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W 200410780-18 - 1 PCT/ FR2004/ 000208 Si ngl e- bl ow
shockwave generation device The invention refers to a
FOPo40180-38v shockwave gendrati on devi ce aRAT/FR2904/090208
i mpl ement ati on process. Shockwave generation devices
are notably used in urological surgery for

di sintegration of urinary duct stones. Prior Art

~includes two main types of shockwave generation

devi ces: a fi rSihglebiey slnkenave gghetationdevios por eal

- shockwave generation devices, and a second type

concerni ng percut aneous shockwave 10 generation
devices. Disintegration devices of the first type use
an electrical or piezo-electrical shockwave generator
Wher iavértions rdekwave gudlabldve shoclmzivsegbmfatianpdﬂyli@t and its
c¢ontaining a fluid, in contact with patient's body
%BEW&WH@PW"?‘}? an el lipsoidal reflector which,
fShBaHraXre @?&‘?ét%ﬁs d8yieQ0 GRNaEb fises e 'ufH}@glé‘aleﬁ'gery for
space, ocus It through a@ w dely open cone whose
dm:tegraﬂcbm@étlumar}nsiucm stones. uPtiotaAyt dnchrdes ttgopmain types of
|nte r at ed shockwav.e i
S pSiaion evisee bt bRp hTRRe SR ppldopivare
QEARALIP deFidbis Carlde Bl SBnd Oypdli ddnbérfiing e PertGtahiddRs NGhOLIMATC
possi bl e extent, and of maxi mum anplitude when :
mm@mSat cone apex D| Si nt egration devices of
t sed. .
gﬁ%% % ‘tsé(”lac ersrtla re of ? [ nacia\ro\?e %Pelecmcal

@Eodk&faﬁz@rgmdnatdﬂewHMI thg shdckivine guiie anebxmﬂ;eﬂl mfna qjocket
the urinary_ stone to be evacua&ggY When the stone,.js

icastaising adluid, dm egntaetwity RAAIK S hady soensrating ity an ellipsoidal
@?’i&'tgr E’ljﬁsﬂx’%ﬂ QLdoRk |a3éhb<ﬂ$v§hvt: gﬁﬁlﬁeg Y -a Mﬁ@ @ éc@,eto focus
stone 1S 1 t VI Sa

‘ureter, e to roduce
tithwhroagh aseidely dpyn natamhbsepxpthss located tnsidb Iﬂmj@tmanaxtdnmp be
into the .ure shoc ve| t,ransm.tt ed
Esragerated: %ﬁ]@hﬂwessgafﬁﬂwm Pﬁ 0% ampHeuge FhRR 3 crosses thrSugh
vaﬁﬁsﬁs%ﬁ&t inOfkdePfo RAMLIRBILEYE toPfaid EBsed td IR 'ﬁﬁhntn tﬁ}%mble

[imetre, tolerating elastic deformtion.
$htmkmdl of gakiguni emplivuds vhef corpeniegd afmone apdre

TARFEAR Dy, 2nBAT 8 B Mo, 3T et gl Copegatised

teh&os‘cblbéi;tto&ﬂdﬁﬂl Kﬁe nﬁ@li'e &f theintbivehi@iel Het pedfonadd) dkpanding on

30 production, due to risk of lesions to |living

thesizeandapasiionf the wingsy stepmivdfasuad st one
e
tdivectlg lintb hihe Ukitdmay, yWilers tthe stifbBe 2304y ié80refkB, it2is advisable to
introduce the endoscope by natural paths via the bladder and up into the ureter.
The shockwave is transmitted by a waveguide which is a metallic rod of circular
cross-section, of a diameter of ten to twenty tenths of a millimetre, tolerating
elastic deformation. The shockwave guide features a first end where the
shockwave is generated and a second end which is applied against the stone.
Disintegration devices of the first type do not allow high amplitude shockwave

production, due to risk of lesions to living tissues crossed through. Consequently,

~ stone disintegration requires multiple shocks which reduce the stone into small

fragments which can be evacuated through the urinary ducts.
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PCT/ FR2004/ 000208 Prior Art second type disintegration
devi ces, notably that described in European patent

EW03200A80%0-18use | ow anpl it t’kle shockwave tr HGTFRAMNGEE0208
characteristic feature is also to break the stone to
be disintegrated into nultiple fragnents which can be
el im nated by suction, washing, or evacuation through

‘natural paths. 5 Disintegrated stone fragment

erdl‘l Antsbenditppodigntappitionadevixat heotitdy est iesuaibed i European
whi ch makes el 1 m nation bwshl ng pref,; erabl e whenever

prsatt ERD3 17 0% hese Jow amplifude ethpelavdvsnraips okpss (hpipctenistic

% %&B% ?Hal?‘tﬁba&b&”torﬁé%é{lé%%{eﬂr& ARG rents Which
at t ere always renmal ns une hated stohe d&bris

vmmdje etianinaed bpmcaob,asashnfgpor evaewatioh dineuglmatmal maths. Gas

Pl GyTEo0S DEL oD o 00, et 5, Geperall . el ue, o)
C@Hi@ﬁ e @hmﬁiahﬂﬁ 'bg Q@JSH&E hréfefibld 9H§feve1%5§s1b&mﬁfrﬂler to an

sealing circles of O rings pressed between two
fllntﬁl'stlll;mfl &y evdarcopy. Hﬁl@sﬁgﬂonmdpnulammmomm:e adraivback; in

P e AR Ry el pdbledatt ks HiFh St o84 Bpder
il Stoh® ¥orhndtib® GasCaéhlint@bans HeeS&nSAaVihg pai® géiﬁzra:@nnaade

classified, for exanple, into three types of

devingasfor avhichsealing @ﬁevbt@@e@bytqqepmﬁ% et%énelhgeen the higher
COFPLWRE Sediln a@rc?sr bf‘gn eé O]gfggseﬂ "befvecd’ Y at surfaces or
machined 1n ng s ensure%t %y

ctbrgmgﬁ a:bbpasraﬂimf ‘Aﬁ%erll tah&nnller:} neterdl aEalelrngl clﬁ:mlau:amgn @i;te@ l1gteral
an t he qQut atera se I Ng circle A sealln evice
oteakingecisd e&? dhg {pang §fe€ qt¥een &revoluton, barg arl% @arﬂéfalutwn

t
@lhﬂ%qgew ce ggfﬂl% et %e &'ﬁégieeuf g&c%gﬁn% Fsgigaﬂ?rebﬁlpes of
Glavioagy a leﬂlg)abem@d)f the ﬁrsttypelm anmgised veanOeirgpisitionedin a
flat surface, ac g‘t&t of this.invention is a

e
FERRYS SPheiickin: SYhRPT FRFIRS S ghured iy sQoREat g ween
t the Rt lak@sl s@hﬁﬂgeézrdl)@ﬁxfdiﬁné RERY Htdraldealid siFAL.| A seafind déﬂce
endoscope, permtting controlled fragnentation of "the
| thglsgcogddme isrcopmgised pﬁalbﬂaang ilecatedtip aggrogymimachined in a
IR0 bR Ui lacl e HIRETIANoANLRUILE LM Oring
size t'herr nanual i on 0

tloeRedeins dlfvuwgkbdvhan&admwﬁﬁtwacb was i npl errent ed
in order to visualise, seize and extract them The

009 ebiesigot duie (PRGN iSf2 (Ye| SRRETRIP (efice) gprergmg: arhigh
Hﬂ%ft&&é)ﬁgveb ﬂaﬂsﬁ{ﬁ%ﬁ&ﬁﬁ:r p u{alﬂgm{gﬁp y, v1a an en oscope
u shows

strations igure a’vertica
vpeemittihg eordmllied éragmeotatiom gf the urinerypstedeeinraader 18 @reak it into a

R e o SREiBERt 15 b ep g AR tict Hemp plow e

I%ﬁg%{ reRea QIR0 EY BBAnsObf tREezeRY Bltbigh the BndRE6R! Wwhtth was
condi ti on.
implemented in order to visualise, seize and extract them.

Qo

e

The following description of the invention will be better understood by reference
to the appended illustrations, in which:

Figure 1A shows a vertical view of a device according to the preferred
embodiment of the invention.

Figure 1B shows a schematic cross-section of the device according to the

preferred embodiment of the invention, in operating condition.
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WD 2004/ 0780-18 - 3 PCIT/ FR2004/ 000208 Fi gure |1 C shows
a schematic cross-section of Figure I A after

| WORPMHOT¥MI8of an  operatiny- cycl e. Fi gur e PETIFRIMY(RR02BS
detail of Figure 1 C at the tinme of shockwave
generation. Figures 2A to 2D each show a detail of
Figure 1B, the whol e of these figures 5 corresponding

to the entirety of Figure 1B. The invention consists

(mgareslmghwb hoschemativa alossbectibn af Vitigwre gt eftat indtiation of an

deV|ce fig. Aand fig. |I B) including striking

PSRRI S¥REch strike, at high speed, generation neans
FRaRAL 8498 ansS

th?ﬁ1131 shogﬁd\ﬁg\l/e tréﬂ@?@a%n%@QOf%gEan obgj%gf:lt%ﬂ(t)% be

lelgums &dv tot 20, each tshowid ddtait af FigiGe iBartke sthelepeft theset Hgures

direct ar in | rect co?hact ereas striking neans 2

AOEreRRANAmE tg W‘F@ﬁ 0 the expansion of a high

PrIRSIRVERIoBaDN IS 0P 4 UHRM-bIRW REcHaRicBPHIkWARCINBM N device
generation, into accurul ation neans 5 supplied with

hﬁﬁgh 18 ard fige 1By dacluding retriking pesade 2 whishysttiketat high speed,

LRS8O B ral TR 205 BTEB8d o

Sdhoieshvientraf fo Midads 46 @R affech td-Del disiRiRBd dvithy which said
manual operating of control neans 8 which, firstly

rTEPANE AEC g}aénwtdilrgmor indirestigntact.suhareas Sang gleaqsr?eare put into
L GHE SR SR BRI 50, Bl
ashockwdvet genprativa,nimtd accumulition meher 5 stpydiedswitlo highy pressure

establi shes ipterco ni cati on betwe accumyl ati on
g’g ’%‘fﬁ? At ReTH MLSHRIRISuBE gqséfﬁ?%&t TeAng jof gas expansion

GREGS Y 08 oPSupiy hid 8214 nﬁﬁﬁ@ﬁh@%/ds%tcﬁ&fﬁf &guﬁﬁlaﬁ&?means 5

rel ease of the accunul ated energ nmechani cal
rie aelsased (i manush @petating wé ventpelonieatsi o whinhe festlyReenders gas-

t,0 tial condi.tion of ,con nmeans S, ensu b
b oioRh §roRRting, ThaBh e o SomRRioh, bR dhdiperdent
BEGTES hAd cXRALISn ﬁwaﬂm fon hbené Rérd® aRPReth AecusMdioh means 5,
means. The gas used can be assimlated to a perfect

s He opberat ithey t eaepedls uﬁ%ablmh‘?sc hintercorpmuaigatianye hetyreen

da%gﬁlﬁl?laﬁ:&!l Fﬂa #r?s’ 5 by ?lﬁkﬂfgcﬁi a t o e ;tpqg;? &l con'&ﬁl%nnoq sﬁ'ﬁ(mg

accunu i on neans, ing pressure
\gheanh a gs atrl]d‘tli‘@lhbjlbl’tﬁss‘ell%ﬁe&ﬁfb’flﬁ accﬁllrx]lﬁla&ﬂneﬂaﬁg)t (fjbyl’ frigchanical
ar, c y conpatible with its inte
A o i, dher gho L@ﬁ%ﬁr uctign cygle: Ry do am.tlalopondltwn of
rl:'ohfr@ﬂﬁ@anfs rﬂ%ﬂs&éﬁb)‘? ﬂ‘le'a@ﬁ@ﬁ opﬁl i'gsktﬁ@ ts vehichtSeMiained at
hi'gh pressure of ca. und re ng up ‘an

i expapeondmeans Jamddtyche covespendiog s:tmpl}embansan vary from
i S connected to

| f few.l
ol it R b eRmIRIS o & RERkeh e R S PP eaure, Whieh is

Wad twvehtye)deble® RERusANE tafir Qb&lmAation chamber, making up an

accurmnulation means, and at operating pressure which is a high pressure of ca.
fifteen to thirty bar, and chemically compatible with its intended utilisation; for
example, the gas can be air or nitrogen from a gas cylinder pressurized at a very

high pressure of ca. two hundred bar, making up an independent gas store whose

content can vary from half a litre to a few litres; it is connected to the single-blow -

mechanical shockwave generation device 1 via a flexible hose and through a

pressure-relief valve, making up a pressure-relief means, for example, secured to
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pressure-relief valve, making up a pressure-relief
nmeans, for exanple, secured to WO 2004/0780-18 -4-
PEDY2062008%1800208 the gas-#ylinder and whi RA/FREERFOER208
the very high pressure fromtwo hundred bar to a high
pressure of fifteen to thirty bar. In a preferred
enbodi nent of the invention, the gas used is, for

_exanpl e, carbonic gas commercially available in a

stheqlae cyliieleg and mihivharedwuet dharesry dagh prgssupAfrom twortaindreg bar
up a .gas store ﬁﬁea content of ca. two centilitres at
ato gh pressuse of Biteendo NIy B85 i n whi ch the carbonic

Ofg bréfertdd tfbodidiof menavaﬁgp AP o ka3 4 SafBIY carbonic

Ic gas volunme 1n a sna t hé descripfion
hgase comfresiallyaavailable &ppl ymgb-usotgasrmgm;-eentwhar 8affig. 24A),
V\Athlntescoeo the invention. The sf
FEBRSE O R IOt Gl BB et doscROpITFRIA & HFesURr o
16:veh9 Har, Qb WWhlich the cﬁb@ﬁ@% isl IRquS R Bpe ﬁmg%%}gge ofa 51gmﬁcant

mlilinetres, and whose rear en is close

" hearbept eas veltmagit b small storesrthe desgription lserelmﬁqid:ém aby agply to

tion, then by, a.neck ng a
" SRR Ehore it R oy AL R by o
citbs ighg nnex@nfonta@em 1sT&ﬁn€x‘is%ﬂRﬁUa Spleidriotl BOdY 1@ GHhole outer
assenbly features a Iengt of ca thirteen

nillametetip . gighteenemilimetres, eangk hese rome endsbhils yclqsgd by a
|
PorSpRN, P Bt 1 50y £ M ABEGh e by o

shekk W eempeisiap at laderald panit cess&ntlailly dyskmtlnwt eclokait by a closing
ﬁrﬁaflﬂgllﬂgrég f@lo@ I S:f ) t fl_a“’ gsggnql ly featfu{'e%nz; length of ca.

rﬂﬂt@éeﬂtrhﬂlﬁn&}‘és' a{?ﬂrﬂl&%talh%gﬁh oP{]ﬁ%sen’iBl{r Hea ¥ ﬁﬁ/llnnetres

axis 17, of a dianeter slightly larger”than t
gaas mhigroscontaingraion s tioebyly9 intagratefle antar emghe- ltiotvt mchamcal

nfltt WIth.C|.Ibl‘tedl‘ ce l.e 18 20
> StskRBv ek fon b e B 1 LR DS GBAR TS haping s o bt
| ahdleg! @ Halfl&adl€q4iip I@Sﬁpﬁkédﬁoiaa rdvoRition&3 ihdecatl 8¥#eS Blong
of first type 19, with respect to the lateral part of

nBek symmepperand 7; 196 acdiwmeidr ightly dargemthapy hebgf gas micro-
rg&%h&% ?%Ssagcﬁf%gfﬁ[‘e%% itg&%ecﬁ&?ﬁt?cﬁvﬂﬁngtﬁarg(?re%ﬁtgae 18

prerces closing capsule

cohizhi &@dnmiodlawb Cher(th HBWfC@sZﬁu(erchohmeheml 'H'[th&itd:rﬁlabart is
bottom se ro-contain red

t%ﬂ?ﬂeﬁgﬁs@/ ﬁﬁ%ﬁ‘?a}lngﬂr‘??cig] Ffirse yreddapt r%ﬂﬂnegﬂpg te
Pof ablel13t Quifeheis! @k \Aﬁehnﬁf lisggkéf CRAE ereée%dt:ﬁ:le%ﬁf@f&a%?&

cl anpi ng devi ce 23 ars upon cra
1pgricringong dédee 80iwhidlp piere¢suclosngicdpsul@atl dy adar dplrirads 21 is

whi ch. al.| di t
iR b Aol iRl 20 LOT e Remtrgiel Bup sestion of e
f f@drb-cBtafref DaginBred On HE ERstisRRNIBF axiel ,-a88 h@l@&f tfding,

retracted; it is 30. only necessary to slide

dearpliad to zhwlwattm bamksstoagifie §t1r-gp é’ﬁ apdoHampiagidepice r23c‘afhlch
bgéafré) Hf% rOnt lfltéradfehlebr] tflé) gEﬂ S 1r-up tfgatﬁr% hmﬁg 144831 openings

m Cr O-
which allow shdmg of front end 12 of gas micro-container 9 into calibrated

receptacle 18 of front half-cradle 16, when the rear half-cradle 21 is retracted; it is
only necessary to slide holding device 22 which comes against stop upon
hemispherical bottom section 11, then to tighten by pushing gas micro-container 9

against perforation device 20 until closing capsule 14 is pierced; perforation
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agai nst perforation device 20 until closing capsule 14
is pierced; perforation WO 2004/0780-18 - 5
PEPRIRRCVAB000208 devi ce 20 features a gaPCHFRAWREH0208
nmeans; perforation device 20 is, for exanple, of the
type used on single-use butane gas cylinders, and a
gas transfer neans is$ a central cylindrical bore 25

~allowing circulation of the gas from m cro-contai ner

Uevid2f fodtakes @Nyad @ahser Ridanss perfdraticiodeiey 2Aise tbr example, of
through a first duct 26, with 5 pressure-relief device

Ahe tyne wgd AneTnglEse Bitang sa%ﬁdwdﬁecﬂ%acg&ﬁ tap¥e MEARHIS a
%%gﬁéﬁ%d ?@&TK?&%&%M@? gigsu%oﬁ o‘i“’i‘l?e npr o' e%ﬂbeéphﬁfner 9.

el?qundtmn déviee fA0r $¢ mtytclonnhmmcraeadpl through a:hﬁmbeiucﬂ%, with

rear setlo fro V\hlchflr duct .
%%gwrr%fle ae‘ﬂ%m 5 W mechep Séloc with
f
s 0 G 900 .10

1S\ | 29; the first circular
aip srqompeise tfenetaniphe, of a fegoyhiudeat wetol@®ni chambirc?f (fign2A) in

it I k 31
VB e R "R o gich ol ol 0 s e g “SEos§ F section
haadde2 AiReak@riapetthre %H% SBFR 88coRd seating delicé oflihd Rty pe
Si gnl ficantl éésrm | er an that of first chanber 28,

the firghwarculpe eperbie exigrdsrinty mcmmnoaBO iewhichgo permit gas

?#:lggag?,v a“%: s‘flgxﬂggi B?H%ugsc' ﬂ}é/% 3}’ %11 E{l@g %fleely}, Eaﬁ% ?&Q’g ?ea.‘&ﬁ{r}g a

calveltiead 60 1squtddig sk dhamberes, dnd oﬁh&ﬁﬁn&t&eslgﬁﬁbdmlﬁf smaller
al h}r%g gzjface of _valve head 32 onto the second
1

stcehapber B8, pibpse; lopsep secttpn fepRirgs; @ apptprptealing
BN SRl 68 bt Bl SR a5 sy

Heekl bpf sttfqahbtatadyslpnng BB dalorder ¢4 mess\?ffﬁe antidaesebling sumface of
of . firs

Slapai 22 0k the et sealing, flaBen ol £ e S e gt gn of

- SRAGRMakle YDk %2%14 a bt berl34C B%H&(neﬁ@leﬁﬂﬁ' &dtinktas a gulde,

divides into a fir a second space, vari ab

viol umaschined dn dbe hﬁ:@mfe?aﬁmt oy hrdricel, pistoants, o*ihoae botta, of first

SRR RO ol SRRSO O St s e

3Broufh s&008 tevoihdivnerylidfricd) @harhyerSePakich itiiviléeinto 4 fikst and
space of second, chamher 36, through a second ci rcul ar

a@p@cfnm 8page, Awraripbie erlume; shaked igom 3l afhge b gnams o1 a first
t
P ST B0 Do NI R piore RS iy FFopas

. dntwethé st saitmat&ﬂpoffsecoﬂdhémhrbad?, @ fpartly septrafihg tlenfi8bspace of

PO RED et A s et ¥qqe$m§1%§3 Pl allvisg Taes e of

%ﬁ?&' AhnB § Bnd MebrcBhnRfiFQ it S% GO @haraBer 36 Gﬂflfﬂﬂy gas circuit;

limting the stroke of pi ston 35 and acting as a

gedrdsctiar 3§ of eecond chaddbeadd betated mprhanigaldsiop for the head of

first piston 35; the second space, partly separated by front section 39 of second

- . chamber 36, includes a piston stop 40, coaxial with that of second chamber 35,

30

thereby limiting the stroke of first piston 35 and acting as a guide for a second
calibrated spring 41.
The assembly comprised by first and second chambers 28 and 36, the gas supply

valve, first piston 35, first and second calibrated springs 33 and 41, makes up a
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The assenbly conprised by first and second chanbers 28
and 36, the gas supply valve, first piston 35 first
alQ 20W03B 1% al i brat ed sprifigs 33 and 41, nHER2005/090208
2004/ 0780-18 - 6 PCT/ FR2004/ 000208 gas
pressure-relief neans 7 (fig. 1A and fig. 1B) allow ng
a nonminal pressure, defined with a good accuracy

~conprised between fifteen and thirty bar, to be

eﬁsatwssmhbfhmﬁm LéGpnbA gad fEQJdIB)SGIOQ\ﬁm&a RAyinalipredsure,
[ al shank 31. Ath rd d 42 B
CSKR8 " ¥74oh, SaE8R Sometbospb el Erery ot i bt be
I &tdlighedinlthe dedorl gARidi:6: J0e(fTal DAY ARich\Slirbeds Galve GRAKAT
said third chanber includes a rear section 44 in

wh; tbid glust 45 (Hg p?B), saming o ﬁregl sqcnné dp¢t33(b Headsrpraugh ghe

S co e
FaREA 0N 5% JORL LSRN fiudlich haRREEA: B, g
r meludsecichosectién #4ir Which acbeond istdhd45 ﬁﬁlesﬂtﬁﬁ piston comprises
[ rture through which a first cyllndrlca

I
g%éq%épg &8 ﬁ&%&e’f% of yhe sesond Bips s a £oar sectn hyyandpfepnt
Webffod 8 the %Bhbﬁ%féémoiecﬁéi}‘? 4355 80ith BlaARP 49 FAs & circular
y wt

preferably orient coaxl al | e secon
rmﬂumﬂlmmghwmeh 2 YirstciyindrQcab pushiet 49l padswfreely 4s2id pishend9

|s act ual ratin ans cont nmeans
q%ﬁ%ﬂffﬂ?%lon 4 BT the sopotipision 43&&(‘%%53% grigated

fc%xﬂ‘auy sﬁm&u& 82bnd vBIRibA fs.?zha}déu? %ﬁﬁls@tofqﬁmpafa%am Rwhich

second piston 45 into third chaber 43; a manual n€ans

i 1§ actugted dyamive] opBatingpeansedf coftral mearsr8 Gig. HiAngeidfig. 1B);

Sy APy s ARSI BB PG Sfin

tRiedrd ehesibas #hbo tRiRY cha@BBY 4S] ROnAneA NFRARsY 1s?|f6f1 &xample,
whi ch, contalns revol ution synnetry axis 50, and

rompsised efa lever Pl hinged aronndia rajatiy axis 32, perrendisuler and offset
%fﬁg%ésrﬂ LBV RS R 1B fu dnms%lﬁﬂl % is S0°B¢ ¥t (HEmbEL QB and
secti o 48 of secon on atures a

r@nqumtmgm syginetayl qalemalw}iieh contiins lrevobatidmlsynwhéthy axis 50, and
ston 45 and a

il o oo 475, S P R ponEed st ar limied by a
rs@dﬁ)ﬁitth@ Frofd/deciSH 4§ ¥ sé@éﬁ& pRfon N fEafif vongﬁ-c?rﬁﬂ(ﬁ-ical

revol ution symetry axis 50 of third c
feopirelrod 34t wb alceptdwerﬂgld oy foent tshile 4l8cnftfm$t1 pixftont A afd o fiee end
n 57. of, third nber. 43 | axi al

SR o8 b P & STPRIRE A el gy 56 ahd 2o dat win
tthé FeboRRidhi sHnete H8s 80 of RErPEhan@tep g, thy F8urdS dWhiseNedding

neutralised, while allow na(&as flowinto the fourth

}Woﬁmbﬂf the dontisqsition & Shlr‘ikchaﬂmer X dnesleed by a coaxial

t f 44 of
?ﬁ?ﬁ{rﬁ%ﬁg %&c&f&& {ﬁgfl a?fglhag a | A pusﬂm%ndfglceoof the
a;ed:(mdt Bde bS58 whichgie dnduardBsedd hmneﬂmﬂg gas iflotw irto uhé Hourth

6 .and ensur.es gas sealing of the front section
Cfoi YR GocRd Rigion 33 15, dorBIPIS, Geeie ageimshibs batiemi ol dbe

frefi@e&@Rfh 21 third chamber 43, but which, when first pusher 49 is actuated by

hinged lever 51, penetrates into fourth duct 56 and ensures gas sealing of the front

section 57 of third chamber 43; control rod 54 extends and its free end 55
penetrates into a second bore 59, solid with the body of third chamber 43; the free
~end 55 of control rod 54, internal to second bore 59, includes a fourth sealing

~ device of the second type 60; the stroke of second piston 45 is limited at rear
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30 penetrates into a second bore 59, solid with the
body of third chanber 43; the free end 55 of control
r&’(ﬁ%@%’@ Bit%rnal to second’bore 59, i ncl udBSI/ER2PQHP0§28
sealing device of the second type 60; the stroke of
second piston 45 is limted at rear WO 2004/0780-18 -7
PCT/.FR2004/ 000208 position by the nechani cal stop of

its rear section 47 on the bottomof the rear section

4postion: by the wechatical stap ofiiitd rear Sebitir')rt 44 onrth¢ botem of the rear

AT ob g S fioEn £ 60 i R o7 ronlaB R e Gechagical

f §t@p bf freoend 5D @ntSERATY it ﬁfe%uéé 61t c'i]'zese&f}icf%ré 86 i Fbnt
devi ce of the second type 58 blanks 5 off the fourth

dpRsitionent speamidipision) fié.tthé thirds seglingdgyvidern [theisesordhtyipa 158 thlanks
aﬁ)ﬁ“ﬁ%ﬁ“ﬁﬁ@q 59 into the fourth duct 56, downstream

e position of the fourth sealing device of the

sAd‘dﬂdancy 62 (88 ,2B)dncludds| andfileffipedtikd Rhdia &itb Whicefouftl dubip6,
to t he zgar section of a fourth chanber 64, which

tssrasttiongptshe fousth sealing devieepisthe ,gev@pértram 58, as

r I I |
é?%é%fat’ﬂ“‘ﬁ‘*?ﬂ%*at o ‘E%E@%nlaﬂ’é‘?%g%*’s'%%ﬁ of 4Pt citlbet o4,
cwhichers ianblghdpeessurdi gash mg&nwlahme B&ns,0 lppeﬂemblj eévotution-

| t ubul. | ut |
CHME T G Y R i ESBRAGM kot ahsgeo e 59 s

'dfoaﬂﬁtc%meér ﬁ@md@@% &Eeﬂaégeotalw%ts &fmﬂrﬁH& ot aCbgR}P%dy 66,

64, as well as a valve 67, featuring
s‘@b‘ﬂlﬁb meemation-¢ylindrieal, cwml wyitlo that pﬁ mur&mhanﬂnr 62 2andodf a

et SR She il R arfoltLehpingt od oB el ps A aniiyend o7,
b@smﬁ@ aMIbiC Pead Iseétsh bid QUEPerdd tlevéldi &P Iﬁ%n@%ectﬁfn 82, of a
di,aneter the _ sane order of rmignltude as that val ve

UB%‘}}C%’GPWFWIM dorbfe of that pfitheealverhpdy enivduchoit comw@ts, as well
e B B B o e oo B
ahoeardarafimageitbdecas thdt valvet liitelyf&ﬁu fdaturiiganchizd s&‘lingalﬁdice of
éﬁleadlngﬂ t.o a fifth chanber which is

b HRS P Onabieh Fooneraies wih valye é?o bas\fieﬁsv@hﬁr@aﬁthw boke 69
ke %acﬁﬁl@&%?%ealﬂﬁtoﬁ? Eb&ﬁeﬁ'&ﬁts%&mno'h 519&{6 Sfh ic @%ﬂl\?ﬁ A and

fourth chanb by a first helical spring
Heading o aﬁiftlb@hm g2 whichis sreexpansion tharoberf therrehr face of

PR 6% it i r8sd SEinth ¥ Tl R ot et £ o Tourn

| dhamBetos), b}V\@ ified heREP 8P IAE 3 Whidh BRafs dnSthe B6@brh BY frdAt section
device of the third type 74, solid with the bottom of

ridf fewsh chambes 6G1the mﬁrtfave of Ivakvb deads?, viltieh isigiraular, features
t f k
AR08 PIRREE, 15115 AR SR el ol Sk aime

Gigyick soffthartlset qrpré kﬁ%ﬁﬂlmltll yhet B@ene be redrNRcE@NB3 Jf fourth

ﬁg\ on_ of va,tl)ve head 67 features a second cylindrical
ampgT 6f16 the tubular internal space of valve 66 makes up a sixth duct 75 whose

inlet aperture, at the rear face of valve head 67, is flared and essentially tapered;

the central section of valve head 67 features a second cylindrical pusher 76,

- coaxial with second bore 59, comprising a free end 77 and a captive end

connected to the rear side of valve head 67 by spacers 78, integrated in the flared
aperture of sixth duct 75, and sliding in a fourth revolution bore 79 which

interconnects the bottom of rear section 63 of fourth chamber 64 with the bottom
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coaxial with second bore 59, conprising a free end 77
and a captive end 30 connected to the rear side of
vHOA0HEEUIB7 by spacers 78; integrated i nPEHER2P44)00398
aperture of sixth duct 75, and sliding in a fourth
revol ution bore 79 which interconnects the bottom of
rear section 63 of fourth chanber 64 with the bottom

.WD 2004/ 0780-18 - 8 PCT/FR2004/ 000208 of second bore

56f sezofich boreht%s edbirrily seldingaievizk dfithe first $ypet () sold with fourth
S with fourth. bore 79, ensures seali t wee
S Bos 79 bishess SEM L boBrSe sechind borid Subrl ok PE sosong pusher

f eglrsli&es @ d-"ﬂnﬁ&@f @i ogitty gy ﬁiaﬁ'ﬁ?alt log rseédﬁﬁrbotr@ ab, id a
second bore 59, a total length which I's such

t mal lengtbrwhaah e Shtdathasmh@n pelvathesd W7t ¢oophates| with the first

dt 74 .t t
S Fling Heee' 458 Rl 96,74 Io Bl Sxpldict 7EhPinciobulf ghamper
064,586 Ba6 Al N QF sdonll Pasiter (76t16ads hﬁ’tob.ﬁé b&fﬁrﬁ’ﬁ)f §&eAlBore 59;
bor'e 59; when secondﬁglston 45 is in front position,

t FrbeR seqond rmstgls 45t iscigrirens| pasiiigns the fee e8¢ S5 afaeensol rodk 54

S LSRR, S LR Y B
oheadesdr anﬂ%eparﬁxﬁs G Fronih tHeChotioh @ﬂmm&ﬁﬁ tof fdurth chamber 64,

conpressing the first helical spring therefore
r BY eqaprsgsing e dethehepl pring ¥4 rhergfiee re%eﬁsmgdlaﬁ pppning of sixth

CHRIPS: o BRSSP

rehmrlh@r |7dn foth lchninlneraTZ sh aﬁeevdmndn aylindeical sixap¢ | with & rear

iR S St B Yt

b&@bﬂﬁon-%?lu‘iﬁﬂdaf bdiel3a rh%g% dafd RIRToeFAY ¥ p?éi@x’éb@’l cotkibNwith
15 the symetry axis of fifth chamber 72 Fif

ciharyermetry fiatafr@lh shambere?rFifth| thgmbey 72 efﬂ@}@:es tahdiameter

t Q nd fi

Ay a8 8 A DARE pally o8 88 ld O DhieRA Spatier lopett:
sfifth lboféyS3| (g DCRlealdOimd bkt bﬂﬁi@ﬁi’cal&'ﬁ)taﬁbﬁlcﬁﬁnbé‘r 84, which is
coaX|aI wth fifth bore 83, of a dianeter essentlally

etpxial math fifh bore $3ofer digmpter saseatially equal 40 ﬂ@ﬁgﬁ fyalve body

- ChaE %g fﬁg S}i?@? Qésgn@zﬁlyt Cfieb(i:ﬁo b1e0df th W tebrfi @Y léwcg ?‘f‘,aﬁf{l{ IEJI'Q 83

bore ures a nMpr essi on zone 8
dfcatedser dezﬂongabdslsmnlzan@ 85 of heliahater slightly $argd leading riwersixth

8 nd th .essenti all uaI e ird o

¢ it 88 etk OF § Beniet BpRial: ol ona G e lngth of fift
f Bt 8B esixdh élﬁﬁibeﬁ@& FdafRe S8 rdat sWtonlBef infiliclp ﬁﬁﬁ b%Fe 83 leads,
| eads, and from which at | east one seventh duct

bangi fiem véha¢iatdeast og7seeith guop¥beginst $aed dutt r&"zié)phngro@en to the

PSR e Bl of xR AL vE B! T ha iy srgpprises a
bﬁbﬁtcmtamsw/ Bnivhodecbtlowt b efveniH tendlhtzsﬂJc EREREShah®R Feads,

coaxial with sixth chanber 90 2C and fig. 2D),
|?ﬂaélfaé6’hﬁhl§rﬁth shasebesidPKfigi 3¢ pnd Ha Ao t@ommantsated with sixth
SI gmb%% g&)% CF i e tiohS %gﬁncﬁ‘ilcal Bgreebld bl eter significantly

larger than that of fifth bore 83, and smaller than that of sixth chamber 90; fifth
bore 83 (fig. 2C) acts as guide and drive device for a striking hammer 92, making
up a striking means; striking hammer 92 is comprised of hammer body 93, of low
thickness, and of a diameter slightly smaller than that of the sixth chamber in

which it is located, featuring a rear face directed towards the rear section 86 of
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| arger than that of fifth bore 83, and smaller than
that of sixth chanber 90; fifth bore 83 (fig. 2C)
AP0 7#1i8de and drive de¥ice for a stri KRGIFRAAHHAG208
92, making 30 up a striking nmeans; striking hanmer 92
Is conprised of hamrer body 93, of low thickness, and
of a dianeter slightly smaller than that of the sixth

~chanber in which it is |ocated, featuring a rear face

dsixthchesibéro® add atfrent fael dsatdd wwalh thé MAAY section 89 of sixth
2004/ 0780-18. -9- PCI/ FR2004/ 000208 si xt h. chanb 84, )
afgmber ?‘b"r’f‘tt%F clevolyipnseylindncal pistgn 9ﬂh@aﬁa§m bogp 83 is
8 f. sl : fr . . the
QUi ek Rear Tt SHaniter b8y 13,580 slides through fifth bore 83 third
bpisten 83 feaures o diaheatértshightiyesmalber tHandbataff fifdnboze 8B dd prder to

93, .and.slides.through.fifth hore 83; third isto 4
r e Sueienl oo 6 PP Pr9PURIaR b g reglogreyindrcal
f itfikife HRLE B3 colRalobitB thir® prstoPlodl iy sdéhibddCiocie B&R! B of

to permt itS propul sion by gases; a

r kapamert hody 93y strikimgiheadl 95 éx of ddiameter signidisanttyolasgenthanithat of

third.pisten 94,.is.secured to the.frqont faecg.aof . i
it o e BT e Bk B o O B ufipison 94: o
séegond hetial dﬁﬁng 86geHich béds bk frontdectidh89 Of §ikait hBmB4r 84, and
and a length of ca. one quarter of the length of third

pPishaspmoubody 935 prastrs theharerpr sy onie & hatorholysar sgciden 86

; : . _
riilen bt de eftfort iR hort 64 aBRrd D ALFERS.

r seventhahtinber BH(fign D3 iindlindes hasdraectivh 97 intsredmumanicating with
keepi hir i ston, 94 depressed in fifth bgore 83.

BB AmbA b iroget Gt Doy 6 1 dRat 3equdm SRk wpIeopption
fatuftsef SRBRM et cWiddricalShatt B9C RIIRAT wilt sbidnftSfhmber
sixth bore 91, and a front section 98 ose bottom

f ¥htapd of aaliaestentssentiallylequaldn fidihl bharel 83 ctherebp ao@ihg seventh

cqaxial .\ t.n, sevent h cha 15 90.. a of a,di aneter
R of o e pRbedte S e e sestiof 1l 85 s Rk 101;
s@véiih hehagdbapr gy c8fkaing 4 NEhBEISRIVBU BbriepdtiR g MrtdtfAch EdevRRr 102
section 100 of eighth chanber 101; seventh chanber 90

cemmispd of 8hsyRinEoR-chlindsical iintgriager deviee dodil3.e camgble of

AT 5 L LA 0L LG L

aype toO4rwtiich 1sglagesffidnt betioa 98 fgpml @adr gectioh H7hef ssemtinchaziber
type 104, whi.ch iso]Jates front sectiop 98 from.rear .
s%cg Fhedﬁtegfﬂcwvg@/@#m OSHeahyes 2 reps fagedrepisd dpwagdiprear section

d@ﬂb@?ev@ﬂtﬂych%ﬁéslf g(?,t 4> ’f{?ﬁtr %ﬁ% Fir[fé&gdg gi;v!}a?@ Gnd QUERSHSS of

rear section seve er and a front
f syenthlichanba®0t teacaisfate aiintesface doncOBodyf 1 03smugmises a strike

cMr T05oF, the SpipE “diamfer oatiking’ he” oSmiMige, dgtelh. gen
Séuh 8@ WiBaBat VP int¥IREIVRE g,bh*yl 6 U818 lesdEniiaie ad1 86 thel 16dbth

that of interface device body 3, is essentially

efusiiking head 95 snopintedovith tthatlaf hgmimees bods Buthel lgngih of sixth
3 b RO eyl LBl B o
ath¥ bbitd of ioat sdeles 89 bOBxth chamber 84, and that distance 108 (fig. 2C)
which separates free end 106 of strike anvil 105 from free end 107 of striking
head 95, be of the same order of magnitude as the length of third piston 94 when
.reduced by a sufficient amount to ensure, in fifth bore 83, a residual guidance

effect for third piston 94 at end of travel; the front face of interface device body
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the bottom of front section 89 of sixth chanber 84,
and that distance 108 (fig. 2C) which separates free
eW® 29H@ 7818t ri ke anvil 109-from free end BAYFRH04/000208
striking 30 head 95, be of the sane order of magnitude
as the length of third piston 94 when reduced by a
sufficient amount to ensure, in fifth bore 83, a

_residual guidance effect for third piston 94 at end

003t featuets atfivet thomktvatea tansfer deties fl 68, cresrohniion-chliatiriciiand

f2 $q%§fé? gﬁrg_ﬁlms -FE ]'cgingﬁg é{i Ragg\%ij@ggl%égtser .]égs%nzigl%rt gc{u%f toathat of
r @ualoikd oo S 4 Mgm%ée_nﬁ% gﬁ%i‘d bt Yf #@(émnﬁtohi the length

chanber 90, and of a dia ssentially equa
t ¢faseverith bokd PR npiss e sufficient do aniwre goired saxdancabf yhockwave

equal .to that of, stri vil 105; the Jength of

S BeRS okitoed i (B vt oft mud el eowpRon af i
GHoBlaReR RhnsFI0GKMEY 309 HEMB! BitioR! df el ka%BndRE 6F eighth
102; however, it must allow protrusion of first

sHeaban ! ; athind heicabirpringd 19 beating, oh éhﬂdmethagdﬁfnl the hqlattom of
' f e ght ; t hi i .
86! 1o §7 R scFif clam BT B, Bt Sl def et Betion of

riatifasedévienbsly Di3, pesedtihe thirrbio Hlrsdfstoidanddising device
ofher, on the rear section of _interface device body
14, begsing oadhe ere hand; on thegdge af front section afiintatfacglepica gody
dei rd 168N f

£ 8 setoring B8 Tl no bl ol QR0 1 0y B B, on
sthe hotiomhi afgfrodtedd bf s¢vesthochanebee 901 dresfremt hetiore @12 09 eighth
and, .on e other, on .the bottom of .front 98 of | )
s FW@E&%@PS@Q@ pigat E?r_&n 13 exaligipm agmgricd; gorgal with
Céi?:iﬂ? RharkBdr (ATBA 983 AICAIGRbD UrGal dib hAIBYP Y diffeter of
;ﬁ indrical, coaxial wth eighth chanber 101, and of

wéigton P4 mhieh intofcomaundnateshaith thef owthide;deightbt dhamber 101

1 hird.piston 94 ich.interco nipcates wt he
Shplatts s sRicRiy@le BitatBeid b1 oF h SRR RS E G et Aeee 114,
guvslatideadinti#ital0bf 8 dsREQaCIRRA¢ khaNEr Wbk Bt dEWiohth dhbthber
revolution-cylindrical, of a dianmeter slightly smaller

t ¥dn Whrsg rear Tageghionis dlpdnshaned and pvhasp deant feggr | 7ais essengally

bR AL WNBR0Y A EEE-IL b SnRETAN Lot

cldi8twlech passéxothkorgti@ighth bereridd and which adis sshguidestoe fShockwave
t he h,ei gh bor e 3 and whi.¢ch acts as quide for
SHitadgagd 13 QE Hhreseh i horBae SH 4Bkt ds NOGR Wievenele-blow
QHéREnidSVd ; ' - Blho cini cal :
SHLHEEA BN, ARt B 4 Wy ARSI g
iconilitionbe saar meptionddiof sk wahe guida healeldtSi ioim dobBacovith the

Kk | de_head, 115 is ont A he free
I S otthe s BBfutS iatr P is ol g ebs BOSussefidihan7
tdfethé rspékvaret hifde Wate 28 S0éorhdreinsd) BeMNRY oritidt ARINAY &cond
115 cones into bearing contact with a second toroida

deidpdah dameinecdeviczol Ahwhishsurmpuadsdibe thase phshockwave guide rod
Slq@? W\Gﬁﬁ&uk@?& rogdthc one hand, on the bottom of front section 112 of
eighth chamber 101 and, on the other, on the front face 117 of shockwave guide
head 115; the protrusion distance of first shockwave transfer device 109 and the

- length of eighth chamber 101 are determined, amongst others, to match these

requirements; when free end 119 of first shockwave transfer device 109 bears on

second shockwave transfer device 114 located in eighth chamber 101, interface
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118, and which rests, on the one hand, on the bottom
of front section 112 of eighth chanber 101 and, on

t WE 204498%0-18on the front fdde 117 of shockwRETERGHIH@E0208
head 115; the protrusion distance of first shockwave

~transfer device 109 and the 30 | ength of eighth.

chanber 101 are determ ned, anongst others, to match

.these requirenments; when free end 119 of first

sdevidevidds slighnlyf mishetbtomeeds i@ seedors 9D of seeathnchamber 90 and
BRI s 5 A50l Somrgiah T g ametr of
P Vi " i Gt T
CELBRAGA00T5 Solgseatd St el) ARty gnion
t the ndixptun eficiepyiof thelshockwavelis gbtaingd edwep thesweight dflsgiking

l.engt h di ter of _shockwave guide rod 118 are , .
Jianch ) s o T ] 18 Poigh atbortend SeSimng fanalre device
t iy, ﬁﬁgédiﬁé@_ sdifdtmieRnGn 19 pdrfoBmsi UK e hand® MycBRE on the
when t e\/\mght of striking 5 hamrer 92 (fig. 2C) Ts
edjgrapter of shoskwayeygmide heare tbn(iss RE0 lendyen theanibdreby acting, to

ice. 4. i.me e ' n . rfor . 0
Y BB s B SR Bl TP O nSRLSn B, SR RhinE e
ittt ieashetatipg rédugremeb)s. and, on the ot her, by acting,
to. the maxi mum possi bl e extent, on the |length of

t Wiherytheigas gresue indneprd duak SR §fig.d) is ket ban nominal, the second
SBSEA B PR, H YRS S5Rns e S 30 of
seecamidchapsier Boatalde spankndl pdnepatel dstofarsikbdre r3gt ofpths themd of
R SR o U3 AT HREE S THECP pore bepRes TEFeTpre sply
haad 1hd 30115 PhstREYaeP, Béreby E&hbre!@ﬁ%’ 511‘3? RAMEadd sgxgﬂ%? and

on bore bottom and, therefore, supp val ve head
irclepsinh 8 grmcllow titver gy méwosprisieny; Whes gas plekduraineskcond

sSpri 3 s rel easi the gas fl from gas .
el 393, 0 £ Bl e, 0 i 255 s e BB Sompessine

Hecdrid 1elicdiCEpripg 4 AgtillPwikgadsnialvel Hieall 321 hidwi3 bAsk tdrest against

pushed in, thereby conpressing second helical sprin

- 4he genond seqling, dexicood] the fine 41329 wadas she aetion ¢f firgk ealibrated

[ [ €x4. :
JBRRESS, vHINE BERONOWAF RO SoREk G Re bpifom bf bt PIREs4;
whbwld tehaotéd 8t sl dasleapaaicoiRtafcididbatid tyipee tHeadxpamdedf gas is
fi tstﬁore 4; it 20 should be noted that, as.gas .
e‘%?ﬁf’;ﬁ Yh DIG - IGERDEIEHTE yﬁ%,m q‘?@“&)@ﬁﬁ%e@l GLCASE of its

t I gnt : [ '
AL, LR SRS S8 o f S ) 8, o

- anpdiprésomg| seqxaaikeatibratainspoing f4il restil pipesobly3$mes o ebytact with

[ d.cal j brat ed [ il, Lt
TOTRY 575 0706 N tniede vt seond ety i 18 g i 240, oves
dag® thidl Qabesd hif FroseaRRy it Ghirdthdnitied 43 hBd pishek blek eddnd
flows 25 into third duct 42 and, fromthere, into

tsteR 42 Againd stopPdnae seokieTedt oftbird sharobrt 43, unless second piston
is already in contact; the third sealing device of the second type 58 is then located

inside third chamber 43, which allows gas flow into fourth duct 56, then into fifth

. duct 62, to reach fourth chamber 64 which then charges itself with high pressure

- 30

gas, at a pressure, for example, comprised between fifieen and thirty bar; valve

head 67 is now pressed onto the first sealing device of the third type 74, by first

- helical spring 73, on the one hand, and by high gas pressure, on the other; when
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pi ston 45 agai nst stop on rear section 44 of third
chanber 43, unless second piston is already in
cHRZAUOG e third seal i ng2device of the sECHRIOUPHE08
58 is then |ocated inside third chanmber 43, which
allows gas flowinto fourth duct 56, then into fifth
duct 62, to reach fourth chanber 64 which then charges

itself with high pressure 30 gas, at a pressure, for

encamphlepresomp s sechdkimdeurtf changlmm @&l dhe Ishodkwavargeneration
val ve . hea { 1S n8m1p$Es ed onto the first sealin ¢
(RyICE isoreay 4O wprralion, pehopkways Beneration heips Ay Sprrthe ©
T@ng&inleviies 10{%. henghd ARL®YwhicH g)uﬂﬂ.% iRTR§SHsBer ) with@, in
ot her; when 2004/ 0780-18 - 1 PCT/ FR2004/ 000205

nigrm, rrashgsr kack seeoridspisieacte inte (hifd gharhberiidaised ®@afrol ted 54

SHBSUB BB 3! B oS5 ) ol ) 05k B0 o

| uend %e(ffﬁ;ﬂgeneﬁﬁte_aﬁﬂtof foirth 2Rkt 61l HAKBFT this fduétSéo that
pusher 49 ich, in_ turn, pushes back second piston

aiguythchamber o ihiselstad rom the digly prassire 2ol seppls then.eas first

- BeroP LR hbethéy B AT 08 SO0 tork Pl foneiacs

fiater sehordlibdre 58 uatibit ipusis Sn dief fréehdmdl TWusftsessnd fidher 76, which,
fourth chanmber 64 is_ i sol gged fromthe_high_ pressure

oGy, §Byses sepEgtionaef yalyg head 64 from sy figsh Sealing deyige pd the
PSSRt T and BSmpreSort B8 theorif nARAE §;?Hnlg't’ f%&éﬁ géeni ffllow into

penetTates into second bore 59 unti the
faixgh dentd?S57andointcs B wblarlog Hi8r anid6yioleinti pyushé® baak third piston 94

caus S rati.on, .of val.v ead 67 fromthe fir

SR TR RE0R 20 il 8 il B piSoral mestiomp daty ore 83,
ahrdub® the dction RElsédont heREA! RErinB396,%a8kihd BRmiHeP VS id thef driven
sixth duct 75 and into fifth chanber 72 and vi ol entl

idrehssnead Rn@rﬁixthlc‘»bmgb@rni%@ztherm gompressing] s¢dogd h_zlfds)ai spring
18, SR PRl 313 BUESRRA 03 (BESLS WP oL e

Aevica tIOR kwhigh lpeneretes 9 2hoskvidve wiieh stRBestiveBt propaiates peeld in
er. 84, thereby conpressing second

i.nto, sixth _ : .
Ih‘g'ie?fe%; é%«eq"ﬂécﬁrfbw, thenqinkg firsk ishepkmaxe tramster deviees109, and is

- Shéd KSnehidkl Vt\%%ar( fdclon HRsa0H sﬂdcﬁw&%@gﬂ&hl?e@% e1i52%€ further

devi ce 102, i ch generates a shoc
guepagstsiitselfyn sghookhwaat madé toslel 18 aind to thetobjdeamebedtisinegrated.

Aot b i SR BOCet Baimptatian ogs o5 i

SHRANRA MRS alE Atk ddkObdotns 167 éoBfe B PELRRERINES6 of sixth
itself in shpckvvaveﬁqw de rod 118 'and to the object to
whagber $t arg i avgcuated toethd cutsider dvaighatheekvalse 88 (ifomypand

itﬂro];l%lfl tsgvc?pngl:] guc? %g: g%gﬁgps{l?es (i)\?lo'l'gst[‘égl‘gl: ég? :tjlfsilbd %@gﬁg %lﬁl/i),(e of

uncovere edin

9B sewdnd 85po 58 hesbiies ekpantiflly Suab sl atfiophatid ptashiré;Osecond

Qut si de through check valve 88 (if_a

Hz?ﬁsad gRriag Pérhen githes dack strking: hasamere9y @g%)sltifadggimoaf% into
Uit bbie" 85;SARL mBBcA YPHAE AT pushes back discharge valve 65 into the
bottom of rear section 63 (fig. 1B and fig. 2B) of fourth chamber 64 and restores
initial sealing by means of the first sealing device of the third type 74 when
second pusher 76 can assume its initial position again by release of the action on
‘hinged lever 51, which permits the displacement of second piston 45 towards the

rear sections 44 of third chamber 43, under the effect of high gas pressure in third -
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- niyhichAnigates the previonsty desc

25 the second type 58 becones essentially equal to
atnospheric pressure; second helical spring .96 then
PWORE/TBEK stri ki ng hammeB-92 and third pPGHERZ0E400208
into fifth bore 83; first helical spring 73 pushes
back di scharge valve 65 into the bottom of rear
section 63 (fig. 1B and fig. 2B) -of fourth chanber 64

~and restores initial sealing by neans of the first

Sétialribag 48 £the Cdisplicetriefit idtiodl of ¥End Hisbrens IBusee denthotion of
pusher 76_can assune its initjal position again

b
- emizal eoch 54 (Rl the s Seing etige & [y comd typiyH3ceFcapes from
PR it S HEPRASGIBAL s Bply G 18R Bhahtlh 640 tic BEHR drop

efnfthirtl chdmbergl igitiatep thespressare drop i thitd\Afd 28@hd @vei031:8:1d-30,
13. . PCT/.FR2Q04/ 0Q0208 chag§§%ﬁ43; t he di spl acenent

SURPly (%ot i on of
c Sémbdinbntt ' 4 b 49f(fikheB) i
sgggﬁgh?ﬁggdégnesca%gggfP%ﬁ?ﬁggﬁﬁgﬁhg%é%%%g, wh#gg. ) is
alnterommgetsd saitheloptside Byoa sedond helitivated discharpe vedve $2Lrie order
dﬁﬂf kin thlﬁd chanber 43 Ln%tiaggg thﬁm ressure dro
i 10 4014 3 PassiPle QUSRIFSIIGR pssggiaig yvithas reheafipg tter ckpangion, or
t Qﬁeaﬁég%\ét QHRE )h_eﬂc%@ (ﬁ .QQX) Gad aﬁth@ﬂiryt s@Mﬁngievio@ ofiithe first t3ype
|T?roved enbodi nent of the invention, third chanber 4
(19-.9. 2B) is interconnected to the outside by a
S?&rprggergrﬁle 'g)%[‘;&tsgsg tlgeI Sl &b }Ql%ld){ﬁuc]agg' ocg{;/a&{ gﬁ{eratlloﬁ device
avoi d a possibl'é” over pressure associ ated w gas
r eligehdeig foaf disihtegabion SIfOMina®y stohed padsagres at fovfth ehatbead 64

32 (fig.. 1A) and at the first sealing deyice of the

f Whete Yajyae lameg@?blﬁs9m€$@rW@%Wé§fe%%§lc centimetres,
sLQLif; w&gqﬁﬁﬁ& @%{f é;t?fn tion device |
inteﬁggg; or i3|n§%3?§?%6 g?&ﬁﬁgﬁ rygétones

pbsaemyweveal drohrdimenttefrihe nvertionypand forapplications other than that
preferably conprised, between .one and three cubic .
cEPite & a§t°6\%|4°s‘£§°t’é’n_stl¥ ki TECSMIS, BErYe RICgHEve
OfhoeRwavciRaifl; F5Bthislpurpshe 2PetivER BHMEsH RVGOH dRMrstYfushdiel9, a
invention, and for ‘applications ofther than that o
conscensive nghogkwaer Yriggeoing dbwirer iscinsented; j thisj Figgedes sigvige is
t rat e _successjve shaockwave.trains; for .thi
B0 B GRHERRR T d8ier e 0 S YRGS O enabl & geveral
asuctessive Shbokavavhe T enaenpld, lif) @ Biriber AIRVAt@epacs predseihidd by
this triggering device is activated by operation qof

| ipegssiye operafians of firskpusher 4% wythout rparsingdhe mlipging|of hinged
SHicGessi ve shockwaves, for exanple, in a nunber and at

a pace predeterm ned by successive operations of

first pusher.49, without requiring the rel easing of

hi nged |ever 51. WD 2004/0780-18 -14
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CLAI M5 PCT/ FR2004/ 000208 1 - A singl e-bl ow nechani cal
shockwave generation device (1) using striking neans
(WP,20ek07¢®18 i nt o noti on byldgasses, and st rFI/ERGO0449P0208
hi gh speed, generation 5 neans which generate a
shockwave (3) which is transmtted, via shockwave
transfer neans (4), to an object ‘to be disintegrated,

Wi th which said shockwave transfer neans (4) are in

direct or indirect contacCLAINS acterised in that
striking neans (2) are driven into notion thanks to
t he expansion of a high pressure gas introduced,

i_on t ati .
°Loh KR SARSHIRISIEAN | Gt BTl o0
| meéape2iladrivegdatosthoti@s by @hssm; dmd striking, mtg]ligh speed,sgeneration
M ORI MR ST -
4Bansh m%glg (dfto %Q)objécb?o géﬁlsﬂté’ér%d' WitA GAHER lszﬁ@i 'sHt'Sbkwave

means eing released by manual operation of
comisfa| memmar(4) £18)mwhirecthor diredt| opptactwhasctgrissdt mgh@t Strlklng

B F"FRitiTEAtoy Hanes i B€ CBiroigh gl ek Dbl gas

enBadsdedn pABARS choh) siUtkivafe PRAIUGANE infN dcdﬂtﬁd[htlon means (5)
accunul ati on neans (5), on the ot her: then, secondl Y,

esabied imbigh prmsmecmrﬁﬁnc mdramndbett sescsioras €@rindse very high

R RlRafh B nRERS (g syBblR il 8 250 B, s
b§2)tdnd sea[lﬁig&ﬁé@s QIQ @7§4@,}60@00um,l|8&) ehk g)stored hﬁﬁUcm&hlatlon
ener gy _accumnul ati on neans (73,. 20 96), durin

shewiaay Beipg sdeased by rr@yeqﬂé)pewﬁeﬁ ok sonteql gpeqns &) l?h dirstly,
Cﬁ’lggés {%?1& %ﬁg& aogeafﬁ?fﬁéaﬁszgef 82%@ RtefcBfnthidafEn BEMEen

gas pr SsS has remal ned 4t the expansi on
nindeysen(i@t gas stotds€6 candr gas papatisiog ryeems $Dpmpl the vpabad( 2%] with

30, 42 2 A dgvice as, describe nclamil
CSEeRRlaton, Ber Ot SR e ety et psectndly i etplishes

1 Hlte"i‘c&ﬁﬁ‘lﬁﬁi‘éﬁtl(ﬂlaﬁeﬁfeeﬁ %cﬂﬁﬁﬁﬁéﬂ %ah@'{?ﬁ%ﬁ& léﬁﬂﬂﬁ@ Gneans (2),

pressure, and 25 chem cally arable with it

| whenafetetwracto inbitahicanditipn @ﬁwthe ptrécs@ rieaasd (3)ais Wﬁd‘l ey the

es up an i.ndepgnden ore
ol PR AR B uRREP R BB R b Crcotilbfiloh osons 3,
g%)?ﬂﬁﬁﬁg()ﬂhe dRodk@Rvé PlodvttioricyRld) virteds YWinghto initibr cndiioa of
pressure-relief valve making up an expansion neans,

T eantfob snoane(§) s ensurshby, Breyhish gas preasisy Waiohdias sepaingdhat the

T L s T s

- gas Mduvmemsrdeammd 10 Plaimrbkelnagactised) in Hoe iengesnised @sn be

store , whic is directly integrated to the
s?%%@méa 5 rPeResti 8381 2 A g?f@?%ff“i“bfh aa@wree% and

3 Z%ﬂ{lgﬂﬁ@c&ﬁpﬁaﬂé with its intended use, obtained from a pressurized gas

cylinder which makes up an independent gas store, which is connected to the
single-blow mechanical shockwave generation device (1) via a pipe and which,
through a pressure-relief valve making up an expansion means, reduces the gas
from very high pressure to operating pressure.

3 — A device as described in claims 1 and 2, characterised in that the gas used is
stored in gas micro-container (9), making up an independent gas store (6}, which

is directly integrated to the single-blow mechanical shockwave generation device
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15 439)-

PCT/ FR2004/ 000208 (1), by neans of a cradle (15),
conprised of two half cradles, nanely a front half-
cMEFOU/BI8 f eat uring a borom section equPPHERR004009208,
calibrated receptacle (18) conprising a perforation
device (20) and a rear half cradle (21) conprised of a
hol di ng device 22, sliding the perforation device

.(20), and intercomrunicating via 5 a. first duct (26)

w(I)tbyameanstof grcm@@(léxmnmed oftwiocmlf @Zc)lesmlamnb' wfyonat half-

R YR R3e CTRPm ekpiot sapiphd ik 5 Ao gttty 19

e a PeMbiGHon aeﬁ@@m())s@@ld aofeaﬂ hblif lcpddié tﬁW@ﬁlpﬁEe%) ofa

into which the first duct  (26) |eads, and from which
blqlding dgvise %rﬂhdmgébe p@’ﬁ)ranorrdqmqedao)a andhinjescashanicgtBe) via

1 the he 32 aLd ve ,shank
bée)lf%tJ o‘%a‘?éﬁ (HY et% Sé‘ 18? e(%) bé“%%‘é%é‘& a gas
béxpandiyn mehns (7). cal i brat ed spring (33), whereas the
free end of valve shank (31) is actuated by a first

cY i mderisaes gescribpd pnslpimg | @rd 3 charaeterisedp that dhe integrated
|

E4BioN ABled RdqmOI NS AP chdehBir B8PS i) 81861 huce

s@6pledds; ahd Froat whick peginga 6ekbhd uiaac(3 ek nawhb ichhevalveshank (31)
t 15 5 - A, ' a

CoEes Roclioght 26A4 (2. Sid Sl Siale e P focais i e it pmiber

CQ?:? lid ﬁ@ﬂe@faacﬂk Yyt fide EhdeRed s%rg'l)é)(%ﬁme% gﬂ fibele H 5 valve

fromsecond duct ( [ €ads, an
s%?@@hﬁilﬁus ta@tnat@d@)' asfiist eplindrmalipistondAd) whs:hmts(aka)usher for

fi h al d t
BTHESIRR 31’ e BESE Firs i Spn LR ey bR Co)
O‘fvhﬁh Bt @@ﬁmﬁe \fﬁf a de2dnd caMbRAtERSHrERIANFudel o5 Qg)uélﬂﬁ Yor piston
featuring a control rod (54) with an open end (55),

freely passing through fourth duct (56)

OBl 2 404 Ml AR

- o) & danfyirisediuf tHifiPgharmben (13 dnto itk @ titdduct (1421) ffonbgecond

20

25

30

d hed
chiahs 05 Tk e udiea sesord Piners 453 MBI diors pison (45
SReRgRd J P gﬁﬁfép P@s )ORKieh aRGWs (%:Jﬁ_ﬁ %Aﬁﬁgsc? bé Pudelllin Hth Rhird

the bottom ( al d bore. I ce as

.déﬁmbﬂlbé’tB)J bydheamsoﬂadndgeﬁ, layha (20 evhesaasl secondhpistoan(45)

i t conpr rth
HREh: 3 ool FREE Rl bR 9RO RRA T5E) Shd FseD Pasgng through
i fogHh duag(sa deﬁﬁﬁb‘iﬁgﬁ tmai y@hﬁg 51)3v1e@69ﬁ1ess%eo&f tyﬁe (58) which
tubul ar_val ve body 30 naki ? a sixth

(Vhapks @Eﬂxﬁeﬁomﬂaéu@t é) |W%m pba @ﬁudt(c?)(@nteaémg antoefomth

- FEEH eGSR S TR ) S ERD 5 i e SRRk pngrees

(the' )‘frel’mnd] (35) wehicle| enpapediiaoksecémd oré (3B tthdietdnea!to abut onto
Stﬁé i}gtgong zég 1)) of said bore.

6 — A device as described in claims 1 and 5, characterised in that an accumulation
means (5) is comprised of a fourth chamber (64) into which leads the fifth duct
(62) including a discharge valve (65) comprised of a tubular valve body (66),
making up a sixth duct (75), as well as a hollow valve head (7) and a valve body
base (68) which slides in a third bore (69), leading into a fifth chamber (72),
whereas valve head (67) maintains sealing thanks to a first helical spring (73)
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WD 2004/ 0780-18 - 16 PCT/ FR2004/ 000208 whi ch makes up
a nechani cal energy accunul ati on neans, and val ve head
(WP20048HI8 si ng a second Busher (76) wi t hPGI/ER2EQ4/080288
(77) which slides in a fourth bore (79) and | eads
into the bottom section of second bore (59), the free
end (77) of second pusher (76) being pushed back by

.the free end (55) of control rod (54) 5 when abutting

owhxﬁhtﬂmcgb m}()taameélﬁhjcal e:m;‘gy 3&1&&3&{0@ memissand Vdiye head (67)
us |n ack t al.ve a 67 CQ S|n
Ffnpr %?ﬁ?nfgﬂﬁhﬁb&@)i?}tﬁé‘rf&’(ereé‘%iéii)l %fmﬁ@ bore

{Z9§ bXd heaay mto &ﬂéim&ﬂ %ﬁ&mﬁadnfgggé@%gry 'ﬂ%%aﬁign%ee | ol e{ﬁg of
d@so,md pmllet [E) rhclrfg awhea‘) badhby alt &ee sadl (55 dfhantral rod (54)

Ve S rﬁ e oy (L) dhe e pusiey CORpRsting Back
| VIS B 8ﬁve§s!ihgaﬂ{el fitsh nBIa® shiRg (THaslaNRIdahg the
a sixth c anber

9 nprising a deconpression zone

(%}nngl @&mth Juet(i/6), sﬂimhv wheaedyemugigating fourth chirhles (64) with
$ﬁg st one seventh duct (87) opening to the

a nDsp |ther directly or via a check valve

(B8)A deviey sadestritRdlditl 1hodes, CBFhciaeded i hal W isHKi ezir@ is
drive, deV| ce for a striking hanmer (92%( rrgrl se

HeomRsised g8 fifthahpmber (72) injo Yhich B¢ so0h) le@m,ev@é wlnch
3 t,h d

A P 4 B5PS Fl Ss
neniaisingah denmngxy:smc aond &835)p teadingainso smtleszhmﬁlgero(IM) from
DTS 4 S8 I, b, ) Bk 4 et
acﬁrééﬁ%wvbﬁg ch&kCYaNdTERS)), @hkeds the HRIAGSE f(s§)e£&3§ 5 glhaé and

a shockwave gener atl on neans ( IS conprise

shvvsidraice fgemﬂ:nhmgdlammﬂré%)mmmm afa hagmmeg bodyc(%lj ianigird

JaghR BRSPS G bty O el DR Bidfafro end

chempearseésnd)helica sgrlﬁg @f? hakife (f h)mechaficBahetdieccumulation
i nterface device bod %ﬂfea ures a strike anvil

(Im%lf pESSsing @nt hmgmbgdm( 28 prsiee t¢ guaintaip thirdapistone(94)

G n sixth chanber (84), and a first
év\glsi)élflf%alﬁ;srggsj)dew ce (109) wth a free end (119)

pﬂassA dgvice ae dgivribed év ehifiths lbam‘dé}' (cBactetibahin that a shockwave
[ nterconnectsé he seventh g'tbp [( to an ei ghth chamber
(EFBgIpLion imeans SIS amnrseq of Weve peneration ipterigye gevice

t('l‘@Z)f ihERling MAGKIRYS &éxﬁé@l{oggr(g%'c\gﬁ((‘li %%% )(1)1? a\g‘&'re‘ﬁﬁl dBmber

kept  in contact wth t
SAOxikasenuhideed e s3D cl@am&)' ($4) vam 4 bixthobdve (9 lo,alvhereas the

SPEAR B ol OIS, R T 08 RS
bore (91), with a free end (106) located in sixth chamber (84), and a first
shockwave transfer device (109) with a free end (119) passing through a seventh
bore (99) which interconnects the seventh chamber to an eighth chamber (101),
inside which is located the free end (119) of the first shockwave transfer device
(109), which is kept in contact with the rear face (116) of a shockwave guide head
(115) by a third helical spring (110).

. 9.— A device as described in claims 1 and 8, characterised in that a shockwave

transfer means (4) is comprised of a second shockwave guide device (114),
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transfer neans (4) is conprised of a second shockwave
gui de device (114), WO 2004/0780-18 - 17
PED/2B8U8118000208 conpri seld-of the shoc kwaR@/RRIDEE00208
head (115) located in eighth chanber (101), extended
by a shockwave gui de rod (118) which passes through an
ei ghth bore (113) acting as guide for the shockwave

~guide head (115) and opening to the outside. 5 10 ---

Acaieprise@ ofishelsiickivhadghie Gbad (1 5¥ locAtedddnteighth chamber (101),
characterised in that the i.nj ected under high

opaensid byt pislyiave widel torh 01 18) JEhch pessas freughyan fighth bore

bgqé)gﬁékég%gmgypls &%ﬁ%€~&$gﬂ?§ﬁw&ﬁgep esséﬁMEﬂbqﬁ

t btside.chanber (43), it releases the third sealing

deV| ce of the _second tyggﬂ(SS) fromthe fourth duct
Vigs 3y forEbechin ghamg d. fow ehasactarised dn fthatithe gas

d
Ul By BB 00 S 8 )
nihem tisfonthird e;:hhmbg (43arakd, pushirgebgmkeths eeoreixpisons@d) Myit is

t t .h I 73 d d '
eSPRre iy e inadBe B0 e she Gl e s o the
PeecRSRdfyPe i( 58) FFHR MRH dufth tdet (fs@y cle BReWRethe (B¢ 1o f15RW8nto the
si ngl e- bl ow nmechani cal shockwave lg;ieneratl on devi ce

(iiiith Huet{§2X md¢reted>;aarfgg rth@fs@rd;tqh@m er1@®4) with highiprgbssee gas,

C Ia| har act eri sed
AR el T iR i it 05 RSl Safha by he
ofiet atlicah seing(739.e6h HRvede hinl) andbghOheSSEs prosstfee on the
first pusher, (49), which pushes back the second plsto

(9#BgT uRHGnerHiSht Rkt Fsgbod Pty fawdh chamba {bfbithe siggle-
l(,lt?]ltévl)vl Iﬂ&t‘ﬁﬁécéﬂhﬁé L:%Eﬁé} nndetvb:% (g ﬂ%e{]ugg ﬁﬁfi‘% S/ tférég))aratmn.

third seall ng eV|ce Secon
( BI8Y Apdavideraatdescribed dn tllaans‘ hLﬁr toD, dhartictehsey id Ghanritk generation

bl anks i s duct of t hen rst us e 49) |
i %ﬁ%‘gﬂ‘feob%@swye & apeiafion of aged lewoies WE@ Rsposes in the

CRf 151% ﬁd) (wifidh PRRES btkShe éé%ﬂd ?ﬁ&ﬁWSPﬁE@m@ %%}d chamber

unt i cf in the free end second pusher
((#8) an thercebyolct@ds(ﬁﬁ)gmgwanatanalatlm inv thie third h@mbe@ €43) until

f 73
AR RS e & St BB e b B o
f arkdt mmﬂmnm,’fuc( aﬁ) theh he m@ﬂrsv p@dHRA(49) dotEMicl Jo BaPfesd& in,
t he thlrdgglston npressi ng the second heli cal

) ok gentrol éods@ﬂb Reneaten arte seamyl borre(39 s until jpushing
V\],Eethﬁtﬁre% ke?lda('??j bt gélcgﬁ Qlnek g?% %egégg/aga Si gvéeéﬁ'ga}t((;nog} valve

generates a s ERwav ucces
preap GAt @xl ddngeredsianndfofitshkelical eprfrac@3),dby gaethen dowing into

5k B0 A b S R Sk v

- gtHb qﬁrdlﬁ%n(@&ﬁ)coﬁ@re%ﬁg 'tﬁeysee&ﬁpﬂ%%%leﬁﬂr@?bé) b Eié@é&lkmg

he shockweve gui de Tod rtti’hg
dli]aé(ﬁ)S)t thei strikies ithet stgke ed] (105) of the interface dev1ce (102) which

generates a shockwave which successively propagates itself into the interface
device body (103), then through the first shockwave transfer device (109), and is
transmitted to the shockwave guide head (115) to finally propagate itself through
the shockwave guide rod (118) until hitting the object to be disintegrated.

12 —~ A device as described in claims 7, 10 and 11, characterised in that, at end of

travel of the third piston (94), the decompression zone (85) is gradually uncovered
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12 - A device as described in clainms 7, 10 and 11,
characterised in that, at end of travel of the third
pWE289/ 78138  t he deconpres$i-on zone (85) i BCTHRIMFPOIAPS
uncovered W 2004/0780-18 - 18 PCT/ FR2004/ 000208 and
the gas begins to escape into sixth chanber (84) and
is evacuated to the outside by seventh duct (87),

_whereas the pressure downstreamof the third sealing

dand the gis hegmsswcanapet inpe s{xBB charhban(@dngndfif evdvmated to the
f th duct 6),, b tiall |t .

e 15 Sl By TS Meherns il P desy o ghe third
(&@iuég akvice SABE sqUdRl qgtﬁqksf Manisngq)fff@m Qieor {586%‘?&?%103

third piston (94) penéetrates Int th bore
- esterdimlly equalsto rmosphbead prasswrt aindshel §:cpod belical spring (96) can

U BT S MRS i e St
besik ($35. t he high gas pressure residing in the third

chanmber (43), the second pusher (76) being 10
r b} edsdeyiceasgiestribedin elaims) &0 ol 4 shgsiprises indhat as sobragscthe

PHPEE|eAZS R foliscd, 4 o0 R GBL 1Y Bsbe bast o Bieen
t fisnpresuen feitiing il thehiiddi gHanbee $43) ehedSRoh@ Puttee(76) being
charge the fourth chanber again, in_preparation

nb 64
fisteagase apd dhr diselmeoralyn 46 is)rgwwmepusw bagk e fhec Brst
glﬁeéfggli%ﬂédpggegj ?}181[2%{59{ ﬁéy&frg u‘ﬁfngl Qa%hﬁ%?hﬁoﬁrﬂ{ gu&?(56) being

at the gas us I S car bonitc ‘gas
sthen edlcasadeand \the highipyésspreesas wae theatchamge the Gemthychatnber, (64)

the.high pressuge in the fourth cha r (64) being to
$EBity DR K She Progiction of pgothat ShOgE Gl uns. of ¢ he

, ] chRadiBiR8 in
cubic centinetres, and the weight of the striking
hihatibe ga9 2yed is carboniregasr slened ainderevery dighnprere, at ca. seventy
bar, the high pressure in the fourth chamber (64) being to the order of fifteen to
thirty bar, the volume of the fourth chamber (64) being to the order of one to three
cubic centimetres, and the weight of the striking hammer (92) is to the order of ten

grams. .




