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22 March 2007 1 A perforation gun system havi ng2 March 2007
self-closing penetration holes The invention relates

to a perforation gun in accordance wth the preanbles

of clainms 1 and 3. 5 A perforafion guns are used in

deep bore hole blasting in the oil and natural-gas
industries to tie the bore hole to the storage

hori zon. [ |on un consists_of _an_outer. gun

barrel , $§%g§ e Sditos %?Vﬁﬂﬁcﬁeiﬁé?%g%}ﬁg
perforators - 10 usualmFﬂaﬂﬁatﬂqM'hmIQthile char ges
- that shoot radially outwards through the gun barre
in the case of ignition. Penetration holes renmain in

t hpegunvRathieh &%ﬂ%&e%thSEO erfb&a@ﬁ@%rgh% ignbEecthA8nce
perfg %gors thg@g g i ead |n hr dugh the gun
b8 LPRaPTEFTSEES RE FePEBPatorE t§ ‘15 ignite in the
case of ignition. In the case of this nethod a probl em

i & peefemtédoby gunesidealispidetasdasg boagnhpnle blabbéng in

0 0 a t c S 1t erjior _o
e T R
tﬁP@u@hOFﬁgepéﬁéﬂﬁQﬂlon hol es 20 after the shot In

order to avoid this "debris" (fragnments of the
pﬁrﬁ@fﬂb@éﬁlonlQuM[b@Qéﬂ§t§7éf'5n'§ut@EogQﬁega£P§1; in

order to . clo Eenetratlon holes ependent | a
sPFEFRGSE ubB, t&ﬁl&ﬂ BAhCheCHi ept gk ebil e6ﬁt§F@ep?ﬁ%°@%ﬁ°rS -
basn&llpnhbhbomuberpmﬁécﬂilé hehgtile 25-banael shbst radially

d S dj ust a ement af .
I%§€¥§%§% g%%ﬁg ertg? ?ﬁ%a%%ne *a?? %ﬁﬁo 28 vhrt ¥%%t1°n‘
sheret Tt sos yko bas hasnai s atvattaggsn i bahoel zafitat {os eshot.
hol es, since here the sliding tube rests on the

"ERSbP%er to ignite the perforators there is a fuse leading
through the gun barrel that causes the perforators to

ignite in the case of ignition.

In the case of this method a problem is presented by
residual pieces and fragments of the perforators and of
the components in the interior of the gun barrel that can
fall into the bore hole through the penetration holes
after the shot. In order to avoid this "debris"
(fragments of the perforators), in WO 00/49 271 it is
proposed that, in order to close the penetration holes
independently, a sliding tube, which can be displaced
outside the gun barrel on the outer wall of the gun
barrel, be displaced by means of an adjusting arrangement
by at least the diameter of the penetration hole after the
shot. This system has disadvantages in horizontal bore
holes, since here the sliding tube rests on the "casing
inner wall”™ and as a result displacement of the sliding
tube is rendered difficult. What is meant by the term
casing is the outermost tube that is introduced into the

bore hole and into which the perforation gun is inserted.
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inner wall" and as a result displacenent of the22MarchZ2007
sliding 30 tube is rendered difficult. What is neant
by the term casing is the ougernost tube that is
i ntroduced into the bore hole and into mhich the
perforation gun is inserted. --------- ----

ect, of, .exa

WS hrpeRtyife 9§aecgr8§e%?gwﬁ€%n?wsﬁdﬁ@e?§3 1 50% .

peetendt lomegtnonnisuth impwayet hapewfohasiopl guandn such
GeLgDkARERREN OB IRCENA! reli AQTBNSA AU L LDA-0UD:
barr Into the bor eis avol d n accordance
WrENTGhE sagpécPiofhehegupr basreli avbat tba, Porpehelesis
Broviqdad a perforation gun having an outer gun
barrel, arranged in the interior of which there are
rs that

f be i i d.b f f }
RBLalREa5heR, Bugfi RS aBRCEh: P6I LaRdbFreRti BATERGhon:

phemeeishergquedaarpérabrpemenrgUhohahbhgsanmheterngun
EﬁégélafSrEgﬂgkgggn ﬁé tHEc QYL QTBE| &hgg§39§§r8fa£96

penetr ation aracterised in e nmeans
perferatagcofiftccanobar &9nébaprbEevwedr fi dgeesai thading

ﬁw@bhghlehbmguﬁOHagﬁsmtaﬁeaat&éramgnihﬁéﬁ §8E+EEJERS gun
arrel_ and, can be broken u

re a ranged in
E&rﬁsine oPePﬁEr?bh?geg fﬁée VHSTSLRJELFES BFS vRTERLded
foamtapengesmatlcotlbbercastr tHgesenstieit Sonphahes,

netr n l e In one, enbodi nent a
thggéagpfsgg ?ﬁaﬁgég %E%tm§%ngacﬁr ep%? ra1t:1c c}osure
a@mpmlaﬁc eantrhdg@ot Wethagpeee l bibldetpresemponent foam

hAverhEQB, cEP@Efd@ésp£9¥'Qfgaﬂggﬁriﬁrﬁﬁé0@u&“@aP§¥ln&nd
an outer gun barfel, arranged’in the interior of
GARchet RepBen up by means of the 1gnlted fuse, as a result

of which foam emerges out of the cartridges, swells up and

blocks the penetration holes.

In one embodiment a cartridge is arranged next to each

perforator.

In accordance with another aspect of the present
invention, there is provided a perforation gun having an
outer gun barrel, arranged in the interior of which there
are perforateors that can be ignited by way of a fuse
leading through the gun barrel and after ignition pierce
the gun barrel at penetration holes, wherein means are
provided for automatically closing the penetration holes,

and these means comprise a sliding tube which can be
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are perforators that can be ignited by way of a2% ligech 2007
25 |l eadi ng through the gun barrel and after ignition
pierce the gun barrel at pegg{ration hol es, wherein
nmeans are provided for automatically closing the
penetration holes, and these neans conprise a sliding
t.ube mhl h,can be 22 March 200 2a_di s b

ST a8 Mg 8ot Bg et By Caps| ASRROPREN ) ierbr o5t
¢thet Héapenetr afi shehpkeecafreeionhbolpeaéteat £ba,
%@%%%%%%&bﬁedchQrEB%ErEB%gSEhdkHSttHgs E§1d§55aegsg is
¢oaxi al |y bétween the orators an
BéFﬁéHedA§oaX#é§&Vtbeéﬁé?@eﬁb@ Bﬁffﬁﬁgh@ﬁﬁsaBGttBP gHe
gurrbarrel into the bore hole is avoided with sinple

and reliable neans. In the case of hori zontal bore

al es ich the outer n_the, casing

Aing: Toantt uilsrdgangnptof Y aanehES Prfi RG EhBospE barrel

possi bhe bnre he&eabbeamaydeﬁnwuhh eivbptienend, reheable

%aﬁbng &Hbehbscébéegf' okig n f%bgg gS%%L'OEnthw@M the
a securing el enent that S 0 breaks

apter wgﬁ#treﬁtéfO@héhﬁu§ésana éﬁaﬁrega%he dlsplacement of

dhepkacamBpt tabet he pbkdipdet hea FBEiaW]HSHARY
arrangenent can be a tenS|oned sprlng or a

r ech C ele hat . can ignited_b ans.
P ehe " PibaaTnaiEnc thiosafRong cifle 1F 1 ar ket ahoife
stasédngnpbhetsodebytWayhofhaisetsrimgbeldmeptathdtand
is open on the other side, as a result of which the

sliding tube is fornmed |ike a plunger that can be
di spl aced by nmeans of the pressure
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10 building up as a result of the ignition of tH&éMarch2007
perforators. In order to fix the sliding tube after

the displacenent, it is prop%sed that the sliding

tube have a wall thickness at permts radial

expansion as a result of the pressure 15 that has

uilt up in the gun barrel after the ignition_of the
Dot &5k O, ther &¥GEd Dt SR 1ERe the

sliisgh g efmetner ajﬁjttrreeslglamkn_;altlueie there is a fluid.
This fluid can be used to control the timng of the

I: i din 0

LSS e 9 20 Lo sprigs o <
d@ﬁqaqeqhmHQuehamqnimhh§umqﬂ@ bﬁel@mdt@ﬁ buumeamgupésthe
Figer.e 1 shows a gun barrel 1 of a perforation gun for

use in the oi | and natural -gas industries for tying a

25 h to the tor e .hori zon. un barre|l 1 .
3 BB PGt g PO s ERe 4h 2 Beedonn the side
¢@nm®atmr1ar1ss¢m bb8dlépﬂangddamd tike cpehebnorthef other

gun barel, %eshgetr%f' %\%ﬁc%' e ”?&Pé‘i‘?ﬁﬁs t%g Ege%gkﬂeé like

char §e “carrier
Se®drager| fhefe Cﬁmg@ﬁesilselsﬁe@nbyt hesasperf @hat pESsgore

%ﬁ%l@@h@oﬂbcﬁ%rge%eshﬁtob@eﬁhetQgh@@hb% bhesge _
Eerforators 10, a fuse 11 is guided to the respective

&ﬁlPFéﬁoﬁﬁlnts of the perforators 10. The fuse 11 is
gui ded t hrough the connectors or seals 18 into the
Int erdetr ab the paefelatiag gube Bithhrthe26@§pléc§hent

LNSE PUBBAQL S 0G5 LG 1 UDR .4 | 8ok 958 d ot aone Fdkneos
or exanpre nmeans o g E nex he
ShatheeemﬁsSarséaaﬂrﬁgpehementaa aheeeuétshéathagppeasure

that has built up in the gun barrel after the ignition of

the perforators.

Advantageously, arranged befween the sliding tube and the
gun barrel there is a fluid. This fluid can be used to
control the timing of the radial expansion of the sliding
tube.

- An embodiment of the invention is explained in greater

detail in the following with the aid of four figures.

Figure 1 shows a gun barrel 1 of a perforation gun for use
in the o0il and natural-gas industries for tying a bore
hole to the storage horizon. The gun barrel 1 is closed
at its two ends by means of a respective connector or

seal 18, Arranged in the interior of the gun barrel 1
there is a sliding tube 4 and therein a charge carrier 9,
to which perforators 10 are secured. In the figures
shown, these perforators 10 are hollow charges. In order
to ignite these perforators 10, a fuse 11 is guided to the
respeétive ignition points of the perforators 10. The
fuse 11 is guided through the connectors or seals 18 into

the interior of the perforation gun.
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secures the sliding tube 4 before the shot in sé&Mageh 2007
way 5 that the sliding tube 4 cannot be displaced in
the gun barrel 1 in the |ongigudinal direction.
Predet erm ned breaking points 3 can be introduced into
the gun barrel 1, opposite the perforators 10, so
t n 0 rf raLors t

ol Fodr Char S0002t Fame 12 ¢ it thaPma. (SeslPradratapne end
c5ﬁrpﬁéa@Elﬁh@ngﬁanBaﬁfea ¢apnban Grhheadeest hanhbe. cap 5

Frauee ZSSBO§§c§rEH§a@@¥mQﬁEtUonhékgnhtQﬁeQ@EBﬁrﬁihonthat
irec r the ignitiaon. The fuse

.aﬁFP’éastE% ﬁiifibmt bree1d. PeherRoFhewsRAkr 4B SHFRafh way
othhtl tber shadgrglbupet 4 12ahhat bHer aespasceteisethéhgun

S u n arre The neta
h%égkﬁgsio$g ﬁ%gpg?ég%% %%%a Odlﬁ?gééﬁPrt up thereby
and formsplinter pieces and fragnments that forma

pBredehconined bredkiry . pFEiguse33cshobs dntuedweyd into the
uﬁ'@&rféP”lthg ?oéigéaﬁh@anHPorggogﬁrf@tlgoaﬁﬂ§{ after

e shot, W charge stream 1 I erced

sﬁ: %ilh‘éjmt%%n4°5ttlﬂfl"lep?)lélﬁ%’f?%‘f’?%nl@]o?%e 1204 ‘t?}h%r‘@ﬁm

bat r€hm 11 2t t i de p@mg rafida@nFi'@Jf«e 18y Aaprpsstés tha@sgun
qgllt fplln the | % $f the sliding tube 4. This
prEssur e act & UpBH YHESTT Iy Tube 4 in the direction

of 25 the securing elenent 7, since the sliding tube 4
iBiguxs el sloyws he @itdevaf pdmet:'ecm:wfirmg ehenmmatf&rdayion gun

e O e N St OO PR A Sl eedt che

RO QAW pofits S Framatmer grerdorean oir uml 1@o-charge

afdterid hﬁuaﬁdﬂ%omﬁéﬁ tad qﬁléﬁcéli e ﬂﬁ?ﬁuﬁ Sk th@nd the
sI|d| 2@?%_ éﬁhe sec ring el ement has been

fuirusvam% qfhetféﬁ iRfHP LAty 10
haase b&ﬁ:ﬁ'lnl_t dis pllsaeth e s idart asn tdisl adj ac ate eannacd or

(yréﬁﬁgnfggtﬁgi form a portion of the "debris".

Figure 3 shows a cutaway portion from the perforation gun
directly after the shot. The hollow-charge stream 12 has
pierced the sliding tube 4 at the penetration hole 14 and
the gun barrel 1 at the penetration hole 13. A pressure
has built up in the interior of the sliding tube 4. This
pressure acts upon the sliding tube 4 in the direction of
the securing element 7, since the sliding tube 4 is closed
on the side of the securing element 5 by means of a cap 5
and is open on the opposite side. "Debris" 17 has formed

in the interior.

Figure 4 shows a cutaway portion from the perforation gun

after the shot. As a result of the pressure in the

. 8liding tube 4, the securing element 7 has been sheared

off, as a result of which the sliding tube 4 has been
displaced as far as the adjacent connector or seal 18. As
a result, the remaining small portions or the debris 17

cannot leave the gun barrel 1. What is not shown is that.
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a result, the remaining small portions or the débMagh 2007
17 35 cannot | eave the gun barrel 1. Wat is not shown

is that - ----- R 22 March 2007 5 the

i nner tube 4 has becone inflated after the shot and

has thus become wedged with the gun barrel 1. The

[ nt | t cQn t m. that Qs h
petEorafRen HBpel "3rS Balbnd, TBATRErAch A8, EhRESHg Ene
wags Ehaﬁtb¢CPMe @hdﬂedndlthuthprguenbarrhé Tdebris"

17 fromenerging. Foamcartridges or, as described, a

Sbh@eanénEQéﬁrMhﬂ@caéﬂbighgaﬂfbﬁ Hé@ﬁaﬁ§sﬁ Eh@%uﬁﬁoses the
he case of the foamcartridg some

nmechani sm
pB?FgPEFB%gnlg %?eOFeB?HEEHaByo%aP?}?ﬂgéé %Pch% gun
twailtoppaneat thanshBy iAdnenns ptetvdets usl&elidtabatljs" 17
ignite h erforators_or_.charges 10, the cartri
O et TS ok So G Phe AR 58 et sieeERRCHT ofkal ice
the pehetyathe@lmahbmscas bghescd a$idi abosvreonachanism.

h S a o] a
wrohr S Ebe P Ecen fésﬁ Pl Pigesf Sohd Bctobgedrs 10
p%ﬁ%tF%E’]r%%e%d%é q%r %@9@% hel pleret Fee TormpeRerhefoam. By

I m@@m Uslf nigth yfu§é | i ngh&BCh@i 668 e ééﬁﬂéﬂ&féﬁé Yor
ar f& isS inserted into,the . p
F? %¥ he 1B%t$35?rh?%%|%%e%%ﬁﬁeqS %%% bya%% She foam

(sxeell:eftmar&ﬂs ek @l t18g . pdneteat ensitoriess Sp3i ng can
be 20 used for the nmovenent of the inner tube or

Sl,%?ﬁatﬂ%gdﬂ{g,s gl et Al4en 4 NBsoBoty Teona tube,

|ng poSi

viays bf Hl%efdlhﬁ ry @pmms ﬁmmacis e st ol,@@sibythehe
f&'ﬁﬁnét]er for @it rdi iSn BNAP 113 NOSOF S e}_‘y\&legl_]_ﬁc{etlon

Sé%f Iﬁﬁp beéﬁﬁ%ﬁﬁgz%%féf%;?&iﬂé%ﬁéﬂfqut !
transversely: rotary mechanism), is inserted into the gun.
In Figure 1, the path of displacement is marked by an X
(see reference numeral 8). A pre-tensioned spring can be
used for the movement of the inner tube or second tube or
sliding tube 4 after the shot. The sliding tube 4 is
fixed in the starting position by way of a secﬁring
element 7 which is destroyed by the fuse 11, for example.
Pins, snap rings or screws, for example, can be used as
the securing element 7. The destruction can also be
effected, for example, by way of a pyrotechnic element -
possibly even with a delay-action composition. The
internal pressure in the gun after the shot, caused by the
reaction products of the explosives in the perforators 10,
can also be used to move the slide mechanism or the slide
tube 5 (sic). If the slide tube 4 is closed on the side
to which it is to be moved and is kept open on the other
side, this sliding tube 4 can be moved like a plunger.
The internal pressure can only be relieved through the
perforation holes 14 and the leadthroughs 6 for the

fuse 11.  The time until the pressure has been completely
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effected, for exanple, by way of a pyrotechnic 2% daeht2007
- possibly even with a del ay-action conposition. The
internal pressure in the gun after the shot, caused by
the reaction products of the explosives in the
perforators 10, 30 can also be used to nove the slide
gmaor _t .slid tu . Ifot
CERRCReAt 8] shBE Sheth et HEsBrothnthn Fifnd ctie ¢ and
nmbred tndcigs&epbeopenebnathenohbees $Bdeldt hidt the same
S ng b k e
|E%g%natﬁg §%§u§géggﬁr%ﬁ¥§9%%érg ?e%%%&?ﬁéo % e 35
peRf bR B | bﬁlﬁ%l kgonyr Hay @%V%%@Wbu@ﬁsf@r%%om hguns by
fUﬁ@ ﬂ%rTTh 2ﬁk§ﬁe%ﬂ*%57tfﬁepéﬁﬁéﬂﬁﬁn@a§l$§ﬁﬁ t?b? 4 can
ete rc u s, sufficien
PP Y aSd YU RGE RO Be BtP L L ok FB° CPOCer 1 HabS or gun
peacte Bt 1l omndiotless 18anddt #lip hsaskane The meimée hef gasis
p a h t upe an
R o BTt SRt aL Ry e et el B v 8 e
"Gl @ vieg twgen Thize ekpyadi agd s¢mmmgﬂetl|be 4Gc%mse b€ ome
Wedoedhyé tdy 1 heféfm@iad{ﬁié Ofar N6 Q&S £PERLs %{E‘rpose
barrel 1 and thus cannot slip back. The time of this
expansi on can be controlled, for exanple, by way of a
fluid between the inner and outer wall. G ease or 10
silicone oil, for exanple, can be used for this
pur pose. 22 March 2007 7 Clains 1. A perforation gun
havi ng an outer gun barrel, arranged in the interior
of which there are perforators that can be ignited by
way of a fuse | eading through the 5 gun barrel and
after ignition pierce the gun barrel at
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penetration holes, wherein neans are provided fé¢Mafeh 2007
automatic closure of the penetration hol es,

characterised in that the means for the automatic

cl osure conprise cartridges with a swellable two 10
conponent foam and these cartridges are arranged in

the gun barrel and can be broken up by nmeans of the
rgmted fuse, as a result of which foam enmerges out of
the cartridges, swells up and bl ocks the penetration

Hol ed. Pe5TOraRnlpar bR A BENGUAN ae@ bR i #gn t oA ETel m arranged
char agt eheseﬂtemofh@f Rheaht fhdee &Be apé pR@RL Xt R Pt
each Be%forato erforation gun having an outer

gun Barr ?,lg?%gﬁae%y YAYtRe R ntBYT of S3FWhi THE QW &1

-are penfoaatelsattiabf28r chonbeiognpietedbyth@ygd warrel at

fuse éﬁé@k&gléﬂr$ﬁﬂgsthﬁ% {‘ﬁlbrﬁ‘%r% 9:? AL ged for the
i gni ET on pI er ce Fe pefiet rati on hol €3,
wher eihonehhs ﬁl@S®¥©v¢ﬁe@h$openebr@hewmc@¢1®8clOS|ng

the @ﬁé}@&é@ék%e@qﬁ%h%dtﬁél%@ange%§ @mﬁe&n&m
Slldl?gﬁtUbe whi ch can be di spl aced by nmeans of an

adj us @r%r?%%@EH%%tC%ﬁﬁ%&d$%%szY%ea HabEtRre dtvehe
penetorapo@emhof@azﬁféxaﬂ these penet ¥ 2dd o, a ehad medrefd g ech

int I|d| t ube_ | ed c aX|aI
bet \/\/\2@% (% e per ora 1 scaalhéo‘?% @ﬁ%‘ %%s pT fhe
per f bgatten fuse acxorali rgsulbt chbhiwhBch cfmao&rmﬁ@aesd out of

in that éé;ftﬂagé 9 Lybed s, n% aéf&i M‘oéﬁ% e andd I‘E—:Q:szaztlon

p03|t|on y way o a securi ement t

Mar chobe97 8 up after ignition of the fuse and

enabl es the

2. A perforation gun according to claim 1, characterised

in that a cartridge is arranged next to each

perforator.

3. A perforation gun having an outer gun barrel, arranged
in the interior of which there are perforators that
can be ignited by way of a fuse leading through the
gun barrel and after ignition pierce the gun barrel at
penetration holes, wherein means are provided for
automatically closing‘the penetration hcles, and these
means comprise a sliding tube which can be displaced
by means of an adjusting arrangement by at least the
diameter of the penetration hole after the
penetration, characterised in that the sliding tube is
'arranged coaxially between the perforators and the gun
barrel.

4. A perforation gun according to claim 3, characterised
in that the sliding tube is fixed in its starting

position by way of a securing element that breaks
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di spl acement of the sliding tube. 5. A perf orat ?dNagiir007
according to claim3 or 4, characterised in that the

adj usting arrangenent is a b5gtensioned spring. 6. A
perforation gun according to one of clains 3 to 5,
characterised in that the adjusting arrangenent is a

Py ol chRL & el BIBNL g ok a0 Recd ald oo by Jreas, of

t he &r for ati on gun accor di o ohe of
cl ai dbsBlaeemgent cwértetm eF} gdichg - uieat the sI i di ng tube
is closed on the side to which it is to be displaced

and A Sp OPES O ot NALPTEF o 8 dey and % & residd tg can be

di spl.aced like a | unger hy means of the ressure
bui | hHA T RS 15 rdt ¢ %ef RS G (g ot s a

per fiosad 0ssed &pArpger f orati on gun according to one of
clains 3 to 7, characterised in that the sliding tube

gﬁz ]?h%\%l%ctl JBIO%:};%}? %‘Trt%érg%lﬁ{ arre er&t>%ﬁe slsog: ng’

t ubechhaige e Wiekatl dirs gl heste o s c’aﬂ]L@Ei?l}II’tg @‘rnatmqtrre@swr% a

thatphasteditiild ditidhd hﬁdé}yrbat%ﬁrﬂeellg@lfltt%rd e means of
ignition of the perforators. 9. A perforation gun

accdr¥f "d*i% one of claims 3 to 8, characterised in
that a fluid is arranged between the 25 sliding tube
and & efiordtairarelgun according to one of claims 3 to 6,

characterised in that the sliding tube is closed on
the side to which it is to be displaced and is open on
the other side and as a result can be displaced like a
plunger by means of the pressure building up as a

result of the ignition of the perforators.

8. A perforation gun according to one of claims 3 to 7,
characterised in that the sliding tube has a wall
thickness that permits radial expansion and thus
fixation in the gun barrel after the sliding tube has
been displaced as a result of the pressure that has
built up in the gun barrel after the ignition of the

perforators,

9. A perforation gun according to one of claims 3 to 8,
characterised in that a fluid is arranged between the

sliding tube and the gun barrel.




