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(57) Abstract: A fluid device system (12) includes a fluid pump (22), an electric motor (24) in engagement with the fluid pump,
and a controller (20). The electric motor is adapted for rotation in response to an electric signal. The controller is adapted to com-
municate the electric signal to the electric motor. The controller includes a lookup table (120) having a plurality of performance
data related to the fluid pump and the electric motor. The performance data from the lookup table is used by the controller to set
aspects of the electrical signal communicated to the electric motor in order to achieve a desired attribute of the fluid pump.



WO 2010/013116 PCT/IB2009/006375

ELECTRONIC CONTROL FOR A ROTARY FLUID DEVICE

BACKGROUND

[0001] Hydraulic systems having hydraulic pumps, such as axial piston pumps,
typically rely on mechanical pressure compensation devices to control torque and/or
horsepower output from the hydraulic pump. Mechanical pressure compensation devices
include yokes, springs, and mechanical valves disposed in the hydraulic system. While such
devices are effective for the purpose of controlling torque or horsepower output of the
hydraulic pump, such devices add complexity, cost and weight to hydraulic systems. In some
applications, the complexity, cost and weight of the hydraulic pump is critical. Therefore,
there is a need for a hydraulic system in which the torque or horsepower of a hydraulic pump

can be controlled without the need of mechanical pressure compensation devices.

SUMMARY

[0002] An aspect of the present disclosure relates to a fluid device system having a
fluid pump, an electric motor in engagement with the fluid pump and a controller in electrical
communication with the electric motor. The controller including a lookup table having
performance characteristics of the fluid pump and the electric motor. |
[0003] Another aspect of the present disclosure relates to a fluid device system
including a fluid pump, an electric motor in engagement with the fluid pump, and a
controller. The electric motor is adapted for rotation in response to an electric signal. The
controller is adapted to communicate the electric signal to the electric motor. The controller
includes a lookup table having a plurality of performance data related to the fluid pump and
the electric motor. The performance data from the lookup table is used by the controller to
set aspects of the electrical signal communicated to the electric motor in order to achieve a

desired attribute of the fluid pump.
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[0004] Another aspect of the present disclosure relates to a fluid device system
having a rotary fluid device. The rotary fluid device includes a housing having a main body
with a first end portion and an opposite second end portion. The first end portion defines a
first chamber and the second end portion defines a second chamber. A fixed displacement
pumping assembly is disposed in the first chamber of the first end portion. An electric motor
is disposed in the second chamber of the second end portion. The electric motor includes a
shaft that is coupled to the pumping assembly. The fluid device system further includes a
plurality of sensors that is adapted to sense operating parameters of the rotary fluid device
and a controller. The controller is in electrical communication with the electric motor of the
rotary fluid device and the plurality of sensofs. The controller includes a microprocessor and
a storage media. The storage media is in communication with the microprocessor and
includes at least one lookup table that includes performance characteristics of the rotary fluid
device. The lookup table is used by the controller to achieve a desired attribute of the rotary
fluid device.

[0005] Another aspect of the present disclosure relates to method for controlling a
rotary fluid device. The method includes receiving at least one operating parameter of a
rotary fluid device. The rotary fluid device includes an electric motor coupled to a fluid
pump. The method further includes determining a voltage, phase current, phase angle, or
combinations thereof to be supplied to the electric motor to generally achieve a desired
attribute of the rotary fluid device. The determination is based on the sensed operating
parameter of the rotary fluid device and a lookup table that includes a plurality of
performance data for the rotary fluid device. The method further includesA outputting the
voltage, phase current, phase angle or combinations thereof to the electric motor.

[0006] A variety of additional aspects will be set forth in the description that follows.
These aspects can relate to individual features and to combinations of features. It is to be
understood that both the foregoing general description and the following detailed description
are exemplary and explanatory only and are not restrictive of the broad concepts upon which

the embodiments disclosed herein are based.
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DRAWINGS

[0007] FIG. 1 is a schematic representation of a hydraulic system having a fluid
device system having exemplary features of aspects in accordance with the principles of the |
present disclosure.

[0008] FIG. 2 is a cross-sectional view of a rotary fluid device suitable for use with

the fluid device system of FIG. 1.

[0009] FIG. 3 is a cross-sectional view of the rotary fluid device taken on line 3-3 of
FIG. 2.
[0010] FIG. 4 is a schematic representation of a controller suitable for use with the

fluid device system of FIG. 1.
[0011] FIG. § is an alternate schematic representation of a controller suitable for use

with the fluid device system of FIG. 1.

DETAILED DESCRIPTION

[0012] Reference will now be made in detail to the exemplary aspects of the present
disclosure that are illustrated in the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to refer to the same or like structure.
[0013] Referring now to FIG. 1, a schematic representation of a simplified exemplary
hydraulic system, generally designated 10, is shown. The hydraulic system 10 includes a
fluid device system, generally designated 12, in fluid communication with a fluid reservoir 14
and an actuator 16 (e.g., motor, cylinder, etc.). The fluid device system 12 includes a rotary
fluid devicé, generally designated 18, and a controller, generally designated 20.

[0014] The rotary fluid device 18 includes a fluid pump 22 and an electric motor 24.
The fluid pump 22 is a fixed displacement type pump that is in engagement with or coupled
to the electric motor 24.

[0015] In the depicted embodiment of FIG. 1, the fluid pump 22 is in fluid

communication with the fluid reservoir 14 and the actuator 16. While the fluid pump 22 is
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shown in direct fluid communication with the fluid reservoir 14 and the actuator 16, it will be
understood that the scope of the present disclosure is not limited to the fluid pump 22 being
in direct fluid communication with the fluid reservoir 14 and the actuator 16 as any number
of valves or other fluid components could be disposed between the fluid pump 22 and the
fluid reservoir 14 and/or the actuator 16.

[0016] In the subject embodiment, the electric motor 24 is in electrical
communication with the controller 20. As will be described in greater detail subsequently,
the controller 20 outputs an electrical signal 25 to the electric motor 24. In response to the
electrical signal 25, a shaft 26 of the electric motor 24 rotates. As the fluid pump 22 is a
fixed displacement pump and as the fluid pump 22 is in engagement with the shaft 26 of the
electric motor 24, the rotation of the shaft 26 causes the fluid pump 22 to transfer fluid from
the fluid reservoir 14 to the actuator 16.

[0017] Referring now to FIG. 2, the rotary fluid device 18 is shown. The rotary fluid
device 18 includes a housing, generally designated 28. The housing 28 includes a fluid inlet
30 and a fluid outlet 32. The housing 28 further includes a main body, generally designated
34, which includes a first end portion 36 and an opposite second end portion 38, a first end
assembly, generally designated 40, which is adapted for engagement with the first end portion
36 of the main body 34, and a second end assembly, generally designated 42, which is
adapted for engagement with the second end portion 38.

[0018] The first end portion 36 of the main body 34 defines a first chamber 44 having
a first opening 46 while the second end portion 38 defines a second chamber 48 having a
second opening 50. In the subject embodiment, the first and second openings 46, 50 are
oppositely disposed along a longitudinal axis 52 of the main body 34. A passage 54 through
the main body 34 connects the first chamber 44 to the second chamber 48.

[0019] In the subject embodiment, the first chamber 44 is adapted to receive the fluid
pump 22 through the first opening 46 while the second chamber 48 is adapted to receive the
electric motor 24 through the second opening 50. The shaft 26 of the electric motor 24

extends through the passage 54 and is engaged with the fluid pump 22.
4.
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[0020] A pumping assembly, generally designated 56, is disposed in the first chamber
44 of the main body 34. While the pumping assembly 56 is shown as an axial piston
assembly, it will be understood that the scope of the present disclosure is not limited to the
pumping assembly 56 being an axial piston assembly as the pumping assembly 56 could be a
vane assembly, gerotor assembly, cam lobe assembly, etc. In the subject embodiment, the
pumping assembly 56 includes a barrel assembly 58 and an angle block 60.
[0021] The barrel assembly 58 includes a cylinder barrel 62 defining an inner bore.
In the subject emboaiment, the inner bore of the cylinder barrel 62 includes a plurality of
internal teeth that are adapted for engagement with the shaft 26.
[0022] The cylinder barrel 62 further defines a plurality of axially oriented cylinder
bores 64. Disposed within each cylinder bore 64 is an axially reciprocal piston 66, which
includes a generally spherical head that is pivotally received by a slipper member 68. The
slipper members 68 slide along an inclined surface of the stationary angle block 60.
[0023] The cylinder bores 64 and the pistons 66 cooperatively define a plurality of
volume chambers 70. In response to rotation of the shaft 26, the cylinder barrel 62 rotates
about a rotating axis causing the plurality of volume chambers 70 to expand and contract. In
the subject embodiment, the rotating axis is generally aligned with the longitudinal axis 52.
During rotation of the cylinder barrel 62, fluid from a fluid source (e.g., the fluid reservoir
14) is drawn into the expanding volume chambers 70 while fluid from the contracting volume
- chambers 70 is expelled to a fluid destination (e.g., the actuator 16).
[0024] The first end assembly 40 is engaged with the first end portion 36 of the main
body 34. The first end assembly 40 includes a valving portion 72 having an inlet passage 74
and an outlet passage 76 (shown in FIG. 3). In the subject embodiment, the inlet and outlet
passages 74, 76 are arcuately shaped fluid passages. The inlet and outlet passages 74, 76 are
adapted for commutating fluid commﬁnication with the volume chambers 70 of the barrel
assembly 58. The expanding volume chambers 70 are in fluid communication with the inlet
passage 74 while the contracting volume chambers 70 are in fluid communication with the

outlet passage 76. The inlet passage 74 is in fluid communication with the fluid inlet 30
-5-
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while the outlet passage 76 is in fluid communication with the fluid outlet 32. In the subject
embodiment, the fluid outlet 32 is defined by the first end assembly 40.

[0025]) The electric motor 24 is disposed in the second chamber 48 of the main body
34. The electric motor 24 is a 3-phase brushless DC motor. It will be understood, however,
that the scope of the present disclosure is not limited to the electric motor 24 being a 3-phase
brushless DC motor. The electric motor 24 includes a rotor 80 and a stator 82.

[0026] The rotor 80 includes permanent magnets 84 engaged with the shaft 26. In
one embodiment, the permanent magnets 86 are keyed to the shaft 26 so that the permanent
magnets 86 rotate with the shaft 26.

[0027] The stator 82 is engaged with the second end portion 38 of the main body 34.
The stator 82 includes a plurality of coils that create an electromagnetic field when current
passes through the coils. By energizing the coils of the stator 82, the permanent magnets 86
rotate causing the shaft 26 to rotate as well.

[0028] The second end assembly 42 is engaged with the second end portion 38 of the
main body 34. In the subject embodiment, the second end assembly 42 includes a plate
assembly 88 and a cover assembly 90.

[0029] The plate assembly 88 is engaged with the second opening 50 of the second
end portion 38 of the main body 34. The plate assembly 88 defines a central passage 92 and
a plurality of flow passages 94 (shown in FIG. 3). The central passage 92 is adapted to
receive an end portion 96 of the shaft 26. In the subject embodiment, a conventional bearing
assembly 98 is engaged in the central passage 92 such that an inner race of the bearing
assembly 98 is in tight-fit engagement with the shaft 26 while an outer race of the bearing
assembly 98 is in tight-fit engagement with the central passage 92.

[0030] The cover assembly 90 defines the fluid inlet 30 for the rotary fluid device 18.
In the subject embodiment, the cover assembly 90 and the plate assembly cooperatively
define a third chamber 100 of the rotary fluid device 18.

[0031] A plurality of sensors 102 is disposed in the third chamber 100. The plurality

of sensors 102 includes a speed sensor 102a, a position sensor 102b, and a fluid temperature
-6-
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sensor 102c. In the subject embodiment, a conventional resolver is used for the speed sensor
102a and the position sensor 102b. The resolver includes a stator portion and a rotor portion.
The stator portion includes a plurality of wire windings through which current flows. As the
rotor portion rotates, the relative magnitudes of voltages through the wire windings are
measured and used to determine speed and position of the rotor portion. In the subject
embodiment, the rotor portion is disposed on the end portion 96 of the shaft 26.

[0032] The fluid temperature sensor 102¢c measures the temperature of the fluid in the
rotary fluid device 18. In the subject embodiment, the fluid temperature sensor 102¢ is
engaged with the plate assembly 88 and disposed adjacent to one of the plurality of flow
passages 94. In a preferred embodiment, the fluid temperature sensor 102c is a conventional
resistance temperature detector (RTD). The RTD includes a resistor that changes resistance
value as its temperature changes. |

[0033] Referring now to FIGS. 2 and 3, the flow of fluid through the rotary fluid
device 18 will be described. As the shaft 26 of the electric motor 24 rotates, fluid enters the
fluid inlet 30 of the second end assembly 42. The fluid enters the third chamber 100 and
passes through the flow passages 94 in the plate assembly 88. The fluid then enters the
second chamber 48 of the main body 34. In the second chamber 48, the fluid is in contact
with the electric motor 24. This fluid contact is potentially advantageous as it provides
lubrication to the electric motor 24.

[0034] The fluid passes from the second chamber 48 to the first chamber 44 through a
fluid pathway 104. The fluid pathway 104 is in fluid communication with the inlet passage
74. The fluid then enters the expanding volume chamber 70. As the barrel assembly 58
rotates about the rotating axis, the pistons 66 axially extend and retract from the cylinder
bores 64. As the pistons 66 extend, the volume chambers 70 expand thereby drawing fluid
from the inlet passage 74 into the expanding volume chambers. As the pistons 66 contract,
the volume chambers 70 contract thereby expelling fluid from the contracting volume

chambers 70 through the outlet passage 76 and through the fluid outlet 32.
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[0035] Referring now to FIG. 4, a schematic representation of the controller 20 is
shown. The controller 20 supplies an electrical signal 25 to the electric motor 24 in order to
obtain a desired characteristic (e.g., constant horsepower, pressure compensation, etc.) from
the rotary fluid device 18. The controller 20 uses a control algorithm and predefined
performance data for the electric motor 24 and the fluid pump 22 to control or regulate the
rotary fluid device 18. In one embodiment, the control algorithm is a field oriented control
and space vector pulse width modulation control algorithm. Through the use of the
predefined performance data, the rotary fluid device 18 can be controlled to have constant
horsepower characteristics or pressure compensation characteristics without the use of typical
mechanical pressure compensation devices (e.g., yokes, springs, valves, etc.).

[0036] In the subject embodiment, the controller 20 converts a direct current voltage
input to an alternating phase current output, which is supplied to the electric motor 24 for
driving the pumping assembly 56. The controller 20 includes a plurality of inputs 110. In the
subject embodiment, and by way of example only, the plurality of inputs 110 include a
voltage input 110a, a shaft speed input 110b, a shaft position input 110c and a fluid
temperature input 110d.

[0037] Voltage is supplied to the controller 20 through the voltage inlet 110a by a
power supply. In the subject embodiment, the power supply is a DC power supply. The
speed sensor 102a and the position sensor 102b, which are disposed in the third chamber 100
of the rotary fluid device 18, provide information to the controller 20 regarding the speed and
position of the shaft 26 through the shaft speed input 110b and the shaft position input 110c.
The fluid temperature sensor 102c, which is disposed in the third chamber 100 of the rotary
fluid device 18, provides information to the controller 20 regarding the fluid temperature in
the rotary fluid device 18. In one embodiment, the plurality of sensors 102 provides sensed
operating parameters of the rotary fluid device 18 to the controller 20 continuously. In
another embodiment, the plurality of sensors 102 provides sensed operating conditions to the

controller 20 on an intermittent basis. In another embodiment, the plurality of sensors 102
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provides sensed operating conditions to the controller 20 when the operating conditions
sensed are different than the previously provided operating conditions.

[0038] The controller 20 further includes a plurality of outputs 112 including a
voltage output 112a, a phase current output 112b and a phase angle output 112¢. In the
subject embodiment, each of the plurality of outputs 112 is in electrical communication with
the electric motor 24.

[0039] The controller 20 further includes a circuit 114 having a microprocessor 116
and a storage media 118. In the subject embodiment, the microprocessor 116 is a field
programmable gate array (FPGA). The FPGA 116 is a semiconductor device having
programmable logic components, such as logic gates (e.g., AND, OR, NOT, XOR, etc.) or
more complex combinational functions (e.g., decoders, mathematical functions, etc.), and
programmable interconnects, which allow the logic blocks to be interconnected. In the
subject embodiment, the FPGA 116 is programmed to provide voltage and current to the
electric motor 24 of the rotary fluid device 18 such that the rotary fluid device 18 responds in
accordance with desired performance characteristics (e.g., constant horsepower, pressure
compensation, constant speed, etc.). In one embodiment, the FPGA 116 is a commercially
available product from Actel Corporation, which is sold under product identification number
A42MX24.

[0040] The storage media 118 can be volatile memory (e.g., RAM), non-volatile
memory (e.g., ROM, flash memory, etc.), or a combination of the two. In the subject
embodiment, the storage media 118 is non-volatile memory. The storage media 118 includes
program code for the FPGA 116 and a lookup table 120.

[0041] In the subject embodiment, the lookup table 120 includes performance data for
the rotary fluid device 18. In one embodiment, and by way of exarﬁple only, the lookup table
120 includes a relationship between phase current supplied to the electric motor 24 and the
speed of the shaft 26 of the rotary fluid device 18. As the lookhp table 120 provides
performance characteristics of the rotary fluid device 18, the lookup table 120 accounts for

performance losses in the pumping assembly 56 and the electric motor 24. These
-9
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performance losses include but are not limited to leakage. In the subject embodiment, the
lookup table 120 further provides a relationship between the phase angle between voltage and
current supplied to the electric motor 24 and the torque output of the electric motor 24.

[0042] In the subject embodiment, the lookup table 120 is a multi-dimensional table.
In the subject embodiment, and by way of example only, the variables of the lookup table 120
include phase current supplied to the electric motor 24, phase angle between voltage and
current supplied to the electric motor 24, the speed of the shaft 26 of the rotary fluid device
18, torque output of the electric motor 24, and fluid temperature. The lookup table 120
includes temperature variables to account for changes in the relationship between phase
current and shaft speed and phase angle and torque due to fluctuations in fluid temperature.
[0043] Referring now to FIG. 5, an alternate schematic representation of the
controller 20 is shown. In this alternate embodiment, the storage media 118 includes a first
lookup table 120a and a second lookup table 120b. Each of the first and second lookup tables
120a, 120b provides performance data for the rotary fluid device 18. In one embodiment, and
by way of example only, the first lookup table 120a provides a relationship between phase
current supplied to the electric motor 24 and the speed of the shaft 26 of the rotary fluid
device 18 while the second lookup table 120b provides a relationship between the phase
angle between voltage and current supplied to the electric motor 24 and the torque output of
the electric motor 24.

[0044] Referring now to FIGS. 1 and 4, the operation of the fluid device system 12
will be described. Voltage is supplied to the circuit 114 of the controller 20 from a power
source (e.g., battery, generator, etc.). With the circuit 114 in a powered state, the FPGA 116
receives sensed operating parameters of the rotary fluid device 18 from the plurality of
sensors 102. The sensed operating parameters are received through the plurality of inputs
110. The FPGA 116 uses these sensed operating parameters and the lookup table 120 to
determine parameters (e.g., voltage, phase current, phase angle, etc.) of the electrical signal

25 that correlate to the desired attribute (e.g., constant horsepower, constant torque, etc.) of
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the rotary fluid device. The controller 20 outputs the electrical single 25 having the
determined parameters to the electric motor 24.

[0045] In one example, the controller 20 can be used to maintain a generally constant
horsepower from the pumping assembly 56 by controlling the voltage and current supplied to
the electric motor 24 in response to information provided in the lookup table 120. For
example, the horsepower (i.e., HPmotwrin) supplied to the electric motor from the controller 20
can be computed by multiplying the voltage from the controller 20 times the current from the
controller 20. The horsepower out (i.€., HPmotor-out) Of the electric motor 24 can be computed
by multiplying the horsepower (i.e., HPyo1r-in) Supplied to the electric motor 24 times the
efficiency of the electric motor 24. In the subject embodiment, the horsepower out (i.e.,

HP motor-out) Of the electric motor 24 is generally equal to the horsepower (i.e., HPpymp-in)
supplied to the pumping assembly 56. The horsepower out (i.€., HP pump-out) Of the pumping
assembly 56 can be computed by multiplying the horsepower (i.e., HPpymp-in) supplied to the

_ pumping assembly 56 times the efficiency of the pumping assembly 56. Therefore, in the
subject example, the horsepower (i.e., HP,y) out of the rotary fluid device 18 is equal to the
voltage supplied by the controller 20 times the current supplied by the controller 20 times the
efficiency of the rotary fluid device 18 (i.e., efficiency of the electric motor 24 times the
efficiency of the pumping assembly 56). In one embodiment, the controller 20 receives the
efficiency of the rotary fluid device 18 from the lookup table 120 in response to information
from at least one of the plurality of inputs 110 of the controller 20. In another embodiment,
the controller computes the efficiency of the rotary fluid device 18 from the information
provided by the lookup table 120 based on information from at least one of the plurality of
inputs 110 of the controller 20. Based on this efficiency, the controller 20 can modify, adjust
or regulate the voltage, current and phase angle accordingly to maintain a generally constant
horsepower from the rotary fluid device 18.

[0046] In another example, the controller 20 can be used as a pressure compensator
for the pumping assembly 56 by controlling the voltage and current supplied to the electric

motor 24 in response to information provided in the lookup table 120. In the subject
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embodiment, the controller 20 regulates the outlet pressure from the pumping assembly 56 by
regulating the speed of the electric motor 24, which controls the flow output of the rotary
fluid device 18.

[0047] Knowing the speed of the shaft 26 of the rotary fluid device 18 and the current
supplied to the electric motor 24, the controller 20 can determine the torque output of the
rotary fluid device 18 by using the lookup table 120. As torque is a function of pressure and
displacement of the rotary fluid device 18 and as the displacement of the rotary fluid device
18 is fixed, the controller 20 can determine the pressure of the rotary fluid device 18 based on
this torque determination.

[0048] In one embodiment, the controller 20 includes a predefined pressure and/or
torque upper limit. If the controller 20 determines that the pressure or torque output of the
rotary fluid device 18 is exceeding this limit, the controller 20 can reduce the pressure or
torque by reducing the speed of the electric motor 24. As the speed of the elec;tric motor 24
decreases, the pressure output from the rotary fluid device 18 also decreases. When the
pressure or torque of the rotary fluid device 18 is below the limit, the controller 20 can
regulate the speed of the electric motor 24 to maintain the pressure of the rotary fluid device
18.

[0049] In another embodiment, the controller 20 includes the predefined pressure
and/or torque upper limit and a lower speed threshold. In this embodiment, if the speed of
the electric motor 24 is decreased to the lower spéed threshold and the pressure and/or torque
of the rotary fluid device 18 has not decreased below the upper limit, the controller 20 stops
supplying current to the electric motor 24. Once the pressure and/or torque of the rotary fluid
device 18 falls below the upper limit, the controller 20 will supply current to the electric
motor 24. ‘

[0050] In the subject embodiment, the lookup table 120 for the FPGA 116 is stored
in the storage media 118. The lookup table 120 provides performance characteristics for the
rotary fluid device 18 for a desired operation output (e.g., constant horsepower, pressure

compensation, constant speed, etc.). In one embodiment, it may be advantageous to control
-12-
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the rotary fluid device 18 as a constant horsepower device while in another embodiment it
may be advantageous to control the rotary fluid device 18 as a pressure compensated device.
One potential advantage of the fluid device system 12 is that the rotary fluid device 18 can be
changed from one desired mode of operation (e.g., constant horsepower) to another desired
mode of operation (e.g., pressure compensation) by changing the lookup table 120. In one
embodiment, the lookup table 120 can be changed by uploading new lookup table 120 into
the storage media 118.

[0051] In another embodiment, multiple lookup tables 120 are stored on the storage
media 118. A user selects which lookup table 120 is used by the controller 20 based on the
desired mode of operation of the rotary fluid device 18. For example, the controller 20 may
be in electrical communication with a multi-position switch. With the switch in a first
position, a first lookup table 120 having performance characteristics for the rotary fluid
device 18 in constant horsepower mode is used by the controller 20. With the switch in a
second position, a second lookup table 120 having performance characteristics for the rotary
fluid device 18 in pressure compensation mode is used by the controller 20. The switch can
be manually or electronically operated.

[0052] In another embodiment, the multiple lookup tables 120 are selected based on a
sensed parameter of the rotary fluid device 18. For example, in one embodiment, the
controller 20 uses the first lookup table 120 if the speed of the shaft 26 of the rotary fluid
device 18 is above a certain threshold such as 8,000 rpm while a second lookup table 120 is
used if the speed of the shaft 26 of the rotary fluid device 18 is below a certain threshold,
such as 8,000 rpm. It will be understood, however, that a single lookup table 120 could
incorporate the performance characteristics of the first and second lookup tables 120.

[0053] In another embodiment, the multiple lookup tables 120 are selected based on
power source to the electric motor 24. For example, if the power being supplied to the
electric motor 24 through the controller 24 is from a power source having a limited reserve
such as a battery, the controller uses the first lookup table 120 so that the horsepower output

of the rotary fluid device 18 is held generally constant in order to conserve energy. If,
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however, the power being supplied to the electric motor 24 through the controller 24 is from
a source having a greater reserve, the controller uses the second lookup table 120.

[0054] In another embodiment, the lookup table 120, which includes the performance
characteristics of the rotary fluid device 18, can be updated. For example, if the rotary fluid
device 18 is replaced or if the rotary fluid device 18 is rebuilt, a new lookup table 120 having
the performance characteristics of the replacement or rebuilt rotary fluid device 18 can be
uploaded or stored on the storage media 118.

[0055] Various modifications and alterations of this disclosure will become apparent
to those skilled in the art without departing from the scope and spirit of this disclosure, and it
should be understood that the scope of this disclosure is not to be unduly limited to the

illustrative embodiments set forth herein.
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What is claimed is:

1. A fluid device system (12) comprising:

a fluid pump (22) having a fluid inlet (30) and a fluid outlet (32);

an electric motor (24) having a shaft (26) coupled to the fluid pump, the electric
motor being adapted for rotation in response to an electrical signal (25) ;

a controller (20) adapted to communicate the electrical signal to the electric motor,
the controller including a lookup table (120) having a plurality of performance data related to
the fluid pump and the electric motor, wherein the plurality of performance data from the
lookup table is used by the controller to set aspects of the electrical signal communicated to

the electric motor in order to achieve a desired attribute of the fluid pump.

2. A fluid device system as claimed in claim 1, wherein the aspects of the electrical

signal are voltage, phase current, phase angle, or combinations thereof.

3. A fluid device system as claimed in claim 2, wherein the desired attribute of the fluid
pump is selected from the group consisting of generally constant horsepower output, pressure

compensation, and combinations thereof.

4. A fluid device system as claimed in claim 1, further comprising at least one sensor
(102) in electrical communication with the controller, wherein the at least one sensor is

adapted to sense the rotational speed of the shaft of the electric motor and the position of the
shaft.

5. A fluid device system as claimed in claim 1, further comprising a housing (28)
including a main body (34) having a first end portion (36) and a second end portion (38),
wherein the first end portion is adapted to receive the fluid pump and the second end portion

is adapted to receive the electric motor.
-15-
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6. A fluid device system as claimed in claim 1, wherein the lookup table provides a

correlation between current supplied to the electric motor and the speed of the electric motor.

7. A fluid device system as claimed in claim 1, wherein the lookup table provides a
correlation between speed of the electric motor and a phase angle between a supplied voltage

and current to the electric motor.

8. A fluid device system as claimed in claim 7, wherein the lookup table further provides

a correction between fluid temperature and the phase angle.

9. A fluid device system (12) comprising:
a rotary fluid device (18) including:

a housing (28) having a main body (34) with a first end portion (36) and an
opposite second end portion (38), the first end portion defining a first
chamber (44) and the second end portion defining a second chamber
(48);

a fixed displacement pumping assembly (56) disposed in the first chamber of
the first end portion;

an electric motor (24) disposed in the second chamber of the second end
portion, wherein the electric motor includes a shaft (26) that is coupled
to the pumping assembly;

a plurality of sensors (102) adapted to sense operating parameters of the rotary fluid
device;

a controller (20) in electrical communication with the electric motor of the rotary fluid
device and the plurality of sensors, the controller includ-ing: ‘

a microprocessor (116);

-16-
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a storage media (118) in communication with the microprocessor, the storage
media having at least one lookup table (120) that includes performance
characteristics of the rotary fluid device; and

wherein the lookup table is used by the controller to achieve a desired attribute

of the rotary fluid device.

10. A fluid device system as claimed in claim 9, wherein the desired attribute of the rotary

fluid device is generally constant horsepower.

11. A fluid device system as claimed in claim 9, wherein the plurality of sensors includes
a speed sensor (102a) for sensing the rotational speed of the shaft and a position sensor
(102b) for sensing the rotational position of the shaft and a temperature sensor (102c) for

sensing temperature of fluid within the rotary fluid device.

12. A fluid device system as claimed in claim 9, wherein the lookup table provides a
correlation between current supplied to the rotary fluid device and speed of the rotary fluid

device.

13. A fluid device system as claimed in claim 9, wherein the lookup table provides a
correlation between speed of the rotary fluid device, temperature of fluid within the rotary
fluid device and a phase angle between voltage and current supplied to the rotary fluid

device.

14. A method for controlling a rotary fluid device, the method comprising:
receiving at least one sensed operating parameter of a rotary fluid device (18),
wherein the rotary fluid device includes an electric motor (24) coupled to a fluid pump (22);
determining a voltage, phase current, phase angle or combinations thereof to be

supplied to the electric motor to generally achieve a desired attribute of the rotary fluid
-17-
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device, wherein the determination is based on the sensed operating parameter of the rotary
fluid device and a lookup table (120) that includes a plurality of performance data for the
rotary fluid device; and

outputting the voltage, phase current, phase angle or combinations thereof to the

electric motor.

15. A method for controlling a rotary fluid device as claimed in claim 14, wherein the
lookup table provides correlations between current supplied to the electric motor and speed
of the fluid pump and between speed of the fluid pump, temperature of fluid within the fluid

pump and a phase angle between voltage and current supplied to the electric motor.
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