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(57) Abstract: An injector control system for a coiled tubing unit includes a programmable logic controller arranged to receive a sig-
nal related to sensed parameters of a coiled tubing injection operation; a traction pressure control hydraulic circuit operable to adjust
hydraulic pressure provided to at least one traction cylinder in a coiled tubing injection head; a motor pressure control hydraulic cir -
cuit operable to adjust hydraulic pressure provided to at least one motor of the coiled tubing injection head; and at least one of the
traction pressure control hydraulic circuit and the motor pressure control hydraulic circuit including a proportional control valve in
receipt of a variable electrical signal from the programmable logic controller. The programmable logic controller adjusts the signal
delivered to the proportional control valve throughout the coiled tubing injection operation as dictated by the sensed parameters.
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INTELLIGENT INJECTOR CONTROL SYSTEM, COILED TUBING UNIT HAVING
THE SAME, AND METHOD

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Application No. 15/067828, filed

on March 11, 2016, which is incorporated herein by reference in its entirety.

BACKGROUND

{0002} In the drilling and completion industry, the formation of boreholes for the
purpose of production or injection of fluid is common. The boreholes are used for
exploration or extraction of natural resources such as hydrocarbons, oil, gas, water and
alternatively for CO2 sequestration. Coiled tubing is sometimes used for interventions,
completion and/or production strings to control and/or provide a conduit for fluid flow to
and/or from the surface or to provide operations similar to wirelining. Coiled tubing is thus
useful in many well operations including circulation, pumping, drilling, logging, perforating,
and production. Coiled tubing is transported to a well site on spools or reels. An injector
head system provides for the deployment and retrieval of the spooled coiled tubing strings.

[0003] The art would be receptive to methods and apparatus to protect coiled tubing

from damage.

BRIEF DESCRIPTION

[0004] An injector control system for a coiled tubing unit includes a programmable
logic controller arranged to receive a signal related to sensed parameters of a coiled tubing
injection operation; a traction pressure control hydraulic circuit operable to adjust hydraulic
pressure provided to at least one traction cylinder in a coiled tubing injection head; a motor
pressure control hydraulic circuit operable to adjust hydraulic pressure provided to at least
one motor of the coiled tubing injection head; and at least one of the traction pressure control
hydraulic circuit and the motor pressure control hydraulic circuit including a proportional
control valve in receipt of a variable electrical signal from the programmable logic controller.
The programmable logic controller adjusts the signal delivered to the proportional control
valve throughout the coiled tubing injection operation as dictated by the sensed parameters.

[0005] A coiled tubing including the injector control system further includes the

coiled tubing unit injection head having the at least one traction cylinder and the at least one
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motor, and further includes a control cabin housing the programmable logic controller, the
traction control hydraulic circuit, and the motor pressure control hydraulic circuit.

[0006] A method of adjusting hydraulic pressure delivered to an injection head of a
coiled tubing unit is provided where the coiled tubing unit includes a traction pressure control
hydraulic circuit operable to adjust hydraulic pressure provided to at least one traction
cylinder in the injection head, and a motor pressure control hydraulic circuit operable to
adjust hydraulic pressure provided to at least one motor of the injection head. The method
includes providing sensed parameters of a coiled tubing injection operation to a computer;
sending a computed signal based on the sensed parameters from the computer to a
programmable logic controller; and, varying a signal from the programmable logic controller
to a proportional control valve in at least one of the traction pressure control hydraulic circuit
and the motor pressure control hydraulic circuit based on the computed signal from the
computer. Hydraulic pressure to the injection head is adjusted substantially continuously
during the coiled tubing unit injection operation by at least one of the traction pressure

control hydraulic circuit and the motor pressure control hydraulic circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The following descriptions should not be considered limiting in any way.
With reference to the accompanying drawings, like elements are numbered alike:

[0008] FIG. 1 depicts a side perspective view of an embodiment of a coiled tubing
unit in operations at a well site;

[0009] FIG. 2 depicts a side and partial cut-away view of an embodiment of an
injector head for the coiled tubing unit of FIG. 1;

[0010] FIG. 3 depicts a schematic diagram of an embodiment of an intelligent injector
control system,;

[0011] FIG. 4 depicts a hydraulic circuit diagram of an embodiment of portions of a
traction pressure control hydraulic circuit; and,

[0012] FIG. 5 depicts a hydraulic circuit diagram of an embodiment of portions of a

motor pressure control hydraulic circuit.

DETAILED DESCRIPTION
[0013] A detailed description of one or more embodiments of the disclosed apparatus
and method are presented herein by way of exemplification and not limitation with reference

to the Figures.
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[0014] FIG. 1 shows one embodiment of a coiled tubing unit 10 for a coiled tubing
injection operation at a well site 12. The coiled tubing unit 10 may be trailer mounted upon a
trailer bed 14 (or flat car) for transportability, and movable by truck 16, or alternatively by
train. In another embodiment, the coiled tubing unit 10 may be provided on an offshore ship
or floating rig site, or directly at the surface of the wellsite 12. Coiled tubing 18 is spooled on
reel 20, disposed on the trailer bed 14, and deliverable to the site 12 by the truck 16. A coiled
tubing injector head 22 is arranged to inject the coiled tubing 18 into a borehole that extends
downhole from the surface of the wellsite 12. The injector head 22 is also able to remove the
coiled tubing 18 from the borehole. The coiled tubing unit 10 includes a power pack 24, a
control cabin 26, the tubing reel 20, support frame 28, gooseneck tubing guide 30, and the
injector head 22. The power pack 24 may be a skid that includes the hydraulic pumps and
return tank(s) for the injector head 22 as well as the injector directional control system. The
control cabin 26 includes at least portions of an intelligent injector control system (as will be
further described below), computer, console, seating, monitors, and controls. The support
frame 28 supports the injector head 22 at the well site 12, while the gooseneck tubing guide
30 provides the proper radius of curvature and support for the coiled tubing 18 to be spooled
off the reel 20 and through the injector head 22. The coiled tubing 18 from the reel 20 is
delivered through a blowout preventer stack 32 and wellhead equipment 34 to be pushed into
(or pulled from) the borehole (or casing or other tubular within the borehole) by the injector
head 22.

[0015] One embodiment of the injector head 22 is shown in FIG. 2. The injector head
22 includes, in one embodiment, a pair of looped endless drive chains 36, 38. Each chain 36,
38 is wrapped around a first sprocket 40 and a second sprocket 42, and at least one of these
sprockets, such as the first sprockets 40, is driven by one or more hydraulic motors 44, so that
these sprockets are drive sprockets 40. Motors 44 are in the injector head 22. Typically there
are multiple motors 44, such as two motors 44, however smaller injector heads may have
only one motor 44. The second sprockets 42 are idler sprockets or rollers. The speed and
direction in which the drive sprockets 40 are driven is controlled by the one or more
hydraulic motors 44. For example, turning the first sprocket 40 for a first drive chain 36 and
the first sprocket 40 for a second drive chain 38 in opposing first and second rotational
directions, respectively, will push the coiled tubing 18 (see FIG. 1) into the borehole, while
turning the first sprocket 40 for the first drive chain 36 and the first sprocket 40 for the
second drive chain 38 in opposing second and first rotational directions, respectively, will

pull the coiled tubing 18 from the borehole. While the time to push or pull the coiled tubing
3
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18 from the borehole should be minimized, care must be taken to ensure that the coiled
tubing 18 is not damaged during either process. The chains 36, 38 carry a plurality of gripper
blocks 46 that are pressed against and grab generally opposed sides of the coiled tubing 18.
Tension cylinders 48 may be positioned to adjust the tension of the chains 36, 38 about the
sprockets 40, 42. Hydraulically controlled traction cylinders 50 are arranged to provide a
varying amount of traction force as needed onto the coiled tubing 18. Generally there are
three traction cylinders 50, but larger injector heads 22 could use four or more. When more
than three cylinders 50 are required, they can be hydraulically connected in series to one of
the first through third cylinders 50 to avoid a modification to the existing control cabin
hydraulic circuitry. As the coiled tubing 18 is pushed further into the borehole, for example,
a greater amount of traction force is required. The traction cylinders 50 may be operatively
connected to bearing skates 52 that transmit an appropriate amount of force to the gripper
blocks 46 to in turn transmit an appropriate amount of force to the coiled tubing 18. Thus,
the gripping force on the coiled tubing 18 is controlled by the amount of force applied by the
traction cylinders 50. The injector head 22 further includes a load cell 54. The load cell 54
provides a signal relative to weight of the coiled tubing 18 that has passed the injector head
22.

[0016] With reference now to FIG. 3, one embodiment of an intelligent injector
control system 60 is schematically depicted. Some components of the intelligent injector
control system 60 are installed within the operators’ control cabin 26 of the coiled tubing unit
10 (FIG. 1). The operator’s control cabin 26 may further house a computer 66 that gathers
actual operating values of a coiled tubing operation and compares the actual operating values
with predicted, expected and/or desired values determined by a modeling software program
68. In one embodiment, the modeling program is CIRCA RealTime (“RT”) modeling
software to be installed on a CIRCA RT / Job Master computer, commercially available from
Baker Hughes, Inc. The modeling software program 68 uses field data to update operational
parameters in coiled tubing applications. The computer 66 may dynamically update to
calculate critical variables like weight gauge limits and gooseneck pressures. The computer
66 may also provide alerts and warnings when thresholds are reached, and logs all
information so it can be examined later, if needed, and provide a constant visual feed
showing coiled tubing position and reel rotation. The control cabin 26 houses the hydraulic
controls, computer{s) 66 consoles, seating, and provides space for the customer and operator.
A coiled tubing (“CT”) data acquisition unit (“DAU”) 70 gathers data regarding the coiled
tubing 18 and the injector head 22, such data including coiled tubing weight, traction

4
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pressure, and depth of the coiled tubing 18. Data for the weight is acquired from the load cell
54. Data for traction pressure may come from a pressure transducer 72 in the hydraulic
system in the cabin 26. The pressure transducer 72 determines the pressure going out to the
traction cylinder 50 in the injector head 22. The depth of the coiled tubing 18 is provided by
a depth sensor 74. The depth sensor 74 may be mounted in the hydraulic console of the
control cabin 26 to receive readings from a tubing depth counter aligned to detect and sense a
surface of the tubing 18 as the tubing 18 passes by using a mechanical digital counter or an
encoder. Other means for detecting tubing depth may alternatively be incorporated. The CT
DAU 70 gathers the relevant data, including sensed parameters from the load cell 54,
pressure transducer 72, depth sensor 74, as well as any other data gathered from a real time
coiled tubing injection operation or historical data, and provides the same to the computer 66.
The modeling software program 68 is run from the computer 66, which obtains the actual
operating values from the CT DAU 70 and compares the actual operating values with
predicted values determined by the modeling software program 68. The comparison provides
an electronic signal 76, to a programmable logic controller (“PLC”) 78 (injector control
module). A communication cable from the computer 66, which includes the software
package 68, may connect to the PLC control box 78. The PLC 78 adjusts hydraulic pressures
accordingly by sending electronic signals 80, 82, 84 to valves 86, 88, 90 within a traction
pressure control hydraulic circuit 92 and a motor pressure control hydraulic circuit 94. The
system 60 will take data provided by software 68 and actual real time data, such as sensed
parameters from load cell 54, pressure transducer 72, and depth sensor 74, and limit
operational controls of a the hydraulic coiled tubing unit 10 and limit and control hydraulic
systems to improve job quality and reduce damage to the coiled tubing 18. Thus the signal
76 provided to the PLC 78 is a computed signal that takes into account the data from the
predictive software 68 and the wellbore parameters and sensed parameters and other data
from the coiled tubing unit 10 to control the pressures sent to the hydraulic circuit of the
motors 44 to control coiled tubing injector “over pull” and “over snub” and the hydraulic
circuit of the traction cvlinders 50 to adjust traction pressures to active tubing weights. That
is, the information from the software 68 and computer 66 will enable the making of
adjustments to the pressure settings in the injector head 22 to provide proper control. This
will reduce premature damage to the coiled tubing 18 from slippage, exceeding tubing
calculated tensile strength (“over pull”) or compression limits (“over snub”).

[0017] The traction pressure control hydraulic circuit 92 and the motor pressure

control hydraulic circuit 94, which will be further described below, are disposed primarily in
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the operators’ control cabin 26 of the coiled tubing unit 10, although hydraulically connected
to other areas of the coiled tubing unit 10. The traction pressure control hydraulic circuit 92,
as will be further described below with respect to FIG. 4, receives pressure from hydraulic
pump 96 and includes electronically controlled proportional valve 86, controlled
automatically by the PLC 78, and an operator-controlled traction valve 98. The motor
pressure control hydraulic circuit 94, as will be further described below with respect to FIG.
5, receives pressure from an injection hydraulic pump 100 and includes the electronically
controlled proportional valve 88 and the normally open (“NO”) solenoid valve 90, which are
automatically controlled by the PLC 78, and an operator controlled pressure control valve
102. The power pack skid 24 may include the hydraulic pumps 96, 100. The hydraulic
pressures of the traction pressure control hydraulic circuit 92 and motor pressure control
hydraulic circuit will be adjusted from data from the software 68 which include actual and
predicted data and comparing to actual data and hydraulic pressures to make adjustments.
The PLC 78 may send a pulse width modulated (“PWM”) signal 80, 82 to each of the
proportional control hydraulic valves 86, 88, and these signals 80, 82 will vary to increase or
decrease pressures as determined necessary by the software 68.

[0018] FIG. 4 is a portion of a hydraulic schematic for one embodiment of the
traction pressure control hydraulic circuit 92. The traction pressure control hydraulic circuit
92 includes the proportional /directional control valve 86, traction valve 98, and check valves
120, 124. Valves 86, 98 are connected in parallel. Check valve 120 is connected in series
with valve 86. The electronic signal 80 to control the valve 86 comes from the PLC control
box 78. The valve 86 may be a 4-port valve, where the valve 86 is illustrated in FIG. 4in a
condition where all ports are blocked. First port 104 may be connected to the pressure from
pump 96, second port 106 may be connected to return 112 (return to tank), third port 108 may
be connected to equalizing valve 114, and fourth port 110 may be blocked. Due to check
valves 120, 124 which prevent backflow, the equalizing valve 114 is provided to drain
pressure to tank in the event of an emergency. The solenoid 116 of the valve 86 receives the
variable signal 80 from the PLC control box 78 to move the spool 118 relative to the ports
104, 106, 108, 110 more or less as the voltage increases and falls . Pressure is coming in on
priority line 122 from pump 96 and feeds into the circuitry of the traction pressure control
hydraulic circuit 92 through check valve 124, after which pressure is split to traction valve 98
and proportional control valve 86. If an operator controls the traction valve 98 to provide a
traction pressure to the traction cylinder(s) 50 that is at least a minimum value or greater as

determined by the computer 62 and software program 68, then the signal 80 to the valve 86
6
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may retain the valve 86 in a condition, such as that shown in FIG. 4, in which the traction
valve 98 is in control of the traction pressure and not the valve 86. However, if the operator
does not adjust the traction pressure to be high enough in view of sensed parameters and
predicted conditions, then the signal 80 to the valve 86 will adjust the spool 118 of the valve
&6 to allow the pressure from the priority line 122 to additionally pass through the valve 86
and check valve 120 and to the traction cylinders 50, thus providing at least the munimum
pressure required for the operating conditions of the coiled tubing injection operation. For
example, if an operator manually backs valve 98 down to 500psi, but the software 68 is
requiring 1000psi, then the proportional control valve 86 takes over and supplies the
additional pressure. As long as the operator is running more than recommended pressure,
then the operator is in control using the traction valve 98. That is, the operator is able to
increase the pressure to the traction cylinders 50 using the traction valve 98, but cannot
reduce the pressure below a munimum limit, which is warranted as necessary by the corputer
66. This minimum Himit may vary throughout the coiled tubing injection operation based on
the data and sensed parameters. For example, at the beginning of a coiled tubing operation,
there is less weight at the injector head 22 than when substantially the entire length of the
coiled tubing 18 is injected into the borehole. Also, there is more weight on the injector head
22 when trying to pull all the coiled tubing 18 out of the borehole or when encountering
friction lock issues, and such situations would increase the amount of traction pressure
required (as the weight of the coiled tubing 18 increases, the traction pressure increases, as
determined by load cell 54). Thus, the PLC 78 adjusts the signal 80 to the valve 86
throughout the coiled tubing injection operation as dictated by at least the sensed parameters.
In the event of a fail mode, the circuit 92 can be taken to full hydraulic pressure to make sure
the traction cylinders 50 have all the pressure required to prevent slipping. Valves 126 can
adjust the pressure as required between the individual traction cylinders 50, however the
pressure is usually evenly distributed to the cylinders 50.

[0019] FIG. 5 is a portion of the motor pressure control hydraulic circuit 94, including
the proportional control valve 88, the N/O (normally open) solenoid valve 90, and the
pressure control valve 102. The electronic signals 82, 84 to control the valves 88, 90 come
from the PLC 78. The motor pressure control hydraulic circuit 94 controls the amount of
pressure that the injection hydraulic pump 100 provides to the motors 44 with respect to
pulling and pushing the coiled tubing 18 into the well from the injection head 22. Unlike the
traction pressure control hydraulic circuit 92, the motor pressure control hydraulic circuit 94
utilizes the proportional control valve &8 to entirely take over pressure to control the

7
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maximum pressure that the pump 100 can provide to the motors 44 to ensure that the
maximum snub and pull limits are not exceeded by hmiting hydraulic pressures allowed to be
applied to the injector motors 44, As soon as the system 60 is powered up, the signal 84 to
the N/O solenoid valve 90 causes the valve 90 to open such that hydraulic pressure is not fed
to the operator controlled pressure control valve 102. Instead, pressure from injection
hydraulic pump 100 is always adjusted as required by the proportional control valve 88,
under control of the signal 82, as determined by the computer 66. If there is a failure, then
the N/O solenoid valve 90 returns to the closed condition shown in FIG. 5 such that the motor
pressure control hydraulic circuit 94 goes back to the manual mode with the operator
controlled pressure control valve 102 receiving and adjusting the pressure from the injection
hydraulic pump 100. The motor pressure control hydraulic circuit 94 adjusts electronically
throughout the coiled tubing injection operation, based on data fed to PLC 78. Return
manifolds 130, 132 are connected to the pressure control valve 102 and proportional control
valve 88. Whatever extra volume of pressure is not needed from the hydraulic pump 100 is
returned back to tank via the return manifolds 130, 132, and pressure can be dumped if it
needs to be lowered or raised. The valve 88 (and the valve 102 in failure mode) pinches off
the amount of flow going from the pilot pressure from pump 100. If the valve 88 is fully
opened then the pressure will drop because it is depleting pressure from the tank. If the valve
88 starts pinching off then it increases pressure to what is needed. Sensed parameters
including data from the load cell 54 and depth sensor 74 provide the data for the computer 66
to calculate the signal 76 to feed to the PLC 78, so that the PLC 78 will in turn tell the
proportional control valve 88, via signal 82, how to adjust in order to pinch off the return to
adjust to the correct amount of pressure to prevent an over snub or over pull situation. Thus,
the motor pressure control hydraulic circuit 94 adjusts the pilot pressure to control the pump
100 to go to a higher pressure or lower pressure. The pump 100 and the injector directional
controller (to control which direction the motors 44 move the coiled tubing 18, in hole to
push the coiled tubing 18 into the well or out of hole to pull the coiled tubing 18 out) are
provided in the power pack 24. The pilot line 134 provides the pressure from the injection
hydraulic pump 100 in the power pack 24 to the motor pressure control hydraulic circuit 92 in
the control cabin 26. The main return 136 and injector case drain 138 connect the manifolds
130, 132 in the control cabin 26 back to a return tank in the power pack 24. The manual
control pressure control valve 102 is also provided inside the control cabin 26 for operation in

a failure mode. In one non-limiting example, the proportional control valve 88, which is used
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to control the pressure proportionally, receives a 4-20 milliamp signal 82 on solenoid 140,
with 4millamps providing O psi, and 20millamps giving approximately 3,000 psi.

[0020] The system 60 uses the software program 68 and allows automatic control of
traction pressures and limits maximum torque pressure to injector hydraulics. By controlling
these pressures, coiled tubing life can be increased by limiting slippage, over-pull, and over-
snub. This also improves job quality and lowers non-productive time due to unmitigated
risks, equipment stress and damage. With the intelligent injector control system, operator
interface is limited on three main control issues, which have historically been issues, since the
system 60 will auto control these circuits. Adjusting throughout the coiled tubing injection
operation is possible because of the software 68, and the system 60 is able to track and make
modifications throughout the operation.

[0021] The intelligent injector control system 60 utilizes at least the sensed
parameters and may additionally use other data from a coiled tubing injection operation, and
the system 60 additionally incorporates unique hydraulic circuitry to control pull limits and
push limits during the duration of the operation which is being predicted by the software 68
based from engineering inputs of equipment information and well information to
automatically adjust or vary as equipment and well bore changes take place. The intelligent
injector control system 60 also utilizes the data and its hydraulic circuitry to vary traction
pressures on the injector head 22 as tubing weight conditions change for the duration of the
operation and reacts as changes occur.

{0022] Thus, the intelligent injector control system 60 is part of the oilfield services
coiled tubing unit 10. The system 60 works with the software 68 to reduce damages to the
coiled tubing 18 by controlling hydraulic controls to limit maximum snub and pull limits in
the motor pressure control hydraulic circuit 94 as well as minimum traction pressures in the
traction control hydraulic circuit 92. The software 68 considers the condition of the coiled
tubing 18 and considers well conditions to predict minimum and maximum settings of the
controls. The intelligent injector control system 60 gathers the actual hydraulic pressure data,
compares it with the predicted limits as sent from the program 68 and adjusts the hydraulic
system to meet these limits. The PLC control box 78 is then connected to two valves 86, 88
which can control pressure and a N/O solenoid valve 90, which directs flow from a manual
valve 102 to the electronic proportional valve 88. The electronic proportional valves 86, 88,
once energized, will then take control and adjust pressures to the traction cylinders 50 and the
injector hydraulic pump 100. The intelligent injector control system 60 limits the hydraulic

pressures allowed to be applied to the injector head motor circuit as well as sets the minimum
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pressure allowed to the traction cylinder circuit. By controlling the pressures to the injector
motor circuit, an operator cannot damage the tubing 18 by exceeding its snub or pull limit,
which could cause the coiled tubing 18 to become buckled or parted from tensile strength.
By controlling the minimum traction pressure, the system 60 will not allow an operator to
have the pressure for the traction cylinders 50 set too low, which might allow the coiled
tubing 18 to slip and cause damage to the coiled tubing 18 as well as create a runaway
scenario resulting in catastrophic damage to the coiled tubing 18.

[0023] Set forth below are some embodiments of the foregoing disclosure:

[0024] Embodiment 1: An injector control system for a coiled tubing unit, the injector
control system comprising: a programmable logic controller arranged to receive a signal
related to sensed parameters of a coiled tubing injection operation; a traction pressure control
hydraulic circuit operable to adjust hydraulic pressure provided to at least one traction
cylinder in a coiled tubing injection head; a motor pressure control hydraulic circuit operable
to adjust hydraulic pressure provided to at least one motor of the coiled tubing injection head;
and, at least one of the traction pressure control hydraulic circuit and the motor pressure
control hydraulic circuit including a proportional control valve in receipt of a variable
electrical signal from the programmable logic controller; wherein the programmable logic
controller adjusts the signal delivered to the proportional control valve throughout the coiled
tubing injection operation as dictated by the sensed parameters.

[0025] Embodiment 2: The injector control system of embodiment 1, wherein the
traction pressure control hydraulic circuit includes a traction valve controllable by operator
input and the proportional control valve in receipt of the signal from the programmable logic
controller, and the signal from the programmable logic controller operates the proportional
control valve to prevent the traction valve from providing hydraulic pressure to the at least
one traction cylinder that is lower than a minimum value required by the coiled tubing
injection operation.

[0026] Embodiment 3: The injector control system of embodiment 2, wherein the
proportional control valve is a four-port valve having a solenoid in receipt of the signal from
the programmable logic controller and a movable spool.

[0027] Embodiment 4: The injector control system of embodiment 2, further
comprising a hydraulic pump, wherein hydraulic pressure to the traction control circuit from
the hydraulic pump is deliverable to both the traction valve and the proportional control valve

in the traction control circuit.
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[0028] Embodiment 5: The injector control system of embodiment 4, wherein the
proportional control valve in the traction control circuit and the traction valve are connected
in parallel.

[0029] Embodiment 6: The injector control system of embodiment 5, further
comprising a check valve disposed in series with the proportional control valve in the traction
control circuit and in parallel with the traction valve.

[0030] Embodiment 7: The injector control system of embodiment 1, wherein the
motor pressure control hydraulic circuit includes the proportional control valve in receipt of
the signal from the programmable logic controller, the signal from the programmable logic
controller is a first signal operating the proportional control valve to adjust the hydraulic
pressure as required by the coiled tubing injection operation.

[0031] Embodiment 8: The injector control system of embodiment 7, wherein the
motor pressure control hydraulic circuit further includes a normally open solenoid valve, and
further comprising a second signal from the programmable logic controller to open the
normally open solenoid valve.

[0032] Embodiment 9: The injector control system of embodiment 8, wherein the
motor pressure control hydraulic circuit further includes an operator-controlled pressure
control valve in series with the normally open solenoid valve, wherein the pressure control
valve is only operable when the second signal is removed from the normally open solenoid
valve.

[0033] Embodiment 10: The injector control system of embodiment 1, wherein the
traction pressure control hydraulic circuit includes a first proportional control valve in receipt
of a first signal from the programmable logic controller, and the motor pressure control
hydraulic circuit includes a second proportional control valve in receipt of a second signal
from the programmable logic controller.

[0034] Embodiment 11: The injector control system of embodiment 10, wherein the
first signal operates the first proportional control valve to prevent an operator-controlled
traction valve from delivering hydraulic pressure to the at least one traction cylinder that is
lower than a minimum value required by the coiled tubing injection operation, and the second
signal operates the second proportional control valve to adjust the hydraulic pressure
provided to the at least one motor as required by the coiled tubing injection operation.

[0035] Embodiment 12: The injector control system of embodiment 11, further
comprising a third signal from the programmable logic controller to open a normally open

solenoid valve in the motor pressure control hydraulic circuit, and an operator-controlled
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pressure control valve in series with the normally open solenoid valve, wherein the pressure
control valve is only operable when the third signal is removed from the normally open
solenoid valve.

[0036] Embodiment 13: The injector control system of embodiment 1, further
comprising a load cell, pressure transducer, and depth sensor providing data for the sensed
parameters.

[0037] Embodiment 14: The injector control system of embodiment 13, further
comprising a data acquisition unit arranged to receive the data from the load cell, pressure
transducer, and depth sensor, and further comprising a computer having a modeling software
program in receipt of the data, wherein the computer sends a signal to the programmable
logic controller in response to the data, and the programmable logic controller utilizes the
signal from the computer to vary the signal delivered to the proportional control valve.

[0038] Embodiment 15: The injector control system of claim 14, wherein the
modeling software program compares the data with predicted parameters of the coiled tubing
injection operation.

[0039] Embodiment 16: A coiled tubing unit having the injector control system of
embodiment 1, the coiled tubing unit further comprising the coiled tubing unit injection head
including the at least one traction cylinder and the at least one motor, and further comprising
a control cabin housing the programmable logic controller, the traction control hydraulic
circuit, and the motor pressure control hydraulic circuit.

[0040] Embodiment 17: A method of adjusting hydraulic pressure delivered to an
injection head of a coiled tubing unit, the coiled tubing unit including a traction pressure
control hydraulic circuit operable to adjust hydraulic pressure provided to at least one traction
cylinder in the injection head, the coiled tubing unit further including a motor pressure
control hydraulic circuit operable to adjust hydraulic pressure provided to at least one motor
of the injection head, the method comprising: providing sensed parameters of a coiled tubing
injection operation to a computer; sending a computed signal based on the sensed parameters
from the computer to a programmable logic controller; and, varying a signal from the
programmable logic controller to a proportional control valve in at least one of the traction
pressure control hydraulic circuit and the motor pressure control hydraulic circuit based on
the computed signal from the computer; wherein hydraulic pressure to the injection head is
adjusted substantially continuously during the coiled tubing unit injection operation by at
least one of the traction pressure control hydraulic circuit and the motor pressure control
hydraulic circuit.

12
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[0041] Embodiment 18: The method of embodiment 17, further comprising
comparing the sensed parameters with a second set of parameters in the computer to provide
the computed signal.

[0042] Embodiment 19: The method of embodiment 17, wherein the traction
pressure control hydraulic circuit includes a traction valve controllable by operator input and
the proportional control valve in receipt of the signal from the programmable logic controller,
the method further comprising operating the proportional control valve with the signal from
the programmable logic controller to prevent the traction valve from delivering hydraulic
pressure that is lower than a minimum value required by the coiled tubing unit injection
operation as determined by the computed signal.

[0043] Embodiment 20: The method of embodiment 17, wherein the motor pressure
control hydraulic circuit includes the proportional control valve in receipt of the signal from
the programmable logic controller, the method further comprising operating the proportional
control valve using the signal from the programmable logic controller to adjust the hydraulic
pressure as required by the coiled tubing unit injection operation as determined by the
computed signal.

[0044] The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the invention (especially in the context of the following claims) are to
be construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. Further, it should further be noted that the terms “first,”
“second,” and the like herein do not denote any order, quantity, or importance, but rather are
used to distinguish one element from another. The modifier “about” used in connection with
a quantity is inclusive of the stated value and has the meaning dictated by the context (e.g., it
includes the degree of error associated with measurement of the particular quantity).

[0045] The teachings of the present disclosure may be used in a variety of well
operations. These operations may involve using one or more treatment agents to treat a
formation, the fluids resident in a formation, a wellbore, and / or equipment in the wellbore,
such as production tubing. The treatment agents may be in the form of liquids, gases, solids,
semi-solids, and mixtures thereof. Illustrative treatment agents include, but are not limited to,
fracturing fluids, acids, steam, water, brine, anti-corrosion agents, cement, permeability
modifiers, drilling muds, emulsifiers, demulsifiers, tracers, flow improvers etc. Illustrative
well operations include, but are not limited to, hydraulic fracturing, stimulation, tracer

injection, cleaning, acidizing, steam injection, water flooding, cementing, etc.
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[0046] While the invention has been described with reference to an exemplary
embodiment or embodiments, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments falling within the scope of the
claims. Also, in the drawings and the description, there have been disclosed exemplary
embodiments of the invention and, although specific terms may have been employed, they
are unless otherwise stated used in a generic and descriptive sense only and not for purposes

of limitation, the scope of the invention therefore not being so limited.
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CLAIMS
What is claimed is:

1. An injector control system (60) for a coiled tubing unit (10), the injector
control system (60) comprising:

a programmable logic controller (78) arranged to receive a signal (76) related to
sensed parameters of a coiled tubing injection operation;

a traction pressure control hydraulic circuit (92) operable to adjust hydraulic pressure
provided to at least one traction cylinder (50) in a coiled tubing injection head (22);

a motor pressure control hydraulic circuit (94) operable to adjust hydraulic pressure
provided to at least one motor (44) of the coiled tubing injection head (22); and,

at least one of the traction pressure control hydraulic circuit (92) and the motor
pressure control hydraulic circuit (94) including a proportional control valve (86, 88) in
receipt of a variable electrical signal (80, 82) from the programmable logic controller (78);

wherein the programmable logic controller (78) adjusts the signal (80, 82) delivered
to the proportional control valve (86, 88) throughout the coiled tubing injection operation as
dictated by the sensed parameters.

2. The injector control system (60) of claim 1, wherein the traction pressure
control hydraulic circuit (92) includes a traction valve (98) controllable by operator input and
the proportional control valve (86) in receipt of the signal (80) from the programmable logic
controller (78), and the signal (80) from the programmable logic controller (78) operates the
proportional control valve (86) to prevent the traction valve (98) from providing hydraulic
pressure to the at least one traction cylinder (50) that is lower than a minimum value required
by the coiled tubing injection operation.

3. The injector control system (60) of claim 2, wherein the proportional control
valve (86) is a four-port valve having a solenoid (116) in receipt of the signal (80) from the
programmable logic controller (78) and a movable spool (118).

4. The injector control system (60) of claim 2, further comprising a hydraulic
pump (96), wherein hydraulic pressure to the traction pressure control hydraulic circuit (92)
from the hydraulic pump (96) is deliverable to both the traction valve (98) and the
proportional control valve (86) in the traction pressure control hydraulic circuit (92).

5. The injector control system (60) of claim 4, wherein the proportional control
valve (86) in the traction pressure control hydraulic circuit (92) and the traction valve (98) are

connected in parallel.

15



WO 2017/156111 PCT/US2017/021336

6. The injector control system (60) of claim 1, wherein the motor pressure
control hydraulic circuit (94) includes the proportional control valve (88) in receipt of the
signal (82) from the programmable logic controller (78), the signal (82) from the
programmable logic controller (78) is a first signal (82) operating the proportional control
valve (88) to adjust the hydraulic pressure as required by the coiled tubing injection
operation.

7. The injector control system (60) of claim 6, wherein the motor pressure
control hydraulic circuit (94) further includes a normally open solenoid valve (90), and
further comprising a second signal (84) from the programmable logic controller (78) to open
the normally open solenoid valve (90).

8. The injector control system (60) of claim 7, wherein the motor pressure
control hydraulic circuit (94) further includes an operator-controlled pressure control valve
(102) in series with the normally open solenoid valve (90), wherein the pressure control valve
(102) is only operable when the second signal (84) is removed from the normally open
solenoid valve (90).

0. The injector control system (60) of claim 1, wherein the traction pressure
control hydraulic circuit (92) includes a first proportional control valve (86) in receipt of a
first signal (80) from the programmable logic controller (78), and the motor pressure control
hydraulic circuit (94) includes a second proportional control valve (88) in receipt of a second
signal (82) from the programmable logic controller (78).

10.  The injector control system (60) of claim 9, wherein the first signal (80)
operates the first proportional control valve (86) to prevent an operator-controlled traction
valve (98) from delivering hydraulic pressure to the at least one traction cylinder (50) that is
lower than a minimum value required by the coiled tubing injection operation, and the second
signal (82) operates the second proportional control valve (88) to adjust the hydraulic
pressure provided to the at least one motor (44) as required by the coiled tubing injection
operation.

11.  The injector control system (60) of claim 10, further comprising a third signal
(84) from the programmable logic controller (78) to open a normally open solenoid valve
(90) in the motor pressure control hydraulic circuit (94), and an operator-controlled pressure
control valve (102) in series with the normally open solenoid valve (90), wherein the pressure
control valve (102) is only operable when the third signal (84) is removed from the normally

open solenoid valve (90).
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12. The injector control system (60) of claim 1, further comprising a load cell
(54), pressure transducer (72), and depth sensor (74) providing data for the sensed
parameters, and a data acquisition unit (70) arranged to receive the data from the load cell
(54), pressure transducer (72), and depth sensor (74), and further comprising a computer (66)
having a modeling software program (64) in receipt of the data, wherein the computer (66)
sends a signal (76) to the programmable logic controller (78) in response to the data, and the
programmable logic controller (78) utilizes the signal (76) from the computer (66) to vary the
signal (80, 82) delivered to the proportional control valve (86, 88).

13. A method of adjusting hydraulic pressure delivered to an injection head (22)
of a coiled tubing unit (10), the coiled tubing unit (10) including a traction pressure control
hydraulic circuit (92) operable to adjust hydraulic pressure provided to at least one traction
cylinder (50) in the injection head (22), the coiled tubing unit (10) further including a motor
pressure control hydraulic circuit (94) operable to adjust hydraulic pressure provided to at
least one motor (44) of the injection head (22), the method comprising:

providing sensed parameters of a coiled tubing injection operation to a computer (62);

sending a computed signal (76) based on the sensed parameters from the computer
(62) to a programmable logic controller (78); and,

varying a signal (80, 82) from the programmable logic controller (78) to a
proportional control valve (86, 88) in at least one of the traction pressure control hydraulic
circuit (92) and the motor pressure control hydraulic circuit (94) based on the computed
signal (76) from the computer (62);

wherein hydraulic pressure to the injection head (22) is adjusted substantially
continuously during the coiled tubing unit injection operation by at least one of the traction
pressure control hydraulic circuit (92) and the motor pressure control hydraulic circuit (94).

14. The method of claim 13, wherein the traction pressure control hydraulic circuit
(92) includes a traction valve (98) controllable by operator input and the proportional control
valve (86) in receipt of the signal (80) from the programmable logic controller (78), the
method further comprising operating the proportional control valve (86) with the signal (80)
from the programmable logic controller (78) to prevent the traction valve (98) from
delivering hydraulic pressure that is lower than a minimum value required by the coiled
tubing unit injection operation as determined by the computed signal (76).

15. The method of Claim 13, wherein the motor pressure control hydraulic circuit
(94) includes the proportional control valve (88) in receipt of the signal (82) from the
programmable logic controller (78), the method further comprising operating the proportional

17



WO 2017/156111 PCT/US2017/021336

control valve (88) using the signal (82) from the programmable logic controller (78) to adjust
the hydraulic pressure as required by the coiled tubing unit injection operation as determined

by the computed signal (76).

18






PCT/US2017/021336

WO 2017/156111

2/5




PCT/US2017/021336

WO 2017/156111

3/5

¢ oL

|

R - FANSSIAUd
1 ] NOILOVHL [— L
b8
Y
D( 001 - Hid3a [ 4,
10dINOY waw L 1130av01
||||||||||||||||||||||| 777 HOLOAMNI — s
01d Y
w> 8
+6
i — 89
_ JUYMLIOS g9
I ] =) ¥3LNINOD
08 ] 9/
8.
Ll O
/( 26 /( 09



PCT/US2017/021336

WO 2017/156111

4/5

0s

0s

A
0zl
11 ol S~)1_J)§ 08
R e N o XT-11E,
. ] vcwl%:
- 08 90 — —
] /
9l 8L
_ _ Y
pIT 7
IT \ | |
-} - | |
H zcl
i | I B | \
i |
/ IT | | Ay mu
9zI pel
I Y
- 86
/
9zI

— Il

Mo



PCT/US2017/021336

5/5

WO 2017/156111

I G ———J Y — 8€1

— 9¢]
| |
| |
z8 -
8L — IIVI_ ||||| _(QE !
| |
“
p8— T
! 88
06~ _F
201 an
[ - 001
- _ /




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2017/021336

A. CLASSIFICATION OF SUBJECT MATTER
E21B 19/22(2006.01)i, E21B 19/08(2006.01)i, F15B 13/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
E21B 19/22; E21B 44/04, GO1L 3/16; E21B 19/09; E21B 33/035; E21B 19/08; F15B 13/02

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: coiled tubing, injector, circuit, traction cylinder, motor, valve, pressure, hydraulic, load cell

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2015-0101799 A1 (NATIONAL OILWELL VARCO, L.P.) 16 April 2015 1,13
See paragraphs [0022], [0037]-[0045] and figures 1, 8.
A 2-12,14,15
Y WO 2015-017835 A2 (NATIONAL OILWELL VARCO, L.P.) 05 February 2015 1,13
See page 3, line 23 — page 5, line 34, page 7, line 8 - page 8, line 8, and
figures 1, 4.
A US 2014-0216752 A1 (PORTMAN, LANCE NIGEL) 07 August 2014 1-15

See paragraphs [0022]-[0030], [0051]-[0056], claims 1-11, and figures 1-5.

A US 2004-0094306 A1 (GOODE et al.) 20 May 2004 1-15
See paragraphs [0022]-[0027], claims 1, 6, and figures 1-5.

A US 2003-0178200 A1 (FOX et al.) 25 September 2003 1-15
See paragraphs [0035]-[0046], claim 66, and figures 1, 57.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
15 June 2017 (15.06.2017) 15 June 2017 (15.06.2017)
Name and mailing address of the [SA/KR Authorized officer

International Application Division
Korean Intellectual Property Office KIM, Jin Ho
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8699

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2017/021336
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2015-0101799 Al 16/04/2015 AU 2016-337305 Al 07/04/2016
CA 2925593 Al 23/04/2015
CN 105637175 A 01/06/2016
EP 3058163 A2 24/08/2016
MX 2016004730 A 26/07/2016
SG 11201602792 A 30/05/2016
US 9581009 B2 28/02/2017
WO 2015-057864 A2 23/04/2015
WO 2015-057864 A3 16/07/2015
WO 2015-017835 A2 05/02/2015 CA 2919175 Al 05/02/2015
CN 105431611 A 23/03/2016
EP 3027848 A2 08/06/2016
US 2016-0186509 Al 30/06/2016
WO 2015-017835 A3 02/04/2015
US 2014-0216752 Al 07/08/2014 AU 2012-255632 Al 29/11/2012
AU 255632 B2 04/06/2015
GB 2494558 A 13/03/2013
NO 20121302 A 04/12/2012
SG 185618 Al 28/12/2012
US 2011-0284234 Al 24/11/2011
US 8720582 B2 13/05/2014
US 9151123 B2 06/10/2015
WO 2011-146623 A2 24/11/2011
WO 2011-146623 A3 03/01/2013
US 2004-0094306 Al 20/05/2004 US 7051814 B2 30/05/2006
US 2003-0178200 Al 25/09/2003 AU 2003-228214 Al 09/09/2003
AU 228214 B2 22/11/2007
CA 2478181 Al 28/08/2003
EP 1590550 A2 02/11/2005
NO 20043839 A 12/11/2004
NO 20043839 DO 14/09/2004
NO 335209 Bl 20/10/2014
US 7165619 B2 23/01/2007
WO 03-070565 A2 28/08/2003
WO 2003-070565 A3 09/09/2005

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report

