CASI NG HEAD CONNECTOR The present invention relates generally to pipe

connectors and, nore particularly, to a connector whi-ch may. pe u§ed f.

exanple t
pi pe, or t
present i
product s,

o attach a head menber or ot her fitting to the end’ of a Jo??

0 connect together t'he ends of two joints of pipe. - The-¥

nvention is particularly useful in the production of petroleum
as a neans .of connecting a casing head to the top of a string of

stirface casing in the well head of an oil or gas well. In a typical
conpl etion of a conventional oil or gas well, a string of conductor pipe is

driven or
the upper
is then dr

the hol-e and cenented in place,

drilled into the earth, and a landing base is installed at
end of the conductor pipe. The hole for the surface casing

illed through the conductor pipe. The surface casing is run into

the surface casing, on the Ianding base. Successively smal | er
di aneter and deeper holes are t or nore successively

smal | er di

aneter but |onger internediate casing strings, down to the oi

string casing, and these casings are in turn run into the well bore,
and suspended in the well head. The next smaller size casing from
the surface cadiheg presenti daveptioapereletes rgendraldyr teqpiper doninectbes

cenent ed,

surface casugg}head and succe35|vely smal | er ca5|ng strings are typically

suspended

30m KR PAELIFPARIY +i (2 chafaPRERYRR Hhich may be used, for
example, to attach a head member or other fitting to the end of a

joint of pipe, or to conﬁect_togethe: the ends of two joints of
pipe. The present invention is particularly useful. in the
production of petroleum products, as a means of connecting a
casing head to the top of a strinq of surface casing in the
wellhead of an oil or gas well. -

:In a typicai.complétion of a conventional oil or gas well,
a stripg of conductor pipe is driven or drilled into the earth,
and a landing base is installed at thé upper end of the
conducter pipe. The hole for the surface casxng is then drilled
through the_ conductor pipe. The surface casing is run into the
hole and cemented in place, and a casing head is installed on top
of the surface casing, on the landing base. Successively
smaller diameter and deeper holes are then drilled for one or
more sﬁcceséively smallér diameter but longer intermediate casing
strings, down to the oil string casing, and these casings are in
turn run into the wellbore, cemented, and suspended in the
wellhead. The next smﬁller size casing from the surface casing
is typically suspended from hanger equipment in the surface
casing head, and successively smaller casing strings are

typically suspended from hanger equipment in separate casing

and a casing head is installed on top of



spool's or heads installed on top of the surface casing head. Then, after-

al | casing§ are in place, a sinmlar procedure is followed for the tubing
head and ;tubing strings. Each tine a new one of the separate heads is
installed:fthe bl owout preventer equi pnent, which is in place during
drilling operations, is renoved, |eaving the hole exposed and unprotected"
f,rom bl owouts or other hazardous conditions until the new head is installed
and~t'he bl owout preventer stack reinstalled or replaced. Thus, it is

i mportant to install the heads, including the surface casing head, as

gui ckly as possible in order to mnimze the possibility of a dangerous and
potentially catastrophic blowout. In the past, the surface casing head of
an oil or gas well has generally been either threaded onto the top of the

surface casiiperd” HElilde! Ariskaa 08" By Rle e V! WSBE], £A03RYT AR

al t hough si e and usually Tell ofteh cause d i es requiring
costly equi prrn, rdmar’ all QAsihgsN@ren in0placey ai EnithiChroeeadtghliy
expensive rig crews and equi pnment can anount to a prohibitive expense.

Vel ds can crtedlowedofdrithestubing headdand uaibdingr stedngs.pr Badletimega new
post - heating and/or stress relief, any of, which operations are susceetible

of being i o e?f yt%rﬁﬁﬂﬁé\fe ‘(S‘Pnglq si'}sé!‘&}f‘?/_(al?‘t ih’é?m.slﬁﬁer’f@" &hd
oper at{ ons. VApaSnEr Shych 1B (UR] piScl drthy MHSLLRY CUBEELEIone, i ta g
-2- _ .removed,_leavimg the hole exposed and unprotected frqm blowouts
or other hazardous conditions until the new head is installed and
— the blowout preventer stack reinstalled or replaced. Thus, it is
important to install the heads, including the surface casing
héad, as quickly as possible in'qrder to minimize the possibility
of a dangerous and potenti&lly catastrophic blowout.
| In the past, the surface casing head of an oil or gas well
ha§ generally been either threadea onto the top of the surface
casing, or welded to it. Both welded and thregded-connections,
although simple and usually reliable, otteﬁ cause difficulties
requiring costly equipment repair or fesulting in lost rig time,
“which for highly expénsive rig créws and equipment can amount to
U a prpﬁibitive expense. Welds can crack or otherwise fail, and
usually require pre-heating, post?heating_and/or stress relief,
any of which operations are susceptible of being improperly E
performed. Welding is relatively time-consuming, and field welds
may be unduly interruptive of drilling or production operations.

Moreover, welding requires surface preparation beforehand and



post-wel d cl eanup and other'operations;'all of whi ch result in di mnished

effecti-ve drilling or production tinme. Threaded connections are sonetines

i nadequately or inproperly made up, either too | oose or too. tight.

Cross- threading may al so occur,

up-j oi nt,
Thr eads on

the head or the pipe may al so be damaged in transit, storage,

resulting not only in an |nproperﬁyﬁnade
but also in thread danage in. the casing head or surface casing.

or

handllng on the rig floor. Furthernore, when a threaded connect i on i s-used,
the distance the last joint of surface casing extends above the | andi ng
"~ base is inportant, and nust be determi ned with sone care and proper

A mscalculation mght result in the casing extendi ng above t he

pl anni ng.

| andi ng base a distance which is insufficient for full
qucﬁach to _.avoiding these problenms of welded - or

connecti on

t hr eaded co%nectlo
Texas, W tdimirdisheanéps t he Canf orge system after
G40 h??ﬁjin?lloﬁ Pﬁ%d*&;quBoFE“Qi-nd cut off above the

SANYR AN BERRR P WGGéRMonalt oo Whiich Qfestdestion,

the surface casi ng has been ins

| andi ng base, aThaidadead hmuﬁdaiﬂoﬁsloweggd,gi Elh? ggPa%q%ggF #;fﬁéﬁered

Hrgpaﬁavprveésumm upithmpahdongobbﬂ @S| Bsh bey, yi gt 0
hg é‘ﬁ u5|n%Fand stressing the housing near its yield
h r .

casi ng and
into the ¢

grooves magl %91

strengt h.

Ei&to t he | andi ng base. A speci al rau

ter 881 &SFuUry cresulting ot Inly in an imprOPerlv
made up joint, but also in thread: damage in the casing head or

~ surface casing. Threads on the head or the pipe may also be

damaged in transit, storage, or handling on the rig floor.

Furthermore, when a threaded connection is used, the distance the

. last joint of surface casing extends above ‘the landing base is-

important, and must be determined with some care and proper.

planning. A miscalculation might result in the casing extending

above the landing base a distance vhich is insufficient for full

‘engagement of the connection.

One approach to avoiding these problems of welded or

-_threaded connections ‘has been proposed by Cameron Iron Works of

Houston, Texas, with its Camtorge wellhead system. " In ‘the

- Camforge system, after the surface casing has been installed in

the wellbore and cut off above the landing base, a wellhead

housing is lowered over the top of the surface casing and onto
the landing base. A special hydraulic forge tool is lowered into
the casing and pressured up, expanding the_caslng'beyond'yield

. idto grooves machined in the housing and stressing the housing to

near its yield strength. After the pressure is released, the.

engagenment of the

»



N housi ng contracts agai nst the casing, -affi xing the housing to the casing
and forming a netal -to-nmetal seal. This system however, has its own.. ,
~attendant ‘probl ems which detract fromits desirability as a solution to the
problensﬁsf wel ded and t hreaded connections. The Canforge systemrequires
spegciial machining in the head or housing to provide the shaped grooves into
whitch' the casing expands. The forging process which expands the casing

pl aces so nmuch stress on the casing and housing that danage to the casing
or housing can result, especially if there are any defects in the netal
structure of the casing or housing. This systemalso requires use of a
Special forging tool and punp which, if either were to nalfunction,
mght result in an inadequately nade. up connection or damage to the

ing, h ' i.qg. ddi ti i nst d, the wellhead h [
gg?llngtg eagr% ‘qg\g"ge‘?ﬂﬂr .r\FI gachnd’?ﬂ‘c I Itggi%? (rjl"g‘n?’ I r']tS ﬂgufaﬂ'@i-f’lﬁ‘e&ﬁﬁf&f'%gﬁgi ggglbgg
d. A sShE Nl ag LR R JoR (s tledf gs of
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_ ections referred to above Is e I ck Loc
system of Ma@goy iite Hownt oattéAddnt prRoblahssyshieh tdetragti ngrbmadits
| owered over the end of the surface casing until it abuts the top of the

casing. Slipdesinabilitycas arsolhdiioni hotthe problens afowelded| anssithreaded one
of two sets of screws. Once the casing head has . | anded, .a_seco iet gf
¥ nghdn_ 4.

screws is uSORNEStioRRy Sopiorae  REstan requires specialemachin

the head or housing to provide the shaped _gr'ooves' into which the

casing expands. The 'fo'rgirgg process which expands the casing

N~ ‘places so much stress on the casing and housing that damage to
| the casing or. housing can result, gspecial’ly it there are any |
defects in the metal structure of the casing or housing. This

system also requires use.of' a special forging tool and pump

which, if either were to malfunction, might result 1n. an
inadequately made up connection or damage to the casing, housing,

or rig. In addition, once installed, the wellhead housing cﬁnnot

easily be removed from the éasing,' so the housing cannot easily

be reused. _ |

| Another system which has been proposed to overcome the

o/ _ probleins of the welded and threade_d connections referred. to above
is the Quick Lock system of McEvoy in Houston, Texas. 1In that

system, the casing head is lowered over the'end of the surface

.casing until it abuts the top of the casing. Slips in the head

. are held in .the upper or released position by one of two sets of

screws. Once the casing head has landed, a second set of screws

is used to lower and actuate the slips into engagement with the



casi ng. hbfnally, t he McEvoy Qui ck Lock'systeh1is used as a tie- back .

connector where it is necessary to |ower another | ength of pipe and connect

it to the stub of an existing pipe. One mgjor deficiency of the McEVoy

systemis that the slips cannot be unset. Thus,

once the slips, ar'es

~actuat ed,’ the head cannot be easily renoved fromthe casing and reused.

TRere are other circunstances in addition to that of attaching a surface

-casing head to a surface casing string where threaded or wel ded connecti ons

for pipes are either inappropriate or unavail able.

is desired to attach a flange or other fitting to a pipe stub, be it part
It may not ‘have

a thread on or into which a threaded connection nenber.can be install ed.

of an oil

or gas production system or other piping system

For exanple, when it

Wl di ng mayeasdngapr¥emnadaly, Othe WA tQ the nature of the '
e o 4 B’b bﬁr‘g?ﬁ'@%ﬁxsm 48t used| amnfa Wiech t he

envi r onnent

%ﬂgzpundlng_the pi pe stu

bis (?’- PﬂnﬁﬁﬁﬂQ'Qhﬁ it ' ~F L 1.gh ot b
stub i s made i re iit siameviebsaiy Y lowh;"a?mfﬁ&t no sh ?:t

possi bl e

Canf orge or
i n which qdietictiendy ape 0 he ector fromthe pipe is or
s q’%& arftdtehi i thatscthion sthigah édndoe dggi r ed

necessaryf&Thege'are al so circuns

to join toYBERLr t Mbus; ceneadhel sh¥hs PhELES. Or Qi nts of pipe, or to

repair a br?kiﬂq pipe. As in the casgpﬁfaf%e%‘f‘ﬁ‘élegtushaibemsealnm_vse
t RPE4t gRoyed ofron theacesing hanis reused. '

wel di ng,

There are other circumstances in addition to that of

at .
taching a surfgce casing head to a surface casing String where

hreaded_ot welded connections for Pipes are either inappropriate

or | r exa

un;va;lahle. Fgr example, when it g desired to attach a
fla ' '
tlange or other :itting to a pipe stub, be it part of an oil or

ggs production system or other'bipinq-syséen, it may not have a

of material of which the stup is made. In addition, in some
’

situ ble
ations it might not be possible to use alternafive

co 8
| nnection means such as the Cameron Camforge or McEvoy Quick

Lock systems, such.as, for example, in situations in which quick
removal of the connector from the pipe is or may b§ necessary.

| There are also circumstances which arise in whiéh it is
desired to join together the free ends of two pieces or Joints of

pipe, or to repair a broken pipe. as in the case of the pipe

stub discussed above, welding, threading, or other means such as |

I nal atj.ve connecti on neans suc
e °.E\§§§ _ RSt g ty dhenstubuct ars exietify PILE: id?.ef)igta aLions
may be- _

u



-5- ° the Canforge or Quick Lock systenms nmay not bé avallablé or't
appropriate to connect the pipe ends together. It is an object of "the |,
present(?hventlon .to provide a sinple, reliable, durable, and effective’
pi pe conh@ﬁﬁlon system whi ch overcones the problens of the prior art pipe
connection devi ces and nethods di scussed above. It is also an object of the -
present invention to provide such a pipe connection systemwhich is easily
di sconnected fromthe pipe or pipes to which it is attached. It is

.anot her object of the present invention to provide such a pipe conhection
system whi ch may be easily re- energized in service. It is an additional
obj ect of the present invention to provide a pipe connection system which
requires no pre-heating, post-heating and/or stress relief, or special
surface preparations or treatnents of. the pipe or pipes in order to effect

a seal ed, tighther ctanzoagé e oxonmreidk obocknaytemsobpayt not bisec gwadlable or
invention is to provide such a pi pe connection system which does not
require speci albPpEaPEiaties tooponnpatathenBiem $nRctASMAE: t he connector(s). A

Lurner o0 o HE, AT YL o R, AhednRA D' BB

attach a casing;hagg, tfhfiéﬂ!ifaﬁﬁraﬁle, and effective pipe connection system
which overcones the problens of the prior art pipe connection
devices and methods discussed above. It is also an object of the

| present 1nvenfion to provide such a pipe connection.éySten which
is easily disconhected from the pipe or pipes to which it is
attached. It is another object_ot ‘the present invention to
provide such a pipe connecti.on; system which may be ea_éuy re- .

| energized in service.

It is an .additional 'object of the present invention to
provide a pipe connection syéten which requires no pre-heating,
post-heating and/or stress rellef, or special surface
preparations or treatments of the pipe or pipes in order to
effect a sealed, tight, relea'sable connection. Anoth_er’ object of
the. present invention is to provide such a pipe connection system
wvhich does not require specialized tools for installing -and
energizing the connector(s). ' .

A further object of the present invention is to provide a
connection system as described above which may be used rapidly

and efficiently to securely attach a casing head to a surface



casing string at a well head of an oil or gas wel: ‘Apot wer dbject of the
present invention is to provide such a connection system whereby upon
“cutting off the casing string below thelanding base, the |anding base and
the 5 casing head nmay be easily disconnected fromthe section of ¢ ng to
which they are attached, and reused. A still further object. of t he present
invention is to provide such a connection systemwhich permts greater

tol erance than wth thre?ged connectQrs concernhaq t he di stance above the

10 |andi ng b&asing Rg a2 drelihead of an Pr-gps Mgther
trud I t f full TR, Add
| Eioaﬁugﬁzet? CtecithoOF ddish: PFRVEHE: AT IaEATR Ct'g%omge'{lﬁ'sﬁ”%‘ o iats
i b h |
- described a Ovrecqhietct 'rf Os eBe ec(bL gBﬁC kh\?f'?ﬂ brNden&! 8a%aR

fl ange or othe |pe onnec ogethér two free e ds

of two joints it r%g b@foﬁeeﬁérlﬂnaiﬂ e%a&boetl?é) i—’éhdinétbéﬁesﬁhw the

further object present 1 nventio
5 casing head may be easily disconnected from the section of.

casing to which they are éttachéd: and reused. A still

further object of the present invention is to provide such

a connection'systém which'pefmits greater'tolerance than

with.ﬁhreaded connectofs concerning the distance above the

.10 ' landihg base which the top 6f_the last joint of surface o/

casing protrudés in order to effect a fully made up
connection. _ - _

Additionally, it is an object - of the present

invention to proVidé a connection syStem as described above

15. which may'be used to attach securely and releasably a

flange or other fitting to a pipe stﬁb, or connect together

two free ends of two joints of pipe, or repair a broken

pipe.
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provide such a pipe connection systemwhich is easy’ to-nanufacturé, and is

i nexpensi ye. According to the present invention a connector tor 5° attachi ng
a body tq,the end-of a pipe conprises a nmain body having a bore in one end

adapted fOf tel escopic insertion over the end of the pipe, forming an

annul ar bore area between the outside wall of the pipe and the wall of ‘the

hore; 10 slip nmeans dlsposed around t he pipe I n said annul ar bore

area and carried on, sr‘@t{l 8F €hd @&éﬁl@tﬁﬂré}ﬂﬂéﬂ "I
ﬁq"t to an act u:;% 03|lt1 %&

out of engagement wit e pipe I'n gripping
engagenent” wi th LRgvAdRe s aMpd P% CE&RWL&{ OgPstec wiiikd ik Sgady to

annul ar 15 bore area for seallng y engagi ng sai d outside wall of said

pi pe and said bOhﬁnﬂEhbtu&@ 2and 1@uqheggbhagvhydraullc pi ston neans
di sposed around the pipe in ‘sai d annul ar bore area bet ween sai d slip nmeans

and said seal nmeans angcording tdithé presehtndnverition n@vebhnectopn€or
direction into energizing engagenent with 5 said seal nmeans and a second

actuating pobti oatrachling anbofy to e tendliofcat pbpei conprisesta m@pin body
S OeTn M e ing o bore in one end adapted For telescopic insertion
over the end of the pipe, forming an annular bore area
between the ontside wall of the pipe and the wall of the
bore; | | |
N 10 slip means disposed around the pipe in-said annular
bore area and carried on, said main body, movable from a
non-actuated positlon out of engagement with the pipe to an
actuated position in gripping engagement with the pipe;
seal means disposed around the pipe in said annular

15 bore area for sealingly engaging said outside wall of said

pipe and said bore wail;

20
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pi ston means; and radially reciprocabl e means for‘rekeasably, engdgi ng 10
said first and second actuating portions of said piston neans when said
first actuating portion is in energizing engagement with said seal Ifgans
and sai d second actuating portion is in actuating engagenment w th s@d slip
means; -- sai d rel easably engagi ng neans conprising a plurality 15 of lock °
ring segnents di sposed around said dual -acting hydraulic piston neans in

sai d annul ar ‘bore ar g 1&3%'1'}1%tcﬁy39aﬁ51c p{é'%g%waisg%aﬂ @f&ﬁf@h@r

nmoving radially inwardly an 0" mechani ca kup engagenent wth first

and second act Ugfjipad 1R0khi@Nanfih1a# BoPbSaPéa "Bétgedi o fdigh if) Heahs aAAS
has been actuat éd, substantially preventing said 5 first actuating :
portion from nogald i Sea&di hed®siand chaethgoma oftirst cactwatimg goytdemnt
with said seal nmeans and said second actuating portion fromnoving in said .
one direction owiovablactimtomg é@imegtient intohenerdizing engagement withg
adapted for noving radially outwardly and out of 10 mechani cal backup
engagenent ‘&i t h sadidd skials meams @bl sesand iagtustrinio portdammovable dn
first actuating portion to nmove in said opposite direction out of, '
energi zi ng enga epPpeeitesdigestipninke astuating;epgagenentitiih said

slip means "upon application of pressurized fluid to said
piston meanls;.' and |
radially reciﬁrocable ‘means for releasably engaging

10 said first and second actﬁating- portions of said piston
means when said first act_uatirig portion is in energizing
engagement with said seal means 'a_nd_ said second actuating
port.ion is in. actuating engagement 'ﬁith said slip means;

said releasébly engaging meané comprising a plurality

15- of lock ring segments -disposed around said _dual-acting

hydraulic piston means in said annular bore area, said lock

20
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actuating portion to move in said one direction ouf of 15" actugting
engagenent with said slip neans; 20 25 sai d dual-acting hydraulic piston
means. i ncl udi ng an upper piston conprising said first actuating portion and
a | owner ﬁ?%ton conprising said second actuating portion, said upper piston
having a bore in its lower end, said lower 5 . piston being slidably
telescopingly received in said bore of said upper piston, and said upper

piston | ncludi ng. g ouRURLALY. Bateg"hMaRELH A PPl S e Ol ¢

| ower piston in n-upwardli'y=an ut war acing camm ng surface,

and each of sai di@Yntd HecHAHTRAIbAlkup EiGageent withitity and seoondi y

- Yacing camm ng surface along 1ts upper inner periphery and a downwardly and
inwardly facing £eEwafingUpbeteonsoss said pietdm meanmwhenersaid pistgper

camm ng surface of said Tock ring segnents engagi ng said camm ng surface. of
“sai d upper pistojedfis Ml Been latnratedyni sybstantiallyf preventdsg rsaid
segnents engagi ng said canm ng surface of said | ower piston when said ]ock
ring segnents argirstedactubting poxddony. fromt HeowiRa nidhy BAddd roRP te
: direction out of energizing ehgagement with said seal means
and said second actuating portion from moving in said one
difection,out of actuéting-engagémént with said slip means,
and being adapted for moving radially outwardly and out of
— 10 mechanical backﬁp engagement with said first and second .
actuating portions, allowing said first actuating portion
to move in said opposite direction out of energizing
engagement with said seal means and allowing said second

actuating portién to move in said one direction out of

15 actuating engagement with said slip means;
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FIGURE.1 is a view illustrating a portion of a wefihepd gf an oi'l:or gas
well, which is a typical environment for use of the pTesent“lnventlon
|nclud|ng a vertical cross-sectional view of a casing head installed-on top
of a surface casing string using a pipe connector of the present,in&ention;
FIGURE 2 is an enlarged cross-sectional view of a portion of the wellhead
and pi pe connector shown in FIGURE 1, illustrating the connector prior to

or ose- sect | onal tvf'im?%ﬁaidﬁgﬂr?‘éﬁhﬁsﬁﬁ'gr” 292, pirEehonsens, dhcTaatedien
ceal - rings andPBoF BEbEonTobfibrifliy %fﬁ%’@%n‘ﬁkﬂ’*ﬁﬁ%@iﬁ?dﬁnﬁe ad
i sonetric view Qéwéﬁepﬁtéﬁ%dn%ikléi@s%‘iﬁ”?ﬂéén&f PSS SN TR

FIGURE 5A is a fragnentary vertical cross- sectlon 'on 0O

_pi pe connect or appébepietofnthavidRfita OBorécinf QtsCABIRE idil | OfidCiowdP
pi pe ends to forma union, with the connector installed on t'he pi pe ends

but prior t® enpigtantbemanslhdablypteaédcﬁplﬁblyeﬁécéiﬂéd iﬁndafaC55Eh5B
is a fragnentary vertical cross-sectional view of a.portion of a pipe
connector of. thefpsasdnmppezemlsxtpm nahar samdFIu@UEE pistdn einehatingadi on
of the slips and netal seal rings. - 12 -
downwardly and outwardly facing camming surface and said
lower piston-including an upwardly and outwardly facing
camming surface, and each of said lock ring segments
10 including an upwardly and inwardly facing camming surface \_)
along 'iﬁs upper inner periphery and a downwardly and
inwardly facing"camming surface along its 1lower inner
periphery, said upper camming surface of said lock ring
segments engaging said camming surface of said upper piston
15 and said lower camming surfaces of said lock ring segments
engaging said camming surface of said lower piston when

said lock ring segments are moved radially inwardly.

In the accompanying drawings:

(\




Referring nowto Figure 1, there is shown in vertical cross- section a
~portion of a wellhead of an oil or 'gas well, including a casing head.l

- installedon top of a string of surface casing 3. Casing head 1 rests..upon.
- Landing\ﬁase 5 nmounted at the top of a string of conductor pipe 7
drilled, driven, or otherwise installed in the earth 9. casing 3 is
Qenéﬁﬁed in the wellbore by a colum of cenent 11, and is suspended in
casing head 1 by use of the connector of the present invention,

i ndi cated generally at 21. Casing 3 has a bore 13 which is coaxial wth
bore 15 of casing head 1. A valve 10 is nounted on a side outlet 12 of
head 1 with flange 14 for controlling fluid flow through the outlet.
Successively small er diameter but |onger casing strings are installed in

the well, cement eprgured 1SUSPaNYEEy f h | | head shown in Figure 1 with
‘the addition of casing heads.ang oriéiﬁﬁaﬁgtgﬁgtBpp?ﬁtﬁﬂéanIF vehthead ofer

“casing stringd eil augesrwienl,l WhICH AW YN +9B4! fre,ﬂ.;‘, i and the .
addi ti onal heads and/or spool s nounted thg?ggﬁ, o@ﬁ%Pgsﬁﬂé% i H5€¢? rﬁfe
casing. ThePR&Xen%invention.cingluding far vertbed Rarosasiddt 13nas 5%@%‘1

from hanger ggu} bm # ot sﬂg ) _supported in bore portion 17 of head 1.
When al |l the ggisﬁngms’t ipstariad an. £ei ast a Butface taAsiing &tethgru la is
_ . . thep rusimigOla
mount ig On tpipé Qoriectdf & thl i eS 1RGEne f1y 2 TUPI NG string or strings
is - - -
: FIGURE 2 ig an enlarged cross-sectional view of a portion of
the wgllhead and pipe connector shown 1n'FiGURB'1, illhstrating
\_ the connector prior to energization of the siips and metal séal
rings;
FIGURE 3 is an enlarged crosé-sectional view of a portion of
the pipe_connector.shown in FIGURE 1, illustrdting the connector
~after. enerql;ation of the slips and metal seal rin937 and
actuation of the lock ring segments; .
FIGURE 4 is an isometric view of one of the ibck ring
segments of the present invention;
FIQURB SA is a fragmentary vertical cross-sectional view of
a portion of a pipe connector of the present invention used for
W -connecting together two pipe ends to form a union, with the
connector installed on the pipe ends but prior to energizaﬁion of
the slips and metal seal rings; and
FIGURE 5B is a fragmentary vertical cross-sectional view of
a portion of a pipe connector of the present invention similar to -

. FIGURE 5A, after energization of the slips and metal seal rings.
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suspended from hanger equj pnent
rel ated val ves and control

it

or

ot her

shown an enl arged cross- sectional view of a portion of the wel | head
appar at us sho e#ﬁrFlgmﬂE“ﬂt°|I1Q!nBrAt|tnpnduispspewnohneertlcém_aﬂbs&he

i nvention in reater

t he casi ngs%‘= §n1 3 REE

the conneqf Yagdhg he&“&wggggeg Felt oCEYH e B WeringO8Y shtrabl LdUihg"33°

conprising part of the

‘casl ng
Casing head 1 rests upon a landing base 5 mounted at the top of a

string of conductor pipe 7 drilled, driven, or otherwise
installed in the egrth 9. Casing 3 is cemented in the wellbore
by a column of cement 11, and is suspended in casing head 1 by
use of the connector of the present invention, indicated
generally gt 21. casing 3 has a bore 13 which 1s'coaxia1 with
bore 15 of.Casi,ng head 1. _' A valve 10 is nounf.ed on a éide

dutlet_lz' of head 1 with flange 14 for controlling fluid flou

through the loutlet'. Successively smaller diameter but 1longer

casing strings are installed in the well, cemented, and
suspended from the wellhead shown in Figure 1 with the addition
of casing heads and/or spools on top of head 1. The smaller
casing si:_r:lnqs are suspehded from hanger equipment in head 1 an.d
thq additional heads and/or spools mounted thefeon, down to the
oil étring casing. The next size smaller casing from surface
casing 3 is suspended from hanger equipmént (not shown) supported
in bore portion 17 of head 1. When all the casing strings have
been installed, a tubing head or spool is mounted on the top of

the casing head stack, and a tubing string or strings is

in the tubing head. A Christmas tree and

i equi pnent are installed on top of the stack, and
production of oil or gas may then proceed through the tubing string(s)..if
is desired or required sinply to plug or cap casing 3, head 1
soljd menber without a bore 15, or bore 15 nay ot herwi se be seal ed, cl osing
ofif Xthe wel| fromaccess from above. It should be understood that although
head 1 may be any type of fitting or nenber, including, for exanple, a cap
as referred to above, a flanged fitting, or a union, and casing 3 may be
any type of tubular goods such as, for exanple, a pipe stub of a chem cal

pi pi ng system a broken pipeline segnent, or the |ike, the present
invention has particular utility with respect to installing a casing head
on surface casing in the well head of an oil or gas well, and for the sake
of convenience and clarity the invention will
regard to that particular environnment. Referring nowto Figure 2, there is

may be a

be descri bed primarily with

ai | onnect or s shown in Figure 2 after
g qtoﬂegﬁiﬁﬁﬁﬁgo°6a§Pn§1§ °Tnﬂ?spFP6}vt£L%%ﬂﬁi§8lon of

*



head 1, having one termnal end 25 adapted for telescopic insertion
over the upper end portion 27 of casing-string 3. Min body 23 has a.
stepped bqre 29 surrounding end portion 27 of casing 3, conprising a
plurality ©f counterbores in the lower end of body 23 coaxial wth bore 15.
- Such-gounterbores include a first counterbore or casing recei ving

courktgrboré 31; a larger diameter second counterbore or sealing counterbore .

33 bel ow counterbore 31; larger dianeter third or upper 35, and still

| arger diameter fourth or |ower 37, upper piston chanber counterbores bel ow
counterbore 33; a larger dianeter fifth or lock ring segnent counterbore 38
bel ow counterbore 37; a snaller dianeter sixth or | ower piston chanber
counterbore 39 below counterbore 38; and a larger dianeter seVent'h

or threadeduspended btvan Hanget %\ﬁ?ueﬁ@rﬂpfaaé%ubﬁéeﬂ&’wg ”” hﬁ}uQS

| ower terminal end 25 of main bod Counterbore 39°1s

di anet er thﬁ%meméﬂéetssvam ahdr gentidhneq@iipiientDake Cﬂst@ﬂéﬁ epgor e
41 is Iarger g ggts than ounterbore 39, but smaller than counterbore
38. Main boc%? 2 %‘?’%tl I‘f} t RERAUStigndogi el or gad imayr ithah proceddend

portion 27 Qﬁ\rﬁﬁéhnﬂuﬁtuﬁ?&; l*ghﬁ@ res 33, 35, 37, 38, 39, and 41 forma

st epped, circul ar annul ar €n t he wal |'s . of such counterbores and
the outside wal | I83itofiscdesived ortk@idi%dcé Qi Be
at | OI’ISRI é é? 0 S824Pg 2.

under st ood that the counterbore sizes and
shown in t hdeafaki nay bedaredkid wmberabmﬁo\ar& -boke 15, or bore 15 may
.otherwise be sealed, closing off the well from access from above.
o/ : It should be understood that although head 1 may be any type
of titting or member, including, for example, a cap as reterred .
to above, a flanged fitting, or a union, and casing 3 may be any
type of tubular goods such as, for example, a pipe stub of a
chemical or other piping system, a broken pipeline segment, or
the 1like, the present invention has particular utility with
respect to installing a casing head on surface casing in the
wellhead of an oil or gas well, and for the sake of convenience
and clarity the invention will be described primarily with regard
to that particular environment.
\/ Referring now to Figure 2, there is shown an .enlerged cioss-
sectional view of a portion of the wellhead apparatus shown in
’Pigure- 1, illuetrating the pipe connector 21 of the invention in.
greater detail. Pipe connector 21 is shown in lt'igure 2 after the
casing head 1 h_ae ‘been lowered onto .casing 3, but prior to

actuation of the connector 21. Connector 21 includes a main

body 23, in this case comprising part of the body of casing



i'llustrative only, For exanple, and not by way of limitation, counterbore
33 need . not be snmaller than counterbore 35, and counterbore 41 need not be
smal | er than counterbore 38. Oher nodifications of the counterboré sizes
wi |l no doubt be apparent to those skilled in the art. An annuLar\féIip
retaining nut 45 is threaded into the counterbore 41 until the upper

| ar surface 47 of radially outwardly extending flange 49 of nut 45
abuts the lower termnal end 25 of main body 23. A pair of
dianetrically opposed, radially extending blind bores 51 is disposed in
the outer side wall of flange 49, adapted for receiving a spanner wench or
the like for renoval of nut 45 as described in nore detail hereinafter. It
shoul d be understood that nore or |l ess -than two such bores 51 may be
provi ded, as desired. It should also be understood that such bores need
not be radhead 1 .ecxthamingig.onet termindl ciendt 25haadapred neans belewawpided f or
engaging the nut, with a tool or the like for its renoval or installation,

as desir ediNRKXLin AYer, the uppexr, ond prEtign @7008scaging: BEring shed MdiSul ar

a2 33, SBoav 23 fan 3 VePMCRUAOS. I WS SSRUBHRIF G

r et ai ni ng extending“tfromi1ts upper

of circul agaging mqr'beumrmhg #%lurality ‘5r Wink8ebdved Ani the | fAfdr @d face
55, there is an upwardly and i nwardly tacing, downwardly and |1 nwardly
tapering fefisbodpntatoaxialacdth7bor&ulsacestchf counterboréé -include a
| fitst cbunterbo:e’-orl“c_:asihg receiving i:bunterbore 31; a larger
| diaméter second counterbore or Sealing_ counterbore 33 below
counterbore 31; larger digmetef third ér uppér 35, and still'
larger diameter fqurth' or lower 37, upper piston chamber
counterbores .below coﬁntétbofe 33; a larger diameter- t_ifth or
lock;ring-seqnént counterbore 38 below counterbore 37; a smaller_.
diameter sixth or lower piston chamber counterbore 39 below
countetborp 3§;' and a larger diameter seventh or threaded
éounterborq 41 below counterbore 39,.ex£end1ng_through the lower
terminal énd 25 of main body 23. Counterbore 39 is smaller in
diameter than counterbore 38, but larger than counterbore 37.
'Ccunterbqre 41 is larger in diameter ﬁhan countefbore 39,'but
- smaller than counterbore 38. Haih body 23 1: generally tubular
and circular cylihdricai arouﬁd'end portion 27 of casing 3, and
' counterbores 33, 35, 37, 38, 39, and 41 form a stepped, circular
annular area between thé walls of such counterbores and the
outside wall 43 of circular, tubular casing 3. It should be

understood that the counterbore sizes and relationships of those

sizes shown in the drawings and referred to above are
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correlatively tapering . annular - space 59 between the "inside surface of
retaining nut 45 and the wall 43 of casing 3. A plurality of slip--
segments’61l, e.g., four such segnents, are carried by nut 45 in the

annul ar yace 59. Slip segnents 61 are all of substantially the sane size,
and are uniformy spaced around casing 3. Slip segnents 61 have a tapered
surface 63 around their radially outernpbst peripheries, and a set of
’ca§#ﬁg- gripping teeth 65 around their radially innernost peripheries.
Surface 63 is shaped correlatively to surface 57 of nut 45. Wen main body
23 is first lowered over end portion 27 of casing 3, slips 61 are held in a
vai sed or disengaged position, away fromsurface 43 of casing 3, by a-
shear pin 67 disposed in aligning bores, such as blind bores 69, 71, in
surface 57 and in each slip segnent 61, respectively. A pair of netal seal
rings incl ugy 10RehnbEal F&P0 : 0 I byCahy ! 6801 nfitat idnsposed
I n count erbgir%?%rigﬁngngg'si ngég..’?ﬁfﬁgqi ?r?gr Lﬁ?:’ier ggm‘ e¥en_t i al periphery of
seal ring 7dowstérbores 33ameedvnotl] pe @mmallenwthdny cduateribore d3innwand y
and inwardly tapering frustoconical surface 81.. The outer

ci r cunf er encountexrharehdly need seat be ngnaller;khan SountarRifa i -y fiher
t dly faci | N v ' f | j 83
Ch ot di g BReLeteaRions; of, e enREBESey 4T LiT1 ' AGTRER bEThpet e

~correlativeLy . i din¢nel &€r engageabl e actuating surfaces for seal
rings 75, 7L}¥ é@&éﬁ%nﬂd ¢ |

.Ah annular slip retaining nut 45 is threaded into the
. counterbore 41 until the upper annular surface 47 of radially
‘outwardly extending tl#nge 49 of nut 45 abuts the lower terminall
end 25 of mnain body 23. A paif of diametrically opposed,
radially extending blind bores si is disposed in the outer side
wall o£ t1an§e 49, adapted for receiving a spanner wrench or the
| like for removal of nut 45 as described - in more detail
| hereinattcr;' It should be undersﬁood that more or less than two'
such bores 51 may be provided, as desired. It should also be
understood that such bores need not be radially extending. It is
sufficient that some means be'provided for engaging the nut with
a tool or the like for its removal or installation, as desired.
Retaining nut 45 substantially closes off the stepped annular
area 33, 35, 37, 38, 39 around casing 3. ' .'
Around the inside diameter of retaining nut 45, extending
from its upper terminal end 55 to the upper end of circular
| cylindrical bore 54 in nutl45. and nearly to its lower end
face 55, there is an upwardly and inwardly facing, downwardly and

inwardly tapering frustoconical surface 57. Surface 57 forms a
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17 - ring 77 has a rectangul ar profiled, annul ar groove 85 around.its
outer circunferential periphery, form ng upper -and | ower sealing ridges 87,

89, respectively, around-the upper and |ower outer circunferential _'-
periphery of seal ring 77. Each sealing ridge 87, 89 has a pair “of -
radially outwardly extending, annular seal lips 91 thereon, in close”™ ;

fi{l)ng, sliding relationship to the outer side wall of counterbore 33
prior to energization. Seal ring 75 has a rectangul ar profiled, annul ar
groove ‘93 around its inner circunferential periphery, form ng upper and
| ower sealing ridges 95, 97, respectively, around the upper and | ower inner
circunferential periphery of seal ring 75. Each sealing ridge 95, 97 has a

pair of radially inwardly extending, annular seal lips 99 thereon, in close

'.fittfng; sliding rel ationship to the outer wall surface 43 of casing 3
prior to eforgeiatively ptiapering caanglant i spacd S9cabetvéwtt the 7 {nsidl
ring 75 regils gartipgl |n¥ ahove ri ng 77 on surface 81, form ng an annul ar
space 101 BOUARSd % %ﬁ?g\’énan&“ ctHnand the Waldr 43alof xasfiagesof a
count er bor 13gaffel t b2 . cg of _seal ring 77, and fromthe sides
by the out gr wal Iw‘ysurfaggﬂgE Jcét?&rr‘i?g?b@r'e- Sﬁhdf?ﬂg BBGR spgments, opre
frustoconi carriedfbyendS 4521 eheldmulapNshace HPACE d % om above
and below by:-the lower flat face of seafb r?ng 755ig€dP QEg&ﬂp ra:?Lat
face of analdp®f phkatantielly atbe f same t bdze| dandburenandebenyakbasesf ace
43 of - .
around casing 3. Slip segments 61 have a tapered surface 63

around their radial_ly outermost peripheries, and a set of casing-

g_tipplnq teeth 65 around their radially innermost peripheries, ~

Surface 63 is shéped correlatively td surface 57 of nut 45. when
main ‘body 23 is first lowered over end portion 27 of c'asing 3,
slips 61 are held in_a raised or disengaged po#ition, away from
surface 43 of casing 3, by a shear pin 67 disposed in _aligning.
bores, such as blind bor'es' €9, 71, in surface 57 and in éach slip
segment 61, respectively.

A pair of metal seal rings including an inner seal ring 75
and an outer seal ring 77 is disposed' 1n. counterbore 33 around

- casing 3. The inner circumferentiﬁl'periphery of seal riﬁq 77

comprises an upvardly and inwardly facing, downvardly and - \o/

inwardly tapeting trustoconiqal surfa@:e 81.. The outer
Qircun!erentlal periphery of seal ring 75 éonpris'es_ a downwar'dly.
and outwardly facing, downwardly and. inw-atdlj. tapering
frustoconical luftace 83 in sliding engagement with surface 81.
Surfaces 81, 83 thus compriée correlatively shaped, sliding,

interengageable actuating surfaces for seal rings 75, 77. Seal

-



casing 3 and the lower portion of frustoconical surface 81. “Seal rings
75, 77. may.be, for exanple, of the Canh[err] seal type as offered for
sale by the Flow Control Division of Cooper'Industries, Inc., of
Houst on, Texas, the assignee of the present application, and as described
in U patent 4,556,224 of Tri Canh Le, issued Decenmber 3, 1985, and now -
owned-by the assignee of the present application. The di scl osure of that
patent is hereby incorporated herein by reference. It should be understood
that seal rings 75, 77 may be reversed, e.g., with seal ring 75 resting
atop surface 115 (see below) . and seal ring 77 riding above seal ring 75,
with the directions of surfaces 81, 83 reversed, while retaining the
camm ng action of the surfaces 81, 83 to energize the seal rings. A pair

of dual -actinig 7Rytasudi rsdtangubsi Ynicrd1ea ) Nahmil g}.gg@e é%Saré\(xﬂ ig .
di sposed in th% ste% ed annul ar bore area 29 between I pS an tAf
seal rings 75YcPF. ¢ Eﬁ\%‘?“ﬁﬁ%ﬁm 5 ipherydetormingnuppar amtiNol@? wéilimy

central axi-al 0 d a.redyced,. outside dianeter portion 111 around
its upper outrei%gr %%’he??‘, F?)Wﬁ‘# ValYanAteund shbe| Heperl 18nd Thewerppeuter

term nal end cifrdudfPerkdeiap | ul flat f 115 _i n. engagenent
s A A

with the flat bottom face of sea ore 1 arggf'cp.n B

than the out siidgedsaeerhasf acpainoes radiallpVeutudialyOf 'lbgm i 05
conpri ses an ‘anpul.ar tubul ar .portion or skir? 117 for%edr y ghgp §ﬁﬁ“ﬁé¥
| ongi t udi nal BPalxildPey9k kheteprng, irnelearefitting, sliding relationship to

‘the outer side wall of counterbore 33 prior to energization.

U Seal ring 75 has a rectangular profiled, annular groove 93 around
its 1nn§r circumferential periphery, forming upper and lower

sealing tidges 95, 97, respectively, around the upper and lower

inner circumferential periphery of seal ring 75. ' Each sealing

| ridge 95, 97 has a pair of radially inwardly extending, annular

seal lips 99 thereon, in close fitting, sliding relationship to

-_t_he. oui:_er wali surface 43 of casing 3 prior to energiiaﬁion.

Prior to energization o:_seal rings 75, 77, seﬁl ring 75lrests

fpartially above ring 77‘ on surface 81, forming an annular

| space 101 bqun¢ed from abéve and below by the upper wall surface
L of counterbore 33 and the upper flat face of seal ring 77, and
_from the sides by the outer wali surface of counterbore 33 ﬁnd

the upper pértion ot f:ustoconiéal. surface 83; and anbther

énnular space 103 bqunded from above and below by the lower flat

face of seal ring 75 and the upper flat face of an uppef

piston 105, and from the sides by the outer wall surface 43 of

- casing 3 and the lower portion of frustoconical surface 81. Seal



di amet er- counterbore 119 extending upwardly into the mdportion - 19 - -

of body. 109 fromthe |ower termnal end 121 of piston 105. Body.109 has
a circular cylindrical outside wall 123 around-its mdportion bel gw. .. . E
shoul der 113, and in sliding engagenent with the wall of counterboMe 35. An
el astomer O-ring seal 125 carried in an annular groove around piston 105 in
watl 123 provides a sliding seal between piston 105 and counterbore 35. A .
radi al |y extending test port 127 extends from-the outside wall of head 1
into the stepped annul ar bore 29 at the upper end of counterbore 35 between
seal ring 77 and Oring seal 125. Body 109 al so has an enl arged outer.
diameter, circular cylindrical outside wall portion 129 below wall 123, in
sliding engagenent with the wall of counterbore 37. Between wall 129 and

term nal Of g i 05 gal NGyl N BASeRad a utwar dl y
f aci ng, dggﬂ?\é%'y -gr)\dalﬂv\ng%bll §°?a§é? P%Qf rﬁgt gggmecal a;unéuﬁlar -%r faé%e 131.
Body 109 efferéd oneck05saléo Hycltiies Faopai contirali apkvision | veoppesHesk

| ongi tudinally axially extending, threaded blind bores 133 in the annul ar
upper endIhdustriesshdncderobdionstieroofexaspcthe rssignee afr thelpresentr

(i Sposed PRPLEGRERR ardy saL Henetieed A ik paneds SR 2200 96 775 of

casing 3. cafRdyel3psRfed’ipetaRiner 's Nafods, G AdwOInNd by it RRPLEL 1 RES | ON
139 around 1ts upper outer -~ -
- of the presgnt application. The d4isclosure of that patent is
hereby incorporaéed herein by feference. It should be understood
- that seal finqs 75, 77 may be revéréed, e.q,, with seal ring 75 o/
resting atop surface 115 (see hélow) and seal ring 77 riding
.above seal ring 75, with th_e: directions of surfaces 8_1 , 83
reversed, while retaining the camming action of the surfaces 81,
83 to energize the seal rings.
A pair ot' du#l-actihg, hydraulically actuated annular
piston; 105, 107 is disposed in the stepped annular bore area 29
between slips 61 and meﬁal seal rings 75, 77. Upper piston 105
includes an annular body 109 with a central axial bore 110 and a
reduced outside diameﬁer- portion 111 around its upper outer
periphery, forming an annul_ar shoulder 113. The upper terminal o
.end of body 109 comprlses'an annular flat face 115 in engagement
with the flat bottom face of seal ring 77. Bore 110 is larger in
diameter than the outside diameter of casing 3. The lower part
of upper piston 105 comprises an annular tubular bortion or

skirt 117 formed by a longitudinally axially extending, enlarged

diameter counterbore 119 extending upwardly into the nidportion



periphery, form ng an annul ar shoul der . 141. Reduced out'si de di amet er
portion 139 is slidingly, telescopically received in a - 20 - cl ose’
fitting =relationship wthin counterbore 119 of wupper piston 105.

t he non- &etuated position of pistons 105, 107 illustrated in Figure 2, -
| ower term nal end 121 of piston 105 rests upon shoul der 141 of piston 107,
~and > he upper term nal end of piston 107 abuts the shoul der between

‘cowpt erbore 119 and bore 110 of piston 105. An elastonmer Oring 143 or the
like is housed in an annul ar groove around the wall of counterbore 119 for
establishing a sliding seal between pistons 105, 107. Body 135 of piston
2107 includes a mdportion having a circular cylindrical outer wall 145
with about the sane outer dianeter as the dianeter of counterbore 37.

Bet ween the upper end of outer wal] 145 and shqul de 1, _gQogd
_ pi ston 107 oficihedys 198 ufXeR drdeantPYsth ,fmlf’“(fiacf'h%,ﬁépv\%érjd%s%%g 1|(Hr15\ﬂ/ardl y
tapering frustoconi gal surf 7 ' t 3i29f arit idsst on
105 at t hei PoR¥%dtod Icvﬁ rﬁe?%o%g’g‘lgdggghg&rﬁio@qt o%ugg%%ﬁ??g% (%? pi stons 105, -
107. = Bel OW{%%JI{ Yo15¢5shditder] 333 agndine sl fd ey engagemenitawitivrthe.
annul ar flange®* 149 wth a circular cylindrical outer wall 151 in ¢l osge
fitting, sligdiDgorctothtertore 35.t han wilastoner Arriaghseal 335 eprried 1ipy
carries a pair of 0- ring seal elenents, 153 the I LG, a rapves
in wal |- 151 aar cameular gEeeye p&royRd, Piston ghﬁe 49"?k1§'r lg?o%b%egl ?ﬁi ng

' sliding seal between piston 105 and counterbore 35. A radially

I nr

extending test port 127 extends from the outside wall of head 1
into the stepped annular bore 29 at the upper end of
counterbore 35 between l#eal ring 77' and O-ring seal 125.
.Body 109 al#o has an enla:ged outer diameter, circular
cylindrical outside wall portion 129 below ual; 123, in sliding
engagement with the wall of counterbore 37. Between wall 129 and
t?rninal end 121 of piston 105, the piston has a downwardly and
outwvardly facing, downwardly and inwardly taper;ng_frustooonical
annular surtace.lsl{' Boﬁy 109 of piston'lqs also includes a pair
of diametrically opposed, longitudinally axially extending,
threaded blind bores 133 in the annular upper end face or
N " shoulder between counterbore 119 and bore 110.

Lower piston 107 includes an annular body 135 with a central
axial bore 137.disposed in ciose_fitting, sliding relationship to
the outside wall 43 of casing 3. lBody-lsslot piston 107Ihas a
reduced outside diameter portion 139 around its upper outer -

"petiphery, forming an ahnular shoulder 141. heduCed outside

diameter portion 139 is slidingly, telescopically received in a
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seal i ng engagenent with the wall of counterbore 39. Body. 135 al so carries
an el astomer seal elenent 155 in an annul ar ~groove around the inner
circunferential periphery of body 135 for - 21 - - establishing a.sliding
seal between piston 107 and casing 3. Flange 149 al so includes a paiy of °
di anetrically opposed, longitudinally axially extending, threaded bli'nd
boges 158 in its |lower face. A plurality, e.g. four, of lock ring segnents
161 are di sposed in counterbore 38 around the | ower end portion of upper

" piston 105 and the midportion of |ower piston 107. Lock ring segnents 161
are all of substantially the same shape and size, and are uniformy spaced
around pi stons 105, 107. Lock ring segnents 161, as shown in Figure 2 in

t he non-actuated position and in Figure 3 in the actuated position, and
al so as shg icQri.ally in Figure 4, jnclude an arcuate body 163 with
fl at uppercg%cf I c&r{l&lﬂf'gcé?iiﬁsif’%f‘&‘g?, within, ciGopptgrboreThds r Rff olupper

| nner nost  gigkdi1QBIOSt 15 UkhEC RSO ri S pi 8o TRl S
circul ar c€| i ndri cal - shaped vva-F‘I nse%én‘g‘%t%g f%%,ﬁigﬁfg?e ;})g%?'ﬁ/g}%?! e“l?ock
ri ng segneilluskirhtiedvdml Pignrieh@i,r lowee’ terathalclehdhesl cse pggg@,prioghe
upper edge of wall 169 and the upper face 165, an upwardly and i|nwardly
facing, dobfff WPPRaphonlfier dly ofideisten 307/ el The. uppexk termtnske@mant s
1161 al so. h§¥ e!ﬁ',g{.}ﬂ i ! r‘b‘llggve ‘the'"s roﬁsrelrpq:eertlwgse_nacggwg\&ro(ﬂeylgg d ;nr:’vvar dy-
" bore 110 of piston.los. . An elastomer-ofriné 143 or the like is.

housed in_ an annular: groove around the wall of counterbore 119

" for establishing a sliding seal between pistons 105, 107. . W

Body 135 of piston 107 incl_udes_ ‘a midportion having a
circular cyl;lndrical outer wall 145 with about the same outer
diameter as the d_iametet of .c_:ounte_zl'bore 37. Between the up_pﬁr_ -
end of outer. wall 145 arid shoulder 141, body 135 of piston 107
includes an upwardly and outwardly facing, upwardly and inward.ly
tapering frustoconical surface 147 which meets surface 131 of
upper piston .105 at their radially innermost edges prior to
‘actuation of pistons 105, 107. Below midportion 145, body 135
has an énlgrged outer diameter annular flange 149 with a circular
cyl-:lndrical outer wall 151 in close fitting, sliding relationshipl \J
to the wall of counterbore 39. Flange 149 carries a pair of 0- |
ring seal elements 153 or the like in annular grooves in wall 151
around the outer periphery of flange 149 for providing sliding
sealing engagement with the wall of counterbore 39. ' Body 135
also carries an elastomer seal element 155 in an annular groove

‘around the inner circumferential periphery of body 135 for
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facing, upwardly and inwardly tapering surface 175. A T-shaped slot 177 -
extends transversely into the body 163 of each lock ring segnent 161 from
its upper iface 165. Sl ot "177 has a narrow throat 179 and an enl arged bow
181 for retaining the head 183 of - 22 - a |ockdown . screw 185, as
her etwafter descri bed. Lock ring segnents 161 are shorter in height
frofat'heir upper faces 165 to their |ower faces 167 than the hei ght of
counterbore 38, so that the | ock ring segnents have up-and-down or

| ongi tudi nal axial "play" in counterbore 38. Lock ring segments 161 are
also free to nove radially inwardly and outwardly to a limted extent in
order to nove into or out of actuation against pistons 105, 107. Lock ring
segnents 161 are actuated by a plurality of |ockdown screws 185
nmounted in outwardly extendin t hreaded bosses 187 which are

ci rcunf er ent REERYLASHING) 2 psiiding sepdc batweenc Biston el nandegdsing 3.

Instead of b annyl flange or .arcugte fla rtions or the
like may be 8?%5’?8? %ar %3?18 cg'é'?%"bé oad 1 PRAF rggeiﬁaﬂﬁ@?m&\m"gﬂ’éﬁg'
185, or, if gl ) r \ I - c

TRy Do si mpl yor R S IPRERg eRbeha Yy KhrRRALE L o R BRI
be one | ockddeowersctfare.185 for each lock ring segnent 161. It is also

preferred that each | ockdown screw 185 engage the corresponding | ock ring
segment 161 in itd RMEFAMLYor eulef of Mlact 0t | FKanting| segrentisodkdovare

SCrews _185' eﬁﬁgpLQ&L -UH'F @onﬂkgpgore 38 around the lower end portion of upper

o piston 105 and the ﬁidportidn of lower piston 107. Lock rin_q.
~ segments 161 are all of substantially the same shape and size,
and are uniformly spaced around pistbns 105, 107. = Lock ring
' segments 161, as shown in Figure 2 in the non-actuated position
and in Figute 3 in the actuated position, and also as shown
pictorially in Figure 4, include an aicuate body. 163 with flat
upper and lower faces 165, 167, respectively. The radially
innermost and outermost surfaces of lbck ring segments 161
-'comprise éircular ' gylindrical-shaped wall segments 169, 171,
respectively. I.oc).c. ring segments 161 have along their upper
inner _peripheiies,' between the upper edge of wall 169 and the
\J ‘upper face 165, an .upwardly -and inwardly facing, doﬁnwatdly and
inwardly tapering surface 173. Lock ring segments 161 also have
along their lower inner peripheries a downwardly and inwardly
facing, upwardly and inwardly tapering surface 175. A T-shaped
slot 177 extends transversely into the body 163 of each lock ring
segment 161 from its upper face 165. Slot 177 has a narrow
fhroat 179 and an enlarged bowl 181 for retaining the head 183 of

- 22 =



nut 189 threadedly secured I n |ts respectlve boss 187 or ot her nounting
means,. and a stem 191 threadedl y received in the central "bore of ~gl.and nut
. 189 and in a radi al |y extendi ng bore 193 in head 1. Stem 191 is: -« .
‘radially novable into or out of gland nut 189 and bore 193 by gri pp¥ng

flats 195 with an appropriate - 23 - tool and rotating stem 191
¢gtackw se or counterclockw se, as the case may be. Stem 191 is sealed
agal nst casing head 1 by an appropriate packing 197. - Stem 191 has an

annul ar abut ment shoul der 199 adapted for engaging the outer wall surface
171 of the respective lock ring segnent 161 for forcing it radially

i nwardly during actuation. Stem 191 includes a reduced di aneter neck 201
ext endi ng bet ween shoul der 199 and head 183 and received in throat 179 of

sl ot 177 Head 183 of stem 191 is recei ved in wI #% lof 177, and is
| arger inadiloakdown: Hagrew 185, 3% hSTeAmaftr.deacribed, | SLBSKFAut of

Sutls 1 ﬁte saninty 181860 Y 33‘3."‘?9*9%%‘%%‘2?3?{‘“%8‘3%?% {legl82 and
| ockdown gh&E¥S1cher PatedSEEh tEhdinitheahielight cfndountexdoret 38, | Bz kthatng

segnents 161. In operation, after the surface casi ng@S has been installed

and cut othé, lbekd ringssegnents bave paeamw@wnena pgiepdimalofaxial casing
and onto the |anding base 5. The ap arat in th

shown in Ppyay? in %"{‘W%PP& ¥ in "‘9 segﬂen s 12? hPe!ifsdOFtdd ON
to move radially inwardly and out:wardly to a linited extent in
order to move into or._out of a_ctuation against pi.stons 105, 107.
L_ock' ring segments 161 are act_uated by a plurality of o/
lockdown screws 185 mounte& in outwardly extending threaded
bosses 187 which are circumterentiany spaced apart about the
periphery of casing head 1. Inst_:ead__of. bosses 187, an annular
flange or arcuate flange pbrt:_lohs or the like may be provided
around casing head 1- tor. receiving lockdown screws 185, or, if
the casing head were thick-walled enough, the loékc_lown, screvs may'
be simply threaded into the casin_g'head wall. Preferably, there
will be one lockdown screw 185 for each lock ring segment 161.
It is also preferred that each .lockdown screw 185 engage ‘the
corresponding lock ring segment 161 in. its center, for uniform -’
actuation and release. Lockdown screws 185 each include a gland
ﬁut 189 threadedly secured in its respective boss 187 or other
mounting means, and a stem 191 threadedly r_eceived in the central
bore of gland nut 189 and in a radially extending' bére 193 in
head 1. Stem 191 is radially movable into or out of gland

put 189 and bore 193 by gripping flats 195 with an appropriate



upper, disengaged -positions, seal rings 75, 77 not yet actuated, pistons
105, - 107 fully telescoped together, ~and lock ring segnents.161 and
| ockdown ;screws 185 in their radially outer, released positions. ‘Hghly
pressuriZed fluid is then introduced into counterbore 38 between pistons
105, 107 through one or nore radially extending pressure ports (not shown)

ingEasing head 1, - 24 - forcing the pistons 105, 107 apart. Upper
pi ston 105 is forced upwardly against seal ring 77, pressing it upwardly,
further into counterbore 33.- When seal ring 77 is so forced upwardly by

pi ston 105, the sliding engagenent between surfaces 81, 83 forces seal

Fing 77 radially outwardly into netal-to-nmetal sealing engagenment with
the wall of counterbore 33, and seal ring 75 radially inwardly into

met.al -to-netal sealing engagenent with casing 3. Seal |ips 91, 99 coin

i nto sealtond andavetatingustem AR ogkwise e canterskpiydsry A®| Fhe

respectively, and .along_with the tight engagenept of, surfac wth
respect Feséa(ﬂ?yot‘??er fEren g"ﬂ‘ré‘&’sﬁ%’@g%"%ﬁé‘?gl -cﬁ)i-wet%?aﬁé'al&g’{)egaeen
casing h u A%-Ng 3. ou} de b ANO t 7

shoul d bgigﬁeﬁé urfn&gggﬁg?%gét uat?%éni ol?i'pi g?%ne.{gS“iﬁﬂl%ﬁe?B?ghgégm t any
fluids t gneRlaEpeldse ddapesd Ofol Obndigingsthe biitenswall nmrdacepidl deg in

chanber or counterbore 35. As piston 105 noves upwardly to energi ze seal

rings 75,the7, respacsiveOlock fingedsemmental6ly fagaitaseintheltipgadipdlyi nal

ends inwardly during actuation. Stem 191 includes a reduced diameter
neck 201 extending bet;een shoulder 199 and head 183 aﬂd received

— ~ in throat 179 of slot 177. Head 183 of stem 191 is received in

bowl 181 of slot 177, and is larger in diameter than throat 179
so that when steh 191 is backed out of gland nut 189, head 183
engages ‘the radially.outermost-wall.of bowl 181 and pulls the
lock ring segment 161 radially outwardly along with it. Thus,'
lockdown screws 185 are used to both actuate and release the lock
ring segments 161.

In operation, aftet the surface casing 3 has been installed
and cut off, head 1 is lowered over the upper end portion 27 of
the casing and onto the landing base 5. The apparatus will then

\_/ be in the position shown in Figure 2, with slips 61 in t_:heir
| upper, disengaged positions, seal rings 75, 77 not yet actuated,
pistons 105, 107 fully telescoped together, and lock ring
'segnenti 161 and lockdown screws 185 in their radially outer,
released positions. Hithy pressurized fluid is then introduced

-into counterbore 38 betweén pistons 105, 107 through_one or more

r#éially extending pressure ports (not shown) in casing head 1,



of slips 61. Pins 67 are sheared and as slips 61 are forced downwar dl y
they are also forced |nmardly by tapered surfaces 57, 63, so that teeth 65
bite into casing 3 and grip it securely. Lockdown screws 185 are . then

tightened, forcing. lock ring segments 161 radially inwardly |nto\Medg|ng

relatronshrp bet ween surfaces 131, 147 of upper pi ston 105 and Iomer
p&§pon 107, respectrvely Surface 173 of lock ring segnment 161
engages - 25 - . surface 131 of upper piston 105, and surface 175 of |ock
ring segnment 161 engages surface 147 of | ower piston 107, tending to force
upper piston 105 upwardly and | ower .piston 107 downwardly further into
engagenent with seal rings.75, 77 and slips 61, respectively. Lock ring
segnents 161 with their medging action prevent pistons 105, 107 from

backi ng ou uating en agenent with the netal seal rings
or slips, gngé%ﬁ%re yzpéegﬁ ag&‘Jfrec’rPJm‘(PaF bacKpper fpistoncldydisutofced
1 L11L PeES AEA H RRE o evbon Wb o1

hydraulrc pressure or otherwse b
remain actaeuwrborre $houl diitien Ngé£L kbRg # N LQC‘%J:E ig,rreggh 61 are
I be se Yerth

free to f|0? down in counterbore 8, they w

bet ween pi 8 ?)'f'&‘f f@é' She a}idingcengagsaent . etuelnysiti fdcedD ¥, U Ofoflpl) Wnen

engagi ng - sg C&Sind3 that stresses in the upward and downwar d

di rection wré{fl tené ‘h) éﬁfé#% Whirrddypl inte ametalitormetal hesealing
engagement with the wall of counterbore 33, and seal ring 75

rad@ally inwardly ' into metal-to-metal. sealing engagement with

casing 3. Seal 1lips 91, 99 coin'into sealing engagement with ‘*J

such: counterbore wall and casing wall, respectively. and along
with the tight engagement of surfaces 81, 83 with respect to each
other form a. preesure-tight metal-to-metal seal between casing
head 1 and snrtace_caeing 3. It should s; noted that port 127
should:be open dqring upward actuation of pieton 105 in order to
permit any fluids to be expelled from on top of piston 105 as it
moves upwardly in chamber or counterbore 35.

As piston 105 moves upwardly to energize seal rings 75, 77,

piston 107 is forced downwardly against the upper terninal ends

of slipe 61. Pins 67 are sheared, and as slips 61 are forced )

downwardly they are also forced inwardly by tapered surfaces 57,
63, so that teeth 65 bite into casing 3 and grip it securely.
Lockdown screws 185 ~are then tightened, ‘foreing 1lock ring
segments 161 radially inwardly into wedging reletionsnip between
surfaces 131, 147 of upper piston 105 and lower piston 107,

respectively. _sﬁrtace 173 of 1lock ring segment 161 engages

- 25 -
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| ockdown screws 185, the apparatus of the present invention will appear -as
shown in-Figure 3. In the event that either 'or both of the seal rings 75,
77 and. slips 61 becone | oose or |ose sone of their energization, they can
be re¥eneﬁgized by re-pressuring with additional highly pressurized fluid.

appl i ed between the pistons, and re-tightening the | ockdown-screws. - 26 -
In {EE event it is desired to renove head 1 fromcasing 3, for exanple to
usesthe head on another well, the well is killed and hydraulic pressure to

the pistons released, i'f not released previously. Lockdown screws 185 are
backed out, pulling the lock ring segnents 161 out with them away from

pi stons 105, 107. Lock ring segnents 161 are pulled away from pi stons 105,
107 a distance sufficient to create a radial clearance between such .
segnents and the outer wall of mdportion 145 of |ower piston 107,
and wal | 12988Ffagmd31pieft NPPRTS Piskonni0D, i andusnetacy 136t off floaks uadng

el on 1 309 "eBR8 Jer™ Vhghies SR oI B pBRE Srioat b, Sebd L
Che' o b, EBe4Ecdpba URGR Io% Al W Sk YIARP NG} Bollirg R
45. Lower pi gsupthd)7into pehfagenmunt ofithcasedl t Piwg75¢NngacamNt sDipHOSES
158 with an appropriate tool, and upper piston 105 is o
respectively. Lock ring segments 161 with their wedging action
prevent pistons 105, 107 from backing out of energizing or
actuati'nq engagement with the metal seal rings or slips, anc_l'
" thereby serve as mechanical backups for the hydraulic
énergization and actuation provided by pistons 105, 107. Thus,
should hydraulic pressure fail or otherwisé be released, the
seals and slips will remain actuated. . It should be noted that
since lock ring ggqments'lsl are free to float up or down in
counterbore 38, they will be self-centering between pistons 10S,
107 when actuated, j.e,, they will move up or down when engaging
surfaces 131, 147 so that stresses in the upward and downward
direction will tend to §qua11ze. Upon completé actuation of the
lockdown screws 185, the apparatus of the present invention will
7 | ~ appear as shown in Figure 3. | |
i In the event that either or both of the seal rings 75, 77
 and slips 61 become loose or lose some of their energization,
‘they can be re-energized Sy re-pressuring with additional highly
- pressurized fluid applied between the pistons, and re-tightening

the lockdown screws.



sinmilarly engaged in bores 133 by an apbropriate'toql
head. Canh seals 75, 77 are extracted,

t he head.

ref ur bi shed, including replacenent as needed of Canh seal rings,75w77,

seal menbers 125, 143, 153, 155, and slips 61, for reassenbly and
ation .on another pipe or casing. - 27 - It should be understood
he connector of the present invention were to be used, for

el ast oner
rieinst al |
that if t
exanpl e,

5B, or in another situation where there is no nenber such as |anding base 5
whi ch i s backed up against the outer or free end of the slip retaining nut,
not be necessary to cut the pipe and renove the cut
wi th connector attached, away fromthe rest of the pipe in

then usually it wll
pi pe segnent,

and pulled out of the-
and the casing stub 3 renoved from

The connector and head of the present invention nmay then, be,

as a union between two pipe -ends, such as shown in Figures 5A and

order to back JMf thRceveat bt kg ¢%¢@9§ett°hé'em?§)§lead Lnfromicasingors,such
nuts,. release

| | | b i bl ba h
and ext rac% ')EMh’e?"sq% L’°¥‘éﬁe)v§' '5??‘?'[8?‘88 eFﬂ#LES{%%&W

as this

Inventlon,aﬁa%ﬂyahxlé%ﬂmw% f) B&H@%ﬁ%@&amu Col.ltél%Jse d.

wi thout cutting the pipe first. In order to prevent P hward.

apse

t he

casing 3 veevidusilyg. sUnckdoenl scrévis)hesoapes dutkea d»mdlpmuﬂalﬁhéoquex% of

ca3|ng head 1 includes a downwardly and outwardly facing,

ring segments 161 out with them, away from pistons 165, 107.

Lock ring segments 161 are pulled away from pistons 105, 107 a

distance sufficient to create a radial clearance between such

segments and the outer wall of mnidportion 145 of  lower
piston.107, and wall 129 of upper piston 105. Casing 3 is burned

or cut off, usually below landing base 5, and the entire assembly

above the cut is lifted off and away from the well. The landing -

base 5 drops off, and a spanner wrench or the like is used to

engage bores 51 in nut 45 to unscrew the nut trom-thé end of the
head. - Slips 61 drop out and away from casing 3 with nut 45.
‘Lower piston 107 is pulled out of head 1 through engagement of
bores 158 with -an appropriate tool, and upper piston 105 is
similarly engaged in bores 133 by an appropriate tool and pulled
out o:'the head. Canh seals 75, 77 are extracted, and the casing
stub 3 removed from the head. The connector and head of the

present invention may then be refurbished, including replacement

~ as needed of Canh seal rings 75, 77, elastomer seal members 125,

143, 153, 155, and slips 61, for reassembly and reinstallation on

another pipe or casing.

downwar dl-y and

<



i nwardly tapering frustoconical annular shoul der 211 at the upper end of
the stepped annular bore area 29, i.e.,.at the upper end of counterbere 31.
The i nner ~peri pheral edge 213 of shoul der 211 engages the upper, inner

peri pheral™~edge of casing 3 around its circunference when head 1 is
installed on casing 3. Wen high conpressive | oading of casing 3 occurs,

fprgzyanple-durlng drilling operations with the weight of the bl owout
preventer stack on top of the head or when additional casing strings are -
28 -  installed and supported in the well head on top of the head, the

shoul der 211 def orns plastically, flattening out somewhat and with inner

" edge 213 flowing partially into bore 15. Casing 3 wll tend to flowinto
t he space between the face of shoulder 211 and the top of the casing, which
space decreases as the shoulder flattens out. This deformation of shoul der
211 pushes radi allity sbould ke ynéaremlspet ifithe eoprectprcet i the presenssi st

i B o P R S M o S TR TR

B v, pi pecipd DeRfl [ Sadih b et A1 #ndR R, ahAOSHIShe! 1R iRRRAS

21a, 21b pragitudtioncwhate other@ns ficyuenbeld, sadk cas dandiig Wase I5n whiich

enbodi mrent of the invention, the connector conprises a tubular cyllndrlcal

mai n body 22§prkggxqg gpcgq4$qgt the outer or free end of the slip retaining
nut, ‘then usually it will not be necessary to cut the pipe and

' remove the cut pipe segment, with connector attached, away from
the rest of the pipe in order to back off the nut 45 ahd release

_ fhe slips. In a situation such as this, it will usually be
possible to back off the 'nut of nuts, release and extract the
'slips, ienbve the other component# of the connector of the

.'-invention, and pull the pipe ends from the main body while in the
field, without cutting the pipe first.

In order to prevent inward collapse of casing 3 when it is
subjected to high compressive loading, main body 23 of casing
head 1 includes a downwardly and outwardly facing, downwardly and
inwafdly tapering frustoconical annular shoulder 211 at the upper

\—/ end of the stepped annular bore area 29, ji.,e,, at the upper eﬁd

| | of counterbore 31. The inner peripheral edge 213 of shoulder 211
engaées the upper, inner peripheral edge of casing 3 around its
circumference ﬁhen head 1 is installed on casing 3. When high
 compress1ve loading of casing 3 occurs, for example during

drilling operations with the weight of the blowout preventer

'stack on top of the head or when additional casing strings are



axi al bore 227 and steépped bores 229, 231 exfending axially .from each end
recei ving the pipe ends 233, 235 and tonnector el enents

for

21a, . 21b,

respectively, therew thin. Each of the connector elenents 2la; 21b,is
| i ke that shown at 21 in Figures 1-4 and described above;, so they weed not
be described further here. Sone of the parts of connector el enents

ZT@ have been | abeled with reference nunerals corresponding to those for
ke parts of connector 21, with the addition of an

of

a" or a "b," for
r ef erence. When actuated, each of connector elenents - 29 -

21a,

21a,

21b securely retains the respective pipe ends 233, 235 in main body 225,

seal ed relation thereto.

- 30- CLAIMS 1. A.connector for attaching a

ease.

in

body to the end of a pipe, conprising: a main-body having a bore in one end

adapt ed fipsthtl&dCam CauppotitedOnO¥Ré Yéanad Bh &5 J¥ R BQLHi“PT

annul ar bore area between the outside wall of the pipe an

the wa

bore; sl| spowides 2iixspdetarma ophastivalpype fllatsenithganout asohedlat and

with inner edge 213_!;owin§_partiaily into bore 15. Casing 3
will teﬁd to flow into the space betwéen the face of shouldér 211
and the top'ot_the cﬁsing, whi¢h space decreases as the shoulder
flattens out. This deformation of shoulder 211 pushes radially
outwardly on the upber 1nn§r édge of casing 3 to resist inward
céllapse of the ca#ing..

| Réfarring how.“ to Figures S5A and 55., there is shown in

vertical ctossQSectional vieus: a connector of thé present

~ invention being used as a unipn to connect together the free ends

of two pipes or pipe segments 221, 223. Figure 5A shows the
connectors 21a, 21b prior to actuation, and Figure SB, after

actuation. In this embodiment_of'the invention, the connector

_compriées a tubular cylindrical main body 225 having a central

axial bore 227 and stepped bores 229, 231 extending axially from

each end for receiving the pipe ends 233, 235 and connector
elements 21a, 21b, respectively, thetewiﬁhin. Each of the
connector elements 21a, 21b is like that showh at 21 in Figures
1-4 and described above, S0 they neéd not be described furthér
here. Some of the parts of connector elements 21a, 21b have been
labeled with reference nunmerals corrésponding to those for like
parts of connector 21, with the addition of an "a" or a "b," for

easé of reference. When actuated, each of connector elements

n .
élof t he
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area and carried on said main body, anabIe fromd. noﬁ actuated p03|t|on
out ofﬁgﬁgagenent with the pipe to an actuated p05|t|on in grrpprng T ..
engagerenit with the pipe; seal neans dlsposed around the pipe in sakrg == - -
annul ar bdke area for sealingly engaging said outside wall of said pipe and
sai'd bore wall; dual-acting hydraulic piston neans disposed around the pipe
inhsaid annul ar bore area between said slip means and said seal neans and
having a first actuating portion novable in one direction into ener gi zi ng
engagenent with said seal neans and a second actuating portion novable in

t he opposite direction into actuating engagement with said slip means upon
application of pressurized fluid to said piston neans; and radially
-reciprocabl e neans for rel easably engaging said first and second actuating,
portions of saizapi 928N -weas&whﬂta%bd thi' Tespeétive PlpsOshd® 23 F, i238 in.
ener gi zi ng. engagemment with said seal nmeans and said second actuating
portion is in mainabody ¥Sjadnnwedled ralatiah thepeteans; said rslaesably
engagi ng means conprising a plurality of lock ring segnents disposed around
sai d dual -acting hydraulic piston neans in said annul ar bore area, said

| ock ring - 31- segnents bei ng adapted for noving radially inwardly and
i nto nmechani cal backup engagenent with said first and second

- 30 =



'a'c.t t‘Jat"i'r'\g' p'o'r't [ o'ns- 6f- sai d pi ston means when saied fpi;stbﬁ .F;iea-n.s.:,.has been o
actuated, substantially preventing said first actuating poyrtion:from noving
"in said opposite direction-out of ci@%%‘ zi ng engagenent wth. said seal

- means and said second actuating p _
out of actuating engagenent with said slip neans, and bei ng adapted for
moving radially outwardly and out of nechani cal
first and second actuating portions, allow ng sajid fi

fromnmoving in said one.di metcti on

backup engagenent” wi th 'said
actuatjng portion

rst
to nove in said o@@nm@q&'cﬁqmm@ﬁcﬁn%r?e@%r@%% Wth said -

seal ne
directi

sai d firsteofdddp i@ PREdFOToRBver | ETerd SORHSO Pipe, Torading second

actuating portion

.| ower pi'stW‘b]e?%(igb%S%iF g?%?fﬁ% '%%fggﬂ{'%&%&éw ir}#'tsta'feh%eé%?% sZ?i:ld N

upper pi stflfe wall sef dthigpdsores st on i ncluding a downwardly and outwardly
camming surface and said |ower piston including an _upwardly and

faci ng

outwar dly faci nglibpmeans disposed ardundchheipipe din ®add _dnpWagBITS

i ncl udi ng an upwardly and inwardly facing camm ng surface along its upper

ﬁé\ndcﬁﬁmﬂg?.sai d second actuating portion to nove in said one’
nrout of ‘actuatlng e,ngage?nt, wth said sldsao L& ¥or sai d '
dual - acti ng HydrainiROGY HavintkfhP 4| Wi MY S0 PSS ' Sh conpri si ng

i nner per ishedy andd eazoiedaocd saidi madnr dody.acReVRBIATLXGDs (A f BOB~al ong

its |ower inner periphery, said upper canmmi ng surfaces of sgid |ock ring
segnent s eagtigated s posiddeon neut uofacengRY uﬁﬁgﬁ oF iRﬁd

'E?o_?

cgmﬁ ng surfaces of saigi

actuated pos clar? Ci(n -g;.g’izﬁping enéagement with the pipe;

seal mcans dieposed around the pipe in said annular bore
area for sealingly engaging said outside wéll of said pipe and
said bore wall; - |

dual-acting hydraulio ‘piston means diéposed around the
pipe in saia annﬁlar bore area between said slip means and
said seal means and havinQ a first actuating portion movable
in one direction into energizing ongagement with said seal
means and a second éct_uatinq portion movable in the opposite
direction into actuating engagement with said slip means upon
application of pressurized fluid to gaid pieton means; and

' radially reciprocable means for releasably engaging said

first and second actuating portions of said piston means when

sald rfirst actuating portion is in energizing engagemont with

'said seal means and said second actuating portion is in

actuating engagement with said slip zfeans,'
sald releasably engaging means comprising a plurality of
lock ring segments disposed around said dual-acting hydraulic

piston mneans in said annular bore area, | said lock ring

-3l
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ring éégnéhfs”eﬁéégihéﬂéaid bénﬁing'SUfféce oflgaua iﬁﬁehfbrétbn:ﬁhén gaﬂﬁ"’r

| ock ring segnents are noved radially inwardly. 2.* Atconhector according
to claimJI, wherein said seal neans is disposed in the upper end of said
annul ar EbPe area and said slip neans is disposed in the |l ower end of said
annul ar bore area, sai.d upper piston ha u er end face in en enment
With said scaagments haﬂncapdapbo@rfgrsm Qil!nﬁﬁ”&ﬂﬁiﬁzﬁﬁﬂgiﬂ
engagenment with said slip neans, said Iomer ston avi_n n anpul ar

L aigetl 4

shoul der ar omqhmécﬂdﬂ?mk% aveRsRmeR ( how&i ufipsond

B d mal n_ boRGERabERg BRFUIA S%dgei' eEries Sn%sf@p%&%”éki‘érﬁféﬁ?ﬁrf%

- end of said ﬂgeerb&ﬁt oacgag E&ﬂ@?&ﬁéﬂligfsto néigel 8 q Plgd s st

receiving sal pressurlze sal d upper Ingly

received in. §§td emg f.’&ﬁ i‘féﬁ OISy S BATd Bpitssh DG Y et fpraihesai d -
. lower piston berng sealingly recelved 1n said annular bore area bel ow said

enl arged cougtegh@r§iz fhg Cen nen® wiithbsadd sealcfleshs handsexid devc d
bore of said upper piston, ereby upon application of said pressurized

~ hydraulic flactinating pppeion from mordngudmrehidi one diregtiongout of
engagenent with said seal neans and said | ower piston noves downwardly into
actuatlng enaatuating pngagenent| vitheeaid slip means, and being adapted

for moving radially outwardly and out of mechanical backup
engagement with said first and sacond actuating portions,
N\  allowing said first actuating portion to move in said 6ppoéi£e
| direction out of energizing engagement with said seal means
and allowing said second actuating portion to move in said one .
diregtion out of actuating engagement. Qith safd «1ip meﬁns;
said dual-acting hydraulic piston means including an
‘upper piston comprising said first actuating portion and a
' lower piston comprising said second actuating portion, said.
upper plston having a bore in its 1ower end, sald lower piston
being slidingly telescopingly received in said bore of said
uppar piston, and said uppar piston ineluding a dewnwardly and
‘outwardly facing camming surface and said lower piston
including an upwardly and outwardly facing canming surface,
and each of said lock ring segments including an u’pwardly. and
inwardly facing camnming surface 'along its upper inner
periphery and a downwardly and inward%y facing'camming'surface
along its lower inner periéhery, said upper camming surfaces
- of said lock rihg seguents. engaging said camming surface of

said upper piston and said lower camming surfaces of said lock

- 32~
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37 A connector ‘according to claim2, wherein said.enlargef counterbor g3
greater in height than said | ock ring segnents, *sai @ |otk.ting .segrents
"~ being free to nove upwardly or downwardly to a limted extent in S@

enl arged counterbore - 33- when actuated, thereby effecting A

sel f-centering of said look ring segnents with respect to sai g‘upper'and -

| ower pi st.on : [ QhRAGHnYC sXIF GamAthg sarface xf fesitd dowedngaged |
w th -one a’l'ﬁgf%\é\gsaﬂ%% conng:tzt)’(;J according to claiml1l, wherein there is

i ncl uded, goieGRcunin Saaddl oLt i nirepgwegments| cardompvaGnFadisdd¥ed on

sai d mai n body and engageable with said |ock ring segnents for noving said
llock ring pegdedlys. i nto engagement with said upper and l'ower pistons and = °
Wher el 1 ach ofzeal oh GoRDARNAT WEEPTAYRE SdcS1RENL, IR 4EAF o C
o et G aLamene o oh oot o 3t (AL AR AL b gl 70
Pockiown nentesatal RhiF SSrERAACRRA" In BE GRS TR,
{ransyer se.RehTak ok 4FEA. Y bl PleterRaving! an uppot dend ctapaieabl e

in ongagement with gaid =eal means and said lower piston

having .-a lower endﬂ face in engagement with .said slip means,

-'.said lower .pistoh having an annular shoulder around its
midéortiah ufan wvhich the lower end of said upper piston resta \)
in the non-actuated position, and said annular bore area of
said main body having ﬁn enlarged count_erbore disposed -around

- said lower end’ of said upper piaton and said midport_ion of -
said lower piston. for receiving said press_urized f£luid, said
'upper" p'iston' beinq sealihgiy received in said annular bpre
area above sﬁid enlarged counterbore and said lower piston
being sealingly received in. said annular bore area below said
enlarged counterbore, said lower piston pei_ng ‘sealed with
respect to said bore of said upper piston, whercby 'upon
application of said préésurize'd hydraulic f£luid, said upper
piston moves upwardly .int'o energizing engagement with said
seal means and said lower piston moves downwardly into
actuating engagement with said slip means. .

3. A conhector according to- claim 2, wherein said
enlarged' counterbore is greater in heigh_t than said lock ring
'se.gment's, said lock ring segments being free to move upwardly

or downwardly to a limited extent in said-enlargéd counterbore «

-
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respective lock ring segnent for noving it radialliy f.awartl y:and a T-shap@ﬁq
head slidingly received in a correlatively shaped ‘sl'ot in"the.locK ring
segnent fOT moving it radially outwardly when the | ockdown -screw is
screwed i'Mfo or out of said main body, respectively. 7. A connector
according to claim1l1, and including a retaining nut threadedly received in
sai d one endwhenaactuated, btbereby sef fecking selfrcentering Afhsaldk ,
and having a tapered slip actuating surface around its inner periphery -34-
formng a tapéngd eesments Nigdh kespest &0 d‘?£‘be¥*@8‘_‘§l i &a(étq}&"l r‘g“ ce
and the pipe, said slip nea I ncl udi a,nlural it f LR.S t

di sposed in ¥8PH f'QﬂngﬁpﬁﬁﬁgY%r‘"%ﬁsez?r}gﬁ&ig ng§e§W2+#§a s%gg?c}'%?gﬂ
about the pi QithS n Aaﬁggﬂggtor according to claim7, wherein each of said
slip segnent |ncPu3es a prpé gripping serrated surface on its inner side
and a tapered surface ghapaflesfsscadbbr®ing!€oSeisin!ip witér@lin tthere flace

of said nut on its outer side, and including shear neans di sposed between :
sai d taperediasitided; fbrseach o¢ mediel lmeks ring seguentsp heckdowmgpeans ace
~for holding said |lip segnents in said non-actuated position prior to

“act uation of disposedi pnneakd myin dady ard engegegbipdwith; Gab‘igsl-‘?fﬁ‘ FIRSE

9. A connector according to claim@8, and further \
. ~ segments for moving said lock ring segnants into engagement

with said upper and lower pistons and actuating said cameing
surfaces. | |
- _ S. A oomiéc'tor according f:.o ciaim .4,_ vherein each of
said lockdown means includes means engageable with the -
respective ones of said lock ring segments for retracting said
lock ring segnents ﬁway' from caming - engagement with said
upper anﬁ loﬁer pistons. .

) 6. A connector according to claim 5, wherein each of
said lockdown means includes a lockdown gcrew threadedly
received in a transverse bore in said main body and having an
annular shoulder engageable with the outer side of the

| res.pectiva'lock ring segment for moving it radially .inwardly
and a T-shaped head slidingly received in a correlatively
| shaped slot in t.he lock ring segment for mo(ring it radially
' outwardly when the lockdown screw is screvwed into or out of
said main body, respectively. |
7. A connector according to. c;laim 1, and including a
retaining nut threadedly received in said one end of said main
body in said annular bore area around f.he pipe, and having a

tapered slip actuating surface around its inner periphery

- 34-
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including nmeans for extracting 'said dual-acting hydrauliL pi'ston neangrf'
from sai d annul ar bore area when said retaining°‘nuts.and sai-d slip segnents

" have been renpved fromsaid one end of said main body. 10. A conneéT@r

according to claimi1, wherein said slip means is carried on a nut

t hreadedly received, in said one end of said nmain body, wherein  sajgd bore
of sai d-ugpemingstan taperad ;anUMIAT SATER]NCEFRIT: H\éérﬁd taraxed, éiga '

houl der of said b f id upper pj st : d,f id
et i setuetdnd maiace and S Le nEAU LR Fean o peLiathe SF

t ti t ool for ' “sai d ' kst | |
bor o ar cn PANERLLIT: 9f 1 47 eanentE A pifed PER | aR48] Sipabhd ppaugarnnul &1
connect or _ac o%gigg%%%ﬂﬁrrg,#i, _?’6%_?%_ al dpafel apBatsthar pipa.

met al - t o- e etween the pi the"wall of the annular bore area

when ener gi zed oy s3i Gdplictts CadbstdingBes saldfn. 7 A whareihoeaehcofdi ng
to claiml1, and further 1 ncluding nmeans di sposed around the inner end of

sai d bor e g} £HIAGF BRYmentid ifeludet of pipe gnipping servatednguriarcel |y

i nward col | apse of the pipe due to application of high conpressive | oads
thereon. kh s cimmey eside@ndindapersdiswriaceshaped soryelativedy,
preventing i.nward col |l apse of said pipe and ipcl udes '

. to naid slip actuating surface of said nut on its outer side,

and including shear means disposed between said tapered
surfécas of said slip ségments and said slip'actuating surface

for holding .said s1ip seguments in said non-actuated positi.dh RN
:prior to actuation of said slip means'by said dual-acting
ﬁydraulic pist&n means. | ' '

9. A connector #ccording to ciaiﬁ 8, and fu;ther
'inciuding means for extracting said dual-aqting hydraulic
piston means from said annular bore area when said retaining
nut and said slip segmenis have been removed from said one end
of said main body.

'10. A connecﬁor according teo claiﬁ 1, wherein said.slip
means is carried on a nut threadedly received in said one end
of said main body, wherein said bore of said upper piston has
an annular shoulder therein, and wherein said shoulder of said
bore of said upper piston and a lowef end face of séid_lower
piston each include a threaded blind bore adapted to receive
an extracting tool for removing said.lower and upper pistons

from said annular bore area whon said nut is unthreaded from

said main body.
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a downwardly and outwardly facing, downwardly and i nwardly, tapering p-0
frustoconi cal shoul der around said bore of said ndein body; the inner

peri pher af~edge of said frustoconical shoul der engagi ng the upper,  inner
periphery¥of . said pipe end under nornmal operating conditions, said
frustoconi cal shoul der, bei ng adapted to partially flatten out and its inner
peri pheral edge bging Adeghndctor dedcordingsio cikin dndwheveinaanid iseal

i nwar dl y somewhat upon application of a high conpressive |oad on said main
body at sai dwhanet formaca wmébal-eces-matal /seshnbetésancthedpipe: @and she 1

wherein said Slip nmeans includes a nut threadedly received in said o end
of said mai nweddyof theianmulan dorsoarea ehen anergiFec by ﬁgfﬁ_ h!é%a‘gﬁcsl i p

retaining and, actuating surface around its inner periphery, a plurality of
slip segnent PL8tOPoReANBn said slip retaining and actuating .surface and

i v cunt i al | d bout,_ L sl dagh '
Tovabl e from a 11 A6 phei CRORRCERRo Rt} A2F, EaRshn1sCOfRE. Codil
36 - Ol SRR dalehIReRnE A deSbbga SR S drilicd el ok Oedis Werel dn

position in girpplrng“engagenent - wth the pipe; sald seal nmeans including a

Ty e SergAgemait g cs o e i ot ptbeunting ratiol
seal bet ween inastanbes) Depye ant t khepi pipahduecntogiapplication of high
- compressive loads thereon. |

13. A connector according to claim 12, wherein said.
means for preventing inward collapse of.eaid pipa and includes

a dovnwafdly and outwardly facing, downwardly and inwardly
tapering frustoconical shoulder around said bore of said main
 body, tﬁa inner peripheral edge of said frustoconical shouldar
engaQing the upper,.inner periphery of séid pipe end under
normal operating conditidns, sald _frustoconical shoulder being
adapted to partially flatten out ind ite inner perirheral edge
being adapted to deform plastically and fIGW'radially inwardly
somevhat upoh application of a high compressive load on said -

' m.ai.n body at said frusﬁoconicai shoulder.

14. A connector according to claim 1, wherein said slip
means includes a nut threadedly received in said one end of
said main bedy in said annular bore qred, said nut having a
tapered slip retaining and actuating surface around its inner

~ "periphery, a plurality of slip segmeq;s disposed on said slip
R . retaining and actuating surface and circunferentially spaced
apart about the pipe, said slip segments being movablé from a

 first position supported away from said pipe by shear pins
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“$ai d upper pi'ston Being sI'idingly ‘and seal i.riglly‘-,a'ifs"pb‘s'éﬂf Th said annul él:; Q7
. bore area between said netal seal rings and sai‘d“sl'kps’&nd: novabl e by
- application of pressurized fluid to said upper piston into energizk '

engagement with said netal seal rings ; said |ower piston being.sl i ngfy'
and seal ingly disposed in said annular bore area between said upper piston’
and said s|jp se NS ';qajv eg2hn@dnsfidasaud poecassecamd f| ui d
to said Idgp?ﬁ%ﬁ%{fﬁg C lﬁﬁlﬁ'gb)ebn agenent with said slip segnents,: *
shearing saj rg.Di JRfidigerdnt With thegnpipe;into said second
position;sé"ngi?ur hié'? ncl’uding Idc%kdom means di Sposea in and '

ci rcunferenti auﬂ‘?paasd Heaws Sriciutding twdpaind ofx metkslgseal oringy
annul ar bore area for engaging said |ock ring segnents and f%rg actuating
‘sai d | ock ¢idgosedertund atieidipe dnatbieyenddH Ak AHRPIRE BEERof

wedgi ng- engagenent with said pistons. 15. A connecto cecordi t aim
14, and f weppesitecfudnngadd Hidare £ iW%'?OPR%GiTﬁ°sﬁfgg} o&g‘g ipi st on

and a threaded blind bore, forngd in, said e S la@d.bOr es adapt ed
to recei'vebﬁﬁweﬂtlrﬂ!mr@a%’éo]?&[%r”&%ﬁ r?é‘%?ain' - ?%Q rﬁird

ower and upper

pi stons from said, anoular DAIERedng"811a8hE1F tind SeuTftigladad sposedsal d

mai n body. | |
" i{n caid annular bere area betwasn said metal seal rings and

sai& slips and movable by application of 'pres’surized £luid to
. said upper piston into energizing engagement with said metal
‘seal riﬁgs} o s : | o/
said lower piston being slidingly and sealingly disposed
in said ';annular bore area .between said upper piston and said
siip segment.i and inoiiablc by ﬁpplicati_'ox_; of said pressurizad
fluid to said lower piston into actuating engagement with saia
slip segments, shearing said shear pins and moving said slip
segments into. said second position; and
| further including lockdown means disposed in -and
circumferentially spaced about said main body and extending
into sald annular bore area _' for e.ngag_ing. caid lock ring
segments and for actuating éaid lock ring segments radially
" inwardly and outwardly into and out of wedging engagement with
said pistons. '
15. A connector according to claim 14, and further
inciuding a threaded biind bore forreed in said lower piston |
and a threaded blind bore formed in said upper piston, said

bores. adapted to receive an extracting tool_for renoving said
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16. A connector according to claim 15, and-includjng:a port ‘donmunicating ™
sai d annul ar bore area .between said upper piston and gaid*nmetal seal rings
to the:outsjde of -said main body. 17. A connector -according to claim 14,
wherein s&Fd netal seal ri ngs conprise a pair of Canh seal rings. 18. A
connector for attachi.ng a bodi/ to the end of a pipe substantially as-
described w LAWRE: BREcUPRer Bistors froN #9idr annulsr bof$-area when said

nut is unthreaded from said main body.

16. A connector according to claim 15, and inélud.ing a
port communicating said annular bore area between said upper
plston and said metal seal rings to 'the outside of said main
body. '

17. A connector according to claim 14, wherein said

maetal seal rings conmprise a .pair' of Canh seal rings.

18. a connector for attaching a body to the end of a
pipe substantially as described with referce to the accompanying

drawings.
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