyclotrimethylenetrinitramine), 8.4% by weight PIB
(polyisobutylene), 2.4% by weight DEHS (2 (Dicthylhexyl) sebacate), and 1.2%
by weight PTFE (polytetrafluoroethylene), the % by weight being a percentage

5 of the weight of the explosive element. Alternatively, the explosive element
may comprise SX2/Demex Plastic Explosive from BAE Systems, Glascoed,
USK, Monmouthshire NP15 1XL, UK, or Primasheet 2000 Plastic Explosive
from Ensign-Bickford Aerospace & Defense Company, Simsbury, Connecticut
06070 USA.

10 The liner may comprise a mixture of 85 wt % of 300 mesh copper
particles, 5.6 wt % polyisobutylene, 2.4 wt % 2(diethylhexyl) sebacate) (DEHS)
and 7.0 wt % polytetrafluoroethylene (PTFE) as is known in the art. The term
wt % means weight percentage of the total weight of the mixture.

Alternatively, the liner may comprise a material comprising copper

15 particles dispersed in a polymer matrix. Alternatively, the particles may
comprise at least one metal selected from the group consisting of: copper (Cu),
tungsten (W), molybdenum (Mb), aluminium (Al), uranium (U), tantalum (Ta),
lead (Pb), tin (Sn), cadmium (Cd), cobalt (Co), magnesium (Mg), titanium (T1i),
zinc (Zn), zirconium (Zr), beryllium (Be), nickel (Ni), silver (Ag), gold (Au),

20  platinum (Pt), and/or an alloy thereof. The particles may be substantially
spherical. The term substantially spherical means the average shape of the
particles is spherical. The particles are packed in the polymer matrix with a
density of at least 0.625, 0.650, 0.675, or 0.700 of the density of the Cu. The
packing corresponds with the Kepler Conjecture on packing. The particles may

25 be substantially uniformly dispersed in the polymer matrix, with neighbouring
particles being separated from each other by polymer. Substantially uniformly
means that a mean separation distance between neighbouring particles in a first
volume, and in a different second volume of the material, are equal. The
material has a density of greater than 5,000, 5,100, 5,200, 5,300, 5,400, 5,500,

30 5,600, 5,700, or substantially 5,800 kg m>. Substantially 5,800 kg m~ means

the mean density of the material throughout its volume is 5,800 kg m”>. The
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particles may comprise particles with different diameters, for example,

specifically: 0.5 to 1 wt % particles with a diameter of 70 micro-metres; 4 t0 5

wt % particles with a diameter of 60 micro-metres; 20 to 30 wt % particles with

a diameter of 50 micro-metres; 25 to 35 wt % particles with a diameter of 40

5 micro-metres; 20 to 30 wt % particles with a diameter of 10 micro-metres; and

less than 3 wt % particles with a diameter of less than 10 micro-metres. The

term wt % used for the ranges of particle size refers to a percentage weight of

the total mass of particles in the material. In an example where the particles are

of copper and have the ranges of different diameters described above, the copper

10 particles are 88 wt % of the total weight of the material. The copper particles

are obtainable from ECKA Granulate GmbH & Co. KG, Frankenstrafe 12 D-
90762 Fiirth, Germany.

The polymer matrix of the material comprises polyisobutylene (PIB) or

polybutene (PB) which is 4.5 wt % of the total weight of the material. The PIB

15 is for example Oppanol® B10, B12, B15 or B30 supplied by BASF,
Ludwigshafen, OH 67063, Germany. The polymer matrix further comprises
boron nitride, or a polytetrafluoroethylene dry lubricant, which is 4.5 wt % of
the total weight of the material. Such a dry lubricant is obtainable as h-BN from
Goodfellow Limited, Huntingdon, Cambridgeshire PE29 6WR or Fluon®

20 FL1690 or FL1710 from AGC Chemicals Europe, Ltd, Thornton Cleveleys,
Lancashire FY5 4QD, UK.

Further, the polymer matrix comprises cyanuric acid or melamine, or
polytetrafluoroethylene filler (including environmentally friendly “E” grades)
which is 1.5 wt % of the total weight of the material. Cyanuric acid and

25 melamine are obtainable from Monsanto UK Limited, Cambridge CB1 OLD,
UK and ICI Akzo Nobel Powder Coatings Ltd., Gateshead, Tyne & Wear NE10
0JY, UK. Polytetrafluoroethylene filler is obtainable as CD123, CD127 or
CD141 from Asahi Glass AGC Chemicals Europe Limited, Thornton Cleveleys,
Lancashire FY5 4QD, UK.

30 Di-2-ethylhexyl sebacate (dioctyl sebacate — DOS) or di-n-octyl
phthalate (DOP) plasticizer/wet lubricant is also added, as 1.5 wt % of the total
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weight of the material. Either may be obtained from Brad-Chem Ltd, Moss Ind.

Estate. Leigh, Lancashire WN7 3PT, UK. Vegetable and other synthetic oil

lubricants of diester type can be substituted as a plasticizer.

The material of this embodiment may be made in accordance with one of

5 the following two methods:

In the first method, which yields approximately 10kg material, is a two-
phase system is used consisting of an aqueous liquid phase and a second liquid
phase which comprises an organic solvent that is insoluble in water carrying the
polyisobutene binder. The polyisobutene binder is dissolved in a solvent of

10 toluene to prepare a solution, which then is injected into the metal powder and

filler and dry lubricant mix dispersed in water. A granular product is formed

from the obtained mixture; this is then distilled to isolate the bulk polymer. This
polymer may be calandered and slit to produce the required sectional
dimensions for a liner of a linear shaped charge.

15 Specific process steps are now explained:

i) 8.80 kg of the copper particles with the different diameters described
above and 0.60 kg filler and dry lubricant mixture (0.45kg h-BN,
FL1690 or FL1710 dry lubricant and 0.15kg cyanuric acid, melamine,
CD123, CD127 or CD141 dispersion filler) are put into a glass bead mill

20 with stirrer and a capacity of approx. 20 litres.

i) After stirring for 20 minutes at room temperature, the mix is
deagglomerated and thoroughly wetted by the water. The suspension is
then flushed out of the mill, separated from the glass beads and put into
an agitator vessel.

25 iii))  With moderate stirring, a solution of 0.45kg of polyisobutene (BASF
Oppanol B10, B12, B15 or B30) in a solvent mixture of 5 litres of
toluene is then injected in the course of 20 minutes at room temperature
into the wetted mix at ii)above.

iv) The rate of stirring is so controlled that spherical granulate consisting of

30 metal, filler, dry lubricant and solvent is obtained after stirring has been

continued for 20 minutes at room temperature.
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to parts of t i dj acent the filling material 20 with an
adhesive; in gﬁ?grr?s%r[ggeél@]?g'enbodi ments, the filling material and the casing

may be integrally fSpeci€idprddess steps are now described:
20 i) Charge the mixer with 0.45kg polyisobutene (BASF Oppanol B10, B12,
B15 or B30) and 0.60 kg filler and dry lubricant mixture (0.45kg h-BN,
FL1690 or FL1710 dry lubricant and 0.15kg cyanuric acid, melamine,
CD123, CD127 or CD141 dispersion filler) and masticate until the
mixture has visually blended. This should take 2 minutes with a
25 maximum frictional heat of 90 degrees Centigrade in the mixer.
i) Add 8.80kg of the copper particles with different diameters described
above and 0.15kg of the plasticizer/wet lubricant: Di-2-ethylhexyl sebacate
(dioctyl sebacate — DOS) or di-n-octyl phthalate (DOP), or vegetable oil, and
mix for a further 20 minutes.
30 i)  Slugs of material are made from four to five batches, by passing bulk

polymer batches through a two roll mill up to four times. The colour of
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of stirring is so controlled that spherical granul ate consisting of
30netal, filler, dry lubricant and solvent is obtained after stirring has
been continued for 20 mnutes at roomtenperature. 17



v) The granul ate is separated fromthe water by suction filtration w thout
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and masti cat e CI%iSeCtdeointher axploshgselgmertathey lipgrdivyig, 2 ﬁﬂg& nefuf §1dcake 2

m nutes w4 h ' J.GLl : ol r Lar: in the
mier i 140 AddvaREBITE fce Shis 18 linckBlind o BUCBAERR TOPLAIANE 0T, ¢
descri bed abowveiddewkt®WL15kg of the plasticizer/wet |ubricant:

D - 2- et hyl hexyl sebacate (dioctyl sebacate - DOS) or di-n-octyl phthalate
(DOP), or veget abl evhsrgin agriggle & of gp apex qf threlingmeasesiyihe dace3gi i0lyg0ugs  of
material are I f.our [BYIH ' r

bat ches thr ougﬁgg ([e Pel%’oiﬁld an%t%?c{ hﬁé@%ﬁ%{}?mt%gfﬁ@ﬁ%&g%ﬁéfo@?'oy%% t he

bat ches to be limtXedrdsogetfhar isiOtos ta 152159 Sdemy ddisanay ppatiealhe swod-bffat no
streaking occurs. iv)Calanderjng and Slitting follo usj a stainl ess
steel twolY ol 19igtafcy rb?twee*ifﬁéﬁ B‘E}Pk%@ﬂ%? n‘?aée%%sf\é?? i"HJr @’gg’ﬁ%ﬁ?f@ si x
times, reduci nget herdit het¥ced% On S each pass to reduce the sectiona

t hi ckness and I ncrease density until material wth the required sectional

di rensions for liner is produced. The casing and the filling materi al
conprise, for exanpl e, |ow densit ol yet hyl ene, qpt ai.nahl e.a

Pl astazote(R) fr ongot ef‘%ﬁﬂ%ﬂr 3?91(16%%% ?%‘%é‘ﬁ?@&%ﬁg“blow SH™m Zttlfr PSS cro
BAL, Great Brighgleny isH081S160dEredsNRIXARI 116 A Q5 of Q03 RL105I delsterg, materi al
has a density 1h the range of 15 to 60 kg m3, 25 to 60 kg m3, 35 to 60 kg
m 3, and 2fbre preferably between 45 to 60 kg m3, 50 to 60 kg m3 or 55 to
60 kg m3 to give re structural support to the charge. . The casing
and the filling nateriaV\HHVabgﬁgﬁﬁeFEﬂg?omgg m%f%e@%h§¥%ﬁdwgrc@%%nple
3MR) Inpact VjHydin Aheahy8f1@%EnabsBI RaOESS 10011 858, UK0RSCio 1329%ckson
Street, Manchester ML5 4PA UK. The |linear shaped charge may be attached to
the target objleld using the same adhesive, nanely 3MR) |npact Viny
Adhesi ve 1099 from 3M UK PLC, Jackson Street, Mnchester ML5 4PA, UK The

| i near shaped charge may be manufactured by extrudi ng the 20 expl osive

el ement aggd the |iner frohddnshapepchpigt at@rdinges claim 1Ther 8asheargina®ics filling
material may be manufactured by a suitable_cutting or grindin rocess. The
expl osi ve el edehto 33 Prret to %gsg-ﬁ@-ﬁr%“ﬂi’ #3 Ag [Pré‘tQa%'rQalg‘%‘Qy“t%éﬁ'ﬁég ssenbl ed
to formthe changs, 148eh1gi0gs3dhey B8 0G03A5h 8021 814 B.of bl b Bt erial .
The above enbodi ments are to be understood as i1llustrative exanples of 25

t he i nventi on.mdtest her enbodi nents of the invention are envi saged. For
exanpl e the explosive elenent, the liner, the casing and the filling
material may be formed of different materials fromthose descri bed above.
Further, jce configuratispminefr gﬁagecplaag €,actdi8inki 0iny EXPliRd Ve 28bEBEN ,
casing and filling material nmay be different fromthose described above and
il lustrated i rwheran 8eRiigiancssSD whi.F $@ 3k8epirig 3w B9 A-2ttAS - Ddrabek Br%90f t he

| i near shaped charge




defined in the present invention. 19 Nunerical ranges are given
above. Al though m ni num and maxi num val ues of such ranges are given, each
numner i calwoabugsbstween the m ni num and nmaxi mum val ues, pcmaB2diIngodeat i ona
nunbers, should be understood to be explicitly disclosed herein. For
exanple, a range of 101.5 to 106.5 degrgﬁs al so 5di scl oses nunerical val ues
of for exanple 101.8, 103.57 and 104. 636 degr ees. Furt her enbodi nents
of the invention are envisaged with different values fromthose described

above of the stand-off distance SD, _th he a ng e a, the
length L, the5%%ﬂ9%ﬂ@§¥5Eléﬁﬁlﬁﬁéoﬂﬁl ﬁﬁés§§$ &ﬁghgé3t%@£ %@é &% such

val ues deflne?mgqo@e%prq%qpﬁlmhﬁanghe present invention. Further, 10 the

expl osi ve | oadi ng of e expf03|ve el enent may be different from the

exanpl es gi ven above. Al so, the explosive el enent may conprise a materi al
with a greater explosive ﬂensi erial . wt gre ter ﬁﬁp|0$lve

power / det onation p essurt P%?SQ%%pk@%%ﬁgggn%ﬁﬁﬁofﬁ@ndagéFlal

expl osi ve £l eqgRknede$G6¢ bRaF 6abgvae 013, 0153 ot BNNEChaAt&d 4, hax tot e,
di mensi ons described 15 in acc¢ordanceé with the resent i nventi on woul d

still apply ind.Sdehtogih@d, Feéntod.”, ¥t debto 5e41ﬁcﬂj|5rﬂaﬁf?t651 prS.acubr-aahee with the
present invention are envisaged, using any value of thickness T, or
distance S, and in preferred such enbodi ments using the relationship of
thickness E, lengthy.L andlihdirckipes shdrgfacéwr@ing to alain Us2 Mo valppeiapri at e
expl osi ve den5|ty for the explosive element. 20 It is to be understood that

any feature ddength betf 4 side of e Br’ﬁhﬁﬁﬁdalrw”(fhﬁheéhﬁ@m the decenigyB- be tu2dd al one,
or in co na f cl.i y al so be used in
conmbi nat P@n Wi ﬂf‘m erE% 8O§r?0kiﬁe 9f‘§§§ﬁ{1§§“"gf°§ &gqe'q er o'i‘eg?he enbodi nents, or
any conbi nation of any other of the enbodlnents FurthernDre eqU|vaIents
and nodi fications not described ahove ma S 25 |.oyed mﬁ hout
departing fromthe Scopé* Brea ﬁléapﬁg Rarer S#Or% ﬁg?l 3nR4T % E“H&m
acconmpanyi ng gl @icREess 52& ifd &k Sgr&.ae &exlrlbﬁ‘te?éke§i3@t@@ﬁjdl&hﬁrag@n @1l SAdGr an

expl osive elenent, a |Iner, face for application to a Target object and
a space bet wedhe Mhghapéchexplosive tlhmeﬂtacfe4 SfThe $.phenillbeietrgs,aot-7ahded - 2dr
projectio thrngh hhe S ? ) rds the face, when the expl osive el enent

i s detonated, "HHE™E &é&g 6@fbgw Fenent and the liner having a V-shaped
cross section, the liner lying in a groove of the V-shaped cross section of
the expl osive elenent, the liner having a length L of a side 10furthest
fromthe face and the liner having a thickness T taken perpendicular to
said length L, whey rest the
face 15 1015 to 106, 5 deprRsdedfinfel ool ROENRL, 2 Pord il AGA Z0C
face and a poi7dndd, wiheeeih theahickess €sik STheneflemeh iLsis OT%S theothick?dS, T 8 bei ng a
di stance, parallel the stand-off 15di stance SD, between the point of the

| i ner ne st lffhe face and the apex of the |iner nearest the face.

2. A linear shaped charge according to claim1, wherein the apex angle a is
102 to 106 degrees, 102.5 to 105.5 degrees or 103 to 105 degrees. 20

3. A linear shapedl@hargelmcmoﬂmpmgchmgamyapdEgeuimg'Qﬂamhmsmhéneih t he
stand-of f distance SDis 1.045S t 155S, 75S 125S, .ar. S. 254 A
li near shaped &R &eRES el t‘%qg}}QF%ﬁeis angl 8?’ dv&fép@ aﬁc%sﬁs %9

33.9, 2. 4 to %1%mn%6@un§h3n&ﬁm4 7, 4.3, 7.3 to 9. 0 8.2, 9.6 to 11. 8 10 7,
13.3 to 14.8, 21.5to 26.3, 23.9, 24.8 to 30.3, 27.6, 27.8 to 33.9,

or 30.8 rﬂﬂll metres.

11. A linear shaped charge according to claim 10, wherein, with the
stand-off distance SD being 9.0, 11.8 or 16.3 milli-metres, an explosive load of

the explosive element is substantially 0.35, 0.6 or 1.15 kg m™, respectively.



21 9.0, 10.6 to 12.9, 11.8, 14.6 to 17.9, 16.3, 23.7 to 28.9, 26.3, 27.3 to
33.4, 30.3, 30.5to 37.3 or 33.9 mlli-netres. 6. A linear shaped
char ge acwordiingeise cl ai m 1, 2 or 3, wherein the 5thickresssBRoigoed to
6.1, 0.4 to 0.5, 0.5, 0.7to0 0.9, 0.8 1.3to 1.6, 1.5, 1.7 to 2.1, 1.9,
2.4to0 2.9, 2.6, 3.8t04.7, 4.3, 4.41t075.4, 4.9, 5.0to0 6.1 o0or 55
milli-nmetres. 7. A | inear shaped charge according to claim1, 2,
3 or 6, wherein a length L of a side of the V-shaped liner furthest from

the face is 8.1T tq,9.9T 10m Ili-netres, 8.55T to 9.45T m || s, or 9T
mlli-nmetres. 128 M‘PFﬁeﬁﬁaP&n&ﬁ%aéaeéﬁ%"rr 08 40 BY (PGl 3129 %

6 or 7, wherei € I nd| cuI ar
a Iength of a\’\ghlege %ﬁ%g lgk?gfse g{&g%g@deﬁg Sgér?g[ﬁpallstsahgé(gl?' 115.) g Olo&ST
mlli-metres, 4471715]E-rh@rd§. 25T 15mII|-rretres or 5T mlli-metres.

9. Alinear shaped charge according to claim1, 2, 3 or 6, and claim7 and
8, wherein the thickness Eis 5T, the length L is 9T and the thickness T is
201T. 5 10. Aqhi nea( 1;ihaRasheANARPE REGAT 'tﬂg:latn‘ﬂ B0Wwhefeif| @i thel, 2 or
3, wherein the apex angle a is 103 degrees and the stand-off distance SDis
9.0, 11.8 or 5Gnd-off HistanquDebemQB 0 or 4.7 milli:-m¢(rdsj aeaxplobiapdoad phthge
according to cl a]| m 10, where 0 @ 592 § nd af f eic§t goce SD bei ng 9.0,
11.8 or 16.3 APIOFVRElemsal 'SQH LanrBY P Vg o Bdkop + 15PEY s ve el enent is
substantially 0.35, 0.6 or 1.15 kg m1, respectively. 22 12.A |linear
shaped charge according to any of clalns 1, 2 or 3, wherein the a?ex angl e
a is 105 degrees ard-the Eneanahapef chirge apeaadiap!te slagn §, gid damm W or il et r es.
513. A li r sha ed c r t

st and- of Pﬁgl stgln " %"% gl%%ngé Egl g@ag{jﬂlm&%rsg}é\@%gﬁd gel% ob;‘elnl J]ﬁoad of

t he expl osive 1elge|asen1tﬁ 3 Snﬁlubﬁ:traﬂt ihal leyigﬂi Q4nsorl30 17y om 2B, SmEBmmxmsvel y.
14. A li near shaped,. charge according to claim9, and claim 10 or
10wher ei n t he resPaEEebs fihy fhigkageseE 1§ 78, S, Ola%‘zvﬂ“t“h MeHES SESRTL Bl Etﬁdst ance

being 9.0, 11,8 B fi1d Ii: w&t?};{gﬁ?l# réseﬂ:g% tllvel s 13.1, 17.2 or

23.8nilli-netres, respectivély, ness 3 9.5 or 13 2
mlli-netres, respectlvely and the thi ckness T |s 1.5, 1.9 or
mlli-metres, respetlv [ glnear shaped charg cor ﬁgo claim
9, and cl&im 12 or é?"é’irﬁ 3ngd chirghceydin t%tcé i“é Fwith the
stand-of f di SW?&n%ﬂﬁldsof@d%’ianée s TS | dndRBikH 8 stdnd & ff @lﬂﬁh& ﬂ}elh 34.4 or
7.0 mlli-metres, respectively, the thlckness Eis 2.5 0r 3.9 mlli-netres,

respectively, oarid? miili-tetrek ribe derpth & 6. 6400 DOgniiinetrepptespastivelgs gisct i vel y.

thickness E is 2.5 or 3.9 milli-metres, respectively, and the thickness T is 0.5 or
0.8 milli-metres, respectively.
20
16. A linear shaped charge according to any preceding claim,

comprising a casing surrounding at least part of the explosive element.

17. A linear shaped charge according to claim 16, wherein the casing
25 is arranged to determine the stand-off distance SD, the casing having at least one

part for application to the target object.

18. A linear shaped charge according to any preceding claim,
wherein at least part of the space is filled with a filling material.

30



20 16. A linear shaped charge according to any preceding claim
conprising a casing surrounding at |east part of the explosive el enent.

17. A li nwenosispssd charge according to claim 16, wherepoTidBR0CIZBIGY 25i S
arranged to determ ne the stand-off distance SD, the casing having at |east

one part for application to the target ohject. 18. A linear shaped
charge according to any preceding claim wherein at |east part of the space
is filled with a filling material. 23 19. A linear shaped char ge

according to cIa|n1 8, erein th illin terial ran o fil
subst ant ?al ly all df-t hg]g?ﬁi&éhapeg CLarge 2%9% (gag iglam igra‘g}éedelgﬂ%r maﬁccor di ng
to claimil6 or, alezla@%dan]aﬁgéﬁ to 3l s@‘éﬂﬁﬁﬁly“hl%ﬁh&é’@b@g and the filling

material are integrally fornmed li'near shaped charge according
to any preceding claim wherei n t he stand off di stance i s perpendicul ar a

F;gge g_)g the face, Z?Pd tAhlene(gtlr Eltla%gg%hggle acddr 18 podclzl(a:llflrg § of Walpé #8'6r %, the

5  wherein the casing and the filling material are integrally formed.

21. A linear shaped charge according to any preceding claim,
wherein the stand-off distance is perpendicular a plane of the face, and the
distance S is perpendicular the plane of the face.

10



