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C7N  4D1 4F 8 (54) HEAT TREATMENT OF WELDS (71) . We, HUGHES  TOOL  COM-
In some of the high strength pipe PANY, a Company organised and existing
assemblies the load carrying capability of under the laws of the State of
Delaware,  the heat affected zone around the weld C United  States  of
America, of 5425  does not compare favourably with that of 5  Polk Avenue,
Houston, Texas 77001, United  the pipe or tool joint when utilizing the
prior 55 States of America do hereby declare  art heat treatments such as
normalizing and the invention for which we pray that  tempering the weld.
In one prior art a patent may be granted to us, and  example, a 3-1/2 inch
diameter 15.50 pound, the method by which it is to be performed to  S-135
drill pipe had a yield strength of 10  be particularly described in and by
the   89,900 psi in the heat affected zone of upset 60 following
statement:-                  B that was heat treated by normalizing and
This invention relates in general to the  tempering, whereas the body A of
the pipe post welding heat treatment of the welds of  had a yield strength
of 140,000 psi. The ratio metal components and particularly tubular  of the
cross-sectional areas of the upset 15  components. It is especially
suitable for  portion B of the pipe to the body A of the 65 increasing the
strength in the weldand the  pipe was 1.42 to 1. With the pipe having a
heat affected zone to produce an overall  yield strength of 140,000 psi, a
minimum strength that at least matches that of the  yield strength of
99,000 psi is required in the body of the tubular member.           heat
affected zone of the upset B to 20    It is common to use electrical
resistance  essentially  match  the  load  carrying  70 (flash-butt)
welding to join  tubular  capability of the pipe. Using a safety factor
members such as drill pipes and their rotary  of 10%, then the minimum
yield strength of connectors, called "tool joints", in the oil  the heat
affected zone should be at least well drilling industry. It is important
that the   110,000 psi. The prior art method of 25  weld and the heat
affected zone be able to  normalizing and tempering the heat affected  75
carry as high a tensile load and be able to  zone has been found incapable
of producing withstand fatigue stresses or impacts as well  such a yield
strength in the heat affected as the pipe used in the assembly. Otherwise,
zone. the weld or the heat affected zone may not    The problem is more
difficult than simply 30  have adequate load carrying capability and
increasing the hardness of the weld and heat 80 may fail when subjected to
the severe  affected zone. Hardening too fast leads to stresses commonly
encountered during oil  the formation of cracks. Further, excessive well
drilling.                         hardness and brittleness leads to
failures. As best seen in  Figure 5 of the    The invention may be
summarized as 35  accompanying drawings, a drill pipe. A   method and
apparatus for heat treating  85 usually has an area B of increased cross-
welds such that their overall strengths section on each end called an
upset, which  match those of the pipe bodies to which is welded at C to a
tool join D. It is possible to  they are connected. To accomplish this have
a lower yield strength of the metal in  result, a post welding heat
treatment is 40  the heat affected zone of weld C than in the  provided
comprising the steps of: heating  go body A of the pipe and still have
greater  the weld and heat affected zone to a overall strength in the weld
and heat  temperature above critical; quenching the affected zone. This is
due to the larger cross-  weld and heat affected zone at a rate to
sectional area in upset B as compared with  harden them  across their
cross-section 45  the smaller cross-sectional area of the  without
cracking, and to increase their  95 non-upset portion or body  A of the
pipe.  overall strength to a value at least matching . Typical ratios of an
upset B cross-sectional  that of one of the components; and temper- area to
the pipe body A cross-sectional  ing the weld and heat affected zone. Too
areas may range from  1.38 to 210 for  rapid cooling may result in cracking
and too 



50  commercially available assemblies.     slow cooling will not provide
the proper 100    2                                 1,434,038
2 hardness level. For the relatively thick  threaded for releasable
attachment to a sections of pipe to which tool joints are  nozzle element
pedestal 23 secured to the welded for oil well drilling, air quenching is
manifold. As shown, the nozzle elements are preferably performed on the
exterior, as  closely spaced along the inner periphery of 5  well as in the
interior, circumferential  the manifold such that the discharge of  70
surfaces of the weld. As a consequence, the   gaseous fluid from the
orifices 21 tends to entire cross-sectional thickness of the weld  impinge
against the entire circumferential and  heat affected  zone is hardened
area of the heat affected zone generated satisfactorily, without cracking.
For best  during welding. 10 results, the postweldingtreatmentincludes
Suitable connections 25 are utilized so 75 first cooling the weld to a
selected tempera-  that a gaseous fluid may be transmitted by a ture, below
the transformation temperature,  compressor 27 to the manifold, and also to
a reheating  and  quenching,  and  then   mandrel or probe 29 adapted for
insertion tempering.                              within the tool joint 13
and end of pipe 11. 15    Apparatus for performing the method on   The
probe is preferably concentrically  80 a weld formed between a metal pipe
and a  aligned with the tool joint such that its metal connector may
comprise: a generally  nozzle means or orifices 31 are equidistant ring
shaped manifold; nozzle means carried  from  the tool joint. Here, as with
the by the manifold to diect flow inwardly; a  manifold, the number and
spacing of the 20  mandrel; nozzle means carried by the  nozzle means is
selected such that the  85 mandrel to direct fluid flow outwardly;  gaseous
fluid tends to flow against the entire pumping means connected with the
ring  circumferential area of the interior surface shaped manifold and the
mandrel to supply  of the weld 15. The term "nozzle means" is fluid
thereto.          .               used in its broadest sense to cover
orifices, 25    The  following  is a  more detailed   nozzles or any other
form  of openings  90 description of one embodiment of the  through which a
fluid may be directed. invention, reference being made to the    For the
purpose of controlling the axial accompanying drawingsin which:
position of the orifices 31 of mandrel 29 Figure 1 is a perspective view as
seen  relative to the weld 15, a positioner means 30  obliquely from one
end of a pipe and tool  33 is used. Here the positioner is in the form  95
joint, with a ring shaped manifold and   of a shoulder secured to a
mid-region of the mandrel positioned to direct a flow of  mandrel 29 to
extend radially outward into gaseous fluid against the heat affected zone
engagement with the extremity of the tool of a weld;
joint 13. 35    Figure 2 is an end view of a ring shaped    The method of
the invention may be 100 manifold, nozzle means and connections of
practised by utilizing the pump 27, manifold the form also shown in Figure
1;        17, and mandrel 29 for pumping a fluid Figure 3 is a side
elevation view of the  transversely against the exterior and interior
mandrel shown in Figure 1;              circumferential surfaces of the
weld 15. 40   Figure 4 is a schematic diagram of a    The following is a
specific example of one 105 pneumatic circuit for supplying gaseous  way in
which the method was successfully fluid to the manifold and mandrel; and
practised: Figure 5 (referred to earlier) is a   . A joint of the
previously described 3[err] fragmentary side elevation view in longi-
inch, 15.50 pound, s-135 steel pipe having 45 tudinal section of one-half
of a tool joint and   a yield strength of approximately 140,000 110 the end
of an upset drill pipe to which it has  psi, was welded to a tool joint of
AISI 4137H been welded.                            steel by the flash-butt
welding method. The Referring initially to Figure 1 of the   ends of the
pipe had an upset region B drawing, a pipe 11 has secured to one end a
having a cross-sectional thickness greater 50 connection member or tool
joint 13 by ' than the cross-sectional thickness of the 115 means of a weld
15, generally formed by the   body A of the pipe by a ratio of 1.42 to 1.
electrical  resistance  (butt-flash  weld)    Next, the heat affected zone
was cooled technique. This welding technique is well  to below [err]. 



known, having been utilized for decades for    Then, the assembly was
heated in an 55 such purposes as connecting tool joints to  induction coil
to a temperature from about 120 drill pipe used in rotary well drilling.
[err] to [err]. A ring shaped manifold 17 is shown    Thereafter, the
manifold 17 and mandrel positioned concentrically about the weld 15. 29
were positioned approximately as shown A plurality of nozzle means 19 are
secured  in Figure 1 to pump a gaseous fluid, that in 60 to the inner
periphery of the manifold,  this instance was air at a temperature of 125
which has in this instance the geometric  about [err], transversely
against . the formknownasthetorus.Suchnozzle means  interior and exterior
circumferential here is an element with a polygon shaped  surfaces of the
weld. The pressure above the head through which extends an orifice 21.
mandrel and manifold was 53 psig and the 65 The lower end of each element
is preferably  time of cooling was 1[err] minutes. The 130    3
1,434,038                                    3 manifold had a total of
sixteen, drilled  affected zone is obtained in a manner that orifices for
nozzle means, eight of which  avoids cracks and is easily controlled.It has
were 7/64 inch diameter and evenly spaced  been found that the time
duration of the air to direct fluid perpendicular with the pipe   quenching
is not critical so long as a 5 longitudinal axis. The other eight orifices
satisfactory minimum such as [err] minutes is 70 were [err] inch diameter
holes inclined at [err]  used for the example given. This is relative to
the longitudinal axis of the pipe.  especially advantageous in high
production The mandrel was constructed of thin wall  manufacturing since
some variations in tubing of 1.050 inch outside diameter and  timing may be
expected. 10 0.824 inch inside diameter. There were 56    While the
invention has been shown in  75 drilled orifices, half of which were 7/64
inch   only one of its forms, it should be apparent diameter and half [err]
inch diameter, all  to those skilled in the art that it is not- so evenly
spaced circumferentially and over a  limited, but is susceptible to various
changes length of [err] inches in order to direct fluid  and modifications.
The term fluid therefore 15 uniformly and perpendicularly against the
encompasses liquids that meet the above  80 weld and inner pipe surface.
requirements. The term  gaseous fluid Finally, the assembly was tempered to
a  includes gasses that may includes a mist temperature of [err].
such as steam. Modifications to the method As a result of using the above
method and  steps and to the specific manner of carrying 20  apparatus, the
yield strength of the weld and   out the method will become apparent to  85
heat affected zone increased from 89,900 to  those skilled in the art in
view of the 120,500. Since the minimum yield strength  previous
description, as will modifications acceptable in the upset area B is
110,000 psi  to the form of apparatus. after utilization of a safety factor
of 10%, 25  the treatment successfully increased the    WHAT WE CLAIM IS:-
strength of the heat affected zone to a    1. A method of heat treating a
weld  90 satisfactory value,                     between metal components
comprising the In  the  above  described  preferred  steps of: heating the
weld and heat affected embodiment, the weld must be initially  zone to a
temperature above, critical; 30  cooled below the transformation tempera-
quenching the weld and heat affected zone ture but need not be cooled to a
tempera-  at a rate to harden them across their cross- 95 ture as low as
[err] for satisfactory results  section without cracking, and to increase
under all conditions. Such cooling may be  their overall strength to a
value at least accomplished by discharging water at  matching that of one
of the components; 35  normal hydrant temperatures in a stream   and
tempering the weld and heat affected that impinges on the pipe
circumferentially  zone.                            100 about eight inches
from the weld. After thus    2. A method according to claim 1 wherein
cooling, the weld and heat affected zone  the weld and heat affected zone
is cooled may be heated by suitable means such as an  below  the
transformation  temperature 40  induction  coil to  a satisfactory  pre-
before being heated to above the critical quenching temperature preferably
above  temperature.                          105 the upper critical such as
that specified.    3. A method according to claim 1 or claim 



This temperature must be above the lower  2 wherein the weld and heat
affected zone critical to obtain any beneficial results. The  are quenched
to a temperature of [err] or 45  quenching by air as described lowers the
less in 1 /2 minutes. temperature to below about [err] at a    4. A method
according to any of claims 1 110 cooling rate that avoids the formation of
to 3 wherein said temperature above critical extremely brittle structures
that are likely to  to which the weld and heat affected zone crack. Air is
not the only fluid that will  are heated is in the range of [err] to 50
accomplish this result. Some liquids such as  [err]. oils or other suitable
quenchants, are    5. A method according to any of claims 1 115 capable of
accomplishing a satisfactory  to 4 wherein the weld and heat affected
result, although not with exactly the same  zone are tempered to
substantially [err]. cooling rate. After suitable tempering the    6. A
method according to any of claims 1 55  metal in any instance must have a
minimum   to 5 wherein the quenching is effected yield strength that
produces an overall  by air.                               120 strength in
the weld area comparing    7. A method according to any of claims 1
favourably with that of the pipe.       to 6 wherein the metal components
welded It should be apparent from the foregoing  together comprise a metal
pipe and a metal 60  that an invention has been provided having  connector,
the connector being welded to significant advantages. Through utilization
one end of the pipe, and wherein the 125 of the method, the strength of the
weld and  quenching increases the overall strength to heat affected zone
may be increased to a  at least the strength of the pipe. level at least
matching that of the body of    8. A method according to claim 7 wherein 65
the pipe. Further, the hardness of the heat  the metal connector is welded
to an end of    3                                   1,434,038
3 manifold had a total of sixteen, drilled  affected zone is obtained in a
manner that orifices for nozzle means, eight of which  avoids cracks and is
easily controlled. It has were 7/64 inch diameter and evenly spaced  been
found that the time duration of the air to direct fluid perpendicular with
the pipe  quenching is not critical so long as a 5 longitudinal axis. The
other eight orifices  satisfactory minimum such as [err] minutes is 70 were
[err] inch diameter holes inclined at [err]  used for the example given.
This is relative to the longitudinal axis of the pipe.  especially
advantageous in high production The mandrel was constructed of thin wall
manufacturing since some variations in tubing of 1.050 inch outside
diameter and  timing maybe expected. 10 0.824 inch inside diameter. There
were 56    While the invention has been shown in  75 drilled orifices, half
of which were [err] inch   only one of its forms, it should be apparent
diameter and half [err] inch diameter, all  to those skilled in the art
that it is not so evenly spaced circumferentially and over a  limited, but
is susceptible to various changes length of [err] inches in order to direct
fluid  and modifications. The term fluid therefore 15 uniformly and
perpendicularly against the   encompasses liquids that meet the above  80
weld and inner pipe surface.            requirements. The term  gaseous
fluid Finally, the assembly was tempered to a  includes gasses that may
includes a mist temperature of [err].                 such as steam.
Modifications to the method As a result of using the above method and
steps and to the specific manner of carrying 20  apparatus, the yield
strength of the weld and   out the method will become apparent to  85 heat
affected zone increased from 89,900 to  those skilled in the art in view of
the 120,500. Since the minimum yield strength  previous description, as
will modifications acceptable in the upset area B is 110,000 psi  to the
form of apparatus. after utilization of a safety factor of 10%, 25  the
treatment successfully increased the    WHAT WE CLAIM IS:- strength of the
heat affected zone to a    1. A method of heat treating a weld  90
satisfactory value.                     between metal components comprising
the In  the  above  described  preferred  steps of: heating the weld and
heat affected embodiment, the weld must be initially  zone to a temperature
above- critical; 30  cooled below the transformation tempera-  quenching
the weld and heat affected zone ture but need not be cooled to a tempera-
at a rate to harden them across their cross- 95 



ture as low as [err] for satisfactory results  section without cracking,
and to increase under all conditions. Such cooling may be  their overall
strength to a value at least accomplished  by discharging water at
matching that of one of the components; 35  normal hydrant temperatures in
a stream   and tempering the weld and heat affected that impinges on the
pipe circumferentially  zone.                             100 about eight
inches from the weld. After thus    2. A method according to claim 1
wherein cooling, the weld and heat affected zone  the weld and heat
affected zone is cooled may be heated by suitable means such as an  below
the  transformation  temperature 40  induction  coil to  a satisfactory
pre-  before being heated to above the critical quenching temperature
preferably above  temperature.                           105 the upper
critical such as that specified.    3. A method according to claim 1 or
claim This temperature must be above the lower  2 wherein the weld and heat
affected zone critical to obtain any beneficial results. The  are quenched
to a temperature of [err] or 45  quenching by air as described lowers the
less in [err] minutes. temperature to below about [err] at a    4. A method
according to any of claims 1 110 cooling rate that avoids the formation of
to 3 wherein said temperature above critical extremely brittle structures
that are likely to  to which the weld and heat affected zone crack. Air is
not the only fluid that will  are heated is in the range of [err] to 50
accomplish this result. Some liquids such as  [err]. oils or other suitable
quenchants, are    5. A method according to any of claims 1 115 capable of
accomplishing a satisfactory  to 4 wherein the weld and heat affected
result, although not with exactly the same  zone are tempered to
substantially [err]. cooling rate. After suitable tempering the    6. A
method according to any of claims 1 55  metal in any instance must have a
minimum   to 5 wherein the quenching is effected yield strength that
produces an overall  by air.                               120 strength  in
the weld area comparing    7. A method according to any of claims 1
favourably with that of the pipe.       to 6 wherein the metal components
welded It should be apparent from the foregoing  together comprise a metal
pipe and a metal 60  that an invention has been provided having  connector,
the connector being welded to significant advantages. Through utilization
one end of the pipe, and wherein the 125 of the method, the strength of the
weld and  quenching increases the overall strength to heat affected zone
may be increased to a  at least the strength of the pipe. level at least
matching that of the body of    8. A method according to claim 7 wherein 65
the pipe. Further, the hardness of the heat  the metal connector is welded
to an end of    4                                     1,434,038
4 the pipe havinga greaterwall thickness than   and heat affected zone are
quenched by the main body of the pipe               pumping a gaseous fluid
against the interior 15 9. A method according to claim 7 or claim
circumferential surface of the weld. 8 wherein the exterior surfaces of the
weld    12. A method of heat treating a weld 5  and heat affected zone are
quenched by  between a metal pipe and a metal connector pumping a gaseous
fluid against the exterior  substantially as hereinbefore described.
circumferential surface of the weld. 10. A method according to any of
claims 7  GERALD CARTER & COMPANY, to 9 wherein both the interior and
exterior     Chartered Patent Agents, 10  surfaces of the weld and heat
affected zone           11 Altior Court, are quenched.
Shepherds Hill, 11. A method according to claim  10                London
N.6. wherein the interior surfaces of the weld      AgentsfortheApplicants.
Printed for Her Majesty's Stationery Office by the Courier Press Leamington
Spa, 1976 Published by the Patent Office, 25 Southampton Buildings, London,
WC2A 1AY, from which copies may be obtained.    


