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Abstract

A well servicing pump system for a hydraulic fracturing system includes a first
permanent magnet motor, second permanent magnet motor, and crankshaft. The first and
second permanent magnet motors each include a rotor mechanically coupled to or integrated
with the crankshaft. The well servicing pump may include gearboxes coupled between the
rotors and the crankshaft. The well servicing pump system also includes a fluid section that
includes an inlet, a pressurization chamber, and an outlet. The inlet and outlet are fluidly
coupled to the pressurization chamber. The well servicing pump also includes a plunger
mechanically coupled to the crankshaft, the plunger at least partially positioned within the

pressurization chamber.
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WELL SERVICING PUMP WITH ELECTRIC MOTOR

Cross-Reference to Related Applications
[0001] This application claims priority from U.S. provisional application number 62/935,542,

filed November 14, 2019.

Technical Field/Field of the Disclosure

[0002] The present disclosure relates generally to enhanced recovery for wellbores, and

specifically to hydraulic fracturing systems.

Background of the Disclosure

[0003] Industrial pumps are utilized to transfer fluids from one location to another and may be
used in a wide variety of applications. For example, in the oil and gas industry, industrial pumps
may be utilized for transferring production fluids, drilling mud, wastewater, hydraulic fracturing

fluid, or other process fluids.

[0004] Hydraulic fracturing is a process utilized in oil and gas operations to enhance recovery
of minerals from a reservoir within a subterranean formation. More specifically, hydraulic
fracturing involves the injection of a pressurized fluid, referred to as “fracturing fluid” into a
well in order to open, generate, and/or propagate fractures or cracks within the subterranean
formation. The cracks formed by the pressurized fluid increase the volume of the reservoir,
which enables the release of additional minerals and improves flow of the minerals from the

reservoir to the surface via the well.

[0005] Fracturing fluid, which is typically a mixture of water, gel, foam, proppant (such as

sand), and/or other materials, is injected into the well via hydraulic fracturing equipment. The
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hydraulic fracturing equipment may include a variety of components, such as material storage
tanks, blenders for mixing the fracturing fluid, and pump systems configured to increase the
pressure of the fracturing fluid before the fracturing fluid is injected into the well. Traditionally,
a well servicing pump system includes a well servicing pump that is driven by a combustion
engine, such as a diesel engine. For example, a diesel engine may be operatively connected to a
well servicing pump via a geared transmission. Generally, diesel engines usually have a large
footprint, generate undesirable noise and vibrations, increase environmental impact, and can be
costly to operate. Additionally, driving a well servicing pump with a diesel engine may involve
the utilization of numerous moving parts, which may increase operating and/or maintenance

costs of the hydraulic fracturing equipment.

Summary
[0005a] The present disclosure provides for a hydraulic fracturing system comprising: a
hydration system; a blender system, the blender system configured to receive a fluid flow from
the hydration system; and a well servicing pump. The well servicing pump includes: a first
permanent magnet motor, the first permanent magnet motor including a first rotor; a second
permanent magnet motor, the second permanent magnet motor including a second rotor; a
crankshaft positioned in a power section; a first gearbox, the first gearbox operatively coupled
between the first rotor of the first permanent magnet motor and the crankshaft at a first end of
the crankshaft; a second gearbox, the second gearbox operatively coupled between the second
rotor of the second permanent magnet motor and the crankshaft at a second end of the
crankshaft; a third permanent magnet motor, the third permanent magnet motor including a third

rotor, the third permanent magnet motor positioned adjacent to and abutting the first permanent
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magnet motor, the third rotor is mechanically coupled to the first rotor, the first gearbox, and
the crankshaft such that the third rotor is directly coupled to the first rotor and such that rotation
of the third rotor is coaxial with the rotation of the first rotor; a fluid section, the fluid section
including an inlet, a pressurization chamber, and an outlet, the inlet and outlet fluidly coupled
to the pressurization chamber; and a plunger, the plunger mechanically coupled to the
crankshaft, the plunger at least partially positioned within the pressurization chamber. The inlet
of the fluid section of the well servicing pump is configured to receive fracturing fluid from the

blender system. The outlet of the fluid section is fluidly coupled to a well.

[0005b] The present disclosure provides for a well servicing pump system comprising: a
first permanent magnet motor, the first permanent magnet motor including a first rotor; a second
permanent magnet motor, the second permanent magnet motor including a second rotor; a
crankshaft; a first gearbox, the first gearbox operatively coupled between the first rotor of the
first permanent magnet motor and the crankshaft at a first end of the crankshaft; a second
gearbox, the second gearbox operatively coupled between the second rotor of the second
permanent magnet motor and the crankshaft at a second end of the crankshaft; a third permanent
magnet motor, the third permanent magnet motor including a third rotor, the third permanent
magnet motor positioned adjacent to and abutting the first permanent magnet motor, the third
rotor is mechanically coupled to the first rotor, the first gearbox, and the crankshaft such that
the third rotor is directly coupled to the first rotor and such that rotation of the third rotor is
coaxial with the rotation of the first rotor; a fluid section, the fluid section including an inlet, a

pressurization chamber, and an outlet, the inlet and outlet fluidly coupled to the pressurization

2a
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chamber; and a plunger, the plunger mechanically coupled to the crankshaft, the plunger at least

partially positioned within the pressurization chamber.

[0006] The present disclosure provides for a well servicing pump system. The well servicing
pump system may include a first permanent magnet motor, the first permanent magnet motor
including a first rotor. The well servicing pump system may include a second permanent magnet
motor, the second permanent magnet motor including a second rotor. The well servicing pump
system may include a crankshaft. The crankshaft may be directly coupled to the first rotor and
the second rotor such that the first rotor is coupled to the crankshaft at a first end of the
crankshaft and the second rotor is coupled to the crankshaft at a second end of the crankshaft.
The well servicing pump system may include a fluid section. The fluid section may include an

inlet, a pressurization chamber, and an outlet, the inlet and outlet fluidly coupled to

2b
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the pressurization chamber. The well servicing pump system may include a plunger, the plunger
mechanically coupled to the crankshaft, the plunger at least partially positioned within the

pressurization chamber.

[0007] The present disclosure also provides for a hydraulic fracturing system. The hydraulic
fracturing system may include a hydration system. The hydraulic fracturing system may include
a blender system, the blender system configured to receive a fluid flow from the hydration
system. The hydraulic fracturing system may include a well servicing pump. The well servicing
pump may include a first permanent magnet motor, the first permanent magnet motor including
a first rotor. The well servicing pump may include a second permanent magnet motor, the
second permanent magnet motor including a second rotor. The well servicing pump may
include a crankshaft. The crankshaft may be directly coupled to the first rotor and the second
rotor such that the first rotor is coupled to the crankshaft at a first end of the crankshaft and the
second rotor is coupled to the crankshaft at a second end of the crankshaft. The well servicing
pump may include a fluid section. The fluid section may include an inlet, a pressurization
chamber, and an outlet, the inlet and outlet fluidly coupled to the pressurization chamber. The
well servicing pump may include a plunger, the plunger mechanically coupled to the
crankshaft, the plunger at least partially positioned within the pressurization chamber. The inlet
of the fluid section of the well servicing pump may be configured to receive fracturing fluid

from the blender system. The outlet of the fluid section may be fluidly coupled to a well.

[0008] The present disclosure also provides for a well servicing pump system. The well
servicing pump system may include a first permanent magnet motor, the first permanent

magnet motor including a first rotor. The well servicing pump system may include a second
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permanent magnet motor, the second permanent magnet motor including a second rotor. The
well servicing pump system may include a crankshaft. The well servicing pump system may
include a first gearbox, the first gearbox operatively coupled between the first rotor of the first
permanent magnet motor and the crankshaft at a first end of the crankshaft. The well servicing
pump system may include a second gearbox, the second gearbox operatively coupled between
the second rotor of the second permanent magnet motor and the crankshaft at a second end of
the crankshaft. The well servicing pump system may include a fluid section, the fluid section
including an inlet, a pressurization chamber, and an outlet. The inlet and outlet may be fluidly
coupled to the pressurization chamber. The well servicing pump system may include a plunger.
The plunger may be mechanically coupled to the crankshaft. The plunger may be at least

partially positioned within the pressurization chamber.

Brief Description of the Drawings

[0009] The present disclosure is best understood from the following detailed description when
read with the accompanying figures. It is emphasized that, in accordance with the standard
practice in the industry, various features are not drawn to scale. In fact, the dimensions of the

various features may be arbitrarily increased or reduced for clarity of discussion.

[0010] FIG. 1 is a schematic of an embodiment of a hydraulic fracturing system, in accordance

with an aspect of the present disclosure.

[0011] FIG. 2 is a perspective, cutaway view of an embodiment of a well servicing pump

including magnet motors, in accordance with an aspect of the present disclosure.
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[0012] FIG. 3 is a perspective, cutaway view of an embodiment of a well servicing pump

including magnet motors, in accordance with an aspect of the present disclosure.

[0013] FIG. 4 is a perspective, cutaway view of an embodiment of a well servicing pump

including magnet motors, in accordance with an aspect of the present disclosure.

[0014] FIG. 5 is a schematic of a pump system including a well servicing pump with magnet

motors, in accordance with an aspect of the present disclosure.

[0015] FIG. 6 is a top view of an embodiment of a well servicing pump including magnet

motors, in accordance with an aspect of the present disclosure.

[0016] FIG. 7 is a perspective, cutaway view of an embodiment of a well servicing pump

including magnet motors, in accordance with an aspect of the present disclosure.

[0017] FIG. 8 is a perspective view of an embodiment of a well servicing pump including

magnet motors, in accordance with an aspect of the present disclosure.

Detailed Description
[0018] It is to be understood that the following disclosure provides many different
embodiments, or examples, for implementing different features of various embodiments.
Specific examples of components and arrangements are described below to simplify the present
disclosure. These are, of course, merely examples and are not intended to be limiting. In
addition, the present disclosure may repeat reference numerals and/or letters in the various
examples. This repetition is for the purpose of simplicity and clarity and does not in itself

dictate a relationship between the various embodiments and/or configurations discussed.
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[0019] FIG. 1 depicts a schematic of an embodiment of hydraulic fracturing system 10 such as,
for example and without limitation, a well servicing pump system, which may be utilized to
provide pressurized fracturing fluid to well 12 during wellbore operations. Although the present
disclosure describes pump system 26, as discussed below, in the context of a hydraulic
fracturing system, it should be appreciated that the disclosed techniques may be applied to a
variety of pumps used in industrial and/or well servicing systems, including, for example and
without limitation, mud pumps, wastewater pumps, production fluid pumps, and other process
fluid pumps. Hydraulic fracturing system 10 may include power system 14 configured to
provide power to the various systems and components of hydraulic fracturing system 10. For
example, power system 14 may be a power generation system including one or more gas
turbines, diesel-powered engines, gas-powered engines, or other power generation components.

In some embodiments, power system 14 may include a utility grid or other power source.

[0020] In some embodiments, power from power system 14 may be transferred to various
components of hydraulic fracturing system 10 via a power transmission and distribution system
16, which may include switchgear system 18 and/or transformer system 20. Switchgear system
18 may be configured to isolate and protect electrical equipment of hydraulic fracturing system
10, and transformer system 20 may be configured to convert or condition electrical power such
as power received from switchgear system 18 for use by components of hydraulic fracturing
system 10. For example, transformer system 20 may convert power from switchgear system 18

into a useable form for systems or components of hydraulic fracturing system 10.

[0021] As shown, hydraulic fracturing system 10 may further include hydration system and/or

chemical additive system (CAS) 22, which may be combined in a single unit or may be separate
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units. In some embodiments, hydraulic fracturing system 10 may include blender system 24 and
pump system 26. Blender system 24 and pump system 26 may each receive power via power
transmission and distribution system 16. Hydration system and/or CAS 22 may be configured
to provide a fluid flow to blender system 24. For example, in some embodiments hydration
system and/or CAS 22 may receive a flow of water and may mix the water with additives to
generate a fluid of desired consistency before supplying the fluid to blender system 24. Blender
system 24 may receive the flow of fluid and may mix the fluid with a proppant such as sand in
a mixing chamber to create the fracturing fluid to be injected into well 12. The fracturing fluid
may then be directed to pump system 26 where the pressure of the fracturing fluid may be

increased to a suitable pressure for injection into well 12 during a fracturing operation.

[0022] Control system 28 of hydraulic fracturing system 10 may be configured to enable
monitoring and operational control of the various systems and components of hydraulic
fracturing system 10. For example, control system 28 may be positioned at a centralized
location, such as a van, trailer, mobile structure, or other shelter that houses equipment to
remotely monitor and control operation of hydraulic fracturing system 10 and the hydraulic

fracturing process.

[0023] It should be appreciated that any of the disclosed systems may be comprised of any
suitable number of units and may include any suitable components to perform the functions
described above. For example, switchgear system 18, transformer system 20, hydration system
and/or CAS 22, blender system 24, and/or pump system 26 may each include one or more
dedicated control systems configured to regulate operation of its respective components.

Additionally, the systems and components of hydraulic fracturing system 10 described above
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may be divided, combined, packaged, or arranged in a variety of configurations. For example,
each of switchgear system 18, transformer system 20, hydration system and/or CAS 22, blender
system 24, and/or pump system 26 may be positioned or arranged on one or more trucks,
trailers, or skids. As an example, in some embodiments, pump system 26 may include multiple
pump units. As a nonlimiting example, in some embodiments, pump system 26 may include
eight pump units, each positioned on a trailer, where each unit may be configured to receive
fracturing fluid from blender system 24 and where each unit may include a respective well
servicing pump, motor, and control system. In such an embodiment, each unit of pump system
26 may be associated with a respective transformer unit of transformer system 20 that may be

configured to provide suitable power to one of the units of pump system 26.

[0024] In accordance with present embodiments, pump system 26 may include well servicing
pump 30 having magnet motor 32 configured to drive well servicing pump 30. In some
embodiments, magnet motor 32 may be a permanent magnet motor. Magnet motor 32 may be
integrated with and/or mounted to well servicing pump 30. In other embodiments, an
alternating current (AC) induction motor may be utilized instead of magnet motor 32, in
accordance with the present techniques. In the manner described below, utilizing magnet motor
32 integrated with well servicing pump 30 enables numerous benefits and improvements in

operation, efficiency, transportation, and control of well servicing pump 30.

[0025] FIGS. 2-4 depict embodiments of well servicing pump 30 having magnet motor 32. In
particular, the illustrated embodiment of well servicing pump 30 includes two magnet motors
32 such as first magnet motor 50 and second magnet motor 52. Well servicing pump 30 may

also include power section 54 and fluid section 56. Magnet motors 32 convert electrical energy
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into mechanical energy, and power section 54 transforms and provides coordinated mechanical
energy to fluid section 56, which utilizes the mechanical energy to pressurize fracturing fluid.
For example, fluid section 56 may draw in low-pressure fracturing fluid flow 58 via an inlet 60
of fluid section 56. The fracturing fluid may be pressurized within pressurization chamber 61 of
fluid section 56, and high-pressure fracturing fluid flow 62 may be discharged via an outlet 64

of fluid section 56.

[0026] As mentioned above, well servicing pump 30 may include first and second magnet
motors 50 and 52 to convert electrical energy into mechanical energy that may be transferred to
power section 54. Magnet motors 32 may receive electrical power from power transmission and
distribution system 16 or other component of hydraulic fracturing system 10. In the illustrated
embodiment, first and second magnet motors 50 and 52 are mounted to housing 66 of well
servicing pump 30. In some embodiments, first and second magnet motors 50 and 52 may be
mechanically coupled to a housing of power section 54. In some embodiments, first magnet
motor 50 may be mounted to housing 66 via first mounting plate or flange 72 on first side 70 of
power section 54, and second magnet motor 52 may be mounted to housing 66 via second
mounting plate or flange 72 on second side 74 of power section 54. In other embodiments, well
servicing pump 30 may include one or more magnet motors 32 arranged in other

configurations, as discussed below with reference to FIG. 5.

[0027] Each magnet motor 32 may include housing 76 and housing cover 78 containing
multiple components that operate to convert electrical energy into mechanical energy in the
form of rotational motion. In the illustrated embodiment, portions of housing 76 and housing

cover 78 of second magnet motor 52 are removed to show internal components of magnet
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motor 32. For example, magnet motor 32 may include rotor 80 and stator 82 disposed about
circumference 84 of rotor 80 in a concentric arrangement. Rotor 80 has plurality of magnets 86,
which may be for example and without limitation permanent magnets such as rare-earth
magnets, disposed generally about circumference 84 of rotor 80. In some embodiments,
magnets 86 are embedded into an outer radial surface 88 of rotor 80. Stator 82 has an annular
configuration and may include plurality of electrical coils 90 such as armature coils or coil
windings disposed therein and circumferentially arrayed about an inner diameter 92 of stator

82.

[0028] In operation, an electric current may be applied to plurality of electrical coils 90 of
stator 82 in order to generate a rotating magnetic field about circumference 84 of rotor 80.
Magnet motor 32 may include junction box 94 with electrical connections 96 configured to
receive electric current and direct the electric current to electrical coils 90. Application of the
electric current to each of electrical coils 90 may be regulated by a controller of pump system
26 and/or well servicing pump 30, which may include a variable frequency drive (VFD),
transistors, switches, and/or other suitable components configured to generate the rotating
magnetic field of stator 82. The rotating magnetic field of stator 82 interacts with the magnetic
fields of magnets 86. More specifically, as the rotating magnetic field of stator 82 changes
position relative to the magnetic flux field of rotor 80, a magnetic torque may be generated that
causes rotor 80 to rotate. In this way, magnet motor 32 converts electrical energy to mechanical

energy.

[0029] The rotational motion of rotor 80 may be transferred to components of well servicing

pump 30 that enable pressurization of the fracturing fluid in fluid section 56. For example, rotor

10
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80 may be integrated with or directly coupled to crankshaft 120 as shown in FIGS. 3 and 4
disposed in power section 54 of well servicing pump 30. As shown in FIG. 4, crankshaft 120
may be coupled to connecting rods 122, each of which may be further coupled to a
corresponding crosshead 124. Each crosshead 124 may further be connected to a respective
plunger 98 of well servicing pump 30. As crankshaft 120 is rotated by rotor 80, the rotational
motion of crankshaft 120 is converted into reciprocating motion of plungers 98 via connecting
rods 122 and crossheads 124. The reciprocating motion of plungers 98 in and out of
pressurization chamber 61 causes the fracturing fluid to be drawn into fluid section 56,
pressurized within pressurization chamber 61, and discharged from fluid section 56 as high-

pressure fracturing fluid.

[0030] The use and arrangement of magnet motor 32 with well servicing pump 30 provides
several advantages over traditional well servicing pump systems. For example, rotor 80 of
magnet motor 32 may be integrated with or mounted to crankshaft 120 of well servicing pump
30. Indeed, as shown in the illustrated embodiment, magnet motors 32 are integrated with and
mounted to housing 66 of well servicing pump 30, such that rotors 80 of magnet motors 32
share a common axis of rotation 100 with crankshaft 120 of power section 54. As a result, well
servicing pump 30 does not require a dedicated or separate transmission system such as a
gearbox positioned between magnet motor 32 and crankshaft 120 to transfer mechanical energy
from magnet motor 32 to crankshaft 120. This enables a reduction in the number of moving
parts utilized with well servicing pump 30, which reduces operating and maintenance costs. For
example, well servicing pump 30 may not include and/or may include fewer pinion shafts,

pinion seals, bearings, and/or additional gears typically included in a mechanical power

11
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transmission that may be susceptible to wear, degradation, additional maintenance, repair,
and/or replacement. The reduction or elimination of such components also increases the
efficiency of well servicing pump 30, for example, by reducing drivetrain losses. Further, the
integration of magnet motors 32 to crankshaft 120 without a separate gearbox enables a
reduction in the size, weight, and footprint of well servicing pump 30. The reduced size,
weight, and footprint of well servicing pump 30 allows more well servicing pump 30 units to be
positioned on a single truck, trailer, or skid and also increases the power density of well
servicing pump 30. Presently disclosed embodiments of well servicing pump 30 and magnet
motor 32 also enable a reduction in noise and/or vibration produced during operation of pump

system 26.

[0031] FIG. 3 is another perspective, cutaway view of the embodiment of well servicing pump
30 having magnet motor 32 shown in FIG. 2. In the present embodiment, rotor 80, stator 82,
and portions of housing 76 and housing cover 78 of second magnet motor 52 are removed to
show crankshaft 120 of well servicing pump 30. As discussed in detail above, rotor 80 of
second magnet motor 52 may be axially aligned along axis 100 and integrated with or mounted
to crankshaft 120 to enable a more direct transfer of mechanical energy from second magnet
motor 52 to crankshaft 120. As will be appreciated, rotor 80 of first magnet motor 50 may be
similarly integrated with or mounted to crankshaft 120 on first side 70 of power section 54.
Rotors 80 of first and second magnet motors 50 and 52 may be integrated with or mounted to
crankshaft 120 via mechanical fasteners, such as bolts, a keyed engagement, or any other

suitable mechanism.

12
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[0032] FIG. 5 is a schematic of an embodiment of pump system 26 illustrating various
arrangements and components of pump system 26. For example, pump system 26 may include
well servicing pump 30 having magnet motors 32, cooling system 140, and control system 142.
In some embodiments, well servicing pump 30, cooling system 140, and control system 140
may be positioned on a common truck, trailer, or skid. Indeed, the present techniques may
enable multiple pump systems 26 to be positioned on a common truck, trailer, or skid. Various
possible arrangements of magnet motors 32 relative to housing 66 of well servicing pump 30

are also shown and will be discussed in further detail below.

[0033] Cooling system 140 may be configured to provide cooling and/or heat rejection for
components of well servicing pump 30 and/or magnet motors 32, such as during operation of
pump system 26. For example, cooling system 140 may be a liquid-based system having a
pump, conduits, and/or other components configured to circulate a cooling liquid flow through
one or more portions of well servicing pump 30 and/or magnet motors 32. The cooling liquid
flow may absorb heat from well servicing pump 30 and/or magnet motors 32, and cooling
system 140 may direct the cooling liquid flow to another location, component, or system where
the heat may be removed from the cooling liquid flow to enable reuse of the cooling liquid flow
for further cooling. In other embodiments, cooling system 140 may be an air-based or air-
cooled system configured to reject heat from well servicing pump 30 and/or magnet motors 32
via an air flow, such as via a blower or fan. Further embodiments of cooling system 140 may
include any other suitable components configured to reduce a temperature of well servicing

pump 30 and/or magnet motors 32, such as a heat sink.

13
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[0034] In some embodiments, control system 142 may include components configured to
regulate operation of well servicing pump 30 and/or magnet motors 32. Control system 142
may also be configured to supply electrical power to magnet motors 32. For example, the
illustrated embodiment includes VFDs 144 which may act as motor controllers configured to
provide power to magnet motors 32. VFDs 144 may receive altemating current (AC) power
having a particular fixed line voltage and fixed line frequency from an AC power source such
as power transmission and distribution system 16 and may provide power having a variable
voltage and frequency to magnet motors 32. First VFD 146 may supply power to first magnet
motor 50, and second VFD 148 may supply power to second magnet motor 52. However, in
other embodiments, control system 142 may include other numbers of VFDs 144 and/or other
power electronics configured to drive magnet motors 32. By varying the frequency and voltage
supplied to magnet motors 32, VFDs 144 may control or vary the speed and/or torque of

magnet motors 32 and thus the speed and/or torque of crankshaft 120.

[0035] As shown, control system 142 may also include memory device 150 and processor 152.
Processor 152 may be used to execute software, such as software for providing commands
and/or data to control system 142, and so forth. Moreover, processor 152 may include multiple
miCroprocessors, one or more “general-purpose” microprocessors, one or more special-purpose
microprocessors, and/or one or more application specific integrated circuits (ASICS), or some
combination thereof. For example, upon installation of the software or other executable
instructions on processor 152, processor 152 may become a special purpose processor
configured to improve operation of processor 152, operation of pump system 26, operation of

well servicing pump 30, operation of magnet motors 32, and/or operation of control system 142

14
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using the techniques described herein. In some embodiments, processor 152 may include one or
more reduced instruction set (RISC) processors. Memory device 150 may include a volatile
memory, such as RAM, and/or a nonvolatile memory, such as ROM. Memory device 150 may
store a variety of information and may be used for various purposes. For example, memory
device 150 may store processor-executable instructions for processor 152 to execute, such as
instructions for providing commands and/or data to control system 142 and/or to components of

pump system 26.

[0036] Furthermore, control system 142 may also include computer processing devices, such as
one or more human machine interfaces (HMIs) 149 connected to one or more programmable
automated controllers (PACs) 151, which may be a control/communication unit that is
connected to VFDs 144 via one or more data cables 153 for bilateral communication. HMIs 149
relay manually-inputted commands to PACs 151, which may be used to execute software that
may be stored on memory device 150, such as software for providing commands and/or data to

control system 142 and/or to components of pump system 26.

[0037] As similarly described above, the illustrated embodiment of well servicing pump 30
includes first magnet motor 50 disposed on and mounted to first side 70 of well servicing pump
30 and second magnet motor 52 disposed on and mounted to second side 74 of well servicing
pump 30. Thus, first and second magnet motors 52 may be directly integrated with opposite

ends 154 of crankshaft 120.

[0038] In other embodiments, well servicing pump 30’ may include one or more gears such as
gearboxes 155 integrated with crankshaft 120 and magnet motor 32 as shown in FIGS. 6 and 7

to achieve a desired torque on crankshaft 120. Gearboxes 155 may be aligned with crankshaft

15
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120 and/or magnet motor 32 along the common axis of rotation 100 to improve efficiency of
well servicing pump 30°. Although gearboxes 155 are depicted in FIG. 7 as planetary
gearboxes, one of ordinary skill in the art with the benefit of this disclosure will understand that

any suitable gearbox design may be used without deviating from the scope of this disclosure.

[0039] With magnet motor 32 arrangement described above, operation of magnet motors 32
may be physically and electrically synchronized. Magnet motors 32 are physically
synchronized via common connection to crankshaft 120, and operation of magnet motors 32
may be electrically synchronized via operation of control system 142 including, in some
embodiments, VFDs 144. As will be appreciated, operation of VFDs 144 may be coordinated to
enable balancing of well servicing pump 30 load across magnet motors 32 in a desirable
manner. Load balancing between multiple magnet motors 32 driving well servicing pump 30
via VFDs 144 may also allow for harmonic mitigation, which may reduce heating of electrical
components in pump system 26. VFDs 144 may further control operation of magnet motors 32
based on readings received from sensors of pump system 26 or according to sensor-less control
algorithms, which may be stored in memory device 150, in order to achieve desired operation

of well servicing pump 30.

[0040] While the illustrated embodiment of well servicing pump 30 includes first magnet motor
50 disposed on and integrated with first side 70 of well servicing pump 30 and second magnet
motor 52 disposed on and integrated with second side 74 of well servicing pump 30, other
arrangements of magnet motors 32 with well servicing pump 30 may be utilized. For example,
FIG. 8 depicts well servicing pump 30°’ that includes an additional magnet motor 156 disposed

on first side 70 of well servicing pump 30’ adjacent to first magnet motor 50. In such an
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embodiment, additional magnet motor 156 may be mounted to housing 76 and/or housing cover
78 of first magnet motor 50 and may further be integrated with or directly coupled to crankshaft
120. Additional magnet motor 156 may be included in addition to or instead of second magnet
motor 52. Similarly, an additional magnet motor 158 may be disposed on second side 74 of
well servicing pump 30°’ adjacent to second magnet motor 52 and may be mounted to housing
76 and/or housing cover 78 of second magnet motor 52. Additional magnet motor 158 may be
included in addition to or instead of first magnet motor 50 and/or additional magnet motor 156.
It should be appreciated that any suitable number and arrangement of magnet motors 32 may be

utilized with well servicing pump 30 to drive rotation of crankshaft 120.

[0041] The foregoing outlines features of several embodiments so that a person of ordinary
skill in the art may better understand the aspects of the present disclosure. Such features may be
replaced by any one of numerous equivalent alternatives, only some of which are disclosed
herein. One of ordinary skill in the art should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other processes and structures for carrying out
the same purposes and/or achieving the same advantages of the embodiments introduced herein.
One of ordinary skill in the art should also realize that such equivalent constructions do not
depart from the spirit and scope of the present disclosure and that they may make various
changes, substitutions, and alterations herein without departing from the spirit and scope of the

present disclosure.
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Claims:

1. A hydraulic fracturing system comprising:

a hydration system;

a blender system, the blender system configured to receive a fluid flow from the

5 hydration system; and

a well servicing pump, the well servicing pump including:

a first permanent magnet motor, the first permanent magnet motor

including a first rotor;

a second permanent magnet motor, the second permanent magnet motor

10 including a second rotor;

a crankshaft positioned in a power section,;

a first gearbox, the first gearbox operatively coupled between the first
rotor of the first permanent magnet motor and the crankshaft at a

first end of the crankshaft;

15 a second gearbox, the second gearbox operatively coupled between the
second rotor of the second permanent magnet motor and the

crankshaft at a second end of the crankshaft;

a third permanent magnet motor, the third permanent magnet motor

including a third rotor, the third permanent magnet motor
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positioned adjacent to and abutting the first permanent magnet
motor, the third rotor is mechanically coupled to the first rotor,
the first gearbox, and the crankshaft such that the third rotor is
directly coupled to the first rotor and such that rotation of the

5 third rotor is coaxial with the rotation of the first rotor;

a fluid section, the fluid section including an inlet, a pressurization
chamber, and an outlet, the inlet and outlet fluidly coupled to the

pressurization chamber; and

a plunger, the plunger mechanically coupled to the crankshaft, the
10 plunger at least partially positioned within the pressurization

chamber;

wherein the inlet of the fluid section of the well servicing pump is configured to

receive fracturing fluid from the blender system; and

wherein the outlet of the fluid section is fluidly coupled to a well.

15 2. The hydraulic fracturing system of claim 1, wherein the power section comprises a

housing, and the first and second permanent magnet motors are mounted to the housing.

3. The hydraulic fracturing system of claim 2, wherein:

the first permanent magnet motor comprises a first stator and a first housing positioned

about the first rotor;
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the second permanent magnet motor comprises a second stator and a second housing

positioned about the second rotor; and

wherein the first housing and second housing are mechanically coupled to the housing

of the power section, positioned about the crankshaft.

5 4. The hydraulic fracturing system of claim 3, wherein the permanent magnet motor
comprises a plurality of coil windings circumferentially arrayed about the stator and a

plurality of magnets circumferentially arrayed about the rotor.

5. The hydraulic fracturing system of claim 1, comprising a variable frequency drive

configured to provide electrical energy to the first permanent magnet motor.

10 6. The hydraulic fracturing system of claim 1, further comprising a cooling system, the
cooling system including a liquid-based system configured to circulate a cooling liquid

flow through at least one of the first and second permanent magnet motors.

7. A well servicing pump system comprising:

a first permanent magnet motor, the first permanent magnet motor including a first

15 rotor;

a second permanent magnet motor, the second permanent magnet motor including a

second rotor;

a crankshaft;
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a first gearbox, the first gearbox operatively coupled between the first rotor of the first

permanent magnet motor and the crankshaft at a first end of the crankshaft;

a second gearbox, the second gearbox operatively coupled between the second rotor of
the second permanent magnet motor and the crankshaft at a second end of the

crankshaft;

a third permanent magnet motor, the third permanent magnet motor including a third
rotor, the third permanent magnet motor positioned adjacent to and abutting the
first permanent magnet motor, the third rotor is mechanically coupled to the
first rotor, the first gearbox, and the crankshaft such that the third rotor is
directly coupled to the first rotor and such that rotation of the third rotor is

coaxial with the rotation of the first rotor;

a fluid section, the fluid section including an inlet, a pressurization chamber, and an

outlet, the inlet and outlet fluidly coupled to the pressurization chamber; and

a plunger, the plunger mechanically coupled to the crankshaft, the plunger at least

partially positioned within the pressurization chamber.

The well servicing pump system of claim 7, further comprising a power section, wherein
the power section comprises a housing, and the first and second permanent magnet motors

and first and second gearboxes are mounted to the housing.

The well servicing pump system of claim 8, wherein:
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the first permanent magnet motor comprises a first stator and a first housing positioned

about the first rotor;

the second permanent magnet motor comprises a second stator and a second housing

positioned about the second rotor; and

5 wherein the first housing and second housing are mechanically coupled to the housing
of the power section, positioned about the crankshaft, via the first and second

gearboxes, respectively.

10. The well servicing pump system of claim 9, wherein the permanent magnet motor
comprises a plurality of coil windings circumferentially arrayed about the stator and a

10 plurality of magnets circumferentially arrayed about the rotor.

11. The well servicing pump system of claim 7, comprising a variable frequency drive

configured to provide electrical energy to the first permanent magnet motor.

12. The well servicing pump system of claim 7, further comprising a cooling system, the
cooling system including a liquid-based system configured to circulate a cooling liquid

15 flow through at least one of the first and second permanent magnet motors.
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