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(57) Abstract: A system, a device, and a method for heating an inside wall of a pipe or a vessel. In one example, a system is for
heating an inside wall of a pipe, a vessel, or some combination thereof. The system includes a movable mechanical device (82) con-
figured to be positioned at least partially within the pipe, the vessel, or some combination thereof. The movable mechanical device
(82) is configured to be moved using control circuitry (88). The system also includes a heating device (16) coupled to the movable
mechanical device (82) and configured to be positioned at least partially within the pipe, the vessel, or some combination thereof.
The heating device (16) is also configured to heat the inside wall of the pipe, the vessel, or some combination thereof.
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SYSTEM, DEVICE, AND METHODS FOR HEATING AN INSIDE WALL OF A PIPE OR A VESSEL
WITH A HEATING MEANS AND A MOVABLE MECHNAICAL DEVICE

BACKGROUND

[0001] The invention relates generally to induction heating and, more specifically,

to systems, devices, and methods for heating an inside wall of a pipe or a vessel.

[0002] Welding is a process that has increasingly become utilized in various
industries and applications. Such processes may be automated in certain contexts,
although a large number of applications continue to exist for manual welding
operations. In both cases, such welding operations rely on a variety of types of
equipment to ensure the supply of welding consumables (e.g., wire feed, shielding

gas, etc.) is provided to the weld in appropriate amounts at the desired time.

[0003] In certain applications, a workpiece may be preheated, thereby removing
hydrogen from the workpiece, facilitating a flow of filler material, and improving
welding penetration, such as when a material of the workpiece has a high thermal
conductivity (e.g., materials such as aluminum, steel, etc.). For example, when
welding on a pipe, a heating device may be positioned on the outside of the pipe to
preheat the pipe. After being preheated, welding may be performed on the pipe.
Unfortunately, the heating device may physically interfere with the welding process,
thereby making it more difficult to produce a high quality, continuous, and/or
consistent weld. In another example, a workpiece may be preheated using a flame
directed toward the portion of the workpiece to be preheated. Unfortunately, the
flame may not uniformly heat the workpiece as desired, may induce hydrogen into the
welded area, may be time consuming to facilitate, may be labor intensive, may

consume fuel, and/or may alter the surface of the workpiece.

BRIEF DESCRIPTION

[0004] In one embodiment, a system is for heating an inside wall of a pipe, a
vessel, or some combination thereof. The system includes a movable mechanical

device configured to be positioned at least partially within the pipe, the vessel, or
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some combination thereof. The movable mechanical device is configured to be
moved using control circuitry. The system also includes a heating device coupled to
the movable mechanical device and configured to be positioned at least partially
within the pipe, the vessel, or some combination thereof. The heating device is also

configured to heat the inside wall of the pipe, the vessel, or some combination thereof.

[0005] In another embodiment, a method is for heating an inside wall of a pipe, a
vessel, or some combination thereof. The method includes disposing a heating device
within the pipe, the vessel, or some combination thereof. The heating device is
mechanically movable using control circuitry. The method also includes energizing
the heating device to heat the inside wall of the pipe, the vessel, or some combination

thereof.

[0006] In a further embodiment, a device is for heating an inside wall of a pipe, a
vessel, or some combination thereof. The device includes a heating device configured
to be positioned at least partially within the pipe, the vessel, or some combination
thereof. The device is also configured to heat the inside wall of the pipe, the vessel,
or some combination thereof. The device also includes a mechanism configured to
position the heating device at least partially within the pipe, the vessel, or some
combination thereof. The mechanism is configured to be moved using control

circuitry.

DRAWINGS

[0007] These and other features, aspects, and advantages of the present invention
will become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

[0008] FIG. 1 is a block diagram of an embodiment of a heating system having a
power supply and a heating device, in accordance with aspects of the present

disclosure;
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[0009] FIG. 2 is a perspective view of an embodiment of a workpiece having a

joint to be welded, in accordance with aspects of the present disclosure;

[0010] FIG. 3 is a block diagram of an embodiment of a movable mechanical
device integrated with a heating system to facilitate heating of an inside wall of a

workpiece, in accordance with aspects of the present disclosure; and

[0011] FIG. 4 is a flow chart of an embodiment of a method for heating an inside

wall of a workpiece, in accordance with aspects of the present disclosure.

DETAILED DESCRIPTION

[0012] Turning now to the drawings, FIG. 1 illustrates an embodiment of a heating
system 10 (e.g., induction heating system) having a power supply and a heating
device. In certain embodiments, the heating system 10 may be used to heat (e.g.,
preheat, postheat, etc.) a workpiece (e.g., an inside wall of a pipe) to improve a
finished weld. As illustrated, the heating system 10 includes a power supply 12 that
provides (e.g., supplies) a power output 14 to a heating device 16 (e.g., induction coil,
indication heating head, resistance heater, infrared heater, heater bars, flame, star
heater, rosebud, etc.). The power output 14 may be a high frequency alternating

current power output designed to produce a field.

[0013]  Upon receiving the power output 14, the heating device 16 produces a field
24 (e.g., electromagnetic field) as the power output 14 flows through a coil element
28. The field 24 may be used to heat a workpiece by induction heating. As will be
appreciated by those skilled in the art, induction heating is a phenomenon that occurs

when conductive materials are within a changing magnetic or electromagnetic field.

[0014] Embodiments of the power supply 12 may include power conversion
circuitry 30 configured to receive a power input 32 (e.g., alternating current) from a
power source 34. As illustrated, the power source 34 may supply an alternating
current to the power supply 12 as single- or multi-phase input. Alternatively, the
power source 34 may provide a direct current power input 32, and the power

conversion circuitry 30 may include an inverter or any suitable power conversion
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circuitry to produce an alternating current. The power input 32 may have a first
frequency (e.g., 60 Hz). The power conversion circuitry 30 may increase the
frequency of the power input 32 to produce an alternating current output 36 of a
second frequency (e.g., 20 kHz). For example, the power conversion circuitry 30 may
increase the frequency of the power input 32 so that the alternating current output 36
is between approximately 5 kHz to 60 kHz, approximately 7 kHz to 50 kHz, or
approximately 400 Hz to 50 kHz. The alternating current output 36 may have any
suitable waveform, such as a sine wave, a square wave, a triangle wave, a sawtooth

wave, and so forth.

[0015] A transformer 38 between the power conversion circuitry 30 and a coil
assembly 40 transmits the power of the alternating current output 36 to the power
output 14, and may change the voltage and the current transmitted to the coil element
28. The transformer 38 may also step up the voltage or the current and/or inversely
step down the voltage or the current. For example, a 4:1 transformer may step down
the voltage by a factor of 4 and increase the current by a factor of 4, while negligibly
affecting the power transmitted. In certain embodiments, an impedance matching
transformer may be configured to increase the efficiency of power transmitted to the
power output 14 by reducing losses due to mismatched impedance of the power
supply 12 relative to the coil assembly 40. The transformer 38 may be used to
increase a magnitude of the current change within the coil assembly 40 due to the
alternating current, and thus increase the magnetic field produced by the coil element
28 and, thereby, the heat produced by the heating device 16. The transformer 38 is
also used to better match the impedance of the coil assembly 40 to the power supply

12. As may be appreciated, certain embodiments may not include the transformer 38.

[0016] Control circuitry 42 within the power supply 12 provides for control of the
heating system 10. The control circuitry 42 is coupled to the coil assembly 40 via a
control line 44. In some embodiments, the heating device 16 may be configured for
hand-held operation. For example, the coil assembly 40 may include a handle and
may be readily portable by an operator without the use of additional equipment. The
coil assembly 40 may have a trigger 46, switch, button, or other input device

configured to transmit a signal via the control line 44 to the control circuitry 42. The
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control circuitry 42 controls the activation of heating device 16 through the control
line 44 and/or through the control line 48 coupling the power conversion circuitry 30
to the control circuitry 42. For example, actuation of the trigger 46 initiates
production of the field 24 by controlling the current in the power supply 12 or heating
device 16. In some embodiments, the control circuitry 42 directs power output
through the heating device 16 to produce the field 24 while the trigger 46 is actuated.
In other embodiments, the trigger 46 actuates a momentary contact switch, and the
field 24 is produced for a predetermined time after actuation of the trigger. For
example, trigger 46 actuation may produce the field 24 for approximately up to 1, 2,
3,4, 5, 10, or 15 seconds. Thus, the heating device 16 may be used for heating a
workpiece. For example, the heating device 16 may raise the temperature of the
workpiece by 25, 50, 100, 150, 200, 250, 300, 400, 500 degrees Celsius or more. In
certain embodiments, the power supply 12 may include temperature detecting devices
configured to detect one or more temperatures. The temperature detecting devices
may provide temperature indications to the control circuitry 42. Moreover, the
temperature indications may be used to control the temperature of the heating device
16. Accordingly, the control circuitry 42 may be configured to adjust an output

provided to the heating device 16 based at least partly on a detected temperature.

[0017] The control circuitry 42 may be powered at least in part by the power
conversion circuitry 30. The control circuitry 42 adjusts the frequency, current,
voltage, power, duration, and other operating parameters of the alternating current
output 36 produced by the power conversion circuitry 30. An operator interface 50 of
the power supply 12 enables operator input 52 for adjusting the settings of the power
conversion circuitry 30. For example, the operator interface 50 may be configured to
permit the operator input 52 of at least one heating parameter. The operator interface
50 may have a plurality of controls (e.g., knobs, dials, buttons, switches, and sliders)
to receive operator input 52. In addition, the operator interface 50 produces outputs
54 to alert the operator to the condition and state of the power supply 12 and the
heating device 16. For example, the operator interface 50 includes a display to
indicate the power, current, and/or voltage of the power input 32, the alternating

current output 36, or the power output 14. The operator interface 50 may also
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indicate a duration of a produced field, the temperature of the heating device 16,
whether the coil assembly 40 is coupled to the power supply 12, and/or whether a
cooling system 58 is operational, among other properties pertaining to the status and
operation of the power supply 12 and the heating device 16. The operator interface 50
may be on the power supply 12 or remotely coupled to the power supply 12. For
example, the operator interface 50 may be a remote device coupled to the power

supply 12 by a wired or wireless connection.

[0018]  The power supply 12 may have the cooling system 58 to regulate operation
of the transformer 38 and/or the heating device 16. For example, the cooling system
58 cools the heating device 16 to provide for sustained production of a field 24 and/or
a high current through the coil element 28. The control circuitry 42 controls the
cooling system 58 via the control line 56. The cooling system 58 directs a cooling
fluid (e.g., air, water, etc.) to the heating device 16 through a first cooling conduit 60.
During production of the field 24, the heating device 16 may become warm due to the
current passing through the coil element 28 and/or due to radiation from the induction
heated workpiece. The first cooling conduit 60 may be removably coupled to the coil
assembly 40 and induction coil by a coupling 62. The power output 14 and first
cooling conduit 60 together may be part of an input conduit 64 that may be removably
coupled by the coupling 62 to the coil assembly 40. For example, the input conduit
64 includes a water cooled conductive wire (e.g., Litz wire) to transmit the power
output 14 to the heating device 16. As may be appreciated, in certain embodiments,
the power supply 12 may not include a cooling system 58 and/or may be cooled by air

flow over the components of the power supply 12.

[0019]  The control line 44 may also be a part of the input conduit 64 removably
coupled to the coil assembly 40. Alternatively, the power output 14, control line 44,
and first cooling conduit 60 may be separately coupled to the heating device 16 and
coil assembly 40. The cooling system 58 may also direct a cooling fluid to the
transformer 38 through a second cooling conduit 66. The cooling fluid controlled by
the cooling system 58 may include air, water, refrigerant (e.g., ammonia, R-134a, R-
410a), and so forth. The cooling system 58 circulates the cooling fluid through the

heating device 16 and transformer 38 as shown by the return arrows of the first and



WO 2015/017072 PCT/US2014/045167

second fluid conduits 60 and 66. The cooling system 58 may cool both the heating
device 16 and the transformer 38 through a common cooling loop that includes the
first fluid conduit 60 and second fluid conduit 66. Alternatively, each may be cooled
separately through the respective first and second cooling conduits 60, 66. The
control circuitry 42 may control the heating system 10 so that the heating device 16
will not produce a field 24 unless the cooling system 58 is cooling the heating device

16 and/or the transformer 38.

[0020] The control circuitry 42 may enable the heating system 10 to be
programmed. Through the operator interface 50, the operator may adjust the heating
parameters of the power supply 12 to change the field 24 produced by the heating
device 16. Heating parameters may include a current flowing through the coil
clement 28, a voltage across the coil element 28, a power used by the coil element 28,
a frequency of the power output 14, a duration of the field 24, and a temperature of
the workpiece. In some embodiments, the control circuitry 42 has a memory for
storing computer readable instructions and a processor for processing the instructions.
For example, using the operator inputs 52, an operator may input desired heating
parameters. The heating parameters may be stored in memory. Upon actuation of the
trigger 46 (e.g., manually, mechanically, automatically), the control circuitry 42
causes the heating device 16 to produce a field 24 of a predetermined frequency and

intensity for a predetermined time to heat a workpiece.

[0021] By using the heating system 10, a welding operator may heat (e.g., preheat)
a joint to be welded. Furthermore, at least a portion of the heating system 10 may be
positioned within a workpiece (e.g., a pipe, a vessel) to heat an inside wall of the
workpiece, thereby not physically interfering with welding performed on an outside
wall of the workpiece. Thus, a high quality, continuous, and/or consistent weld may
be produced. Furthermore, the heating system 10 may uniformly heat the workpiece
as desired, may be efficient, may be automatic (e.g., done with little or no human

intervention), and/or may not alter the surface of the workpiece.

[0022] FIG. 2 is a perspective view of an embodiment of a workpiece 70 having a

joint to be welded. The workpiece 70 may be any suitable workpiece, such as a pipe
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or a vessel. As used herein, “vessel” may refer to a ship, a boat, or any suitable
hollow container having an inside wall and an outside wall. As illustrated, the
workpiece 70 includes an outside wall 72 and an inside wall 74. Furthermore, the
workpiece 70 includes a joint 76 between a first segment 78 and a second segment 80.
In certain embodiments, the joint 76 may be welded to secure the first segment 78 to

the second segment 80.

[0023] The heating system 10 may be positioned at least partially within the
workpiece 70 (e.g., manually, automatically) such that the heating device 16 provides
heat to the inside wall 74 of the workpiece 70 to heat the joint 76 area (e.g., for
preheating the joint 76 area prior to performing a weld along the joint 76). By
position the heating system 10 at least partially inside the workpiece 70, welding
along the joint 76, or at any other portion of the outside wall 72, may be performed on
the outside of the workpiece 70 without the heating system 10 physically interfering
with (e.g., blocking) the welding operation.

[0024] In the illustrated embodiment, the heating system 10 is coupled to and/or
integrated with a movable mechanical device 82. Accordingly, the movable
mechanical device 82 may be used to position the heating device 16 within, or at least
partially within, the workpiece 70. Furthermore, the movable mechanical device 82
may itself be positioned within, or at least partially within, the workpiece 70.
Moreover, the movable mechanical device 82 may be used to position the heating
device 16 adjacent to the joint 76 to enable heating of the joint 76. In certain
embodiments, the movable mechanical device 82 may be configured to move within
the workpiece 70 to position the heating device 16 adjacent to the joint 76. For
example, the movable mechanical device 82 may manually, or automatically, move
within the workpiece 70 to a suitable position. In some embodiments, the movable
mechanical device 82 may include a pipeline pig (e.g., a mechanical device
configured to move through pipe), an internal pipe clamp, a pneumatic internal pipe
clamp, or any suitable mechanical device, such as a tractor riding on a track, a tractor
with magnetic wheels, and so forth. Thus, the movable mechanical device 82 may
simplify placing the heating device 16 adjacent to a portion of the workpiece 70 to be

heated. Moreover, the heating device 16 is positioned adjacent to the inside wall 74
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of the workpiece 70 so that there is no physical interference with welding performed

on the outside wall 72 of the workpiece 70.

[0025] FIG. 3 is a block diagram of an embodiment of the movable mechanical
device 82 integrated with the heating system 10 to facilitate heating of the inside wall
74 of the workpiece 70. As illustrated, the movable mechanical device 82 includes
multiple wheels 84 rotatable to move the movable mechanical device 82 within the
workpiece 70, such as for moving the movable mechanical device 82 through a pipe
or within a vessel. The movable mechanical device 82 also includes a motor 86 (e.g.,
or another driving device) configured to drive the wheels 84 to rotate (e.g., to move
the movable mechanical device 82). Morcover, the movable mechanical device 82
includes control circuitry 88 configured to control motion, position, and/or operation
of the movable mechanical device 82. Furthermore, the control circuitry 88 may be
configured to control operation of one or more clamping devices 90 installed on the
movable mechanical device 82. In certain embodiments, the control circuitry 88 may
include electronic controls, hydraulic controls, pneumatic controls, and so forth. The
clamping devices 90 are used to hold two materials adjacent to one another while a
welding operation is being performed on the two materials, such as the first segment
78 and the second segment 80 of the workpiece 70. In certain embodiments, the
control circuitry 88 may communicate with the control circuitry 42 of the power
supply 12 to control the operation of the heating system 10. In other embodiments,
the control circuitry 42 of the power supply 12 may control operation of the heating
system 10 without interaction with the control circuitry 88. Morecover, in some
embodiments, the control circuitry 42 of the power supply 12 may be configured to
control operation of the movable mechanical device 82 in place of the control

circuitry 88.

[0026]  When heating is desired, the control circuitry 42 and/or the control circuitry
88 may control the heating system 10 to apply heat to the workpiece 70 using the coil
element 28 of the heating device 16 and/or to control the heating device 16 based at
least partly on a detected temperature. In certain embodiments, the heating device 16
of the heating system 10 may be configured to touch the inside wall 74 of the

workpiece 70 to heat the workpiece 70 by conduction. Moreover, in other
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embodiments, the heating device 16 may be configured to heat the inside wall 74 of
the workpiece 70 by radiation from the heating device 16. Furthermore, in some
embodiments, the heating device 16 may be configured to heat the workpiece 70 via
convection (e.g., using a flame or a resistance heating device). For example, the
movable mechanical device 82 may be a similar size to the workpiece 70 and the
heating device 16 may be disposed on the movable mechanical device 82 to touch the
inside wall 74. As another example, the movable mechanical device 82 may be
smaller than the workpiece 70, and the heating device 16 may extend from the
movable mechanical device 82 to touch, or be positioned adjacent to, the inside wall
74. As a further example, the movable mechanical device 82 may be smaller than the
workpiece 70, and the movable mechanical device 82 may extend, such as via
extensions from the wheels 84, to position the heating device 16 to touch, or be
positioned adjacent to, the inside wall 74. Thus, the size of the movable mechanical

device 82 may not directly correspond to the size of the workpiece 70.

[0027] As illustrated, one or more temperature detecting devices 92 may be
positioned by the movable mechanical device 82 to detect a temperature provided by
the heating system 10. The temperature detecting devices 92 may be any suitable
temperature detecting device, such as a thermocouple, an infrared detector, a
temperature sensor, and so forth. As may be appreciated, the temperature detecting
devices 92 may be configured to detect a temperature of the heating device 16, the
inside wall 74 of the workpiece 70, the outside wall 72 of the workpiece 70, and so
forth. The control circuitry 88 and/or the control circuitry 42 may monitor the
temperature detected by the temperature detecting devices 92 and may control the
heating system 10 to a desired temperature based on the detected temperature. Thus,
the control circuitry 88 may control the heating system 10 to a desired temperature,

thereby enabling the heating system 10 to be dynamically controlled.

[0028] FIG. 4 is a flow chart of an embodiment of a method 100 for heating an
inside wall (e.g., inside wall 74) of a workpiece (e.g., workpiece 70, a pipe, a vessel).
A heating device (e.g., heating device 16) is disposed within the workpiece (block
102). In certain embodiments, the heating device is mechanically movable. The

heating device is positioned adjacent to a joint (e.g., joint 76) to be welded (block

10
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104). Moreover, the heating device is energized to heat the inside wall of the
workpiece (block 106). In addition, the joint may be welded at an outside wall (e.g.,
outside wall 72) of the workpiece (block 108). In certain embodiments, a joint may

be welded on an inside wall.

[0029] By using the heating system 10, a welding operator may heat (e.g., preheat)
a joint to be welded. Furthermore, the heating system 10 may be positioned within a
workpiece (e.g., a pipe, a vessel) to heat the inside wall of the workpiece, thereby not
physically interfering with welding performed on the outside wall of the workpiece.
Thus, a high quality, continuous, and/or consistent weld may be produced.
Furthermore, the heating system 10 may uniformly heat the workpiece as desired,
may be efficient, may be automatic (e.g., done with little or no human intervention),

and/or may not alter the surface of the workpiece.

[0030] While only certain features of the invention have been illustrated and
described herein, many modifications and changes will occur to those skilled in the
art. It is, therefore, to be understood that the appended claims are intended to cover

all such modifications and changes as fall within the true spirit of the invention.

11
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CLAIMS:

1. A system for heating an inside wall of a pipe, a vessel, or some
combination thereof, comprising:

a movable mechanical device configured to be positioned at least partially
within the pipe, the vessel, or some combination therecof, wherein the movable
mechanical device is configured to be moved using control circuitry; and

a heating device coupled to the movable mechanical device and configured to
be positioned at least partially within the pipe, the vessel, or some combination
thereof, and to heat the inside wall of the pipe, the vessel, or some combination

thereof.

2. The system of claim 1, wherein the movable mechanical device

comprises a pipeline pig.

3. The system of claim 1, wherein the movable mechanical device

comprises an internal pipe clamp.

4. The system of claim 3, wherein the internal pipe clamp comprises a

pneumatic internal pipe clamp.
5. The system of claim 1, wherein the movable mechanical device is
configured to be manually adjusted using the control circuitry to control a position of

the movable mechanical device.

6. The system of claim 1, wherein the movable mechanical device

comprises a motor configured to move the movable mechanical device.

7. The system of claim 1, wherein the heating device comprises an

induction coil.

12
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8. The system of claim 1, wherein the heating device comprises an

induction heating head, a flame, or some combination thereof.

9. The system of claim 1, wherein the heating device is configured to

touch the inside wall of the pipe, the vessel, or some combination thereof.

10.  The system of claim 1, wherein the heating device is configured to heat
the inside wall of the pipe, the vessel, or some combination thereof by radiation or

convection from the heating device.

11.  The system of claim 1, comprising a temperature detection device
configured to detect a temperature of at least one of the heating device, the inside

wall, and an outside wall of the pipe, the vessel, or some combination thereof.

12. The system of claim 11, wherein the temperature detection device

comprises a thermocouple, an infrared detector, or some combination thereof.

13.  The system of claim 11, comprising a power supply configured to
power the heating device, wherein the power supply is configured to adjust an output

provided to the heating device based at least partly on the detected temperature.

14. A method for heating an inside wall of a pipe, a vessel, or some
combination thereof, comprising:

disposing a heating device within the pipe, the vessel, or some combination
thereof, wherein the heating device is mechanically movable using control circuitry;
and

energizing the heating device to heat the inside wall of the pipe, the vessel, or

some combination thereof.

15.  The method of claim 14, comprising positioning the heating device
within the pipe, the vessel, or some combination thercof, adjacent to a joint to be

welded.

13
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16.  The method of claim 15, comprising welding the joint at an outside

wall of the pipe, the vessel, or some combination thereof.

17. The method of claim 14, wherein the heating device comprises an

induction heating device.

18. A device for heating an inside wall of a pipe, a vessel, or some
combination thereof, comprising:

a heating device configured to be positioned at least partially within the pipe,
the vessel, or some combination thereof, and to heat the inside wall of the pipe, the
vessel, or some combination thereof;, and

a mechanism configured to position the heating device at least partially within
the pipe, the vessel, or some combination thercof, wherein the mechanism is

configured to be moved using control circuitry.

19.  The device of claim 18, wherein the heating device comprises an

induction coil.

20.  The device of claim 18, wherein the heating device comprises an

induction heating head, a flame, or some combination thereof.

14
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POSITION THE HEATING DEVICE ADJACENT TO A JOINT le

| ENERGIZE THE HEATING DEVICE TO HEAT THE INSIDE WALL LEDE

WELD THE JOINT
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