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| A perforation gun system having self-closing
penetration holes The invention relates to a
perforation gun in accordance wth the preanbl es of
clains 1 and 3. 5 A perforatioh guns are used in deep
bore hole blasting in the oil and natural -gas

i ndustries to tie the bore hole to the storage
horizon. A perforation gun consists of an outer gun
barrel, Arpenferationhngunnsesteor baviwg céelficeloaieg

perforators 10 usual | ppld-QWiQm MAAlaCti| e charges -
that shoot radially outwards through the gun barre

in the case of ignition. Penetration hol es renain in
tgﬁe un_barrel & r thg shot . n o%der to ignite %

p §F8P§lPﬂeF8 P&8 FOs& PeadngtPhr 8igh Ph@cﬁﬁﬁ ance
bartél thkapreambésst hé pérfimsatlorsdt .15 ignite in the
case of ignition. In the case of this nethod a probl em

perP%@%@QEQQOHygu?ESb%%ahs@Hegﬁsd@@ Q”BB&% Bﬁa%%?ng in

orators and e CO onents e INnterior o
t BBeganlbarfenatraelcans ﬂanustﬁﬂQStﬁ@ borethsl Bore hole to

thh@ughokggepgagggahion hol es 20 after the shot. In
order to avoid this "debris" (fragnents of the

f t WO 00/ 49 271 that, i
PR eREaaRon Bl soRstRet 6r' hol RutBroBRRcRathely '

shrﬁangedube thhi thteanobeodi shliabetihepat skrdepthéogahors -

d?éﬁﬁhlgghéﬁfoﬁug 8$@géc9%1&héh998e§5 b@ﬁ&@'fhggt radially

ustin arrangenen
|@a§warﬁé thameebr the gne béﬁéeiannohhﬁocésafpﬁrlqhetlon

Sb@hetfﬁ£§o§¥§éf@bhéémghﬁaﬂMaBBQQS§n'BaPPéiZQBEQk PALeshot.
ho es, since here the sliding tubé& rests on

"casin " and as _a result disglacene

t hB graaFnBOSEg?ﬁBﬁ FRe RRUEPEALAF Ff FREF 19%3t?p§e leading
neanbuhly the fennbarrel that causes the perforators to

ignite in the case of igniticn.

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 00/4% 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 intc the

bore hole and into which the perforation gun is inserted.
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casing is the outernost tube that is introduced into
the bore hole and into which the perforation gun is
inserted. 2 The underlying object of the invention is
to inprove a perforation gun £n accordance with the
preanble of claim1l 1in such a way that with sinple

and reliable means energence of fragments out of the
gFhebanderlyang vthdebor ef ShRolavestaeni dedtol pmprove a

a%%QFE@%QE@oW Lhint he LewerbbaRet Qh%hOQh@CFrbémBQE' g¥ediaim 1
inafirst enbodinent in that the neans

atdfofEfhca WR¥stiPetcibhi §amRAPt PREgEslhpPheameans

swmbhgbheetmm ceapaeants olhieasr and thaspaeaelrifdgesthe bore
ée arr.an n_.the gun barrel 10 and can be broken up

ed
ShEahs fﬁ?dlgnlted fuse, as a result of which
foam energes out of the cartridges, swells up and
blfockscohdapenewiahi bhehohgentinnathief epjedt is achieved

quoglggggt @mﬁ@ﬁ&ﬁbgge hstﬁ EaQH dm@ﬁﬁg Eer Eﬁ@hautomatlc

per f or at or . I'n"the case o oration guns in
a@é@ﬁaaﬁcéompfhsﬁh@arEFéﬁﬁﬁﬁeWéicﬁaﬁwﬁéla hat tygycomponent

p@b&ﬁ;ahhantgésé that rhaves aaeogkgangaa bartaé gun barrel
arrg E ﬁn the interior of whic
oFato

re
p&f § Ph3teEalPoRY| ﬁﬁ??@dog tQﬁylg?l e?uggse, as a
| eadihy bﬁrﬂhghhtﬁeaguembageeloandoﬁfthe tgntridges, swells

PLEr G8a201 L0R- LR DBLEEL AL s pengLiaLion hol es, with

elng provid rcally C|OSIng t he
perforation holes, and these means conprising a
srndangr@ﬁ@éraﬁu@mb@dhmﬁét dit spraEBHIBy hPapBraRgg@ next to
adhust hograrsepgenent by at least the dianeter of the
penetration hole after the 25 penetration, it is

ioposed t hat %he sLi |ng tube be, .arranged coax] aILM
Bf theepR fB?ﬁF%F%t PR FHRS gl 2pEPFEFRcagWRth the
resdhiblenef gebeemos, f thgoens s petfofathen gunsbahael have

iQﬁoo&PSrb8£§ QQ%Eei? §¥95g8gdm£ﬁhtﬁénP$€e§fgr 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, with means being
provided for automatically closing the perforation holes,
and these means comprising 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, it is propcsed that the sliding tube be
arranged coaxially between the perforators and the gun
barrel. As a result, emergence of fragments out of the
gun barrel into the bore hole is avoided with simple and
reliable means. In the case of heorizontal bore holes, in
which the outer wall rests on the casing inner wall,
displacement of the sliding tube is possible in a reliable

way.

In a preferred embodiment, the sliding tube is fixed in

" its starting position by way of a securing element that
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reliable neans. In the case of horizontal bore holes,
in 30 which the outer wall rests on the casing inner
wal |, displacenent of the sliding tube is possible in
areliable way. In a preferred enmbodiment, the
sliding tube is fixed in its starting position by way
of a securing elenent that 3 breaks up after ignition
obreh&sf upe adtdrengbligdonhet dheplfasemend ehabhes the

slyidbng cktlsr Bhe cad ugtibRggaki,gagement can be a
tensioned spring or a pyrotechnlc el ement that can be

%B&ted by neans of the 5 fuse, In a preferred
dPREHE RS SFTaRAGTenbe CPE Eﬁo§e&68ﬁlopﬁ€ §Pgéngoor a

Whiyebtiethind ct @ lbacditsphacedaantdel Sgoperdobyt heanst bér the
S|d%é as a result of which the sliding tube is forned
Ilke a plunger that can be displaced by neans of 10

the pressure building up as a result of the ignition

ofin sherpéetaeat embodinepkdehet glidinghgubki denglegbd on

aEh%rsEB% @bsﬁhé%ﬁnﬁﬂtms kb bé 8&98@%@@dt9ﬁh §8€cpen on the

sliding tube have a wall hi ckness™ that permts
r R8P §F é%ﬁéms@énaa§e§uﬂéseﬁtWBFCPhEhBr§§§Gﬁéglﬁupﬁaﬁs

h@srkedl tiup wnpllaggunthatr eknabtelikpeatgni biyofehs of

per f or at or vant ageousl y n et ween_t he
RS TR R H i PR MRS TR L
Thhs pkuifdreénrbe used to control the t|n1ng of the
radi al expansion of the sliding 20 tube.

eﬂHOQ HEEtteff;QethQVSERHQHﬁ'%Hﬁépégkadehe 8§§§i§Eement
det a| | owi n our ures
Figuieé prepewsdathah BEEréllql@g Auber havat foraglnthégkness

g@ﬁatlﬁekmgtglkaamﬂln@kpéﬁblgﬁsagnQU§ééu§§ berth¥i pPedsure
%Rgt has built up in the gun barrel after the ignition of

the perforators.

Advantageously, arranged between 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 0il 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. 1In the figures
shown, these perforators 10 are hollow charges. 1In order
to ignite these perforators 10, a fuse 11 is guided to the
respective ignition peints 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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25 hole to the storage horizon. The gun barrel 1 is

closed at its two ends by neans of a respective

connector or seal 18. Arranged in the interior of the

gun barrel 1 there is a slidifig tube 4 and therein a

charge carrier 9, to which perforators 10 are

secured. In the figures 30 shown, these perforators 10
afd@echdlnihew chideges. the erddeinag dubgnidt dst kdosed at one end,
p%&&@%@%ﬁ@ﬁelgy achise okl 4 $4 gu@ded1§q ?h%ex%e%Be%%bV%ap 5
%Iltlon poi nts of the perforators 1 fuse 11 is

gl Ged ﬂﬁr@u&ﬁcPﬁénéoﬁﬂé@@SFs7orh@é&l§ pRepRing PRE, that

I%EQMM@@ Qhetﬁﬁlﬂﬁhbot@bboﬂ PeForéd The ishoer ihubechr a way

in be 4 | closed a ne end r.ex l e
Hraiteof Lidihg suBey ot talr B5° (Raciasee {Pnore fun
ab@eaeﬂlﬂglelehenﬂoﬁglhadanalsH&aenﬂgopln t hat
secures the inding tube 4 before the shot in such a

W@%eﬁe&@%ﬁ15@% $h- bgk Qﬁeﬂggn%sC@nEgh Q% Qh%EB@E%@d'Ento the

he gun barrel I"ongi t adi'nal di rection.
PosdebarFthed - bp@&?ﬁﬁﬁepéhﬁt§egf@5ﬁt@§5|ﬁppoégc§aatnﬁ§ter

thee @ ﬁllﬁabhebflth@ppéibeaEBQspQOf ehat ﬁb&lwrcﬁarge
that a ﬁ bhg 8n|t|gg of _the per&grators 10 t E
hGFEGRC har 0L8tF8altes FREETFof CégeBIQFﬁﬁrE g) gun
cbarmeéraelhhangunhibdereu thannean unhi ndered manner.
Figure 2 shows a cutaway portion fromthe perforation

9&& gir ECEh¥w§f%eEuEQangng#an f??meﬁE %%r?8§atlon gun

nlte the orators OW- C ge stre
odlﬁ@ptéw-éﬁaﬁgetms jfenit2onhat Ther fisshadlphepcéaniked the

SbeEBQaEHQ§ ﬂoandTheehogmewbéhagbelstlesmns&ahol1ow -charge
housi erforators 10 are spl.it UE t here

angt fg%nFQBFlﬁPé pbééeglgﬁﬁedfFaﬁnﬁﬁfglPHa uPSrﬁ1§%d the

pouhi baretlthe ° mﬁbrmétathQUBQnasShﬁmﬁha petdvBYtors 10
un_,20.directl

t f
PR BB e hEpPehy ontt 20c BaniRslr SEbtYsThe"

fragments that 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 ﬁp 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. "Debrig" 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
sliding 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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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 upén the sliding tube 4 in
the direction of 25 the securing elenment 7, since the
sliding tube 4 is closed on the side of the securing
eltérennindrby ukreads hak aecameSinéhdtbd eperrofhehehot and

ORRASihEsS E@%oméD%QH 24 %Ztﬂa%hgogﬂﬁdbaer&hﬁ

interior. Figure 4 a cutaway portion fron1the
perforation gun 30 after the shot. As a result of
pF€§s&P@eﬂﬁlﬁﬁet§P§dPﬁ§Sﬂ§E§ 2t ?h@e§ééﬂﬁﬁﬁgtéﬁén§ﬁ95?5 the

%rE@QBt&BﬁahQQesoﬁE p@ﬁe@réeguhghaﬁewhaghlhhehe gun
aced as s
agﬁi&e t ggﬁﬁegp gP Sgga %gusAgregeP Fg tHgbrls" 17

r émamnieng rgimabl p@bamonarorldbesdebtlaslde@ﬁrmhadota slide

| gave the onpchartel Lo Vhat.Laanot shawnosotfabudn on.

Il nner~“tu econe 1 n ter
aht thascaﬁasOEeEbﬁef@é@g@arﬁr@ﬁg@ﬁe gomebaerépratorhell

'BY@”EE?TaEBHSb9OB§k§E§d8EsawHEEhént§81EBﬁboﬁEﬁ§e§oEHe By
erforation holes or penétration holes 13 In the gun 5

WHPPHQ aft Ehet ABSShoL Eﬁattﬁﬁglb?évEﬁ?SP?HQOIEEBFPSQI

1éhatyem e0pr ghegcakoamigar isi dgeseartoasedesgr ahedtha foam
slid m_can, be_use osure

R Ae e b b EE R e e b ERR: Pee e 8T8 L e

perforators 10 are replaced by cartridges with a
t Woenoapshedingoam réyatp meahsnofmt he fissd, 1a shgend tube,

'Q”bi§81£89t86éf@ra&ﬁiéhois 8@@59§ée&0bytg€ Eé&&E'QH@

is caused™to reac and the foam swel up a | ocks
tﬁéa@@EQFrafuBHeheﬁﬁgtieth%eh05631$d@ﬁ@eérth%taﬁpetratlon

nﬁéb@ﬁéﬁnlbﬁgyﬁﬁdlnalﬁﬁeogﬂlayﬂ@ medh&hi gbNgotube 4,
he, 15, di anget

d t
DBRELPREFBR R, Eoaathr TerhEReopbnel? ati barted ifto" ffe 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 securing
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 & for the

fuse 11. The time until the pressure has been completely
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(either longitudinally: sliding nechanism or

transversely: rotary nechanisn), is inserted into the

gun. In Figure 1, the path of displacenent is narked

by an X (see reference nuneraf 8). A pre-tensioned

spring can be 20 used for the novenent of the inner

tube or second tube or sliding tube 4 after the shot.

Thedsicedi ng tuldd i4iest ftioxed spdatcke téeastliing ngosubeod and

b hﬂ?ytgfcﬁo%%c%5'n en%k%g%ﬁbn nWieGh 1135 d@strayedrby same
he fuse I1, for exanple. Pins, snap rings or screws,

f6#m§xaﬁbﬁega§a@rB§SU§§dC&§52§ the §éé@#ﬁﬁgtépénénFo7

Tﬁﬁfdﬁﬁbrq%ﬂb@nkﬁé%naE%Q Q@nv@h&@@h@d p%QEo%é@ﬁBheguﬁﬁ by
a_pyrotechni Ierreglﬁ eXBOSSI
e

i2hes baar SR T on Aoeing shigdels kiR 4 can

t becgme aktlged kéthhahe &ausedwbyltbé theaotitem tube or gun
%39%%&5 OEnﬁh%g%gp'cgﬁh%%s ha Bgc&e”%%t %rlﬁe:LQ)F 2fis
can~al'so™b Re™E) rnechani sm or "t he
skkgensigbe cBn( becponkfotheds| fds ewubaplej sbyl yegdodna

t@@u%HdBet%%eWhhﬁg ihnk$ bAdPBuFRYed and i g KgRE gpen
on t he ot her ide, this_sliding tube 4 can be noved

I?Rélﬁoﬁﬁuﬁéér fOThéxﬁﬁPéPnaFaBr?@sH?@dC§HIOEP§SbEurpose
relieved through the 35 perforation holes 14 and the

| eadt hrroughs 6 for the fuse 11. The tinme until the
pressure has been conpletely 6 reduced is sufficient
to displace the sliding tube 4 and thus to close the
penetration holes 13, 14. At the sane tine, the gas
pressure causes the sliding tube 4 to inflate (al so
known for conventional perforation guns by 5 the term
"gun swell"). The expanding sliding tube 4 can becone
wedged with the inner wall of the outer tube or gun
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
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10 silicone oil, for exanple, can be used for this
purpose. 7 Caims 1. A perforation gun having an outer
gun barrel (1), arranged in the interior of which
there are perforators (10) thdt can be ignited by way
of a 5 fuse (11) | eading through the gun barrel (1)
and after ignition pierce the gun barrel (1) at
péAeétimat i on hol es (13), wherein neans are provi ded
for the automatic closure of the penetration hol es

(33).a ﬁéﬁfégégibﬁeguhnhéOﬁﬁgtQﬁ HEe8s @k Bhere1l (1),
automatic 10 closure conprisé cartridges with a

svel | 2bFangRe- 18 ohpenbhtcFbam ahdviheletaFe rdHfes are

grrangedfb?atbh§ gum) b@lﬁ;ﬁﬂcérl)(b@nﬁgﬁﬁﬂe@eo@r@dﬁﬁr?ﬂpa
neans o nte as a res (0]

ohi cnErsam T ehor gadthhc i i it oPE R R 1 8 ape atter

and biguoksidh pherpenehe agionbhores (1B)at eretration

perfoﬁ@ié@” gy %ﬁ@fé’iﬁ‘%é&ag'ﬂ X;t}rox‘?{‘@é@%@f'&?é’

I n hat a cartrl ge Is arrange
perf orateoratip)clasure pef f*éb%tp@rrqe@mtmu helen older

?En b@lﬁéﬁéc{é%lsectgolﬁrfﬁ‘tge?lﬁé trknéms Ib f%:?%k@% Ait v €
ere re ertrorators at can e Ignite

of o e Be P S G Lartetdits rilunre vve Lok Y R
aftercomg@mémwnf¢ﬂmwandtﬁhﬁ$ﬁ”b&iﬁfiﬂgé§)afﬁ arranged in

penet erej ans, are. rOV|ded
é@éa ICa &?% agg] éﬁ% ¥Kﬁeans of

['0ST n aI?he pé e rat|
(13) tla@dlgmifm fna%ms Jcb)rmratsea are$uld ngftvmﬂs:k( 4foam

whi Chelﬁ@f]g@@ o&iﬁs@fw Ly, {%Iﬂjzmet M q.gé I H blocks

arrangenent by | east t

penet |Eﬁﬂ?ﬁﬁ%¥%qﬁnh%ﬁQ%r 13he penetration
characterised in that the sliding

2. A perforation gun according to claim 1, characterised

in that a cartridge is arranged next to each

perforator (10).

3. A perforation gun having an outer gun barrel (1),
arranged in the interior of which there are
perforators (10) that can be ignited by way of a

fuse (11) leading through the gun barrel (1) and after

ignition pierce the gun barrel {1) at penetration
holes (13), wherein means are provided for
automatically closing the penetration holes (13), and
these means comprise a sliding tube (4) which can be
displaced by means of an adjusting arrangement by at
least the diameter of the penetration hole (13) after
the penetration, characterised in that the sliding
tube (4) is arranged coaxially between the

perforators (10) and the gun barrel (1).

4. A perforation gun according to claim 3, characterised
in that the sliding tube (4) is fixed in i1ts starting

position by way of a securing element (7) that breaks
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30 tube (4) is arranged coaxially between the
perforators (10) and the gun barrel (1). 4. A
perforation gun according to claim3, characterised

in that the sliding tube (4) i fixed inits starting
position by way of a securing elenent (7) that breaks

8 up after ignition of the fuse (11) and enables the

di spl aeeatherotgnhbeighi df nghe ubes¢4y11b. andpensplasi bhe
gun ageepdhAgmiRL Chai Phd 9fidingCh@kacigyised in that

- the adjusting arrangenent is a ~5 tensioned spring. 6.

A_perforation gun accordin p one of_cl ai 3 to 5
cRar a%t@?lfé%aa‘?m hatt ﬂ%c‘gﬁﬁa%%?i hg %Jr?la‘ﬁgan%ﬁt éi s a
pyr ot ekhnict ef epedt it hahacathdead fnst Bty byr neagenefit is a

the f 7. A perforation gun according to
one ogéﬁ?é%%%d3§$51%?' characterised in that the

sliding tube (4) is closed on the side to which it is
t 6-berdpepfacetlandiir apeprdordthe ordert stbrimndd also 5/

a resuhlr£afe PEs Ll SPh aceg: {h&kex @ RAUNGET 2 DY iBaRsnOfis a
the pressure building up as 15 a rtesult”of the

i gni tPBRC TSNS pot$TBFRt of k2t 1897 e %9?%%??w%ﬁi%ﬁﬁ%®ﬁ°f
accorgh@gri®e onelpf clainms 3 to 7, characterised in

that the sliding tube (4) has a wall thickness that

. : . i : -
o r b RSP RIT, PRI L e SAG SR TRATUT S X 6,
di splelcethaseniseduln Hiat Hehe prlisting tikm s bui¢tosed
up i nod he,gum; parg el {1y aft efs fhe,d apidionof Ih8 is open

perforators (10). 9. A perforation gun according to

one o cihg ey side aphragteriesBilh ahdie L¥3riared

i's arrapged HRiveen Bhanginsldding tphesde andi tdng up as
gun q§rrel (1)

result 'of the ignition of the perforators (10).

8. A perforation gun according to one of claims 3 to 7,
characterised in that the sliding tube (4} has a wall
thickness that permits radial expansion and thus
fixation in the gun barrel (1) after the sliding
tube (4) has been displaced as a result of the
pressure that has built up in the gun barrel (1) after
the ignition of the perforators (10}.

9. A perforation gun according to one of claims 3 to 8,
characterised in that a fluid is arranged between the
sliding tube (4) and the gun barrel (1). '




