- 1°: ‘ ’ 2192686 DI SCONNECT SUB FOR A TUBI NG CONVEYED
PERFORATI NG GUN, Thé present invention relates generally to a tubing
conveyed perforating gun of the type used to.perforate a cased well bore
for the production of well bore fluids 5 and, specifical 23@_ gt%§§1§hOCk
abs@rbi ng sub which automa- tically disconnects the perforating’ from
t he Tbi ng string when the gun has been-fitred. As oil and gas wel| bores

are drilled, thel .dfétc%ﬂurﬁs‘%mt S FbgeAbﬁl b%ﬂ&%' §okéggﬁﬁsﬁﬁ¥§8ﬂ¥1$€”@6ﬁ! ng a
casing or 10 . er 1S a
metal, cylindrical cdhguinragsenth imventienpyrdatesdgenepetlyf e a2 ctilping t he
desired productdddf,dyde P £dria tande Guho o’ eHdCeype! Lisbar €of pet fsrobses
drilling is coqplete. A per- faratin un which Utlllzii SOmne %grqgof fired
projectile 15 Cagff ¥eldxhoFs ForchRglrrdugsdan: 8Epref br BpEe t hEE38i ng or
i ner to beyi n gndydwHecdif iicadiivt,heowal IshoRki abspebingasubgwhieht @acbomarties
have either uti_-; iz . I.ch r : L.r.el | o] e, have
Ui 11 2ed ¢ ubl ngr A, SIS Y, BentBeaR AgTuLA ERGy EnelbugsRy 100
to the desiredstapmy whemhdhgelgunhbdas. beebi Ad¢rednveyed devi ces have certain

advant ages over W reldg imeihadyast Ye1aXdoRe arB arioneay sRéeintaypdiate
rel ease of fornat%ﬁptﬁéf sure at. mgxi num pressure differentials into the
tubing string. W t iﬁ”%bﬁﬁ@fb&sp§FF§F§WFﬂgb?5°em§9§P@ﬁB? tARiRALPhg
can be runmo nt dipex tiroplarepdok ehes ®oxrieo hodel. The aawehh bpr dinandishe

chocked by ci r A 'an oS B o el Sy8R°BRL pREhHh0da 80 BE,-
t hiadgh t he welfionatisich@var ithe desdaechergductiop dngerwshkinsordapl teed
and tested for maiRide Wda Rre fAARMIN SN a6aAN 188 4f liEedoh@1BEENIAT Pethe
well. Since al | SULT AP Sl K tnt URISLRT BElR SoleoRoE 204! LRg, guD; |8
15 and an explosive.charge is used to perforate the casing or
liner to begin production from the well.

Prior perforating gun technigques have either uti-
lized tools which were run on a wireline or cable or have
utilized tubing conveyed devices which were run on a tu-

20 bing string to the desired depth in the well bore. Tubing
conveyed devices have certain advantages over wireline
methods, for example, in allowing safe, immediate release
of formation pressure at maximum pressure differentials

, into the tubing string. With tubing conveyed perforating

A 25 systems, the tubing can be run into position, a packer
set to seal off a well bore, and the surface wellhead
equipment can be installed. The packer setting can be
checked by circulating fluid under pressure through the
well annulus or through the well tubing string. Once the

30 top side work is completed and tested for safety, the per-
foruting gun can be fired to bring in the well. Since all
surface work is completed before the perforating gun is
firzd, operating safety is enhanced.

Once the perforating gun has been fired and the ca-

35 sing is perforated, it is desirable to release the perfo-

rating gun portion of the device from the remainder of




fired, operating safety is enhanced. Once the perforating gun has been
fired and the ca- 35 sing is perforated, it is desirable to rel ease the
perfo-_rating gun portion of the device fromthe remainder of - 2 - the
tubing string leading to the well surface.,This pro- vides a greater flow
-area through the tubing string for product%on of well bore fluids and al so
allows tools “and ehBetuBenycesringbkeadiing htoughe tweel 1 rwrfiagre odhel sofprice
‘tubing string wi t hQut _cont.ac peLf or sent
i nvention has as 't 3b gfe%lﬁgg ’rk'gt\glw-gé%%n%#%}gu&%mﬁd;%btﬂhﬁ ot

i ncorporation in @rwéhbtn-gn angeélrbﬂgebéluk@% and p99 Abkawry tpelsand the

~re- mainder of thengtpipgyl aadhegsteotbs i“@h'tﬁf’éﬁ?&?ethé hﬂ-n?é&bmierﬁﬁﬁg df0
automatical ly dlsconnect t he oratlngsgun fromihe remai nder of the

tubing string onc&heh&UuBdRIng rFPFeﬂltR hEPRBRT BERY o¥Ne REFAng gun

‘invention is the apgaratqa of such a dlsconnect sub which absorbs the im
pact of upward novenent t hrust

|1 i h.
packer, cauced by fi11ndo8s PEREHEr LATaPE: PRohgRNe Ak R ET (A ST e

‘i'nvention, provi dedoa. ofdasdmanennesubsﬁbrfartubcngp@nmbeqwdhqmafwnk&|th
gun of the type U%ﬁq?agte%g%ag@eanceasd wekb:DOIRy GRHPAAG ik fel ubular

menber having a gene rical r|or I nterior_bore, said
~ tubul ar nenber hamﬁﬂgdsﬁ @fpthecshndngi Agadingr 5P EbAnERt oFRTFRGE! ‘the

sub serving to automatically disconnect the perforating
gun from the remainder of the tubing string once the gun
' K,%. has fired.
Another object of the present invention is the

provision'of such a disconnect sub which absorbs the im—
pact of upwafd movement of the tubing string, usually
thrust égaiﬁst the packer, caused by firing of the per-
foratlng gun. '

Accordlng to the present invention,

p.ovided a. diséonne‘ct sub for a tubing conveyed
perforating qun of the type used to perforate a cased
well bore, comprising:

é tubular member having a generally cylindrical
exterior and an interiot bore, said tubular member
having an ppper.connecting end for connection in a
tubing string extending to -the well surface and a lower
gnd; _ |

a sliding mandrel telescopingly received within
the interior borelof said tubular member, said sliding
mandrel.héving a iower end with connecting means for

. engaglng and supportzng said perforating gun ané an

upper colleted end with a plurality of collet flnaers

" which terminate in collet lugs, said flngers being
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tubiFng string extending to the well surface and a lower end; a sliding
frandrel tel escopingly received within the interior bore of said tubular
menber, said &sliding mandrel having a |'ower end with connecting nmeans for
engagi ng and supporting said perforating gun and an upper colleted end with
a plurality of. collet fingers which termnate in collet |lugs, said fingers
bei W' - 2a - expandible radially inwardly and outwardly, and wherein
said interior bore is provided with an internal profile for engaging said
collet lugs when said-fingers are expanded radially outwardly; a retaining

Sl cove having a TSREMOTE i 4 L O Gy B R R R iy
col L et Tugs and bl agepy eal fd Uised 20l by SAGALY 40 SAGAGE SHehdyernal

profile and define a Tunning-in po sai d retai ni ng sl eeve “belng
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. n which said fingers are sengaged to rel ease sai I ng mandrel; |ock

eans Wi thin saigyph@E80FaPPEE1Y CbuePPpdipp said retaining sleeve in said
F el ease position upon upward travel of sai'd mandrel and retaining sleeve

bver a predeterm ned di shapeeaiRifgVELEEYE SEEEivEd A ERth SLEVEnt ér For
heneral |y cylindrical body, said body having an external surface which

ncreases in di apeterofit s&0dUPREE1SX I ReRbePPrepiat Oléevenpatimg Salsdd p
bei ng received upon a | edge -

cylindrical extent which'initially underlies said collet

\_ lugs and biases said lugs radially outwardly to engage
. said internal profile and define a running-in position,
said retaining sleeve being movable to a .release
position upon upward sliding movement of said mandrel in
which said fingers are disengaged to release said
sliding mandrel;

lock means within said interior bore for
engaging said retaining sleeve in said release position
upon upward travel of saia mandrel and retaining sleeve
err a predetermined distance; and

wherein said retaining sleeve is a generally
_cylindrical body, said body having an external surface
which increases in diameter at an upper extent thereof
to form a lip, said lip being received upon-a ledge

formed within said interior bore when said sleeve is in

said running-in position.




for,med within:said interior bore when said sleeve is in said running-in

posi tion. - 3« The mandrel is preferably provided having a region of
reduced external dianeter which forns an annul ar cham ber between the
mandrel exterior--and the interior bore. 15 The annul ar chanber is filled
W t-h a substantially in- conpressible fluid. Drain nmeans initially
contain the fluid within the chanber and ircliude a frangi bl e portion which
extends within the intern bore .of .the nmandrel . . whereby.a i ght dr opped

t hr ough the tubi ng string%bﬁdwafsreliﬁstHFﬁgeFﬁP5&gﬂr?“%d?$¥€§éﬁﬂgtﬁn -gion
severs the frangi bl efpoeduoed: extelraaliedibmeteni ¢hide| fases odn tdrendlar ccham-

from the annul ar Ch%@}e'iae%UeQWSthgelm?#gg@eﬁggglﬁglgwk Q@%j tfe ir?xifé‘é B&EYE

to nove upwardly to the release S 1. AC onal ects, features apU
advant ages wi | 1725 Thise annydagnchiambere igr fdddaddwithi pt  opubstamt )l 1bvin-

Figure 1A is a side cgnpressa®1e0Fabi¥. eyrafint R8aHBPEhi€DE10F Loee s canwect
sub of the invention_, n the running-in position. Fégure 1B 1s a downward

‘continuation of Fig 1A Wihing £h& fhamheraAndl ARCLNdRbRr EERT iP e poF feion
‘drain means of the iwhieht iextendisgwiehdA itheaiftdenall B68eS6ELt th@ahavdBol ,

e o o Ay 165 AR Kl D" ELERRS 2EELAL O,
- 20 in turn, through the internal bore, severs the frangible
portion to release the fluid. Releas; of the fluid from

the annular chamber alloﬁs the sliding mandrel and re-
\J/ taining sleeve td move upwardly to the release position.

Additional objects, features and advantages will

25 be apparent in the written description which follows.

Figure 1A is a side cross-sectional view of the

upper end of the disconnect sub of the invention in the

running-in position.

Figure 1B is a downward continuation of Figure 1A

30 showing the annular chamber and frangible drain means of
' the invention. _

Figure 2A is a side, cross-sectional view, similar
to figure 1A, but showing the apparatus in the release
position with the lock means engaging the retaining

35 sleeve.




- 4 Figure 2B is a downward continuation of Figure 2A showi ng the rel ease
of the sliding mandrel. Figure 3 is a schematic view of the apparatus of
the invention being run into position within a well bore on a 5 well
tubing string. Figure 4 is a schematic view simlar to Figure 3 showing a
wel | packer on the well tubing string which has been actuated to seal off
Ehhg zwef. I bor;a'. Ei guref5 I's a schematic -videw of the apparatus 10 show ng
e firing of the p orati | ' ti I fophe

appar at us show ng tﬁftel?ue’laeeais?% ig%”% t@“g{g g?ft%r%"g‘%%q ro%?t E’gs\rﬁ'g? ?r%i nder
of the well tushowing rthgy relgafanPs dhe glddsingaAmepdgigdre i s shown a

di sconnect 15 sub @igﬁf@ 3 ey | ShenifisicORALSR e @edlappagdatdd. ofhendi s-
connect sub 11 is adapted to be used with a tubing.con- ve ?_d erforating
gun of the typEP¥&WPR PEIE FI° it B g Sréi’teéf abgﬁgeanwgl I

borte. Fi28u5em3v_véihmyv5ulaimg' gt fied schematic view of a typical perforating
system Ich i rfo | _ . i ' owl tq the
di sconnect sub 11, E%Jfﬂglgf ﬁhil)sghg a%%{%ﬂl}ﬁc%]e{boéﬁ%a%“ﬁqdﬁ(ﬁ%e#ﬁfgqﬁh?ch S
carried on a wehowingdiagvelliparkier on thaaielg tohing wdmingumhacd. bese
di sconnect subpddn Cadt b &d thersdh 1 bt # e KORRECL asbried, the perforating gun

13 or 25 can be connected by an internedi ate | ength of tubi to th
herforating gun. TheFWEDmet 3FPRREHOWSH qlzflgdﬂ‘elﬁpﬁaﬁ(#gl eg a ©

tUbU| i’vlr nﬁmbe{sﬂiktawizm %}e@pﬁin@)@ﬁﬂthé%q:mwmmg ayurir eaded connection 20
o a |l ower exten . t Mbu . has VA I ndri cal
pxterior 23 and an #\%%?l%réjb%ér:ézg&emag@ u%}éﬁ On%r%g%]qﬁség%t?sg an upper
:Uecti ng endskowismg cbhe hrebeirsk yo Enghg e frrapinggun from the re-

mainder of the well tubing string.
Turning to Figures 1A-1B there is shown a disconnect
15 sub of the invention, designated generally as 11. The dis-
connect sub 11 is adapted to be used with a tubing con-
veyed perforating guh of the type known in the art which
is used to perforate a cased well bore. Figure 3 shows a

simplified schematic view of a typical perforating system
20 which includes a perforating gun 13 which is coupled to
the disconnect sub 11, both of which are run below a well
packer 15 which is carried on a well tubing string 17 ex-
tending to the well surface. The disconnect sub 11 can be
either directly connected to the perforating gun 13 or
W, 25 can be connected by an intermediate length of tubing to
the perforating gun. | _ ”
The disconnect sub, as shown in Fig. 1A, includes a
tubular member having an upper extent 19 joined at a
threaded connection 20 to a lower extent 21. The tubular
30 member has a generally cylindrical exterior 23 and an
interior bore 25. The tubular member also has an upper
connecting end 27 which threadedly engages the mating
connecting end (not shown) of the tubing string 17 exten-
ding to the well surface, and has a lower end 29. The in-

35 terior bore 25 of the tubular member communicates with




connecting end (not shown) of the tubing string 17 exten- ding to the well
surface, and has-a |lower end 29. The in- 35 terior bore 25 of the tubul ar
menber communi cates with - 5 - the interior of the tubing string 17

| eading to the well surface. As shown in figure 1A the upper extent 19 of
the tubul ar nenber has a circunferential retaining groove 31 5 which is
adapted to receive a snap ring 33. The enap-ring 33 if acircular netallic

ring which is spl at .one i t.in . CJ epce f I t he
ring 33 to be exrﬁ‘ﬁdé‘&tl%&l P)% Bit}ﬁ\}étrlgféb EL% Z b‘%%ﬁ’g& E‘;({Fﬂé Ml
terior of the snamnfiacg.33 has a lower tapered surface 35 10 which slants
inwardly in the directing gkwhhen' ggsht_-ﬁdhﬂal tﬁélépézroéxe&etdﬁyl&p tnEhe

interior bore 25 of the t ubul ar as an up E | edge 39 forned by a
regi on of decr eadetPul@rememberqhagefeFiycuRiarantidb  retrtRing Fweavs 63143

separated 15 g frvﬂﬂﬂdl’h&sl e@a@t%a Ry aeeeqvenaofsnapc;?eﬁgesm ;90553 rﬁiagﬁilﬁrng
nmeter 45. A slidi ndrel 15& Hg iE S teIe iﬂgl% £ ceived wt
the interior bor WECFEE&I B lcTFénglf' nGPEFt 13T e point
i nternal bore 49 :iwhltﬂe cimounifer2fice thkegodi tb ameoimthei nin@oﬂs 25 é t he
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to the well surfacé’ as an-ex erna readed
| ower end 51 vmtftQﬁﬂﬂﬁﬂgﬂlﬁyanﬁm@P z3ngoB3ehgsgrndonay §999§¢@|%3r€¢ﬁ£ 35

perforating ggn (whdidm saisntsFugma%hw tinb@hR9 aypdeEsbAodst bak wﬁﬁweémée
| engt hs of tubi nganasn 3b7e o|fnt ae d%v;tc):eet ween the Iower end 51 and
U The interior bore 25 of the tubular member has an
. upper ledge 39 formed by a region of decreased internal-
diameter 41 and a lower internal profile 43 separated
15 from the ledge 39 by a region of increased internal dia-
meter 45.
A sliding mandrel 47 (Fig. 1B) is telescopingly re-
ceived within the interior bore of the tubular member.
The sliding mandrel has an internal bore 49 which communi-
20 cates with the interior bore 25 of the tubular member and,
in turn, with the interior of the tubing string leading
to the well surface. The sliding mandrel 47 also has an
externally threaded lower end 51 with connecting means 53
for engaging and supporting the perforating gun (13 in
% 25 Fig. 3), it being understood that intermediate lengths of
tubing can be installed between the lower end 51 and the
perforating gun 13. The sliding mandrel 47 also has an
upper colleted end with a plurality of collet fingers 57
which terminate in collet lugs 59 which, in the running-
30 in position shown in Figs. 1A-1B are expanded radially
outwardly to engage the internal profile 43 of the tu-
bular member. °

The sliding mandrel 47 has an external region 61

which forms an annular chamber 63 between the mandrel
35 exterior 61 and the interior side wall 65 of the tubular




yerforating gun 13. The sliding nmandrel 47 also has an upper colleted end
ith a plurality:.of collet fingers 57 which termnate in collet |ugs 59
ich, in the'running- 30 in position shown in Figs. 1A-1B are expanded
adially autwardly to engage the internal profile 43 of the tu- bular
nber. The sliding mandrel 47 has an external region 61 which forns an
aniut ar chanber 63 between the mandrel 35 exterior 61 and the interior
side wall 65 of the tubular -6 menber® The annul ar chamber 63 is

initially fil hegpwirt hTReSHBfhaati shhMbeACOIPLIESShDELall |£ill.'§éﬂ3hv:la‘§l ap oil
by neans of a

fi 7. . Th t f I drel
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pi ston area 6fewhischf tnofdélhepontt 670 Thagestarndl peglidh rthafseta‘ies shA,-74,
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hamber 63. Therdngi BeAR®anNS, aﬁﬂebefthJYSéQ%U¢2$7@ f D PkEndPOES | on, such
%> as hol |l ow he internal bore 49 of

[ i.ch,extend in_t
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etaining sleove 77rhs LeSALKGCnihADLR LhEo! RLET b0 DOL 2B Of ebPechibul ar
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Y as hollow pin 73, which extends within the internal bore
49 of the mandrel, whereby a weight dropped through the
internal bore severs the frahgible portion to release the
15 fluid through the passageway 75. .
A retaining sleeve 77 is received within the interior
bore 25 of the tubular member. The retaining sleeve 77 has
a lower cylindrical extent 79 which initially underlies the
collet lugs 59 of the sliding mandrel and biases the lugs
20 radially outwardly to engage the internal profile 43 and
define a running-in position for the device. The retaining
sleeve 77 is a generally cylindrical body having an exter-
nal surface 81 which increases in diameter at an upper ex-
tent thereof to form a lip 83, the lip being received upon
25 the ledge 39 formed within the interior bore 25 when the
sleeve is in the running-in position. The retaining sleeve

77 also has a region of decreased internal diameter 78
which forms an internal shoulder, engageable by a wireline
release tool (not shown) which can subsequently be latched
30 into the bore of the sleeve 77, as will be explained. Shear
means, such as circumferential shear wire 85 initially fix
the retaining sleeve 77 in the running~in position, the
shear means being severable upon the application of a pre-
determined shear force caused by upward axial travel of

35 the sliding mandrel 47 and retaining sleeve 77.
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define a running-in position for the device. The retaining sleeve 77 is a
general ly cylindrical body having an exter- nal surface 81 which increases
in diameter at an upper ex- tent thereof to forma lip 83, the lip being
recei ved upon 25.the ledge 39 formed within the interior bore 25 when the
sleeve is in the running-in position. The retaining sleeve 77 also has a
region of decreased internal dianeter 78 which forns an internal shoul der,

engageabl e by a wireline rel t oal .sh

cnuageabl e by 2w rohhac ol 218 28! ook BN pHLGY ST RARUILY e
means, such as wdililcmefebentieacrsbedrn Wheeugﬁernconaﬁtylmgxem%eZ?e%%J¢Qnm)
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t he application of ear torce caused b ward a

travel of 35 tH&® §Pﬁdwﬁé1wéﬁaﬁépe47a&néhPHPaFﬁlﬁggsléevﬁh 7fg wer eﬁé ?#he
operation of.r; t hes Qhﬁ@g;u@aqy %@hn@%tbhetbn‘t‘.ﬁat maamgl hppew érd descthdegerdhe
upper connecti e I S n o.the | end I ubi n
string extendi%% 1% SR& | sﬁffg %ggsigﬁéﬁﬁ F r%na e§t8ﬁﬂ£Q§o¥§ L%%d 51g
5is threadedlymadmummum@ @mnthé @t iindg eurmediated lehgtheofetubing astngngun
13 or to the tul 3%5§ 3P bogthaBe %Oﬁéihggeguﬂy'g #8ight

i nt er medi at e Ieng strln I°s “Use foratin 3is
actuated by a \E@S@ﬂngpm& \M’i‘tteﬁéolrnloér the Gflbtlﬁg BHBLRY gg??‘nbh?rom

the 10 wel |1@urvieiqe S AN 3 ld&ﬁit%c&ﬁﬁq@U%SIp‘é&cﬁi%@Qaat “@etofHebrpestiohat | ng
devi ces are wel | own in the art. For i nce Pa%rt Fo% §K§t§ﬁ§

Huber i ssued raf ifgs e dire iad 8 & SPWRhEEhthe &réby |ncorpora?éd
\_r/ef erence, dha@ws BattulNog dRceBdd ;t@rﬂimrbﬁn.ng.sappdr degshi AOwWAPEA rathe

disclosure of which is hereby incorporated by reference,
shows a tubing conveyed perforating apparatus in which a

15 weight contacts a percussion detonator to fire the perfora-
ting guns.

In the running-in position, the sliding mandrel 47
and retaining sleeve 77 are in the positions shown in
Figs. 1A-1B and the chamber 63 is filled with fluid. Fran-

20 gible pin 73 contains the fluid within the chamber 63. As
shown in Fig. 3, the perforating gun 13 is then run to the
proper depth in a well bore which is lined by casing 12.
The packer is then set, as shown in Fig; 4, to isolate the
production zone 87 from the annular space between the tu-
1\ 25 bing string and well bore 12 above the packer.

In order to fire the perforating gun, a weight, such
as iron bar 89 in Fig. 2B is then dropped through the in-
terior of the tubing string and through the internal bore
49, striking the hollow pin 73 and opening the passageway

30 75. The bar 89 continues down the internal bore 49 to strike
the percussioh detonator and fire the explosive charges of
the perforating gun, as shown in Fig. 5. The reaction caused
by the explosive charges of the perforating gun causes the
sliding mandrel 47 to move axially upwardly with respect to

35 the tubular member. As shown in Figs. 1A-1B, upward axial




-wei ght contacts a percussion detonator to fire the perfora- ting guns.
the running-in position, the sliding nmandrel 47 and retaining sleeve 77
re in the positions showmn in Figs. | A~1B and the chanber 63 is filled with
fll uid. Fran- 20 gible pin 73 contains the fluid within the chanber 63. As
shown in Fig. 3, the perforating gun 13 is then run to the proper depth in
a wel|l bore which is |ined by casing 128 -The packer is then set, as shown

in Fig. 4, ton,yohshe 6'f'et19é Oéyf&ix%' RRer &7 4F @a&g& ad?@'r@ta%ﬂﬁ%% bet ween
the tu- 25 bing string a bore 12 above the packer. In _order to fire

the perforatifi§eouf, 74 R%lEﬁﬁve%LRﬁW%Eﬁ}YcWFTE&nEﬁ?qlﬁqﬁﬁleHBHQ¥§l%§
dropped througd theti DlpteBlﬁénﬁicﬁéletﬁélbtta’;gaﬁéd |§1g:ﬁmia 137 Qigh éxdpands

iinternal bore 49, strikin n 73 n|n the way 30
5. The bar 8§h80ﬁ??ﬁu5§ % 3% ¥%§ agﬁ% o % cﬁ% pgﬁcu33|on
etonatorSandAélthethepe&blpessesc@9$getheﬁumpﬂr;ﬁnﬁfﬁqﬂ|9ﬁ]qﬁu$nansnﬂn9wn
iIn Fig. 5. Thsareeg&' 9fa a£'§ﬁ‘§‘ 9y h e SXPAPPAY &pfta hﬁmg‘)fg’é‘ @l i ng
un causes the $liding n re to nove axi al y upwardly with respect to

5 the tubulailﬁeﬁﬁerasAéhgﬂﬁmhnlﬁlﬁrg%A lﬁﬁli?etﬁ%%§¥P%vﬁ%ﬂ rel mR¥&fent of

tthe sliding napdael1¢] endspEstbr acéai 69 ngexsdi@eme Jompreds ared Ay dl y
thin the interjor

e, 25, .so _that cts the ta e surface 35
nd expands twéibﬁﬁpcg?ﬂae§3 a‘d?‘éﬂ‘?goﬁ? :ﬁ ?ﬁf% D lgr%gt\(}‘e PR 5 s
he Iip a3 pashespaseageWeyuﬂpeLntqrtheelﬂﬂenmakh@@re|ﬁ% Jthis eovamEnt i ng
1 noves radi Blfl ¥1{15‘.Waég£¥ ke Qngﬂgé‘ktgﬁséfﬂeg?’anéssmmtﬂ@ dpvhrZA. As

he sliding mandrel noves upwardly, the piston area 69 tends to conpress
ke fluid mntHFHVEHaﬁﬁthSSSEAG§Pﬁgm9ﬂ€r?iu?% thapethe 9 LtCe RRARGPS

the impact of upward movement, which would otherwise be
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thrust against the packer, possibly damaging the packer.

15 After the detonation of the perforatihg gun, the éli-
ding mandrel 47 begins to travel axially downwardly. Since
the retaining'sleeve 77 is now engaged in the release po-
sition'shown in Fig. 2A, the collet lugs 59 are free to

spring radially inwardly, and the sliding mandrel can tra-

20 vel past the internal profile 43, thereby allowing the man-
drel and attached perforating gun 13 to fall from the tu-
bing string, as shown in Fig. 6.

The internal shoulder 78 in the retaining sleeve 77
allows the device to be released mechanically by lowering
W 25 a suitable wireline tool with a mating latch to engage the
shoulder 78. After engaging the shoulder 78, the wireline
tool would then be pulled upwardly, pulling the sleeve 77
from beneath collet lugs 59 and allowing release of the
sliding mandrel 47.

30 An invention has been provided with several advan-
tages. The disconnect sub of the invention automatically
disconnects the perforating gun after the guns have fired
without the necessity of a wireline run or the use of hy-

draulic pressure through the tubing string. The fluid

35 chamber and drain means absorb the impact of upward move-




10. the passageway 75 into the internal bore 43. This novenent of fluid
acts as a shock absorber and slows the upward travel of the sliding mandrel
so that the device-absorbs the inpact of upward noverment, which woul d

ot herwi se.be thrust agai nst the packer, possibly damagi ng the packer. 15
Af:ter the detonation of the perforating gun, the sli- ding mandrel 47
begi/ns to travel axially downwardly. Simcé@ the retaining sleeve 77 is now

engaged in the rq&e%%ﬂo%esIgtdno%&mvv@,omdeQhe%éhs&hsecehl.—e&t'agélégtare
free to spring radially inward t&)‘/n’étee@?t e sliding nmandrel can tra“ el

past the internal hfﬂ(ﬁqqlﬁgr@ be; “@Igleoﬂicﬁ’g‘rﬁh§°nﬁhe HFEkeﬁnﬂrattached
perforating gun labdesdoried.r wniflze rtummbﬂgngn&br ithg, waglsbewa,i th&i glufd

Th t | shoul 78 t.h t t d to b
The L iternal Shouloctoel® i LSS AL SSal eyl L La"8 et DRy e, 0 U2
mating latch to eugagte tﬁmrsmgﬂ:derpoﬁtmhte;p @urg&gmugthhetsbﬂ)ufdem ass t he
wireline tool mt&&h&é@d’ir%e gﬁl&da%fé‘i ‘é'c'ohﬂgfﬁzhguﬁ' 8E4CHe /¢ é,{}gg%;(')

beneath collet lugs. 59 an ow ng T €l ease oﬁ the s mandr el
An invention has ¥%FDrad &R vEntohale pair fagasingt 8§§san¢h§aﬂl beonkaeed

tsﬁb of thﬁ inV]?ntdlgf“ll’fétﬁfrﬁ?i !{tgﬁil l8aiinyC %’Hﬁ?@s bfeil%wp%taobaékag tQHE abbee
e guns have fir ou e n a wireline run or the use of
hy- draulic press rf‘hee"%;,ﬁ%m% otﬁitﬁ%’r‘?g Férrqf OFGtiPFe 9Py d 35  chanber and
drain nmeans atGorb the Wipactthef imweartdowhes been Showseih ohlyhenguef

whi ch woul d ot hery Sfoﬁ?s t %sﬁts q,g)eg NSud rﬁt“&%[eh gfsors%sgggggg]lgcgﬁrs to

t he packer or accessorles e running in bore
various changes and modifications w1th1n the scope of

~ the appended claims.




cjanber’and a..shear neans hold the parts of the device 5 in the running-in
pasi‘tion to prevent the tool fromdis- connecting prematurely. The
di;sconnect sub can be connec- ted to anz conventional perforating gun and
can be placed anywhere in the tubing stf®ng bel ow the packer and above the
firing head of the perforating gun. 10 Whi |l e the invention has been
shoéwn in only one of is forms, it is not thus limted but is susceptible to
vari ous changes and nodifications within the scope of the appended cl ai ns.

CLAI M5 1. A di sconnect sub for GLRIMEng conveyed perforating gun of
the type used to perforate a cased 5 wel | bore, conprising: a tubular

menber having a generally cylindrical exterior and an inteyior bore, said

T e, " BRSon LSl 3, 81§ LA RCE, 0 0
e Lo SRR ARGl KBTS PR SR
CISRS) 1o, SRS bR SEbgPRpLIGEl 10 U end e 1o upper colleted,
o "2 oara PO IR L O YL St et

§gs when sai dektBgebs ah@ 38 inte¥Papdedrépdsal syt ebtYar dh¥mbarr et ai ning
eeve received within the interior -

having an upper connecting end for connection in a

w—— =@

\/ tubing striﬁg extending to the well su;face and a lower
10  end; |
a sliding mandrel-telescopingiy received within |
the interior bdre of said tubular member, said sliding
mandrel having a lower end with éonnecting means for
engaging and supporting said perforating gun and an
15 upper,colleted:end with a plurality of cbllet fingers -
which terminate in collet lugs, said fingérs being
expandible radially inwardly and outwardly, and wherein
said interior bore is provided with an internal profile
for engaging.said collet lugs when said fingers are
20 expanded radially outwardly; -
a retaining sleeve received within the interior
bore of said tubular member, said sleeve having a lower

cylindrical extent which initially underlies said collet

lugs and biases said lugs radially outwardly to engage
25 said internal profile and define a running-in position,

said retaining sleeve being movable to a release

position upon upward sliding movement of said mandrel in
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bore of Said tubular menber, said sleeve having a lower cylindrical extent
which initially underlies said collet lugs and biases said lugs radially
outwardly to engage 25 said internal profile and define a running-in
position, said retaining sleeve being rfhvable to a rel ease position upon
upm%;p sliding novenent of said nmandrel in whi ch said fingers are !
di serfgaged to release said sliding mandrel; |lock nmeans within said interior
bore for engaging said retaining sleeve in said rel ease position 5 upon
upward travel Wrichjgahdnbiegenndaret difrngagedete vobeage pfaiidt er ni ned

di st ance; anddéfeéein saig rfgaining sleeve is a generally cylindrical

body, said bod¥*H b?%gmgﬂ EXtérnal surface which increases.in diameter at

tent th to f lip, said Li ' i ved
adge formed w thi n <ot 90F fiephs, vEERLA, pafa Ifkeei ol BSHE RRECE o "

compr1 41 ng: P 1eohedding saia BRI RLREOOTEEL THR, Ghif! PLIbASL BOREELon, 1 g

conprising: 15 a IXrng s

sl eeve i sai dypemnippatd ©P8YEL0BE §ah§ ﬁﬁﬁgﬁeﬂeé‘ﬂé Ps&agn;ﬁyeéﬁbggeby .

upward axi al travel of said sliding mandre d retaining sleéve.

A di sconnect soxpef Od PréddteeminedeIesdtancéprahang gun of the type used to
perforate a cased well bore, conprising: a tubular nenber having a

general ly cylindrical whéeeinrsadd astaphéngoslbeve, isaadgénbubalynenber 25
havi ng an upper connecting end for connection in a tubiig string extending
to the well swykedaickh bodpr said body having an external surface
\ _ which increases in diameter at an upper extent thereof
10 to form a 1lip, said lip being received upon a ledge
formed within said interior bore when said sleeve is in

said running-in position.

2. The disconnect sub of claim 1 further comprising:
15 . shear means for initially fixing said retaining

sleeve in said running-in position, said shear means

being severable by upward axial travel of said sliding

mandrel and retaining sleeve.

20 3. A disconnect sub for a tubing conveyed
perfoiating gun of the type used to perforate a cased
well bore; comprising:

a tubular member having a generally cylindrical

exterior and an interior bore, said tubular member

25 having an upper connecting end for connection in a

tubing string extending to the well surface and a lower

end;

e
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end; " { a sliding mandrel telescopingly received within the interior bore
of said tubul ar. menber, said sliding mandrel having a |ower end with
connecting means for engagi ng and supporting said perforating gun and an 5
upper colleted end with a plurality of cdid-et fingers which termnate in
colfet lugs, said fingers being expandible radially inwardly and outwardly,
and erein said interior bore is provided with an internal profile for
engagi ng said collet |ugs en.said fipngers are 10, _expanded radially
outwardly: a retaining slfecii Hadh MARIRE} fie] Q8GO RLAGIN GOSN oW ithiD

t ubul ar nenber, | d .sl.eevee havin | o cyli.ndri cal extent, which .
initially underl e aheFTagy 3{°ﬁeig;g°? a%"i‘\g‘edro.ité%’é‘slasrai’"&"\b&ds' E&didalsll;?'%mg
outwardly 10 engggmait na@ih UM PN Whleliing helaiiaag i N
position, said retalning sleeve being novable to a release position upon
upwar d sl i ding MaRAingfantRidhgpuidigly idh gt s231a8 1 4RinS aHe€ an

di sengaged to release said sliding nmandrel, and wherein~said retaining
sleeve is & 20 upgpRitercdlDet®d ighl iwtialh RO rsaiid Yoody dtavietg mhgurier nal
surface which increases in dianmeter at an upper extent thereof to forma
lip,isaid |ip bewhjaohedsnmehatEonm deddgt flugsmd ssitdhifid ne@ird ibetievg or bore
whenjsaid sleeve is in said running-in position;. 25 _ | ock nmeans
wi thin said inteexpansbhd e qraddregldyl nighwsaidd yr eredl wiuty agiddone aind sekietein
rel epse position upon-upward travel of said mandrel and®retaining sleeve *
C U M S = said interior bore is provided with an internal profile

L for engaging said collet lugs when said fingers are
10 expanded radially outwardly:'

a retaining sleeve received within the interior
bore of said tubular member, said sleeve having a lower
cylindrical extent which initially underlies said collet
lugs and biases said lugs radiaily outwardly to engage

15 said internal profile and define a running-in position,
‘said retaining sleéve béing movable to a release

position upon upward sliding movement of said mandrel in

which said fingers are disengaged to release said
sliding mandrel, and wherein said retaining sleeve is a

20 generally cylindrical body, said body having an external
surface which increases in diameter at an upper extent
thereof to form a lip, said lip being received upon a
ledge formed within éaid interiof bore when said sleeve
is in said running-in position;

25 lock means.within said interior bore for
engaging said retaining sleeve in éaid release position
upon upward travel of said mandrel and retaining sleeve

N
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-qve:r-a predeternined distance, and wherein said |l ock. neans is a snap ring~
Wwhich is located within a retaining groove provided within said interior '
biore, upward axial travel of said sliding mandrel and retaining sleeve 5
serving to-engage-the lip of said slelde with said snap ring to lock said
sleeve in said rel ease position; and shear neans for initially fixing said
ret\sini ng sl eeve in said running-in position, said shear means being

sever abl e by ‘8§9rd axi travel sai d slidi mandr el and

| .
retaining sl ¥ pregqltermlne% ‘iﬂ%‘iﬁﬂfﬁ%ﬁta %g"”?%‘?e’d’t%ﬂ)’r o hveyed

235,2?{?? thdqﬁ%fg 1% i ”Se'?ﬁofﬁ%fe'im’lw%i#%% &'t %Laaﬁ°ﬁsﬁwq%dr.ca|
exteri o and gund i §5) &Y S S LA L3t fm%&efmerx{@%ﬂng% S

connecti ng e onnec ring e viel |

surface and 3tﬂé3\)’@lr Hkaid s1idin mandxae_'[slér?d sfleéé?v':émp' ngly
received within * - the |nterf5r 6%re of. said t&%ﬂlar menber, said sliding

nmandr els havi nge o nd g Nedgds chéd 11PVd £ et gV & e SPONSTEH r&hf@%ﬂ or-
engagi ng and supporting said perforating gun and an upper colleted end with
-a 25 pl ur ating td JodK edaifd lreverhichsd vl Ntebdase penitliain] wgsd said

fi ngers being expandable radially inwardly and outwardly, and.wherein said
interior bore is pshed tigeeans Ean imiterakly pﬁmm@ daid ergfamyi migngs al d

collet lugs when said fingers are expanded radially
- sleeve in said runnzng—ln position, said shear means

Y being severable by upward axial travel of said sliding
10 mandrel and retaining sleeve.
4;.' - A disconnect sub.for a tubing conveyed

"'u'perfbrafiné'guu of the type used to perforate a cased
_ we1l'bore,-compfisiuéﬁ.f |
15 ':-__ a tuﬁulér member having a generally cylindrical
f;exterlor and an interior bore, said tubular member
having an upper connecting end for connection in a
u tubing st;ing extending to the well surface and a lower
end; |
20' ' a sliding mandrel teleécopingly received within
the interior bore of said tubular member, said slldlng
mandrel haV1ng ‘an 1nternal bore, a lower end w1th
connectlng.means for engaging and supporting said
p'bérforating gun and an upper colleted end with a
-25 plurality of collet fingers which terminate in collet
'ulués, s&id finéegs Being-éxpandable.radialiy inwafdly

" and outwardly, and. wherein said interior bore is

* ¢ L N S *




(nlkucHWy and said mandrel having a region of reduced external dianeter
whi ch fornms an annul ar chanber between 5 said mandrel exterior and said
interior bore, said annular chanber being initially filled with a
substantiatly i nconpressible fluid; drajyp nmeans initially containing said
fluid within said chanber, said rain neans including a 10 frangi bl e
poﬁ&?on whi ch extends within the internal bore of said mandrel, whereby a
wei ght passing through said tubing string and, in turn; through said
i nternal bore progidedaiwd thr amgiibte rment ipyo ftid e florasagagicaf lsaiid; a
retaining sleeve received within the interior 15 bore of said tubular
menber, sai d sic@dtethdwigsg whenowear dc fliingerisc alr eeex@andeid cladiaililiyal | y
underlies said collet lugs and biases said lugs radially outwardly to
engage sai d i nP8ENArdad¥of and &ad ddapingsed havidingga wegdoint iofn redaced
retai ni ng neans Qeigg ngyable to a.release position_20 upon upward
§Fn&di g1

slii di ng novenefi® REedeE) whichhiformsaiad ANYERS Shemdese REEYEE Nt o

3| id slidi drel . .and | ock it hi Ld _interi, b f
ergag ngSoat d PELS RARGLEteays dtt oo mnd GRdds d SEEAOToRCSE Sadfon upvar o
tn | of id | t aini .Sl - I ned di st )
LIBVe O Sh aTRidRe! cRdfnet! e RS etan S A o SRR, "l ol e

(he'D S, SePeRebRaRY, sheonprectiBId SagUGCL 0Dt o S, werel

fgrms a piston area w ghiad nStednENami®iaWiec@Ntaining said fluid

1w within said chamber, said rain means including a

10 frangible portion which extends within the internal bore
of said mandrel, whereby a weight passing through said
tubing string and, in turn, through said internal bofe
severs said frangible portion to release said fluid;

a retaining sleeve received within the interior

15 bore of said tubular member, said sleeve having a lower
cylindrical extent which initially underlies said collet
lugs and biases said lugs radially outwardly to engage
said internal profile and define a running-in position,

said retaining means being movable to a release position

20 upon upward sliding movement of said mandrel in which

; said fingers are disengaged to release said sliding
- mandrel; and
-lock means within said interior bore for
engaging said retaining sleeve in said release position
25 upon upward travel of said mandrel and retaining sleeve

over a predetermined distance.
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upmard.nbvenent'of said mandrel conpresses said fluid and acts to retard

the travel of said nmandrel. 10 7. A et hod of disconnecting a

t ubi ng conveyed perforating gun of the pe havi ng a percussi on detonator

used to perforate-a cased well bore co ising the steps of: connecting a

t ubul ar nenber having an interior 15 bore within an internal profile in

a weld tubing string and positioning a sliding mandrel within the interior

b in tel [ f i OR. | di drel havi l .end
connected to {8 perfofdei BYSEAAPSF SARROr T hg:Pna GUACFEnE RaMdh el bei ng
provi ded with ag%gn mggg | gsed Hgggéw:ﬁg having a plurality of collet

fingers expandi ble radially inwar outwardly for engaging the
internal profile; retaining the mandrel within the tubul ar nmenber by
installing a retaining sleeve above the sliding 25 mandrel w thin the
tubul ar menber 6.t he sl epeedbetognpeovidBdod Ehadml aypewheybindeheal extent
which initially underlies said collet fingers and biases said fingers
1111111 $11111ektétiotldflsaidlhéndrel €s provide® with a séal réGion
radially outwardly to engage said internal profile and.define a running-in
posi tion, sai dwhéchi iongsshepietbei ageaowabhint saddr ehemberpowherebhyupon
upward sliding novenqent of said mandrel in which said fingers are 5

di sengaged to BBWasSemeyemesti 6fngakdnuppfrepreonaragsescRrhg AduAS within

said interior bore fgr engaging sai d retaining sl eeve im said rel ease
. and acts to r&tard the travel of said mandrel.

10 7. A method of disconnecting a tubing cOnVeyed

perforating qun of the type having a percussion

detona;or used to perforate a cased well bore comprising
the steps of: ”
connecting a tubular member having an interior
15 boge within an internal profile in a well tubing'string
and positioning é sliding mandrel within the interior
bore in telescoping fashion, the sliding mandrel having
a lower end connected to the perforating gun for
— supporting the gun, the mandrel being provided with a
20 colleted upper end having a plurality of collet fingers
expandible radially inwardly and outwardly for engaging
the internal profile;
| retaining the mandrel within the tubular member
by installing a retaining sleeve above the sliding
25 méndrel within the tubular member, the sleeve being
provided with a lower cylindrical extent which initially

underlies said collet fingers and biases said fingers
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ppsition“upon upward travel of said nmandrel and retaining sleeve over a
pedet erm ned di sttance; 10 providing a region of reduced

ekt ernal diameéter which forms an annul ar chanber between the exterior of
spi d mandret and said interior bore, and filling said chanber with a
substantlally i nconpressible fluid;” &ﬁbViding drain neans initially
conb&rnlng said 15 fluid within said chanber, said drain nmeans including
a frangi bl e portion which extends within the |nternal bore of said nmandrel ;

d Nt ¢ t t.h f
?ﬂroggﬁseggd% \rlﬁiernq (ﬂ%twoﬂgg%er% &'Idﬁ % %1! g’rpl 3’{ cﬁiaal n said
chanber, sai a8ty %rﬁgtrgdniat e glg,qlnt AUy \g&fﬁﬁl,& |sr1teeé"}%al bore to

contact sai d percussion fire said orating gun. * L
* being movable to a release position upon upward sliding
movement of said mendrel in .which said fingers are
5 disengaged to release said sliding mandrel;
providing locking means within said inte;ior
bore for engaging said.retaining-sleeQe in said releese
position upon upward travel of said mandrel and
retaining sleeve over a predetermiﬁed distance;
10 providing a region of reduced external diameter

which forms an annular chamber between the exterior of

said mandrel and said interior bore, and filling said
chamber with a substantially incompressible fluid;
providing drain,means initially containing said
15 fluid within said chamber, said drain means including a
frangible portion which extends within the internal bore .
of said mandrel; and | _
\_/ ' - passing a weight through said tubing string from
the well surface through said internal bore to sever
20 said frangible pin and drain said chamber, said weight
being allowed to continue down said internal_bore to
contact said percussion detonator and fire said

perforating gun.
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