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15 Description of the Prior Art
Typically when oil or gas wells are drilled in hydrocarbon-bearing formations, the bore
hole is thereafter isolated from the surrounding formation by a string of interconnected, relatively
large diameter pipe sections, generally referred to as a well casing. The casing sections may, for
example, be about 5 inches to about 9 inches in diameter. Ceinent is most often placed around
20 the casing throughout its length to provide a barrier between the outside of the casing and the
inside of the bore hole of the well. The cement acts to prevent communication of fluids and
gases under pressure from one underground formation to the next.
A tubing string fabricated from smaller diameter individual pipe sections interconnected
end-to-end is commonly run into the well within the casing. During completion of a typical
25 cased well, a tool such as a packer may be priovided on the end of the tubing string to isolate the
area called an annulus between thé inside of the casing and the outside of the tubing string.
There are many types of oil well packers in use, with elastomeric sleeves or bladders engageable
with the interface of the casing being expanded and “set” either mechanically, by inflation,
hydraulically, or using a wire line set. Mechanical packers are generally actuated by rotation of
30 the string which comipresses the sleeves to bring the outer surfaces thereof into sealing
engagement with the casing.

Hydraulic packers offer many installation and operating advantages, particularly where

the well casing has a number of bends and therefore is not essentially straight throughout its
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20 well annulus isolation devwes Many of these tools utilize a plug for temporarily blocking a

tubing string in order that hydraulic pressure on a packer or the like may be applied to the tool.
Certain plugs have been run on a wire line and set in place. After the pressure operation, the line
is retrieved to pull the plug to the surface. This type of operation has been found to be time-
consuming and presents associated risks with well intervention.

25 Other well casing isolation tools have been provided with tubing string blocking devices
such as glass or ceramic pluge. These plugs have been opened either by dropping a bar from the
surface, which causes plug failure, or overpressuring the plug to failure. Many unsolved
problems and safety concerns have arisen by use of these types of plugs, in that the material is
frangible and thus subject to micro-fractures resulting from rough handling at the well surface,

30 improper assembly in the tool, or tolerance issues that greatly reduce their pressure ratings,

causing unpredictable plug failure.



The prior art is replete with exenplary tools for assisting in

setting of packers and simlar 20 well annulus isolation devices.
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the shear @ﬁﬁhhé}%ﬁ{t tHE'!e%dﬁlg%ﬁd bt §Eap&%ﬂ great greggéj%ﬁyﬁ{e%c&lma—é}%mt first

cavity, may have entra ea an t'he cavity
areas on eramtacts ladenttahsegm@ﬁt of fhepiugittd mitese semertngaf tho plugf wisielvemiinges@afount eéhe

central se of t he shear, yI| 90Any one. of
e o aeeye of SrORe wit by Sl SR Soaniat of i Ml 5 s0vaen gt the
contnel li rtﬂ:n%ﬂérﬁltﬁoﬁﬂmciﬁer&é'fe Itsbglarenféﬁ mand@rpmgmetprwwéauﬁm 4 &WRity in one surface
pl ug- severing di SE| acenent thereof The devices may either be a

rupture ditbereolon adgenné withdhr lsatingiend Qféh@ﬂlekfnfdbk@ﬂﬁﬂmﬁﬁmﬂg firspjgentasts the plug
t di
11 e T A 8 ST

t he shear at” communi cat es

al | ows actsidzt themo® facilhaesinitation pf sevdang ofitle cbmralzsgmmmﬁ flearligbwthe shear
differenti ah ressure controllable fromthe surface. Utilization of a
rupture di%e? i s purpose is preferred because that allows the

pressgre res IOOD&G} $Re dren ﬁ@h@é‘r%ﬂﬁﬁkéﬁu&%&b%'a@ﬁ:aﬁlﬁ!e%@ic@@nﬁ? b3 prevalisd ®r
di sc of predeterm ned burst characteristics The tool of this
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25 atmospheric or differential pressure controllable from the surface. Utilization of a rupture disc
for this purpose is preferred because that allows the pressure response to be selectively controlled
by choice of a rupture disc of predetermiﬁed burst characteristics.

The tool of this invention has utility in vertical oil well casings as well as in one or more
horizontal casing sections leading away from a vertical well that extends to the surface. It is

30 especially useful in multiple well applications because no debris is left in the hole, whether

vertical or horizontal, after opening of the plug to enable procduction from a well.
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the invention is the ability to selectively vary the w thstand
pressure pwopestidesssof the bl ocking plug by changi ng thecTiBe@kn®igs of
the plug, the materials of construction, and the overall shape of the
pl ug, w t hout adversely affecting full gpening of the pl ug _SPrior
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R lﬁ)lstc? Q(Jﬁgﬁ?ﬁcﬁ ﬁ%ﬂg?%ggseglrsés&g% gl?]lé ﬁﬁs&bé&%%unoundmgthe
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the tool. In wells where excessive high pressures are encountered,

the differBHUES BESWERN the wel | annul us pressure and the at m)spherl c

pressure can beyte RryRebrisde: weif bohitisiimisPb LRt AR Eatdd eheh@Sihg the oil well
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DESCHY PTI Ghido¥ard difec OIS he atmospheric chamber. To prevent these potentially negative and
catastrophic events, a series of holes may be provided in the housing of the tool so that the
differential pressure between the inside of the tool and the surrounding annulus is reduced to a

mechanically acceptable level, or pressure-compensating holes provided in the piston.
Because the amount of pressure required to effect operation of the tool is a controllable
25 parameter, pressure can be applied from the surface down either the tubing or, alternatively, the

casing string, at a level that is sufficiently greater than that of the annulus or tubing in order to

effect operation of the tool as may be required.

BRIEF DESCRIPTION OF THE DRAWINGS
30 Figure 1 is a vertical, fragmentary, cross-sectional illustration of a tubing string in which
an oil well completion tool assembly in accordance with this invention is located below a

schematically-depicted packer;



30Figure 1 is a vertical, fragnentary, cross-sectional illustration
of a tubing string in which an oil well conpletion tool assenbly in
accor dancewa 2068/138858 i nvention is | ocated bel ow a PCT/IB2008/001432
schemati cal | y-depi cted packer; WD 2008/ 135858PCT/ 1B2008/ 001432 8

Fig. 2 is a vertical, cross-sectional vigw of one enbodi nent of the

conpl etion tool assenbly, illustrating the shear cylinder unit in its
normal positi oXiaoise ¥ertealetrastECingl viewusk e $mbadiraent 9 the,pompletion tool
assenbly i ' ' o | ad: e

sseml y; B 3l HafiE WO SHBBAME R, AP b o B Ra R lrabl g
enbodi nentm@intddi ig.th@(ubshowisambiyhie rposaltbiodkingf retabenshivetrthe pkiahpassaggmifithe
after it has en noved through a plug-severing displacenment thereof;
Fig. 4 is5 ¥pective view of the novabl e shear cylinder unit of

the conpl eti on FPaks ASRRADENss-sectional viewbt @e ebddimentlof BZME BAA¥ikg the position
enl arged, vertical, cross-sectional view illustrating the position

100f the oiféwrshesycylinder univafier ibpvpeen moyed Brqush a plugtsseeringrilispiacerseryipaseol;
of the severabl | | YA - | j:
Fragmentary, - oRiGrdod PEOBR TS b kARhBSRaRR i ot of it forpBeih o
5, but il lasskib®i;i ng the shear cylinder unit in its actuated position

after it has severed a central segnent of the plug;, 15Fig. 7.is a ..
fragmentary, ehf@aPded ;fra%mtwa?r,ﬁarg%§§m§%c<tr?%§ﬁa?ﬂqglﬁle‘a%flﬁt%tmg the position

conmpegent ,r{RAWELr biddbSuniGoridh 100 vErf] AR chifal 5éMendnt 8F thOseBRbEIpI Y mounted
in the tool assembly;

Fig. 6 is a fragmentary, enlarged, vertical, cross-sectional view similar to Fig. 5, but
illustrating the shear cylinder unit in its actuated position after it has severed a central segment
of the plug;

15 Fig. 7 is a fragmentary, enlarged, vertical, cross-sectional view of the components shown
in Fig. 6 at 90° relative to the Fig. 6 depiction; |

Fig. 8 is an enlarged, cross-sectional view through the tubular completion assembly along
a horizontal plane and illustrating the bottom of the severable plug;

Fig. 9 is an enlarged, cross-sectional view along the same line as Fig. 8 without the

20 severable plug and the hinge attached thereto;
'Fig. 10 is a perspective top view of the severable plug with the hinge structure attached
to the central segment thereof;

Fig. 11 is a perspective bottom view of the severable plug as shown in Fig. 10;

Fig. 12 is an exploded i)erspective bottom view of the severable plug with the hinge

25 member and its associated annular support member adapted to be attached to the plug body;

Fig. 13 is a vertical, cross-sectional view of a second embodiment of the completion tool
assembly; |

Fig. 14 is a vertical, cross-sectional view of a third embodiment of the completion tool
assembly, and that is optionally provided with holes in the piston that communicate with the

30 atmospheric chamber that reciprocably accommodates a portion of the piston during shifting of

the latter;



Fig. 8 is an enlarged, cross-sectional view through the tubul ar

conpl eti on assenbly along a horizontal plane and illustrating the
bott om of wihelssassssabl e pl ug; Fig. 9 iIs arrcarnBzoogenss2
cross-sectional view along the sane line as Fig. 8 without the
20severabl e plug and the hinge attached § hereto; Fig. 10 is a

perspective top view of the severable plug with the hinge structure
attached to theFigeidtis ahorizegishstoss-pestiend! viem tgkenpubstantigllyen ddiag i 45 of Fig.
bott om vi ey, of own in Fig. 10; Fig. 12 is an
expl oded p}éﬁr%ngelé{kﬁr\léﬁ\ég{@gér%ﬁelﬂéf\;ltvggﬁ?ﬁ% severabl e plug with the hinge
25menber and i tEgasdocvatied, cansutaionsivppoofa foertbenbaitragit @fithe cotopletion tool
attached to the plyg body; Fig. 13 is a vertical, cross-sectional
view of a §%?@H32Eabodinent of the conpletion tool assenbly;

Fig. 34 is a veffi©eala vekieAScro@Cietitnal vivd @Wa Hftthanitdiintknesbad comprleti@f tool
the conpletion tool assenbly, and that is optionally provided with
hol es i n t#seerphlyt on t hat conmunicate with the 30at nospheric chanber
that reciprocably accombdates a portion of the piston during
shifting of the latter; WD 20081135858PCT/ 1B2008/001432

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

An oil well completion tool 20 in accordance with one preferred embodiment of this
10 invention, shown in elevation in Fig. 1 of the drawings, is depicted as being mounted in a
multiple-section tubing string 22 below a diagrammatically-illustrated packer 24 within oil well
casing 26. The tool 20 comprises a tubular assembly 28 having an upper threaded box sub 30
adapted to receive a threaded end of the tubing section 22a. The housing 32 of assembly 28 is
threadably connected to top sub 30 and interposed between sub 30 and lower threaded pin sub
15 34. The pin sub 34, threadably joined to housing 32, is adapted to be threaded into a section 22b
of tubing string 22. A shear cylinder unit 36 is shiftably mounted in housing 32 for movement
axially of the main passage 38 of tool 20. A severable plug, broadly designated 40, is mounted -
between adjacent ends of housing 32 and lower sub 34. The plug 40 in its normal position,
blocks main passage 38 of tool 20. Plug 40 is preferably of a metal such as Inconel, stainless
20 steel, or an equivalent metal. The lowermost tapered plug-severing edge 42 of shear cylinder unit
36, in the orientation of unit 36 as shown in Fig. 2, has a leading edge segment 42a that is in
closest proximity to the adjacent surface of plug 40, and opposed trailing edge segments 42b that
are each at an angle of from about 7° to about 18°, and more preferably from about 11° to about
16°, and most preferably at an angle of about 15° withrespect to the longitudinal axis of passage
25 38. The edge segments 4ia and 42b cooperate to define a circular, tapered plug-severing edge.
It is also preferred in this respect that the edge 42 be chamfered at an angle of about 15° from
o.d. to i.d. of shear cylinder unit 36.
Plug 40 comprises an assembly having a solid circular body 44 that includes a central,
flat-surfaced section 46 having an outer tapered section 48 that merges with an annular
30 peripheral, stepped portion 50 that includes an inner circular ssgment 50a and an outer circular

segment 50b. It is to be seen from Fig. 5, for example, that the surface 52 of plug 40 opposed



9 Fig. 15 is a horizontal, cross-sectional view taken
substantially on the line 15-15 of Fig. 14 and | ooking in the

di recti on WO 20082138858 OWS ; Fig. 16 is a vertical, a@aoEs2@ecti4snal
view of a fourth enbodi nrent of the conpletion tool assenbly; and
5Fig. 17 is a vertical, cross-sectional,yiew of a fifth enbodi nent of

the conpletion tool assenbly. DETAILED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTo £getion #6 thetdof isesyshéallyofiattazespt £ & circup Esmmialic extgrdipg Brgportion 54
preferred fﬁgodi.% of Fhis 10 invention, shown in elevation in
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The housi ng assenbly 28 1s threadably connected to"top su
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steel, or an eduihvadheit prefemdd embedinenerfmsg 48 apsrshdwpliu thesdrawitigaghaving
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preferably: an, angle SERI| t he | ongi t udi nal
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40 opposethe lowermost end portion 32a of housing 32 and the circumferentially-extending internal

grooved poﬁion 34b of lower sub 34. By suitable tightening of the threaded interconnection

between housing 32 and sub 34, a leakproof, metal-to-metal seal between plug 40 and housing

32 and sub 34 is provided, thus obviating the necessity of providing O-rings gaskets or the like,

25 which could deteriorate over time. The cylindrical interior portion of sub 34 has a cutaway
segment 34d for receiving section 62 of hinge structure 56. '

Shear cylinder unit 36 has an elongated tubular body portion 72 received within a
circumnferentially-extending elongated recess 74 in the wall structure 76 of sub 30, as well as the
elongated annular recess 78 in wall structure 80 of housing 32. The recess 78 in housing 32 is

30 stepped and of larger diameter than recess 74. The circumferential piston projection 82,
extending outwardly from the cylindrical wali 36a of shear cylinder unit 36, contacts the surface

of recess 78 and cooperates with that surface to define axially-spaced, circumferentially-
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essentially flat, except for a circunferentially-extending rim
portion 54weat20a8hasgser i phery thereof. Hi nge st r ucrar/soespadisy
designated 56 within assenbly 28 includes an annul ar nmenber 58 that
is secured to the outernost stepped, penipheral surface 50b of plug
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i ncl udes athquh@@berg%@}daﬁﬁl KgSpacEYehy, ddre shambien$p isof ameraﬁ:a@wgham@g 84,

section 64,, %{g%@b%%dﬁﬁ&?bﬁﬁg?%ab{f%‘ H%@&ril@%%u?%@%ﬁ@%ﬁcg Adf8, with

leg portion el ng | ol ne 0 ou I"eg s 1%n 66

of section 62 iAnLrhggdadb 36 mourdethar the periphbgrof B suffhaech 2440 paugdi Oingages the
structure be f ric d of _any_ on a nunber tals
convent i ongmeyn?\}é@?ii s ?aﬁ%y%‘r?a U&BS @g S%fﬁ’ﬂ%p‘ﬁf'%g é‘rga ’Eeﬁ 9 Heshdice
bei ng spr ef 9?: 688lug wmtan:ﬂlﬁvaiﬂﬁld‘ﬂe@tﬁél tpeRlondeBovHIE i@gedé%@ lirialihe @8tout 89 in
exanpl es on t hough the prererred embodi nent  of plug 40 is

a2 ahon | Melrsrmosiandh TSR exbnab el oh o i Folv Sppbiect, Bt Palaporion
def 11 NG, B, Ga ik o596 by A0S NEFSP cobBRRARURY BRLE. BLYB IR0

a central sec iont nto a concavo-c ape, W
t he concavefcmmuf B dek acitiog 8% o el 88ipef 2 writh mualdoMﬁcmeammﬁalt«hﬁh of cutout

pressure sgurce, dependi ng on.the mell ressure 15 file and

P tended pil sOtob AR SRF GEES Peipisst Foset Botosabides of culdH g9, Fhgpal
sub 34 hassedfior NI loWeinidse aeThbCai\shday cPRidbl @it 4@ of RAlicddShickness where
configured to receive the externally-threaded end portion 32a of

housi ng 32aliswedwitipiee BRésaccemmopee thepnteond extension $fhgs Sowsin Figsy3.deend 5.
“wi th an outer ngs n&%g%}hgg{ fgg%%ozl leli ﬁoopgd@é ﬁgﬁwyl%d&%gﬁmém&e@l%d

rlmportlon 54 erim I on serves to res
bul gi ng ofmﬂlbesuitg)mjthé%gmnmm SmfftdstSds pﬁ;@@ﬁhﬁ@eérﬂﬁé eatgiadurfate ofltiie deduced

.also to besenfromFl ed_bet we t he
ower rost BRETEO AR Y30 SR e oh SNt 4R of REB eiinder W 6, ahd the
circysfer elﬂhéralbktxuﬂ'xcteem.bﬂgn% B3 eTRAroS- ReNdHd! ARVAthiedf 3 pdfion PSS Bl BS
34. By suitable tightening of the threaded interconnection between

housi ng 3%%%“)&% ogmstoéhq’@H‘lﬁﬁ?@ﬁ?“Ofr?@fl%’tefsﬁldbﬁﬁlqilSursfwﬁ%@&tbmﬁermoggnd
40 and ho
necessity o pr OV' ﬂgéﬁt%ﬁglﬁsmeﬁ%{ls or %ﬁ%ﬁilg?@e@l%l ch cou e geb 88 with

deteri orat cq:posﬂénnatrngS%Td:fecuaryit Badinrmglnsembmnf sﬁeapqumﬂ@mnuf%smtm tBe1 tuibakr
a cutaway se nt. 34d for, recej section 62 of hin struct 56.
Shoar oyl i BB Resssiaeiar thoR GUEA oI R BHALE Gp H1%bH O occur o a
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circunferential* pi ston pfojection tendi ng outward
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25 much as 10,000 psi or more, the central section 46 of plug 40 will bow to a certain extent in a
direction toward the applied pressure on plug 40. Opposed side edges of leg portion 88b of tab

88 remain in engagement with opposed margins 89a of cutout 89, even when central section 46

is deflected to a certain extent by the high pressure fluid within the well. Accordingly, there is

no tendency for shear cylinder unit 36 to rotate within hou§ing 32 that would cause the edge

30 segment 42a-of edge 42 to-be moved out of-its-predetermined correctly-aligned position with

respect to section 46 of plug 40.



11 extendi ng chanbers 84 and 86, respectively. The chanber 86 is of
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cavity 98 in the peripheral portion 50 of plug 40 opposite hinge structure 56. Cavity 98, which

is of curvilinear configuration longitudinally thereof, is strategically located inboard of rim 54

in the area of plug 40 initially contacted by leading edge segment 42a of shear cylinder 36.

Cavity 98 has a center area 100 that is of greater depth than the areas 102 and 104 on opposite

30 sides thereof. Member 58-is preferably provided with at least three integral projections 58a, b,

and c extending outwardly from the outermost circumferential margin of member 58. The

spacing between projections 582 and 58b is less than the spacing from projection 58b to



12 The upper piston shoul der 90 of proj ection 82 faces chanber
84, while the | ower shoul der 92 of projection 82 is in facing

rel at i onshwp wes/16srasber 86. A pair of tubular fittings EA/B& N et
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wi th chanmber 84 each carry a rupturabl e;gonponent 96, preferably

conpri sing bul gedhé)r essure-actjvated rupture discs that 5 are in )
communi cat PreIscHa™ $EcpaSBusy STAECLORS SBeH Which dcerammBlepentally 565 vech By BaRsstive
of the fluj i : : iCl

Fo effect SRl perfRE R GERIE 38 st H B ERPR DL Kol L Bt
acting on Ppiistonrsiaidncdech 9@t the lmdmgetge ssreent 424 0f shdarcylinder uiif 3¢ & directly
shifted toward, pl 40. Becau chamher. .86 |s at atnospherjc

ressure. O g tious e T Forvibnge i gl Rk oHRRBRS P e aph o
pressyre afphdi@dsite sedpeUdndefa@fly uiseventift Prug 40 froth 156t out of&s e ttinBned
disc 96 is preferably provided 1n a wi de range of fpressu.re _
appl i cat i ofeckedonignéatiopsrthyespectaotpagiap edasepgmantddn aflshear eimdanifras bpvsnge3?
rupture di.se¢ ected according to well conditions and

operati onsgﬁlf%g?dcgﬁeﬁugsh'a rupture disc is chosen that requires.

appl i cation of Dringdhiftiresdshear oflintitramand by floid patssure agilied hgainst SpQ@epsd of

in order tq effect .ru re of the disc 96, although. disc, rupture
vl nes ns MGHPRECG e o g HsEmEsar okt Rt h e il FATHL < ement 46
oper abi onalrpRAUBNEE &vity O ifpIRAAY AGte@thatid deforkidtiasl firdd iRfiall} Afplied to surface

di ameter of "the aperture of fitting 94 that is opened upon-rupture of
di sc 96 ney diglugalibydeaduiscadds pagmepbhlatihioceed et acaregxddble pihg $B.cvdich is cross-
cyl i nder unj,t I V. i i.fferential. .
oY e DS R0 a8 pr MSh L eSS T gy porin
tubul ar aswemht leadiBg adyd 42hof alge ¥d ofishengyhmistiinis36 fibecodiaerplgrioat the benter

orifice through fitti 4 be |l ected to assure that pressurized .
fluid fl o B_OEﬁaJwgg- Tun Readih's precavie PPt byshe ey der Heje 6 is
uni t 136 f rgmsbediRgud bt SGkE I hhRd dieliréOniati &oSkE 'o‘f%eypl%%?

rate of novenent. - The l'eadi ng edge segnent 42a of edge of
shear cyl i nder UpnitoBpleiesevenngdf ¢antral sconemidé fraimtthe mampherelpdstiorot0 gfiplug 40
body 44 tq) i

0Oy 4o (PR AR Ry BuPel QR QRSB Bl RERL cheRla

peri pher aloufeahbst end 56b sffshedreglidddr uhit 36 efletts thesebRed@ingdl dee@BhtFHicERtwatdly
5, and 10, that the surface 52 of plug 40 is proyjded with an ,
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| ongi t udi nal thereof, Is strategiCally | ocafed I nbodard of rim54 in
the area db. plug 40 initially contacted by |eadi ng edge segnent 42a
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aligned with the center area 100 of cavity 98 in plug 40. Projections
58a, b, arf of plug&0dfy shear cylinder unit 36 assures that the severed central section 46 of plug 40
30 moves completely into cavity 108, thereby preventing central section 46 from interfering with

the drift diameter of tubular assembly 28. The leg portion 88b of tab 88 is straightened out into
generally parallel relationship with leg portion 88a as leg portion 88b is shifted laterally in the



5 sufficient size, shape, and quantity to prevent the plug 40 from
rotating out of its predeterm ned clocked orientation with respect to
| eadi ng edy® 20eaiIelI8 42a of shear cylinder 36 as housi MRLCIZB2908/001432
installed in sub 34. During shifting of shear cylinder unit 36
by fluid pressure applied agai nst shoul dgr 90 of piston projection 82

t hrough a di spl acenent to _effect severi n% of the entire central
segnent 4erealptienhegdusgd welh hickagsssgeton 3paoisheay cylindssunt s andihe inppranost
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t ovar d thée;ya@?dﬁséﬁsweﬁéwmea&ggeﬂr&?ﬁﬁaw%@F[félgt hf lrggomionsfizang o é’vd@y ghaped
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def | ect i ) | shifting of central
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central section 46 frominterfering with the drift di anet er
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prevents shear cylT1nder unit 36 fromrotating as the cylinder unit 36

is shift edlffdm:rtmgbﬁt‘aem thp parsdysend thef intscipr prgsage wé ubplgr afsembly 128 seffigient to

sect iSO n 48 cht rupture of disc 196, thereby causing the pressure introduced into piston chamber 184 acting

against piston shoulder 190 of piston extension 182 to move shear cylinder assembly 136 through
its plug-severing displacement in the same manner described with respect to the operation of
tubular assembly 28.
The oil completion tool 220 of Fig. 14 is structurally the same as tool 120, except in this
30 instance it is understood that the tubing string and the main passage 238 of tubular assembly 228
connected thereto is under a predetermined fluid pressure, which may be the weight of liquid in

the tubing string. In order to actuate the shear cylinder unit 236, fluid pressure is applied to the



5plug 40 by the | eadi ng edge of shear cylinder unit 36. Cavity
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The oil well conpletion tool 320 of Fig. 16 is the same as tool 20
except that a Kobe drop 15 bar actuated plug 330 is substituted for
t he rupt ur ¥OR08¥138H8ponent 94 of tool 20. Thus, when a REGARBRHBOHAE
drop bar is dropped through the tubing string connected to the upper
sub 376 of tubul ar assenbly 328, the tuhgl ar extension 332 of the

ot bhe 2881 5eplre bATEE ShBg SR BHEE Wb BE el et Enamber
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hol es 426 sti(i@@allacff%o%ﬂﬁge&@ 60cpBaklly BRARIBY L&I9R g A QUEAAltRS, such as very high
circunference of sidewall structure 480. In thi's instance, the

chamber 4g8essnigs,lae maylegenr e very dagp welkso dider thesegrghsprassare wall egndigions, it may
pressure uaI to . . .
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assenbly 428 as conpared with tE s[gressure of the fluid in the

annul us Mesé\!fﬁr“ﬂﬁwﬂﬁhﬁé“‘%l%ﬂﬂ%% 2 dUERISPY PERSSUR BN G 35 ACRAiAb of WaB gesign
to a levely &Jbgfc BRESMAEapliEiRh ©Ppre@urd Ford tHelshiFA®M eilier the tubing
ef f ect rupt of |?£Qﬁ66t t he fqﬁfdtlntrggucgd |ntgschanbe? étEtUIn
acting agandmimmub$on shoul der 490 of piston extension 482 causes

hi f f sh d 00841358 |, B2008/ 00143
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Becayse t hembdplbssk qhar®8U186 could ed3aliiaollde ofmammmgaqmafbma thdiston wall 436
pressure in the annul us surroundi ng tubul ar assepbly y, Virtue of
Pasam W&E

the provi S8 drctine of theapmosplefiG tthaw@e'zﬁ%t R&caupiis ishgd;whaj pegssure
under the

I Chamber AL R o R PR S e Mol LA TRt o
t ubul ar asbewbing s#dg 22 inan amdﬂnetths gupateothan tet dfithe anahlus goorgérde effect proper
tool 420, havi.n es of openings 426 in the sidewal | of housing
432 is esﬁ%@?ﬁ?€9ﬂ@ for varying well conditions, such as very

hi ghopressures, as may occur in very deep wells. Under t hese high
pressure well conditions, it may be necessary to operate the oil well
conpletion tool 420 using differential pressure. Differential 10
pressure, in this instance, is defined as the difference between the
pressure in the annulus and the pressure within the tubing string 22.
Differential pressure can occur as a matter of well design or

geonetry or can be created by the application of pressure fromthe
surface to either the tubing or the annulus. In wells with

excessively high pressures the difference between the well pressure
and the



15 at nospheric chanber 486 could result in [

_ col | apse of the hou
4ﬁ2ngr burst the piston wall 436 in the directioﬁ of the atnnsghggic
chanber 486. Because it has been established what pressure is

required to operate conpletion tool 420 [

fromthe surface down the tubing strimg’ 2t2hie2 gLeZ?rgLﬁt C?Ea:)ei 2pp| e

g][e?gglr Zggn that of the annulus in order to effect proper operation

of + Mg_ 17 CLAI Ms: 1. An oil well conpletion tool adapted
e co to a multiple-section tubing string within an oil

wel | casing and conpri Si ng: :
defi ni ng la%smd)icbWellggl&;éiegi%iﬁgpﬁcg&){t%@aﬁégqnﬁ{eﬁt \é'sgng wal | structure
havi ng ,aanpasedeends tubink stinpewrihinone odf Weh SagHgA! ge, said assenbl y
1 tubiig B oreodf weh 6agi@siei ng adapted to be
connect ed tQ.dgosection of the tubing string: a severable plu t ed
'n the ty t%'n""‘%éﬁ | hiinB ot ATR it pekieninglatslons hi o the axial
passage;‘bL [%gﬁke gﬁéyP“ n ey Hn.t_ _ Pﬁgd@tiOﬂs iptothe axia
or ovi ded wigtFehapall fg&@lgﬁ%ﬁdnglglgfdé?é}féeﬁl prral espassage of the assenbly
a peri phesaal agsenttily agingcpma%pa&,l s with at least o5Ragag rel ationship from
ends being adapted to be connected to a section of the
tubing string;
a severable plug mounted in the bular assembly in normal
blocking relationship to the axial passage;
a movable shear cylinder unit in the passage of the assem-
bly provided with a plug-severing edge innormal spaced
relationship [rom a peripheral portion of the plug,
said shear cylinder unit being movable through a plug-
severing displacement wherein said edge of the shear
cylinder unit severs an entire central segment of the plug
{rom a remaining peripheral portion thereof; and
separate elongated hinge structure within the assembly
connected to the central segment of the plug,
said hinge structure being operable to retain the severed
central segment of the plug in the main passage of the
asscmbly whilc allowing the central segment of the plug
to bodily shift independent of and 1n a direction away
from said peripheral portion of the plug.
2. An oil well caompletion tool as set forth in claim 1,
wherein said hinge structure is configured to allow for elon-
gation upon severing of the central segment of the plug from
the peripheral portion therecot. ‘
3. An oil well complétion tool as set forth in claim 1,
wherein said hinge structure is connected 10 said peripheral
portion of the plug.
4. An oil well completion tool as set lorth in claim 1,
wherein said wall structure is provided with a recess for
receiving the severed central segment of the plug thereby
preventing the severed central segment of the plug from inter-
fering with the main passage through the asscmbly.



sai d shear cylinder unit being novable through a plug-severing

di spl acenent wherein said edge of the shear cylinder unit severs an
entire central segnent of the plug froma remaining peripheral
portion thereof; and separate el ongated hinge structure within the
assembly connected to the central segh®nt of the plug, said hinge
structure being operable to retain the severed central segnent of the
plug in the main passage of the assenbly while allow ng the central
segnent of the plug to bodily shift independent of and. in a
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hi nge str@& GF@h LZ Ohiae et o'y eﬁ“&?@?‘f‘%éﬂ%ﬂ n of the plug.

4. An oil thweplugcorrpl etion tool as set forth in cI al m 1, wherein said
wal | struct gr ey silpwelli dedphétion aolemesst forth ieadiivi rig t he severed

central seg {Hﬁ&bsq d}BL p&rﬂg (51"?%163}3411@f:aﬁ‘:{%@tﬁrﬁﬁdbﬁ%ﬂ?é(ered central
segnment of. t nai n gétssage t hrough

t he assenbiy s'mgg.a?l %WCW fﬁ\ﬁasﬁe@laﬁbf@flpbn“ to9iNEd " set forth in
claimi, @R@aldy- ﬁx%lﬁw%Pﬂé‘%ﬁldéyl‘-ﬂﬁ%c‘rabbhﬁ‘fﬂh Hra taeeldhe ubul ar pi ston
and a cyl phgrical plug shearing device, said piston being nounted in
t he passage7ofnt b1 \asls amphylel @ndicepasi édtqrhrﬂpnﬁﬁﬂﬂﬁﬁland ef f ect

ZE' I);[ : naeﬁ{he}é]ﬁ aschx%%ﬂaﬁiﬁrhgﬂ%{f bﬁflﬁfy 1‘[1“19 ﬁ?ftﬁ 1%k ¢ gfePLUgal g 6.
peri pher afg ?)I%*Frt f%ﬁ ot ﬂ{ Egs g %”W@EP&%BP ' "@0“ o '

8. An oil well completion tool as set forth in claim 1,
wherein said wall structure and the shear cylinder unit coop-
erate to form a chamber with a piston shoulder {acing toward
the plug-severing edge of the shear cylinder unit, and actuat-
able means permitting activating fluid to be introduced into
said chamber agains( said piston shoulder to shift said shear
cylinder unit through said central segiment-severing displace-
nient thereof.

9. An o1l well completion tool as set forth in claim 5,
wherein a rupturable component is provided in said wall
structure of the assembly operable to allow [luid pressure (o
be applied to the piston for shifting the latter to move the shear
cylinder shearing device through said central segment-sever-
ing displacement thereof upon mpture of the component.

10. An o1l well completion tool as sct forth in claim 1,
wherein said central segment of the plug is provided with a
cavity therein adjacent the peripheral portion thereof for ini-
tiating severing of the central segment of the plug by said edge
of the shear cylinder.

11. An o1l well completion tool as set forth in claim 10,
wherein said cavily 1s positioned in opposition o the area of
connection of the hinge structure to the assembly.

12. An oil well completion tool as set forth in claim 11,
wherein said cavity includes an area that is of greater depth
than the depth of a remaining portion of the cavity.

13. An oil well completion tool as sel [or(h in claim 12,
wherein said cavity includes portions on opposite sides of
said area that are of lesser depth.



rim said wall structure of the assenbly having a
circunferentially-extendi ng shotildcr engageable with the rimof the
pl ug. 7. An oil well conpletion tool as:. set forth in claim1l,
wherein a circular portion of said ce? ral segnent of the plug is of
greater thickness than an annul ar per'%heral portion of the plug.

8. An oil I 'l,.compl etion tqgol- as,set .forth.in claiml, wherein said
wal | struq!ﬁ‘rfjé] 1a?%ﬁ%§%¢%1ﬁé’i& l%g/&iqd‘ér?eﬁg‘?ftﬂdﬁgfﬁ%‘f‘%tlﬁ to forma
. chanber WheKeR sgisayitydh el FwagatesGondisusinmvithengirea)- sever i ng edge
of the sHwagolhdingabgramindeptnthanct remsibing pedos oféher tti ng
activat i ogvify, saill healieihptioortsd ddtcrmiedisailte ehadBeiha@gai nst sai d
pi ston shgyheder to shift said shear cylinder unit through said

central se i {sp] t. thereof. . . 9. An oil well
conpl et }ﬁlﬂégg&{l 03?%%211 &%gpﬁi%inﬁ&’%lwggn%eg%ﬁé? &I‘th?pum urabl e
corrponen?’ i Cl‘gf%\,ﬂs‘@é’,&l@i 1§ 00 %07 the Feiftal segngnt philassenbl y oper abl e
to all OV\PJI”I&RRP%H@%M]@I]E@ SHECEBBl i ed to the piston for shifting

thel atter 1@ Amwel wedl shiepletoyl tonders sd¢teforingy dewincé, t hr ough sai d
central whegrentagevariing Wicapdaidard of hadefiadip@Raidipt ure of the
conponengm. 10. An oil well conpletion tool as set forth in claim

1, wherei i : a fi the plud is provided with a cavity
therein argig?él?]‘tgqgﬁ;eﬂ]p%?}?l ﬂgﬁg{t Oér?{bi Sﬁ%ﬁ‘gfé ?I%Fl&r_iﬂi nitiating
sever i ng” OF R g g APV aiee of thashegr gyli IdHlliSedge of the shear
cyli ndertaperedpnd ipgludes a {ga Ingengs seehent sadiradingsdgef orth in claim
10, wherssgmegias extendingyati a poglet inangrbsita diroisit aomyt o t he area of
connect i foomafaid headhighedpsteginémr e to the assenbly. 12. An oil well
conpl et i ongt ARl ofASwERcohdsibhohRo6] 84 RrlibrtVILERIQ Fi d cavity

e s, A i o fwwgiéﬁﬁm o con

as set f P?‘ﬁ i#}o %lf’%l?t ik ﬁﬁ%‘?ré%f%m opgirewal axisfes portions on
opposi t d18PAEWEEf said area that are of |esser depth. 19 14. An

oi | well d9mpieeilovell compdstisettodloat beti foridl mi chakf,1Mher ei n sai d
cavity ivshabtiredaid gehed] sehéors BllicqyTup it ?r@«ﬂd@(ﬂ edtl Rer eof being of

greater cﬂ@%’hléf@ﬁﬂt%ldmi S IRAEA oAl il 1eRVEAY. sald area being
[ocat ed L kg edhalds 0 ﬁa} L e B ofl el I
conpl et i on tool cas Set Fort g n ot atmie: EDSIHE dBi d cavity' is on
a side ofenaie! Yeiment wubrend cavity her piitiatigppesiig s@i d hi nge
struct urtde cenwe! segmerntl ofwdlelplagmpliet tOVIHE BOkaRSIc88tf OTth in claim6,
wher ei n @hjedsegamniy is | ocated inboard of and adjacént said rim
20. An oil well completion tool as set forth in claim 17,
wherein said leading edge segment and trailing edge see-
ments are chamfered. T
21. An oil well completion tool as set forth in claim 19,
wherein said leading edge segments and trailing edge seg-
ments are chamfered at an angle of about 15°,



17. An oil well conpletion tool as set forth in claim1l, wherein said
pl ug- severing edge of the shear cylinder unit is tapered and includes
a | eadi ng edge segnent and trailing edge segnents extendi ng at an
angle in opposite directions away frongy,said | eadi ng edge segnent.

18. An oil well conpletion tool as seft"forth in claim17, wherein
said trailing edge segnents each extend at an angle of about 7 to
about 18 with respect to the |longitudinal axis of the passage. 19.
An oil well conpletion tool as set forth in claim17,- wherein said

iy, AEY Wen%%ﬁlg?qtml gadlsﬂs%éivfogﬁfjui’"bfaﬂnal cavity therein
ad| \?fg?xfel%fsagglyial}m%w? ﬁ]é 1:11(ae?1011n bltﬁ?ulm ﬁﬁgemgéye?a: e:?: ng‘:g?ew ‘h

seg
sai athixad tq {hemeripharalpatiioy o Q\‘Fé?‘ PRI HRUEER ‘i“r al segment of the
pl ugeratralh -shawpietiobypawind hheg chgelwglé» $Eghad 20. An oil well
cormébabmﬁn s&bhn asteydeg keotidn, ithe tl-shapedeg séndiosi n sai d | eadi ng edge
HS d%ﬂfle& B 1l1té?élo&%@W@n@ﬁxﬁﬂﬁhﬁ@ﬁéﬂﬁd 21.- An oi |l wel |

% Ogt?@.}'sc}:)t,? ?tﬁné&?o é@ﬁﬁu‘lﬁhﬁbﬁi‘b@}&@dtﬁé"&ﬁ&' n said | eading edge

LS., at an angl e of
p@gtlonlg@nﬁcggnt ‘?ﬁu\%ﬁgﬁ ¢ ﬁ?té‘fl? as set forth in claim
1 Iseseetion baing Hilxge l‘éﬂlﬁﬁh%@UF‘Q ﬁeﬁﬁ}%é’g %P]é‘ﬁnul ar nmenber affixed to
the [@3.idheilaweiordmpletion tohkapisayforshdn s#rial dhgat ed, general |y

L- shaBRgh RPN Rpetiaes ngchogefahallliygdsshempesid eg section and an
Ou:@t{nslt e?iet%t'ltqeast 2BtiddP @ﬁf@ﬁﬂlté}@guﬁﬂ @uhgék/efﬁimg dffl ned By

i nt ex.connec portions. being

j oi ‘ﬁfetg‘ 8“?%183@7 h qlwgi%iyl h\%@g{:g[ o E) tggklﬁoortl on bei ng
con%&@dl}%btf%é B\h“é?-r {8y %%”Hl& i 0 Lf‘% “l eg section being

af f $egatknt dndependent o] al%g‘h@n “b‘f“‘?'hé‘“@ﬁ’u om thes “an oi | wel |
conpdrigilicenl partionas theplimrth in claim22, wherein said U shaped |eg
sectipn Qf dihedii Be@psdtiaicteulend setchmst fctzch 80 at | east partially

st r%hgntltlﬁﬂﬂiaqf.td*'ﬂ?ﬂﬂcﬁﬁ. ‘ﬁhhﬂﬁﬂuefzs ADECHRS Lﬁﬂuil&ﬁ%geggl gf b'(tjglel Sl g%l Hlonmg
4

of ‘t“ﬁ‘é hééﬁturné]"b TR ‘IR éﬁg’nb ]t'ﬁ{ ?&?K%gdh a d| rection away from

t hefos Sl yshaRa| BFLREY! f“oc"ﬁé 24. An wel | conpl etion tool
as sei5.fAoroih wall edmplation Tﬂﬁé@@imugé@ Be é@'ﬂmdé@cg Y | e means includes an
aCtMﬁhﬂﬁpl@xsmendungbm@tanmgenmnmnpm%s;a:@ledamg adhpt ed to be engaged by
a dg ggiﬂ,for actuating said actuatabl e neans. 25. An oil well

corrp eFWﬁp dQQLmB q? \qg(rtw 11P@lrﬁ&‘[‘l?@géﬁﬁhﬁ:oﬂ@clﬁﬂj tiple-section tubing

strln npri si ng: a tubular assenbly

havi ng 34 ‘s’f‘ Mc,‘t"ﬁ‘r‘éc [Héf']] 'I“n%{ g?r‘él at ed c’IleI al | y- ext endi ng main
passagéd assanth |1 S8EHZ SPRAeT 6§ b&ﬁ@h CEHGECRU I at "1 east one of the
ends beindg beitaptdapted tbdcconmectatia o sactsatof 8¢ of the tubing string;

tubing string,
a severable plug mounted in the tubular assembly in normal
blocking relationship to the axial passage; and
a movable shear cylinder unit in the passage of the assem-
bly provided with a plug-severing edge in normal spaced
relationship from a peripheral portion of the plug,
said plug-severing edge of the shear cylinder unil being
tapered and having a leading edge segment and trailing
edge segments extending at an ancle in opposite direc-
tions away from said leading edge segment;



a severable plug mounted in the tubular assenbly in normal bl ocking
relationship to the axial passage; and a novabl e shear cylinder unit
in the passage of the assem bly provided with a plug-severing edge
in normal spaced relationship froma 2 ri pheral portion of the plug,
sai d plug-severing edge of the shear glinder unit being tapered and
having a | eadi ng edge segnent and trailing edge segnents extendi ng at
an angle in opposite directions away from sai d | eadi ng edge segnent;
21 said central segnment .of the plug being provided with a cavity
therein adjacent the peripheral portion thereof in general alignnment
wi t h t hesdidamtinha] edgmesegieht migthengshreaidedytvithdgr unit, said shear
cylinder. ugiviiydkRgn FeY.Rihe (S GUdHeral phinsgyRLIng di spl acenment
e ont orkhersiaflidn Shlapih pATRALIPLALALER AR (RTNET O Che sentta

el iy and the Tea e se

(}]ITEI’I'[ and the trailing

segnent of<t 8? L I Ng- e
edge segne‘ﬂ]gg; WYRE WHEar cylinder unit cooperate to sever an entire
central H@FEsAr s¥linder pniipeipsmavakledibsovgl pepligheral portion

t her eof severing displacement wherein said leading cdge seg-
ment initiates severing of the cenfrai segment of the plug
and the leading edge segment and the trailing edge seg-
ments of the shear cylinder unit cooperate to sever an
entire central segnment of the plug from a remaining
peripheral portion thereof.



