METHOD AND APPARATUS FOR SEALI NG THREADED SECTI ONS OF A WELL TOOL Varioﬁs
types of otl and/or gas well tools are used in which the body includes a _(R
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' they become defective and must be replaced which is
expensive and time-consuming. While elastomer seals
are satisfactory for initially holding a pressure seal,
they have a short 1ife in the harsh environment of
20 temperatures and corrosive fluids encountered in a well.
The present invention is directed to a method
. and apparatus forumakihg up and sealing threaded sections
' of a well tool with a metal seal for nolding pressure in
which the seals may be made up and broken out a multiple
25 of times and in which the seal is held in a secure seal
position after final makeup. -
'.Tbe present'invention is directed to a pressure
- sealed join% ba'tween a male and female threaded
connection of a well tool including a soft metal seal
30 positioned between the male and female connections
sealing between the connections when the connections are
threaded together, a hole drilled in the exterior of the
made-up ‘connection into the outer portions of each of
the connections, and a plug positioned in -the hole with a
35 force fit for maintaining the rotational and longitudinal
alignment of the made-up connection.




-2- Preferably, thejnefal seal is.supported by a recess in one of the =

connectirons and a taper on the other of the connections. The plug may_
i nclude a connection for reaning the plug. |In addition, '1
plurality of hol-es and plugs nay be positioned *between the connectlon_,
The -present invention is particularly usefu] lerein the nale and fe :

t hr eatted connections are super aIon-netaIs aving a tendency to gal
A further aspect of the present invention is the provision of a pressure
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shoulder and a thread therebetween. The male

15 connection includes an end, a shoulder and a thread

therebetween. A soft metal seal is positioned between

_the end of the male connection and the shou1der on the

female connection for sealing between the connections

‘when the connectlons are threaded together such that

20 the shoulder of each connection faces the end of the

other connection. After make up, a hole is drilled in

the exterior of .the made up connection through the

shoulder of the male connection and the end of the

female connection and a plug is positioned in the hole

25 with a force fit for maintainlng the rotational and

| longitudinal alignment of the made- -up -Connection.
Preferably, the hole and plug are round.

Yet a further aspect of the present invention

_ ~is the provision of a method of sealing a joint between

30 a male and female threaded connection of a well tool by

threadedly_ connectxng the male and female connections -

‘with a soft metal seal positioned between the end of

the male .connection and the shoulder on the female

connection with a predetermined torque for sealing

35 between the connections. After the connection is made

up, the ;'seal connection is pressure tested and

thereafter | | .
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35 between the connections. - After the connectlon is nade up, the seal
connection is pressure tested and thereafter 3. a hole is drillgg in
fheexterior of the nade- up connection through the shoul der of the nmale

co'fghtlon and the end of the femal e connection and a plug is inserted into
Q“igllled hole with a force fit for 5 maintaining the rotational and~ .

-Io Q di nal alignment of the ndide- up connection. A presently preterred*%J
enbodi ment of the invention will nom/be described by way of. exanple

referen eLng o, th acco dr aw in 10 which:- ‘Figures 1,
2, 3 ﬁn hea?e %Faﬂgféoh%l 0 B! ¥YI fi h%r%gées%ﬁtlon of a well safety
vaIveconnabtthntbbr@ugbeﬂhe|ﬂwemtdOﬂ of thﬁkthd eunheutn@?ntlnuatlﬁns of
each e a 1 F ros ctional view taken
alon99§€ £??n€9% gf ?hilgﬁma1i é%ﬁ“?%ét%€ %Qis%nf’iiventlon will be
descripeimseotepuinbecthefdrilled rael orwbth ya Beréechbipofered in a weljl )
, et I tOp may be used wt
Oﬁ] Ma’i’ﬁta’?n hé F‘ﬁé @fat‘ﬂ&'ﬁdf ﬂrtteu@(jeh&t;@c@onasht@t@éw

ypes avi ng t erring nowto the
dramnﬁé ampﬁét%ﬂ %%@%%EBHO%BII saf ety val ve 10 has a body or housi ng 12

whi ch |ncludes R preseatty pﬁef@fe@deﬁme@fmgﬁinaxiéﬁg sections 14, 16, 18,

24. The, val ve, 10,1 ncl e bore 2 nular val ve seat 28
"p03|tf%ﬁ€€t5%%uv1fh e% Z%es%ﬁ V%XV¥9%|% Lﬁ%@%ﬁ $rent 30 connect ed tq/
t he bodﬁenenog bepngoma@entmzth@tadcmmpanmnﬁyldsaWen@scnplcalIy novabl e in
ng y 2 30 and through the val ve seat- 28. When the flow tube 34 is

ed to a  downward position, the tube 34. pushes the
Figures 1, 2, '3 and are elevational v1ews,

partly in cross section,’ of a wel] safety valve in
which the present invention is embodted and are
continuations of each other, and '
15 ' _Figure 5 is a’ Cross- secttonal view taken
'along the line 5-5 of thure 1.
. While the present 1nventton W111 be descrtbed
for purposes of 111ustrat10n only, as 1ncorporated in a
well safety valve, it will be understood that the
20 invention may beusedw1th other types of we]l tools _:
hav1ng threaded sections. ' . 3 '
Referring now to the draw1ngs, a piston
actuated well safety valve 10 has a body or hou51ng 12
which 1nc1udes a plura]tty of threaded]y connected
25 sect1ons 14, 16, 18, 20, 22 and 24. _ .
" The valve 10 includes a bore 26, an annular valve.
"seat 28 posxt1oned about the bore 26, and a. valve closure.
element 30 connected to the body 12 by a p1vot pin 32. ®
A flow tube 34 is te]escoptca]ly movab]e in the body 12 a
30 and through the valve seat 28. When the flow tube 34 is
' moved to a downward position, the tube 34 pushes the
valve element 30 away from the seat and opens the valve.
when the flow tube 34 is moved upward]y, the valve
. element 30 is allowed to seat on the seat 28 and close
35 the well beore 26. The: ftow tube 34 is biased - ‘upwardly:
by vartousforcessuch as: a- spntng 35 and’ the va1ve 1s



val ve el ement 30;amay'fron1the seat and opens the val ve. Wen the f1ow tube
34-is_noved upwardly, the valve element 30 is allowed to seat on the seat
28 and close 35 the. well. bore 26. The flow tube 34 is biased -

upwar dl'y . by various forces such as a spring 35 and the valve is -4-'.-
clesed by the renoval of hydraulic fluid, ghrough a control line 863
ext erfdi | ng to the well surface which supplles flurd through .a flow -
cbntrol line 38 to a chanber 40 and agai nst one or nore pistons 42
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patent application 2 90 > 849
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sections 14, 16, 1§n§20f13¥da“ réésare | ohnerl LPAS) &nthol tnr'?@d?tls is

connect.i ons. éad connection, such as

by convent|onal1%oa‘edungdthsaﬁﬂscse,n‘alm sethecf kows Houhe o34 wbllsthe, maYed
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_ The safety -valve 10 includes a threaded
connection 50 at the top and a threaded connection 52
‘at the bottom for connecting the safety valve 10 into a
. tubing string. In addition, as noticed, the various
20 sections 14, 16, 18, 20, 22 and 24 are joined together
by threaded connections.  Normally, the thread
connection, such as 16 and 18, 1is by conventional
.coacting threads 54 and~56;- here shown as two-step
‘Hydril threads. - The threaded connections 54 and 56
25 also include coacting metal seals such as 58 on section
.16 and 60 on section 18, ~ Similarly, the connecting
threads 50  include metal seal surface 62 and the
threads 52 include a metal seal surface 64. Similarly,
~other types of threaded connections having integral
30 metal seals are conventionally used. The conventional
integral = metal seals are normally satisfactory in
‘making up threaded connections which are not required
~to be threaded and unthreaded a multiple number  of
- times. That is, conventional threaded connections
35 having integral metal seals such as 58 and 60, 62 and
64 require a high torque in order to satisfactorily
seal the integral metal seals. And if the integral



‘30 netal seals are conventionally used. The ‘conventional irntegral netal

' . are normally satisfactory in making up threaded connections wQth
t required to be threaded and unt hreaded a nultiple nunber, of tines.

i's, conventional threaded 5connectlons 35 having |ntegral et al

such as 58 and 60, 62 and 64% équire .a high torque in order to -

satlsfactorlly % the integral netal seals. . And if the integral
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connectmomSumﬁnghe safety. valvg 10, sugh as. the threaded cgnggc;hgn

bet ween sections et ween an
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must’ fre uent exposed e working  parts- are
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sectionbetweenal8eandt 20| hetﬂneemn%ﬁadnds%ﬂ amhi, detwddr 22 and

15 24 are frequently threaded and = unthreaded a
mu1t1p11c1ty of times in. assembling the safety valVe-
-~ .10. In assembling the various internal - parts of the
valve 10, the various parts- must frequently be exposed
and adJusted before the. working parts - are finally
20 adjusted. This requires ‘that various sections of the
tool 10 be threaded and unthreaded which increases the
possibility that the sections hav1ng 1ntegral seals may
- gall. . . .

The present-invention is directed to a method
25 and 'apparatus for making up and sealing threaded
| sections of a well tool with a metal seal which will

~ hold the desired pressure.and~in which the connections - L
-may -be made up and broken out of a multiple of times '

without the danger of galling and consequent loss  of o x
30 the parts:-due to becoming defective. o .
Referring  now to:: Figure 1; a  threaded
-connection is shown between a female connection 70 and
a male connection 72 having coacting threads 74 and 76,
respectively. The female connection includes an end
35 78, a shoulder 80 and a thread 74 therebetween. The
~male connection 72-includes4an.end.82,; a shoulder 84
and  a thread: 76’ therebetween.. A soft metal seal 86
such  as . Monel{rwyor TInconel(®*™is  positioned



hoId t he- desrred pressure and in mhrch the . connections may be made up

and broken out of a nultiple of tinmes without -the danger of galling and-
consequent loss of 30 the parts due to becom ng defective. Referringg):\
now to Figure 1, a threaded connection is.shownr between a femal e ‘5 -
connection 70 and a mal'e conhection 72 haw ng coacting threads 74 and 7
respéﬁtrvely The . femal e connection includes an end 35 78, " a

shoul der 80 and a thread 74 therebetween. The mal e connection 72
|ncludesan end 8 t W -the A soft
metal “seal 86 glﬁec @eé,boﬂ-ﬂéieﬁ%d 8# %}d tHae .J}{]ﬁ%lg:o eé#ﬁfnﬁﬁt posi t | oned

6 between the enoslmtﬂerrﬁeormret%rfmhe)rcm%qrha Heom @@rals@gon the -

femal e connecti onpgfydek wldm&eﬁw 7td1€arrd)rne<‘vméhn9ch7e0 tHtadd Waen the

threads 74 are thr eaded to qggqe(Lh The s hlas t\?h’! nta‘l&%‘ of 5

bei ng def or mabl e. 3%R Hh ogekhesl« ¢ o- aﬁease nhage, o

ths req:ﬂ redI psew% dmmmse raid Sprm\mhrrg)l?t heto;ﬂl-lumexraqﬁlserhm of

integral seals re. a nake, u of que as S :
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integral seals to
net'al seal 86 is summtebb |1rhaa gaeldelsnsg rprroirientsf dﬂwerdmgmdt isead,s ,s@atd as a

recess 88, at th t he
ot Rer connecti onevsﬁgﬂ‘ as a ta .IE%L the I{éj'h q'ﬁﬁ:& %&t W&d& tionally,

the threaded conntttenasl =ea fr"t—*ﬁpée@t"@dlﬁ)‘%%@w out and
remade in ordep to adj ust- tﬁFhﬂK¥dﬁV¥lﬂEHtﬁEﬂﬁ1tseeﬁ(aﬂ is sipporteddm a
reason after pressure testr 3&?@5? oint the taI seal 86| gcmnd
to be defective of®HR3S (ﬂﬁ? M Sof SHA it

can be 20 easily andtmdnee?rpd y82 apff drtrel sl & ayravenct tom rml ammg tﬁtﬂ)ep'ahtrs 14
and 16. After thegd @8 ek | oY i Lu ) %Ste%aap'b¢ on the female |
. shoulder 80. Add1t1ona11y, the threaded connections 74
15 and 76 may be repeatedly broken out and remade in order

to adjust the working parts:of the tool. _If for some
reason after pressure testing the made up joint the
metal seal 86 is found to be defect1ve or has become
defective because of mu1t1p1e make ups, it can be o
20 easily and cheap]y replaced as compared to rep]ac1ng the_
parts 14 and 16. -
f After the too] 10 is completed, adJusted and
finally assembled, it is’ pressure tested by p]uggwng -one
. of the ends and app1y1ng pressure at the other end to
- 25 ensure that the threaded connections hold the des1red
' pressure. After the tool 10 has passed jts final.
1nspect1on, a hole 92 is dr111ed in the exterior of the
made up connection through the male shoulder 84 and
through the end 78 of the female connection 70 and a
30 p1ug’9¢.is positiooed:in the hole 92 with a force fit.
The plug 94 maintains both a rotational and a longitudinal
alignment'betWeen the madejup_connection,between the
threaded member:70 and 72. It is impbrtant'to maintain
the rotat10na1 alrgnment of the made-up connection in
35 order to prevent any unscrew1ng of the threaded connect1ons

S



- finally assenbled, it is pressure tested by plugglng one of the ends and-

appl yi-Qg pressure at the other end to 25 ensure that the threaded o’
conn ons hold the desired pressure. = After the tool 10 has passed its
fina spection, a hole 92'is drilled in the exterior of the made up _
conne on through the mal e shoul der_ 84 and through the end 78 of the _-'"--J

femal e connection 70 and a 30 plug 94 is positioned in the hole 92 with’
force fit. The plug 94 maintains both a rotational and a | ongitudinal

al i gnnepa h@dwmﬁf@ rw&ewprtecmm?nie mﬁatat wefalrl tdseatnfdr %?QQ? trrﬁrrberdm 'and
1S | ngal n er I.0na nnent_ ,0 e nade-u _
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connectummrtant? tt74 mmmmmmaeladnmmt of sahle 86 and al | ow
the c ' n, I gtant to
Ontﬂ g&tu 4@?(%% gnrrent daqu v}élcl tub'dtng 1%t 2 whd cdhRRle

mai nt ai n connecti on. An oil well:
t ubi Rg t‘h‘?b \/\HPCH“QJheb% tpried m%)b%él!bd%rtteéd by Yard@ySected to '
vari ousté g§ise®n arfmcb ﬁmmmdmd.s - Whihid ehtehe hiriea@ads 7474 and 76 nate

rat her clos |s siil ree aof, .t.ql erances involved and. if
the rren?)'e J;édﬁ%ﬁﬁi %‘f‘ﬁg‘?ltyud H‘c?\/éc?irlgl a0MFe 99T ESCh ot her the. ¢
seal smﬂmwamsmmm tnd:arfprhdmsmmmbfemscésﬂ anghi’@harewhi | e L
I ncreas 5541 6. I alae 86 were o
- defor meiol(l;l'gs’if\1:.&%orrprI SSi onqj t@gf}éatcﬂm otlherf thtehger%gl 8e6ved -t he sealf
86 10omay rssulieciadite CQ'&WGS%&" fogic@s f aMhicho  WHide the required
15 ‘presppié esas ing drd rsdal 2 niay aldftormitHeolsea 1986aNnd [Iifugth@4 may be

_ ded h h ' 94 Iy
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.. secti onkhe banD twe s atkeli evethecttihen s%lmayBGbe couddi d(p«istshbrlgl n for nmore

easily patd{fng ting Plaugs 04 gy t q‘%lfl”t Yo 'h l'iieq"l:'hr ed requ1red
15 pressures._-j
If desired, a plurality of holes 92 and plugs'
94 may be provided at each threaded connection. While
the plugs p 94 _ generally prov1de .a permanent
interconnection between the . threaded sections,,_ a
20 threaded connection 96 may be prov1ded therein for more
easily pulling the plugs 94 in the future if requ1red
: The method of  the present invention is
apparent from the fore901ng description of - the
apparatus and _comprehends sealing a joint between  a
25 male and female threaded connection of a well tool

against pressure in which “the fema_le connecti_on - o _ ,_;
includes an end, a shoulder and a thread therebetween,
and the male connectlon includes.an end, a.shoulder and. x
a- thread. there_between. . The _meth_od comp__r_ehends-

30 threadedly connecting said male and female connections -
~such that the shoulder of each connection faces the end
of the other connection, positioning a soft metal seal
between the end of the male connection and the shoulder
of the female connection with a predetermined torque
35 for sealing the. connection. After pressure testing the
sealed, ,.made:up.connection,, ‘a-hole: is. drilled in the



The nethod of the ’Ppresent invention - is apparent from the

f oregai-ng descrlptlon of t he apparatus ~and conprehends sealing a g
joint between a 25 male and female threaded connection of . a well o
tool against, -pressure in which the female . connection |ncludes‘é§zi> '
end;; a shoulder and a thread therebetween, _agd. the mal e connection

i nclves an’end , ‘a shoul der -and. a t hr ead t her ebet ween. The ~net hod
conprehends 30 threadedly connecting said nale and female connections
such that the shoulea¢erdbreaththenmadeiaop tannecthenehMrmdghhEh@ttnnulder
O e ho Ofn 8fle? @31k TEbRheEERbnohiEE "enen P! (e Pl

connection and t he $ho ect redeternlned
torque 35 for seal CO§NERE1OBNABEt AoR1Ug ASt ERSereeduinte cthe r@f‘thbecbefmleﬁj

made- up connectionyjth h@'efb$cér?hte#or'ﬂalhﬁﬁlnln SthextestPtiMal heand
made- up connectlon thro onnectj on ‘and the

T op Tnecet emilonganidanaT 1na8he ot LAE mafecup FETSSE 1 o

hole-with a force fit for maintaining the -rotational and 5 _

| ongi tudi nal alignnment. of the nade-up connection. 10 15 20.25 30 35 CL
AlFMS 1 A pressure sealed joint between a male and female .
t hr eaded connection of a well tool, ‘conprising a soft netal seal positioned
between the nmale and fenal e connections. seal i ng between the connections
when the 10 ' '

15

2o
25.

30

35



'5 connections are threaded together, a hole drilled in the exterior of
de—wp—connmection into the outer portions of each of 'said W
n§§§£2tl g p05|t|oned in the hole with a force fjit for -

t ai mﬂl‘i“l m‘nm and | ongi t udi nal alignment of the made- 10 up.-

connect| A pressurg sealed joint between a male anq femate
t hr eaded connectlon of a well tool, the fenmale connection conprisSing ake
end, a shoulder and a thread therebetween, the male connection including an

end, a 15 -shoulder - and a cthraad M sherebetmeen t he j oi nt
conpri-sing a soft netal seal posttroned between the end of the male
connection and the shoul der on the fenmal € connection for sealing between
the conrdecti ons whén phressumecseadrd joant bebweeneca mabgetéed - such that

the 20 f%ﬂQQEd%hreﬁﬁeﬂa%BnGQE@?Sb'?E Eaﬁgfltﬁgofndcgm%ﬁr %ﬁﬁhfr connection,

a hole dri] conn hrough the
shoulde§°f5f mefal 'SﬁﬂleP@éhﬁé@ﬂ?@nbaﬁueﬁnetbﬁdméleth@dféﬂm#beconnect|on

and a pbu@ne@@&bhkongéalhﬁﬁ bhtwb@hetﬁetbonﬁecfpbﬁ§ ﬁhén foHe 25

I d : _

T BoifestiB! 3Ry oRida’ SRALIRELS o ARl EIFIIIEL, L oS U
seal |§hesupwmeredrbpfathecmadernp oaeneotlonhbnt@nnmctiaumer and a -
t aper rtgpﬁs Og?ereacﬂf ft991?0 c899€@§i69§5 &nd t?cnP#%ﬁThe joint as ;

clalned I n connec removi ng the-
plug. 5Positioned TﬂethFoFﬁieaﬂlghaﬂn§@r¢ﬁ T tifer mantaiming plurality

of nol eaeandombwanawoahal 068 1tb@1w@pna1i@mné’»ﬁ>t EPERE ) -10- 6.
The1b0| %k din daim2 wherein the male -and fenm e connécti ons
are Bh gﬁPﬁ? ﬂ@?als having a tendency to gall. -

A pressure sealed joint between a male " and

female threaded connection of a ‘well tool, the female
connection comprising an end, a shoulder and a thread
therebetween, the male connection including an end, a
15 shoulder and a thread _therebetween,' the joint
comprising a soft metal seal positioned between the end
of the male connection and the shoulder on the female
connection for sealing between the connections when the
connections - are threaded together. such - that  the
20 shoulder of each connection faces the end of the other
connection, a hole drilled in the exterior of the made-
up connection through the shoulder of the male
connection and the end of the female connection, and a
_ plug. positioned in the hole with a force fit for
25-. maintaihing the rotational and longitudinal. alignmenti
of the made-up connection. .
3. A joint as claimed in Claim.2: whereln the
metal - seal is supported by a recess in one of the .
connections and a taper on the other of the
30. connections.

B 3

4. - The joint as claimed in Claim 2 wherein the
plug includes a connection for removing the plug.
5. : The joint as claimed in Claim 2 including a

plurality  of Koles: and: plugs: pnsitioned between the:
35 connections. '



7. . The 101nt is. clalned in Claim4 mhere—ﬁ*§§ra‘5*hohe—ahd—plug are

r_ounsL/S ¢ The joint as clained in d ai wel | -

tool is._a safety valve. 9. A nethod of Tm "MM@ ut)et ,g
cagal n ‘

mal e and femal e threaded connection of a well toof
in . which the femal e connection includes amgnd, a shoul der and a thread
the“ebetmeen and the mal e connection includes an end, a shoulder and a

t hread therebetmeen conprising threadedly connecting said nale and femal e

connections such téat the shottelefoimt dS ckbrimed dmdltdion X aderetime ehe of -

t he ot her connecti po I O O S bet t e f
the male - connectrﬁ%he %ﬁfi ﬂ%"p‘g %ou?cg‘i oarlst eﬁje %ngfe?}clol%ﬁecggtaq
with a predeter nhmeungoaqt@demy %Qaeﬂdh'g- bet ween the connecti ons,

drilling a hole zin the 20Tt?é<tfdirpi o él"ﬁrdﬂdelﬂml%qmﬂﬂcwh@?‘etlw Qldgh
t he shoul der of _t connecti on nd the end of the femle

e .
connection, and 3 nB@lej h‘b‘?apbq%g"?\t%"'{ ~drilled hole with a force fit for
mai ntai ning the rogational anthé on_mtwlmlcladﬂnmwmm aifaithe@ wheeeip the

connection. 25 10, e h Caim?9, including
pressure testing th%lgeﬁf%gy hgcgfe ﬁ% % n#eeatjt I on 1b‘}ezef ‘ore drilling the hole.

117 The met h®d as cl ai nkd metimdiofi 1R akdrGeian jiathdedweed @ uBadee
roynd. 30 12. and Aferifi’i?éstﬂﬁe&f‘é’d echnitid¥i dietoreqn »emalt%olan@gfaque
t hr eaded connectlon tool, substanti al

her ei nbefore decrPHRESYIen A er"é"fk%h tthe ﬁ@"ﬁé@oﬁﬂé\%cﬁd°&¥é\ﬁcr}é‘93513a"
A nethod of sealiegd@ & 0§méubiddmeend aa tretea 33 hre lecwlen ,t amdadhe male

connection of a welkah@0hion S9ARI0dY HPWR , HAHANUY BhaSa tnread

her ei nbef ore descr ce to 'acco anylng )
o : therebetween, cpmprlslng threadedly connect1ng said

- male and female connections such that the shoulder of
15 each connection faces the end of the other connection,
positioning a soft metal seal between the end of the
male connection and the shoulder on the  female
connection with a predetermined torque for sealing
between the connections, drilling a hole in the
20 exterior of the made-up connection through the shoulder
- of the male connection and the end of the female
connection, and inserting a plug into the drilled hole
with a force fit for maintaining the rotational and
longitudinal alignment of the made-up connection.
25 10. ~ The method as claimed in Claim 9, including
- pressure testing.the sealed, made-up connection before
drilling the hole. . : -
11. The method as claimed in Claim 10 wherein the.

hole and plug are round.
30 12. A pressure sealed joint between a male and
female threaded connection of a well tool,

substantially as hereinbefore described with reference

to the accompanying drawings.

13, A method of sealing a joint between a male
35 and female threaded connection of a well tool, against

pressure, substantially as hereinbefore described with

reference to the accompanying drawings.




