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(54) System and method for heat treating a tubular

(57) A system and method for heat treating a tubular.
In one embodiment, a system for heat treating a tubular
includes a first coil and a second coil. The first coil is
configured to circumferentially surround the tubular and
induce, from without the tubular, current flow in a cylin-

drical portion of the tubular adjacent the first coil. The
second coil is configured to be inserted into a bore of the
tubular and induce, from within the tubular, in conjunction
with the first coil, current flow in the cylindrical portion of
the tubular.
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Description

[0001] The present invention relates to a system and
method for heat treating a tubular and inductive heat
treatment apparatus.
[0002] The fabrication and manufacture of goods from
metals often results in the metals having a less than de-
sirable metallurgical condition. To convert the metals to
a desired condition, it is common to heat treat the metals.
In heat treating, an object, or portion thereof, is heated
to a suitably high temperature and subsequently cooled
to ambient temperature. The temperature to which the
metal is heated, the time of heating, as well as the rate
of cooling, may be selected to develop the intended phys-
ical properties in the metal. For example, for normaliza-
tion, steel is to be heated to a temperature above the
critical range, to about 1600 degrees Fahrenheit and then
cooled slowly, while tempering of steel also requires uni-
formly heating to a temperature below the critical range
to a specified temperature, holding at that temperature
for a designated time period then cooling in air or liquid.
[0003] Inductive heating is one method for producing
heat in a localized area of a metallic object. In inductive
heating, an alternating current electric signal is provided
to a coil disposed near a selected location of the metallic
object to be heated. The alternating current in the coil
creates a varying magnetic flux within the metal to be
heated. The magnetic flux induces current flow in the
metal, which, in turn, heats the metal.
[0004] According to a first aspect of the present inven-
tion, there is provide a system for heat treating a tubular,
comprising: a first coil configured to circumferentially sur-
round the tubular and induce, from without the tubular,
current flow in a cylindrical portion of the tubular adjacent
the first coil; a second coil configured to be inserted into
a bore of the tubular and induce, from within the tubular,
in conjunction with the first coil, current flow in the cylin-
drical portion of the tubular.
[0005] In an embodiment, the system further compris-
es one or more controllers that controls current flow to
the first coil and the second coil for inducing current flow
in the tubular, the one or more controllers configured to:
provide alternating current to the first coil at a first fre-
quency; and provide alternating current to the second
coil at a second frequency; wherein the first frequency is
different from the second frequency.
[0006] In an embodiment, the second frequency is
higher than the first frequency.
[0007] In an embodiment, the first frequency is approx-
imately 180 hertz.
[0008] In an embodiment, the second frequency is in
a range of approximately 3 kilohertz to approximately 10
kilohertz.
[0009] In an embodiment, the one or more controllers
are configured to provide at least approximately 150 kil-
owatts of power to the first coil.
[0010] In an embodiment, the one or more controllers
are configured to provide at least approximately 125 kil-

owatts of power to the second coil.
[0011] In an embodiment, the system further compris-
es a pyrometer coupled to the one or more controllers
and configured to measure temperature of the tubular;
wherein the one or more controllers are configured to
determine a level of current to provide to at least one of
the first coil and the second coil based on temperature
measurement values received from the pyrometer.
[0012] In an embodiment, the one or more controllers
are configured to: store for each of a plurality of different
tubulars: a heat treatment temperature value, and a heat
treatment time; and cause the first and second coils to
heat treat each of the different tubulars in accordance
with the temperature and treatment time values stored
for the tubular.
[0013] According to a second aspect of the present
invention, there is provided a method for heat treating a
tubular, the method comprising: positioning a first coil to
encircle a portion of a tubular to be heat treated; posi-
tioning a second coil within a bore of the tubular at a
location of the portion of the tubular to be heat treated;
and heat treating the portion of the tubular by inducing
current flow about an exterior cylindrical wall and an in-
terior cylindrical wall of the portion of the tubular via the
first coil and the second coil.
[0014] In an embodiment, the method further compris-
es: providing alternating current to the first coil at a first
frequency; and providing alternating current to the sec-
ond coil at a second frequency; wherein the first frequen-
cy is different from the second frequency.
[0015] In an embodiment, the method further compris-
es providing alternating current to the second coil at a
frequency that is higher than the frequency at which cur-
rent is provided to the first coil.
[0016] In an embodiment, the method further compris-
es: providing alternating current to the first coil at a fre-
quency of approximately 180 hertz; and providing alter-
nating current to the second coil at a frequency in a range
of approximately 3 kilohertz to approximately 10 kilo-
hertz.
[0017] In an embodiment, the method further compris-
es: providing at least approximately 150 kilowatts of pow-
er to the first coil; and providing at least approximately
125 kilowatts of power to the second coil.
[0018] In an embodiment, the method further compris-
es: measuring temperature of the tubular during the heat-
ing treating; and determining a level of current to provide
to at least one of the first coil and the second coil based
on the measured temperature; providing the determined
level of current to the at least one of the first coil and the
second coil.
[0019] In an embodiment, the heat treating comprises:
increasing the temperature of the portion of the tubular
to at least a predetermined temperature value associated
with the tubular; and maintaining the predetermined tem-
perature value for a predetermined time period associ-
ated with the tubular.
[0020] According to a third aspect of the present inven-
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tion, there is provided Inductive heat treatment appara-
tus, comprising: an exterior induction coil configured to
surround an outside diameter of a tubular; an interior in-
duction coil configured to occupy a bore of the tubular;
and one or more controllers coupled to the exterior in-
duction coil and the interior induction coil; and configured
to simultaneously energize the exterior induction coil and
the interior induction coil to concurrently heat treat a se-
lected cylindrical portion of the tubular from exterior and
interior of the tubular.
[0021] In an embodiment, the one or more controllers
are configured to provide alternating current to energize
the exterior induction coil and the interior induction coil;
wherein the frequency of the alternating current provided
to the exterior induction coil has a frequency that is lower
than the frequency of alternating current provided to en-
ergize the interior induction coil.
[0022] In an embodiment, the one or more controllers
are configured to: provide alternating current to the ex-
terior induction coil at a frequency of approximately 180
hertz; and provide alternating current to the interior in-
duction coil at a frequency in a range of approximately 3
kilohertz to approximately 10 kilohertz.
[0023] In an embodiment, the one or more controllers
are configured to: provide at least approximately 150 kil-
owatts of power to the exterior induction coil; and provide
at least approximately 125 kilowatts of power to the in-
terior induction coil.
[0024] In an embodiment, the apparatus further com-
prises a pyrometer coupled to the one or more controllers
and configured to measure temperature of the tubular
during heat treatment; wherein the one or more control-
lers is configured to provide alternating current to at least
one of the exterior induction coil and the interior induction
coil based on temperature measurement values received
from the pyrometer.
[0025] In an embodiment, the one or more controllers
is configured to: store for each of a plurality of different
tubulars: a heat treatment temperature value, and a heat
treatment time; and cause the interior induction coil and
the exterior induction coil to heat treat each of the different
tubulars in accordance with the values stored for the tu-
bular.
[0026] In an embodiment, wherein the one or more
controllers are configured to produce a heat affected
zone having a parabolic outline that faces away from a
weld line in a heat treated wall of the tubular.
[0027] A system and method for heat treating a tubular
are disclosed herein. In one embodiment, a system for
heat treating a tubular includes a first coil and a second
coil. The first coil is configured to circumferentially sur-
round the tubular and induce, from without the tubular,
current flow in a cylindrical portion of the tubular adjacent
the first coil. The second coil is configured to be inserted
into a bore of the tubular and induce, from within the
tubular, in conjunction with the first coil, current flow in
the cylindrical portion of the tubular. In another embodi-
ment, a method for heat treating a tubular includes posi-

tioning a first coil to encircle a portion of a tubular to be
heat treated. A second coil is positioned within a bore of
the tubular at a location of the portion of the tubular to be
heat treated. The portion of the tubular is heat treated by
inducing current flow about an exterior cylindrical wall
and an interior cylindrical wall of the portion of the tubular
via the first coil and the second coil. In a further embod-
iment, inductive heat treatment apparatus includes an
exterior induction coil, an interior induction coil, and a
controller coupled to the exterior induction coil and the
interior induction coil. The exterior induction coil is con-
figured to surround an outside diameter of a tubular. The
interior induction coil is configured to occupy a bore of
the tubular. The controller is configured to simultaneously
energize the exterior induction coil and the interior induc-
tion coil to concurrently heat treat a selected cylindrical
portion of the tubular from exterior and interior of the tu-
bular.
[0028] For a detailed description of exemplary embod-
iments of the invention, reference is now be made to the
figures of the accompanying drawings. The figures are
not necessarily to scale, and certain features and certain
views of the figures may be shown exaggerated in scale
or in schematic form, and some details of conventional
elements may not be shown in the interest of clarity and
conciseness.

Figure 1 shows a schematic diagram of a system for
heat treating a tubular in accordance with principles
disclosed herein;
Figure 2 shows a block diagram of a controller for
managing heat treatment of a tubular in accordance
with principles disclosed herein;
Figure 3 shows a cross sectional view of a wall of a
tubular heat treated in accordance with principles
disclosed herein; and
Figure 4 shows a flow diagram for a method for heat
treating a tubular in accordance with principles dis-
closed herein.

[0029] Certain terms are used throughout the following
description and claims to refer to particular system com-
ponents. In the following discussion and in the claims,
the terms "including" and "comprising" are used in an
open-ended fashion, and thus should be interpreted to
mean "including, but not limited to...." Also, the term "cou-
ple" or "couples" is intended to mean either an indirect
or direct connection. Thus, if a first device couples to a
second device, that connection may be through direct
engagement of the devices or through an indirect con-
nection via other intermediate devices and connections.
Further, the term "software" includes any executable
code capable of running on a processor, regardless of
the media used to store the software. Thus, code stored
in memory (e.g., non-volatile memory), and sometimes
referred to as "embedded firmware," is included within
the definition of software. The recitation "based on" is
intended to mean "based at least in part on." Therefore,
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if X is based on Y, X may be based on Y and any number
of other factors. The term "approximately" means within
plus or minus 10 percent of a stated value.
[0030] In the drawings and description that follow, like
parts are typically marked throughout the specification
and drawings with the same reference numerals. The
present disclosure is susceptible to embodiments of dif-
ferent forms. Specific embodiments are described in de-
tail and are shown in the drawings, with the understand-
ing that the present disclosure is to be considered an
exemplification of the principles of the disclosure, and is
not intended to limit the disclosure to that illustrated and
described herein. It is to be fully recognized that the dif-
ferent teachings and components of the embodiments
discussed below may be employed separately or in any
suitable combination to produce desired results.
[0031] In manufacture of tubulars, such as those em-
ployed in drilling of subsurface formations (e.g., tubulars
used in a drill string), heat treating may be applied to
improve the metallurgical characteristics of selected por-
tions of the portions of the tubular. For example, portions
of the tubular along weld lines may be heat treated to
relieve internal stresses caused by the welding.
[0032] In conventional post-weld heat treating of drill
string tubulars, a selected portion of the wall of the tubular
is heated from one side (e.g., heat is induced from the
outer surface of the tubular) and the metal of the tubular
conducts the heat to the opposing side of the tubular wall.
When examined metallurgically, such heating (heating
via an induction coil disposed about the outer diameter
(OD) of the tubular) may produce a heat affected zone
that is substantially wider at the OD of the tubular wall
than at the inner diameter (ID) of the tubular wall. Such
heat treating may be difficult to control. If the heat treat-
ment is too shallow, less than the entire thickness of the
tubular wall may be heat treated. If the heat treatment is
too deep, the length of the heat treated region (along the
tubular) may be greater than desired.
[0033] Embodiments of the present disclosure include
a system for heat treating a tubular that simultaneously
provides inductive heating about 360 degrees of the outer
and inner surfaces of a tubular. By providing inductive
heating from both the exterior and the interior of a tubular,
embodiments provide a better controlled heat treatment
with a narrower heat affected zone, resulting in higher
product quality. Additionally, by heating from both without
and within, embodiments reduce the time required to heat
treat the tubular, thereby improving manufacturing
throughput and reducing overall production cost.
[0034] Figure 1 shows a schematic diagram of a sys-
tem 100 for heat treating a tubular 106 in accordance
with principles disclosed herein. The system 100 includes
a first induction coil 102, a second induction coil 104, a
controller 110, and a pyrometer 112. The first induction
coil 102 is positionable about the tubular 106, such that
the first induction coil 102 surrounds a cylindrical portion
of the tubular 106, and is configured to inductively heat
the cylindrical portion of the tubular 106 from the exterior.

The second induction coil 104 is positionable within the
inner bore of the tubular 106, and configured to induc-
tively heat a cylindrical portion of the tubular 106 from
the interior. Some embodiments of the coil 104 may be
capable of inductively heating any selected portion of the
tubular 106. Other embodiments of the coil 104 may be
capable of inductively heating a portion of the tubular 106
at a location up to 48 (about 122cm) inches from the end
of the tubular 106.
[0035] In operation, the first and second inductive coils
102, 104 are positioned to inductively heat a same cyl-
inder of the tubular 106. For example, in Fig. 1, the coils
102, 104 are centered on the weld line 108 joining seg-
ments 118 and 120 of the tubular 106. The tubular 206
may be, for example, a drill pipe, a drill collar, a downhole
tool housing, or any other tubular employed in drilling or
production of subsurface formations.
[0036] The coils 102, 104 may be generally toroidal in
shape, and formed of one or more turns of copper tubing
that provides a conductive path for current that energizes
the coil, and a channel for pumping coolant through the
coil. Each of the coils 102, 104 may be wrapped in a
refractory material that provides a housing for the coil. In
some embodiments, the coil 102 includes nine turns and
the coil 104 includes eleven turns. The number of turns
may differ in other embodiments of the coils 102, 104.
[0037] The controller 110 is coupled to coil 102 via tub-
ing 114 that provides a path for current and cooling flow.
Similarly, controller 110 is coupled to coil 104 via tubing
116. The controller 110 manages the operation of the
coils 102, 104 to heat treat the tubular 106. More specif-
ically, the controller 110 controls flow of alternating cur-
rent (AC) to the coils 102, 104, thereby controlling the
heating of the tubular 106. The pyrometer 112 is coupled
to the controller 110. The pyrometer 112 measures the
temperature of the portion of the tubular 106 heated by
the system 100. In some embodiments, the pyrometer
112 is an optical pyrometer. The pyrometer 112 may be
focused on the exterior surface of the tubular 106. The
controller 110 may determine current values and/or heat-
ing intervals based on the temperature measurement val-
ues provided by the pyrometer 112. For example, if in-
ductive heating has increased the temperature of the tu-
bular 106 to a predetermined value, the controller 110
may set the current to the coils 102, 104 to maintain the
tubular 106 at the attained temperature for a predeter-
mined time interval. Some embodiments of the controller
110 may include multiple sub-controllers that coopera-
tively control the coils 102, 104 to inductively heat a se-
lected portion of the tubular 106. For example, a first sub-
controller may manage operation of the coil 102 in coop-
eration with a second controller that manages operation
of the coil 104.
[0038] Figure 2 shows a block diagram of the controller
110 in accordance with principles disclosed herein. The
controller 110 includes a processor 202, storage 204, an
ID coil power supply 210, an OD coil power supply 212,
and a cooling system 214. The processor 202 is coupled
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to the ID coil power supply 210, the OD coil power supply
212, and the coil cooling system 214 to monitor and con-
trol the operation of the system 100. The controller 110
may also include various other components, such as dis-
play devices (e.g., a monitor), operator control devices
(a keyboard, mouse, trackball, etc.), and/or other com-
ponents that have been omitted from Figure 2 in the in-
terest of clarity. In some embodiments of the controller
110, the processor 202 and the storage 204 may be em-
bodied in a programmable logic controller or other com-
puting device.
[0039] The OD coil power supply 212 includes a solid-
state high frequency power supply that provides power
to the coil 102. Some embodiments of the power supply
212 may include integrated gate bipolar transistor (IGBT)
drivers to provide current to the coil 102. The OD coil
power supply 212 is controllable by the processor 202 to
provide any of wide range of frequencies of AC to the
coil 102, and to provide any of a specified power, current,
and/or voltage to the coil 102. The OD coil power supply
212 may also be controllable by the processor 202 to
sweep a range of frequencies for determination of a res-
onant frequency of the circuit comprising the coil 102 and
the tubular 106. In some embodiments of the system 100,
the OD coil power supply 212 is controllable by the proc-
essor 202 to provide approximately 180 hertz (Hz) AC
and/or at least approximately 150 kilowatts of power to
the coil 102.
[0040] The ID coil power supply 210 is similar in struc-
ture and operation to the OD coil power supply 212, and
provides power to the coil 104. Like the OD coil power
supply 212, the ID coil power supply 210 is controllable
by the processor 202 to provide any of wide range of
frequencies of AC to the coil 104, and to provide any of
a specified power, current, and/or voltage to the coil 104.
The ID coil power supply 210 may be controllable by the
processor 202 to sweep a range of frequencies for de-
termination of a resonant frequency of the circuit com-
prising the coil 104 and the tubular 106.
[0041] To avoid interference in the operation of the
coils 102, 104, the ID coil power supply 210 may provide
AC to the coil 104 at a substantially different frequency
than the frequency at which AC is provided to the coil
102 by the OD coil power supply 212. For example, in
some embodiments, the frequency of current provided
to the coil 104 may be substantially higher than the fre-
quency of current provided to the coil. 102. In some em-
bodiments of the system 100, the ID coil power supply
210 is controllable by the processor 202 to provide AC
to the coil 104 at a frequency in a range of from approx-
imately 3 kilohertz (KHz) to approximately 10 KHz, and/or
to provide at least approximately125 kilowatts of power
to the coil 104.
[0042] The cooling system 214 provides cooling to the
coils 102, 104, and/or the power supplies 210, 212. In
some embodiments, the cooling system 214 includes a
water recirculating system that provides water cooling to
the coils 102, 104, and/or the power supplies 210, 212.

For example, the cooling system 214 may pump water
through the copper tubing of the coils 102, 104. The cool-
ing system 214 may provide approximately 90 gallons
per minute water to cool the coils 102, 104, where the
water temperature is no more than 90 degrees Fahren-
heit and above the dew point.
[0043] The processor 202 is a device that executes
instructions to manage the heat treatment of tubular 106.
Suitable processors include, for example, general-pur-
pose microprocessors, digital signal processors, and mi-
crocontrollers. Processor architectures generally include
execution units (e.g., fixed point, floating point, integer,
etc.), storage (e.g., registers, memory, etc.), instruction
decoding, peripherals (e.g., interrupt controllers, timers,
direct memory access controllers, etc.), input/output sys-
tems (e.g., serial ports, parallel ports, etc.) and various
other components and sub-systems.
[0044] The storage 204 is a computer-readable stor-
age device that stores instructions to be executed by the
processor 202. When executed the instructions cause
the processor 202 to perform the various heat treatment
management operations disclosed herein. A computer
readable storage device may include volatile storage
such as random access memory, non-volatile storage
(e.g., FLASH storage, read-only-memory, etc.), or com-
binations thereof. Instructions stored in the storage 204
may cause the processor 202 to enable flow of current
to the coils 102, 104, control values of current, voltage,
and/or power provided to the coils 102, 104, control cool-
ant flow to the coils 102, 104, etc.
[0045] The storage 404 includes a heat treatment con-
trol logic module 206, and tubular parameters 208. The
processor 202 executes instructions of the heat treat-
ment control logic module 206 to manage heat treatment
of the tubular 206. The tubular parameters 208 may in-
clude parameter values for heat treating a number of dif-
ferent tubulars (e.g., tubulars of different types, materials,
wall thicknesses, etc.) The values of the tubular param-
eters 208 may be entered by an operator for future re-
trieval, and selected by the operator for application to a
particular tubular. The parameter values may include
minimum and/or maximum power levels for pre-heating
and soaking, set point temperature of OD heating, etc.
[0046] The heat treatment control logic module 206
may control the heat treatment of the tubular 106 using
a proportional-integral-derivative (PID) control loop, or
other control methodology, with temperature feedback
provided via the pyrometer 112. The processor 202, via
execution of the heat treatment control logic module 206,
controls the power provided to both of the coils 102, 104.
For example, as the temperature of the exterior surface
of the tubular 106 approaches or reaches a predeter-
mined set point temperature during heat treatment, the
processor 202 may reduce or disable current flow to the
coils 102, 104.
[0047] Figure 3 shows a cross sectional view of a wall
of the tubular 106 heat treated in accordance with prin-
ciples disclosed herein. By heating the wall of the tubular
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106 proximate the weld line 108 from both the outer and
inner surfaces of the wall, the width of the heat affected
zone 302 is reduced relative to application of inductive
heating from a single surface of the tubular 106. Addi-
tionally, the system 100 provides a more uniform heat
affected zone 302 than is provided using single coil in-
ductive heating. As shown in
[0048] Figure 3, operation of the system 100 produces
a heat treated zone 302 having a shallow parabolic out-
line with the vertex facing the weld line 108. In some
embodiments, the vertex is located in a center third of
the wall of the tubular 106 in accordance with the bal-
anced heating provided by the coils 102, 104. Further-
more, the system 100 can produce the superior heat
treatment result shown in Figure 3 in significantly less
time than would be required to produce an inferior result
using a single coil.
[0049] Figure 4 shows a flow diagram for a method for
heat treating a tubular in accordance with principles dis-
closed herein. Though depicted sequentially as a matter
of convenience, at least some of the actions shown can
be performed in a different order and/or performed in
parallel. Additionally, some embodiments may perform
only some of the actions shown. In some embodiments,
at least some of the operations of the method 400, as
well as other operations described herein, can be imple-
mented as instructions stored in a computer readable
storage device 204 and executed by the processor 202.
[0050] In block 402, parameter values to be applied to
heat treatment of the tubular 106 are selected. In some
embodiments, the parameter values for a number of dif-
ferent tubulars are stored in the storage device 204, and
selected by identifying the tubular to be heat treated. For
example, an operator of the system 100 may select a
tubular to be heat treated via a user interface of the con-
troller 110.
[0051] In block 404, the coil 102 is positioned around
the outer diameter of the tubular 106. In some embodi-
ments of the system 100, the coil 102 may stationary and
the tubular 106 inserted into a central opening of the coil
102 such that the coil 102 surrounds the circumference
of the tubular 106. In other embodiments, the coil 102
may be portable and moved into position about the tu-
bular 106 such that the coil 102 completely surrounds
the outer diameter of a portion or segment of the tubular
106 to be heat treated. For example, the coil 102 may be
centered about the weld line 108.
[0052] In block 406, the coil 104 is inserted into an end
of the tubular 106 to a location that is radially aligned with
the coil 102. For example, both the coil 102 and the coil
104 may be centered on the weld line 108 for heat treating
of the welded portion of the tubular 106.
[0053] In block 408, the controller energizes the coils
102, 104 by providing AC current to the coils 102, 104 at
selected frequencies, power, voltage, and/or current lev-
els. The frequency of current provided to the coil 104 may
be higher than the frequency of current provided to the
coil 102. For example, approximately 180 Hz AC may be

provided to coil 102, and AC in a range of approximately
3 KHz to 10 KHz may be provided to coil 104. The ener-
gized coils 102, 104 inductively heat the tubular 106. For
example, the coils 102, 104 may inductively heat a cy-
lindrical portion of the tubular 106 to a temperature of
2000 degrees Fahrenheit or higher.
[0054] In block 410, the controller 110 is monitoring
the temperature of the tubular 106 via the pyrometer 112.
The controller 110 may continue to provide current to the
coils 102, 104 at a level that increases the temperature
of the portion of the tubular 106 being heat treated until
the temperature of the tubular reaches or approaches a
specified set point temperature for heat treatment of the
tubular 106. The set point temperature may be provided
as one of the parameter values selected in block 402.
[0055] In block 412, the controller 110 reduces current
flow to the coils 102, 104 to a level that maintains the
tubular 106 at the set point temperature, and allows the
tubular 106 to temperature soak for a predetermined
soak time period. The predetermined soak time period
may be provided as one of the parameter values selected
in block 402.
[0056] In block 414, the controller 110 deactivates the
coils 102, 104 by disabling current flow to the coils 102,
104. The coil 104 is extracted from the bore of the tubular
106 in block 416, and the coil 102 is removed from around
the tubular 106 in block 418.
[0057] The above discussion is meant to be illustrative
of various embodiments of the present invention. Numer-
ous variations and modifications will become apparent
to those skilled in the art once the above disclosure is
fully appreciated. It is intended that the following claims
be interpreted to embrace all such variations and modi-
fications.
[0058] Embodiments of the present invention have
been described with particular reference to the examples
illustrated. However, it will be appreciated that variations
and modifications may be made to the examples de-
scribed within the scope of the present invention.

Claims

1. A system for heat treating a tubular (106), compris-
ing:

a first coil (102) configured to circumferentially
surround the tubular and induce, from without
the tubular, current flow in a cylindrical portion
of the tubular adjacent the first coil;
a second coil (104) configured to be inserted
into a bore of the tubular and induce, from within
the tubular (106), in conjunction with the first coil
(102), current flow in the cylindrical portion of
the tubular.

2. The system of claim 1, further comprising one or
more controllers (110) that controls current flow to
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the first coil (102) and the second coil for inducing
current flow in the tubular, the one or more controllers
configured to:

provide alternating current to the first coil at a
first frequency; and
provide alternating current to the second coil at
a second frequency;
wherein the first frequency is different from the
second frequency.

3. A system for inductive heat treatment of a tubular,
comprising:

first coil (102) configured to surround an outside
diameter of a tubular;
second coil (104) configured to occupy a bore
of the tubular; and
one or more controllers (110) coupled to the first
coil and the second coil; and configured to si-
multaneously energize the first coil and the sec-
ond coil to concurrently inductively heat treat a
selected cylindrical portion of the tubular from
exterior and interior of the tubular.

4. The system of claim 2 or 3, wherein the second fre-
quency is higher than the first frequency.

5. The system of any of claims 2 to 4, wherein the first
frequency is approximately 180 hertz the second fre-
quency is in a range of approximately 3 kilohertz to
approximately 10 kilohertz.

6. The system of any of claims 2 to 5, wherein the one
or more controllers (110) are configured to provide
at least approximately 150 kilowatts of power to the
first coil, and to provide at least approximately 125
kilowatts of power to the second coil.

7. The system of any of claims 2 to 6, further comprising
a pyrometer (112) coupled to the one or more con-
trollers and configured to measure temperature of
the tubular (106); wherein the one or more controllers
are configured to determine a level of current to pro-
vide to at least one of the first coil and the second
coil based on temperature measurement values re-
ceived from the pyrometer.

8. The system of any of claims 2 to 7, wherein the one
or more controllers (110) are configured to:

store for each of a plurality of different tubulars:

a heat treatment temperature value, and
a heat treatment time; and

cause the first and second coils to heat treat
each of the different tubulars in accordance with

the temperature and treatment time values
stored for the tubular.

9. A method for heat treating a tubular, comprising:

positioning a first coil to encircle a portion of a
tubular to be heat treated;
positioning a second coil within a bore of the
tubular at a location of the portion of the tubular
to be heat treated; and
heat treating the portion of the tubular by induc-
ing current flow about an exterior cylindrical wall
and an interior cylindrical wall of the portion of
the tubular via the first coil and the second coil.

10. The method of claim 8 or 9, further comprising:

providing alternating current to the first coil at a
first frequency; and
providing alternating current to the second coil
at a second frequency;
wherein the first frequency is different from the
second frequency.

11. The method of any of claims 8 to 10, further com-
prising providing alternating current to the second
coil at a frequency that is higher than the frequency
at which current is provided to the first coil.

12. The method of any of claims 8 to 11, further com-
prising:

providing alternating current to the first coil at a
frequency of approximately 180 hertz; and
providing alternating current to the second coil
at a frequency in a range of approximately 3 kil-
ohertz to approximately 10 kilohertz.

13. The method of any of claims 8 to 12, further com-
prising:

providing at least approximately 150 kilowatts
of power to the first coil; and
providing at least approximately 125 kilowatts
of power to the second coil.

14. The method of any of claims 8 to 13, further com-
prising:

measuring temperature of the tubular during the
heating treating; and
determining a level of current to provide to at
least one of the first coil and the second coil
based on the measured temperature;
providing the determined level of current to the
at least one of the first coil and the second coil.

15. The system of any of claims 2 to 8, wherein the one

11 12 
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or more controllers are configured to produce a heat
affected zone having a parabolic outline that faces
away from a weld line in a heat treated wall of the
tubular.
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