
METHOD AND APPARATUS FOR SEALING THREADED SECTIONS OF A WELL TOOL Various
types of oil and/or gas well tools are used in which the body includes a
plurality of metal sections threadedly connected together to enclose the
working parts of the tools.   The threaded connections 5  of the sections
must be pressure tight.   In the past the threaded connections have
included an integral metal seal for sealing the threaded connections.
However, in assembling the well tool, various adjustments have to be made
in the internal workings of the tool.   This l0  requires that the threaded
sections of the well tool be repeatedly unscrewed and rescrewed together
until the working parts are suitably adjusted.   However, metal threaded
connections with integral seals have a propensity for galling, particularly
when the metal is 15 a corrosion-resistant alloy.   When the metal parts
gall, 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 life in the harsh environment of
20 temperatures and corrosive fluids encountered in a well. The present
invention is directed to a method and apparatus for making up and sealing
threaded sections of a well tool with a metal seal for holding 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. The
present invention is directed to a pressure sealed joint btween 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, anda plug positioned in the hole with a 35 force fit for
maintaining the rotational and longitudinal alignment of the made-up
connection. 



-2- Preferably, the metal seal is supported by a recess in one of the
connections and a taper on the other  of  the  connections.   The plug may
include  a connection  for  removing the  plug.   In  addition,  a 5
plurality of holes and plugs may be positioned  between the connections.
The  present invention is particularly useful wherein  the male and female
threaded  connections  are super alloy metals having a tendency to gall. 10
A  further aspect of the present invention is the provision of a pressure
sealed joint between a male and female threaded connection of a well tool
such as a safety joint.  The female connection includes an end, a 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 shoulder on the
female  connection for sealing between the  connections when the
connections 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 maintaining
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  connecting 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    3. 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 inserted into
the drilled hole with a force fit for 5  maintaining the rotational and
longitudinal alignment of the made-up connection. A presently preferred
embodiment of the invention will now be described by way of example,
reference being made to the accompanying drawings in 10  which:- Figures 1,
2, 3 and 4 are elevational views, partly in cross section, of a well safety
valve in which the present invention is embodied and are continuations of
each other, and 15            Figure 5 is a cross-sectional view taken
along the line 5-5 of Figure 1. While the present invention will be
described, for purposes of illustration only, as incorporated in a well
safety valve, it will be understood that the 20  invention may be used with
other types of well tools having threaded sections. Referring now to the
drawings,  a piston actuated well safety valve 10 has a body or housing 12
which includes a plurality of threadedly connected 25  sections 14, 16, 18,
20, 22 and 24. The valve 10 includes a bore 26, an annular valve seat 28
positioned about the bore 26, and a valve closure element 30  connected to
the body 12 by a pivot pin 32. A flow tube 34 is telescopically movable in
the body 12 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 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
upwardly by various forces such as  a spring 35 and the valve is    -4-
closed  by  the removal of hydraulic  fluid  through  a control  line  36
extending to the well  surface  which supplies  fluid  through  a flow
control line 38  to  a chamber  40 and against one or more pistons 42
movable 5 in the chamber 40. The pistons 42 in turn acts against the  flow
tube 34.   When sufficient  hydraulic  fluid pressure  is applied to the
flow control line  36,  the flow tube 34 is moved downwardly to open the
valve. If the  fluid  pressure  in the flow control  line  36  is 10
reduced  sufficiently,  the flow tube 34 will be  moved upwardly beyond the
seat 28 to allow the valve  element 30  to close on the seat 28.   The
above described well safety valve is generally disclosed in copending
patent applications   GB-A-2  121  090  (8314743)  and   GB-A- 15 2 129 849
(8318466). 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, is
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
-5- metal  seals  are  subjected to repeated  threading. and unthreading
they  have a tendency to  gall.   This  is particularly  true of the
various  corrosion  resistant alloy metals being used in well bores today.
When the 5  threaded  connections become galled they are  defective and
must  be  replaced which is  expensive  and  time- consuming. Generally,
the conventional threads 50 and 52 are satisfactory since they are merely
used to  connect 10  the  safety valve 10 into a tubing string and need
not be  unthreaded and threaded.   However,  other types of threaded
connections in the safety valve 10,  such  as the  threaded  connection
between sections 14  and  16, between 18 and 20, between 20 and 22 and
between 22 and 15  24   are   frequently   threaded   and   unthreaded   a
multiplicity  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 having integral 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 may  be  made up
and broken out of a multiple of  times without  the danger of galling and
consequent  loss  of 30  the parts  due to becoming defective. 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
includesan end 82,  a shoulder  84 and  a thread 76  therebetween.   A soft
metal  seal  86 such    as   Monel(RTM)or   Inconel(RTM)is    positioned
6 between the end 82 of the male connection 72 and the shoulder 80 on the
female connection 70 for sealing between the connections 70 and 72 when the
threads 74 are threaded together.   The seal 86.has the advantage of 5
being deformable and providing a metal-to-metal seal which will withstand
the required pressures, which is not subject to the galling problems of
integral seals, and which does not require a make up torque as high as
integral seals to withstand the same pressure. 10            Preferably the
metal seal 86 is supported in a recess in one of the connections, such as a
recess 88, at the end 82 of the male connection 72, and a taper in the
other connection such as a taper on the female shoulder 80.   Additionally,
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 defective or has become defective because of multiple make ups, it
can be 20 easily and cheaply replaced as compared to replacing the parts 14
and 16. After the tool 10 is completed, adjusted and 



finally assembled, it is pressure tested by plugging one of the ends and
applying pressure at the other end to 25 ensure that the threaded
connections hold the desired pressure.   After the tool 10 has passed its
final inspection, a hole 92 is drilled 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 plug 94 is positioned in the hole 92 with a
force fit. The plug 94 maintains both a rotational and a longitudinal
alignment between the made-up connection between the threaded member 70 and
72.   It is important to maintain the rotational alignment of the made-up
connection in 35 order to prevent any unscrewing of the threaded
connections    -7- 74 and 76 which would relax the metal seal 86 and allow
the  connection  to leak.   In  addition,  it  is  also important  to
maintain longitudinal alignment  of  the made-up connection.   An oil well
tubing into which the 5 tool  10  may be inserted may be subjected  to
various tension  and compression loads.   While the threads  74 and 76 mate
rather closely,  there is still some degree of tolerances involved and if
the members 70 and 72 are longitudinally moved relative to each other the.
seal 86 10 may  be subjected to compression forces,  which,  while
increasing the seal,  may deform the seal 86. . If  the seal  86  were
deformed on a compression load and  then the  load  was relieved,  the seal
86  could  possibly retain   its  "set"  and  fail  to  hold  the  required
15 pressures. If desired, a plurality of holes 92 and plugs 94 may be
provided at each threaded connection.   While the   plugs   94   generally
provide   a    permanent interconnection   between  the  threaded
sections,   a 20 threaded connection 96 may be provided therein for more
easily pulling the plugs 94 in the future if required 



The  method  of  the  present  invention   is apparent   from   the
foregoing  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  female   connection includes an
end,  a shoulder and a thread therebetween, and the male connection
includes an end , a shoulder and. a   thread   therebetween.    The  method
comprehends 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    -8- exterior of the
made-up connection through the shoulder of  the  male  connection  and the
end  of  the  female connection and a plug is inserted into the drilled
hole with  a  force fit for maintaining the  rotational  and 5
longitudinal alignment of the made-up connection. 10 15 20 25 30 35    C L
A I M S 1.         A  pressure sealed joint between a male  and female
threaded connection of a well tool, comprising a soft metal seal positioned
between the male and female connections  sealing between the connections
when  the 



5  connections  are threaded together,  a hole drilled  in the exterior of
the made-up connection into the outer portions  of  each  of said
connections,  and  a  plug positioned in the hole with a force fit for
maintaining the rotational and longitudinal alignment of the made- 10  up
connection. 2.          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
maintaining  the rotational and longitudinal  alignment of the made-up
connection. 3.         A  joint  as claimed in Claim 2 wherein  the metal
seal  is  supported by a recess in  one  of  the connections   and   a
taper  on  the  other   of   the 30  connections. 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  moles and plugs, positioned  between  the 35  connections.    -10- 6.
The joint as claimed in Claim 2 wherein  the male  and  female  connections
are  superalloy  metals having a tendency to gall. 



7.         The joint as claimed in Claim 4 wherein said 5 hole and plug are
round. 8.          The  joint as claimed in Claim 2 wherein the well safety
tool is a safety valve. 9.          A  method of sealing a joint between a
male and  female threaded connection of a well tool  against 10 pressure,
in  which the female connection includes  an end, a shoulder and a thread
therebetween, and the male connection includes an end, a shoulder and a
thread therebetween, comprising threadedly connecting 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.    


