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length. The shaft is rotatable about the axis. The rotating machine
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board for detecting the at least one target element to determine the
angular position of the impeller wheel.
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ROTATING MACHINE AND METHOD OF USING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates generally to a rotating machine and, more
specifically, to a turbocharger.

2. Description of the Related Art

[0002] Rotating machines, such as turbochargers, are used in various applications,
such as vehicles, heavy equipment, diesel engines, motors, and the like. Typical rotating machines
include a machine housing defining a housing interior, a shaft disposed in the housing interior and
rotatable about an axis, with the shaft having an angular position with respect to the axis, and an
impeller wheel disposed in the housing interior and coupled to and rotatable by the shaft. The
impeller wheel may receive exhaust gas from an internal combustion engine, or may deliver
compressed air to an internal combustion engine.

[0003] During operation of the rotating machine, determining the angular position
of the shaft is often desired for control purposes of the rotating machine. To obtain angular position
of the shaft, the rotating machine may use various sensing systems, such as a position sensor, for
determining angular position of the shaft. However, current sensing systems used in conventional
rotating machines are not compact, disrupt airflow / exhaust flow, and are expensive. As such,
there remains a need for an improved rotating machine.

[0004] Some rotating machines may also include an electric assembly, with the

electric assembly including a rotor coupled to the shaft, and a stator disposed about the rotor for
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receiving electrical energy to rotate the shaft and, in turn, to transmit torque to and from the shaft,
and/or for producing electrical energy when the impeller wheel rotates the shaft. In such
applications, the rotating machine may use a sensing system, such as a position sensor, or may use
the Back Electromotive Voltage (BEMF) of the stator to determine the angular position of the shaft
during rotation of the shaft. When using sensorless operation, a controller detects the voltage
generated from the rotor rotating with the shaft within the stator. The voltage is then used to
determine the angular position of the shaft, which the controller then uses to either increase or
decrease the current to the stator to control the rotational speed of the shaft. However, in such
applications, it is difficult to accurately determine the angular position of the shaft during low and
high rotational speeds of the shaft, which can result in inaccurate angular position information of
the shaft being provided to the controller. Specifically, because BEMF voltage is proportional to
the rotational speed of the shaft, during low rotational speeds, the voltage reading is nominal and
often in millivolts, which often results in an inaccurate angular position reading of the shatft.
During high rotational speeds of the impeller wheel and, in turn, the rotor, the electric assembly
operates above a bus voltage saturation level. In such instances, field weakening is used to
suppress the voltage generated from the electric assembly. However, such field weakening reduces
the ability to sense the rotor position from the BEMF. Furthermore, high acceleration rates of the
impeller wheel and, in turn, the rotor, are a result of high current, which results in voltage saturation
where sensing the angular position of the rotor becomes increasingly difficult. As such, there
remains a need for an improved rotating machine including the electric assembly including an
improved sensing system.

[0005] Determining angular position of the shaft in the rotating machine is

particularly important in certain rotating machines, such as a turbocharger. Impeller wheels and
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the shaft of the turbocharger often can exceed 350,000RPM. Additionally high acceleration rates
are also common in excess of 37,000 radians per second per second. In such applications, the
turbocharger may include various sensing systems, such as a position sensor, an encoder, or a
resolver to determine the angular position of the shaft. However, such sensing systems are not
compact, disrupt airflow / exhaust flow, are expensive, and are difficult to place in the turbocharger
because there are no free ends in most turbochargers or areas that do not disrupt flow.
Additionally, sensing systems located on the turbine side are subject to extreme heat, and sensing
systems on the compressor side are subject to incoming airflow. As such, there remains a need for
an improved turbocharger including an improved sensing system.

[0006] Some turbochargers include the electrical assembly described above. In
such turbochargers, the turbocharger may use a sensing system or the voltage of the stator to
determine the angular position of the shaft during rotation of the shaft. Specifically, when using
the voltage of the stator, the turbocharger detects the voltage generated from the rotor rotating
within the stator. The BEMF voltage of the stator is then used to determine the angular position
of shaft, which is then communicated to a controller to either increase or decrease the current to
the stator to control the angular position of the shaft and, in turn, the rotational speed of the shaft.
However, when using the BEMF of the stator to determine the angular position of the shaft, it is
difficult to accurately determine the angular position of the shaft during low and high rotational
speeds of the shaft, which can result in inaccurate angular position reading of the shaft being
provided to the controller. Specifically, during low rotational speeds, the because the BEMF
voltage is proportional to the rotational speed of the shaft, the voltage reading is nominal and often
in millivolts, which often results in an inaccurate angular position reading of the shaft. During

high rotational speeds of the shaft and, in turn, the rotor, the electric assembly operates above a
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bus voltage saturation level. In such instances, field weakening is used to suppress the voltage
generated from the electric assembly. However, such field weakening reduces the ability to sense
the rotor position from the BEMF. Furthermore, high acceleration rates of the impeller wheel and,
in turn, the rotor, are a result of high current, which results in voltage saturation where sensing the
angular position of the rotor becomes increasingly difficult.. As such, there remains a need for an

improved turbocharger including the electric assembly including an improved sensing system.

SUMMARY OF THE INVENTION AND ADVANTAGES

[0007] A rotating machine includes a machine housing defining a housing interior,
a shaft disposed in the housing interior, with the shaft having a length and an axis extending along
the length. The shaft is rotatable about the axis. The rotating machine also includes an impeller
wheel disposed in the housing interior and coupled to and rotatable by the shaft, with the impeller
wheel having an angular position with respect to the axis. The rotating machine further includes
a backplate coupled to the machine housing and having a first side facing the impeller wheel and
a second side opposite the first side and facing away from the impeller wheel. The rotating
machine additionally includes at least one target element coupled to and rotatable with the impeller
wheel, a circuit board coupled to the first side of the backplate and facing the impeller wheel, and
at least one sensor disposed on the circuit board for detecting the at least one target element to
determine the angular position of the impeller wheel.

[0008] Accordingly, the rotating machine including the at least one target element
coupled to and rotatable with the impeller wheel, the circuit board coupled to the first side of the
backplate and facing the impeller wheel, and at least one sensor disposed on the circuit board for

detecting the at least one target element to determine the angular position of the impeller wheel
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allows a more compact rotating machine, does not disrupt exhaust / airflow, and is less expensive

than conventional rotating machines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Other advantages of the present invention will be readily appreciated, as the
same becomes better understood by reference to the following detailed description when
considered in connection with the accompanying drawings wherein:

[0010] FIG. 1 is a cross-sectional view of a rotating machine, with the rotating
machine including a machine housing, a shaft having a length and an axis extending along the
length, an impeller wheel, a backplate, and at least one target element coupled to and rotatable
with said impeller wheel,

[0011] FIG. 2 is schematic illustration of the rotating machine being further defined
as a turbocharger, with impeller wheel being further defined as a compressor wheel, the machine
housing being further defined as a compressor wheel housing, and the housing interior being
further defined as a compressor housing interior, and with the turbocharger including a turbine
housing defining a turbine housing interior, a bearing housing defining a bearing housing interior,
and a turbine wheel disposed within the turbine housing interior, with the turbocharger in
communication with a controller;

[0012] FIG. 3 is perspective view of the turbocharger, with the compressor housing
removed to show the backplate, a circuit board coupled to the backplate, and at least one sensor
disposed on the circuit board, with the backplate having a first side facing the impeller wheel, with
the first side having a first backplate surface defining a backplate cavity, and with the circuit board

being disposed in the backplate cavity;
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[0013] FIG. 4 is a perspective view of another embodiment of the circuit board and
at least one sensor;

[0014] FIG. 5 is a perspective view of another embodiment of the circuit board and
at least one sensor;

[0015] FIG. 6 is a perspective view of a backwall surface of the impeller wheel,

[0016] FIG. 7is abottom view of the impeller wheel, with the target elements being
concentric and equally radially spaced about the axis;

[0017] FIG. 8 is a cross-sectional view of the impeller wheel, with the target
elements being embedded in the backwall surface of the impeller wheel;

[0018] FIG. 9 is a front view of the turbocharger, with the compressor housing
removed to show the circuit board coupled to the backplate and disposed in the bearing housing;

[0019] FIG. 10 a front view of the turbocharger, with the compressor housing
removed, and with the backplate defining a plurality of mounting holes

[0020] FIG. 11 is a front view of the circuit board coupled to the backplate and
showing the target element passing by the sensor;

[0021] FIG. 12 is a cross-sectional view of the rotating machine including an
electric assembly, with the electric assembly including a rotor coupled to the shaft for rotating with
the shaft, and a stator disposed about the rotor;

[0022] FIG. 13 is a close-up view of the impeller wheel, the backplate, the shaft,
and the at least one target element of the rotating machine; and

[0023] FIG. 14 is a cross-sectional view of the turbocharger including the electric

assembly.
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DETAILED DESCRIPTION OF THE INVENTION

[0024] With reference to the Figures, wherein like numerals indicate like parts
throughout the several views, a rotating machine 20 is shown in cross-sectional view in FIG. 1.
The rotating machine 20 may be used in vehicles, heavy equipment, diesel engines, motors, turbo-
compound engines, and the like, and particularly in high rotational speed applications. The
rotating machine 20 may be an electric compressor, such as an eBooster®, as described in further
detail below. The rotating machine 20 may be a turbocharger, as described in further detail below.
The rotating machine 20 may be an electrified turbocharger, such as an eTurbo, as described in
further detail below. The rotating machine 20 includes a machine housing 22 defining a housing
interior 24. The rotating machine 20 includes a shaft 26 disposed in the housing interior 24, with
the shaft 26 having a length L and an axis A extending along the length L, and with the shaft 26
being rotatable about the axis A. The rotating machine 20 also includes an impeller wheel 28
disposed in the housing interior 24 and coupled to and rotatable by the shaft 26, with the impeller
wheel 28 having an angular position with respect to the axis A. It is to be appreciated that the
angular position of the impeller wheel 28 is typically the same as the angular position of the shaft
26, as the impeller wheel 28 is rotatably coupled to the shaft 26 such that the impeller wheel 28
and the shaft 26 rotate at the same rotational speed. Although the impeller wheel 28 is shown in
FIG. 1 with a nut coupling the impeller wheel 28 and the shaft 26, it is to be appreciated that the
impeller wheel 28 may be coupled to the shaft 26 without the use of the nut, and that the impeller
wheel 28 may be, for example, integral with the shaft 26.

[0025] The rotating machine 20 further includes a backplate 30 coupled to the
machine housing 22 and having a first side 32 facing the impeller wheel 28 and a second side 34

opposite the first side 32 and facing away from the impeller wheel 28. The backplate 30 may be
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coupled to the machine housing 22 in any suitable manner. For example, as best shown in FIG. 3,
the backplate 30 may define a plurality of mounting holes 36 for receiving a fastener for coupling
the backplate 30 to the machine housing 22. In some embodiments, the machine housing 22 may
define a slot with the backplate 30 disposed within the slot. In another embodiment, the backplate
30 is integral with the machine housing 22.

[0026] The rotating machine 20 also includes at least one target element 38 coupled
to and rotatable with the impeller wheel 28, a circuit board 40 coupled to the first side 32 of the
backplate 30 and facing the impeller wheel 28, and at least one sensor 42 disposed on the circuit
board 40 for detecting the at least one target element 38 to determine the angular position of the
impeller wheel 28. 1t is to be appreciated that to determine the angular position of the impeller
wheel 28, the at least one target element 38 and the at least one sensor 42 of the rotating machine
20 includes at least one target element 38 and at least two sensors 42, or includes at least two target
elements 38 and at least one sensor 42.

[0027] The rotating machine 20 including the at least one target element 38 coupled
to and rotatable with the impeller wheel 28, the circuit board 40 coupled to the first side 32 of the
backplate 30 and facing the impeller wheel 28, and the at least one sensor 42 disposed on the circuit
board 40 for detecting the at least one target element 38 to determine the angular position of the
impeller wheel 28 provides a more compact rotating machine 20. The at least one target element
38, the circuit board 40 coupled to the first side 32 of the backplate 30 facing the impeller wheel
28, and the at least one sensor 42 disposed on the circuit board 40 may be entirely disposed in the
housing interior 24. The at least one target element 38 coupled to and rotatable with the impeller
wheel 28, the circuit board 40 coupled to the first side 32 of the backplate 30 facing the impeller

wheel 28, and the at least one sensor 42 disposed on the circuit board 40 does not disrupt exhaust
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/ airflow through the rotating machine 20. Specifically, having the circuit board 40 coupled to the
first side 32 of the backplate 30 facing the impeller wheel 28, and having the at least one target
element38 coupled to and rotatable with the impeller wheel 28 keeps the backplate 30, the circuit
board 40, and the at least one target element 38 out of the way of the flow of exhaust gas /
compressed air going through the rotating machine 20. The at least one target element 38 coupled
to and rotatable with the impeller wheel 28, the circuit board 40 coupled to the first side 32 of the
backplate 30 facing the impeller wheel 28, and the at least one sensor 42 disposed on the circuit
board 40 is less expensive than traditional rotating machines.

[0028] From the angular position of the impeller wheel 28, the rotating speed of
the impeller wheel 28 and, in turn, the shaft 26 may be determined. The rotating machine 20 may
be free of a speed sensor, as the angular position measurement may be communicated to a
controller 43, which may then calculate rotational speed of the impeller wheel 28.

[0029] In one embodiment, the at least one sensor 42 may be further defined as two
sensors. In yet another embodiment, the at least one sensor 42 may be further defined as three
sensors. Itisto be appreciated that the at least one sensor 42 may be further defined as any number
of suitable sensors, such as four sensors, five sensors, or six sensors. When there is more than one
sensor 42, the sensors 42 may be concentric and equally radially spaced about the axis A, as best
shown in FIG. 11. When there is more than one sensor 42 and the sensors 42 are concentrically
and equally radially spaced about the axis, the at least one target element 38 passes by more than
one sensor during one rotation of the impeller wheel 28. Additionally, depending on the number
of sensors 42 on the circuit board 40, the angular position of the impeller wheel 28 can be
determined based on the number of sensors 42. For example, if two sensors 42 are used and a

single target element 38 is used, the angular position of the impeller wheel 28 may be determined
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within 180 degree accuracy; if three sensors 42 are used and a single target element 38 is used, the
angular position of the impeller wheel 28 may be determined within 120 degree accuracy; if four
sensors 42 are used and a single target element 38 is used, the angular position of the impeller
wheel 28 may be determined within 90 degree accuracy; if five sensors 42 are used and a single
target element 38 is used, the angular position of the impeller wheel 28 may be determined within
72 degrees. The sensor 42 may any suitable sensor, such as a Hall Effect sensor.

[0030] The at least one target element 38 may be further defined as two target
elements. It isto be appreciated that the at least one target element may be further defined as any
number of suitable target elements, such as three target elements, four target elements, five target
elements, or six target elements. When there is more than one target element 38, the target
elements 38 may be concentric and equally radially spaced about the axis A, as best shown in FIG.
7. For example, when two target elements 38 are coupled to and rotatable with the impeller wheel
28, the two target elements 38 may be separated 180 degrees about the axis A with respect to one
another. If three target elements 38 are coupled to and rotatable with the impeller wheel 28, the
three target elements 38 may be separated 120 degrees about the axis A with respect to one another.
If four target elements 38 are coupled to and rotatable with the impeller wheel 28, the four target
elements 38 may be separated by 90 degrees about the axis A with respect to one another. When
there is more than one target element 38, having the target elements 38 concentrically and equally
radially spaced about the axis A allows the mass of the impeller wheel 28 to be equally distributed
about the axis A, which minimizes the effect on inertia of the impeller wheel 28. Having the mass
of the impeller wheel 28 equally distributed about the axis A minimizes vibration of the shaft 26,

especially in high rotational speed applications. When the at least one target element 38 is defined

10
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as two target elements 38, one target element 38 may be oriented as a north pole target element
and the other of the two target elements may be oriented as a south pole target element.

[0031] Depending on the number of target elements 38, the angular position of the
impeller wheel 28 can be determined based on the number of target elements 38 and the number
of sensors 42. For example, if two target elements 38 are used and a single sensor 42 is used, the
angular position of the impeller wheel 28 may be determined within 180 degree accuracys; if three
target elements 38 are used and a single sensor 42 is used, the angular position of the impeller
wheel 28 may be determined within 120 degree accuracy; if four target elements 38 are used and
a single sensor 42 is used, the angular position of the impeller wheel 28 may be determined within
90 degree accuracy; if five target elements 38 are used and a single sensor 42 is used, the angular
position of the impeller wheel 28 may be determined within 72 degrees.

[0032] As described above, in some embodiments more than one target element 38
may be coupled to and rotatable with the impeller wheel 28, and more than one sensor 42 may be
coupled to the circuit board 40. In such embodiments, depending on the number of target elements
38 and sensors 42 present, the angular position of the impeller wheel 28 can be determined within
a certain degree of accuracy. For example, with reference to FIG. 11, if two target elements 38
are present and are concentrically and equally radially spaced about the axis A, and three sensors
42 are present and are concentrically and equally radially spaced about the axis A, the angular
position of the impeller wheel 28 can be determined within 60 degrees. When two target elements
38 are used and three sensors are used, the angular position of the impeller wheel 28 may be broken
up into six equal segments, and the angular position of the impeller wheel 28 may be determined
to be in one of the six equal segments. As described below, a measured angular impeller wheel

position is compared to a predicted angular impeller wheel position by the controller 43, and the
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difference between the measured angular impeller wheel position and the predicted angular
impeller wheel position

[0033] The impeller wheel 28 may have a backwall surface 44 facing the first side
32 of the backplate 30. The at least one target element 38 may be embedded in the backwall
surface 44. When the at least one target element 38 is embedded in the backwall surface 44, the
at least one target element 38 may be flush with the backwall surface 44. It is to be appreciated
that if two target elements 38, three target elements 38, or four target elements 38 are present, each
target element 38 may be embedded in the backwall surface 44, and each target element 38 may
be flush with the backwall surface 44. Having the at least one target element 38 flush with the
backwall surface 44 allows for a more compact design, as the target elements 38 are not taking up
any additional space in the housing interior 24. In one embodiment, the target element 38 is further
defined as a magnet. In another embodiment, the target element 38 is further defined as a charged
target, i.e., a component that has a magnetic charge that can be detected by the at least one sensor
42,

[0034] The first side 32 of the backplate 30 may have may have a backplate surface
46 defining a backplate cavity 48. In such embodiments, the circuit board 40 may be disposed in
the backplate cavity 48, as best shown in FIG. 3. When the circuit board 40 is disposed in the
backplate cavity 48, the circuit board 40 may be flush with the first side of the backplate surface
46. When the circuit board 40 is disposed in the backplate cavity 48, a more compact design of
the rotating machine 20 is achieved, as the circuit board 40 is not taking up any additional space
in the housing interior 24. In embodiments where the circuit board 40 is disposed in the backplate

cavity 48 and the at least one target element 38 is embedded in the impeller wheel 28 an even more

12
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compact design of the rotating machine 20 may be achieved, as the first side 32 of the backplate
surface 46 and backwall surface 44 are able to be closer to one another with respect to the axis A.

[0035] The rotating machine 20 may include an insulating plate 50, as shown in
FIG. 5, coupled to the circuit board 40 such that the circuit board 40 is disposed between the
insulating plate 50 and the impeller wheel 28. Typically, the insulating plate 50 is included in the
rotating machine 20 to help insulate the circuit board 40 from extreme temperatures, such as heat
produced from exhaust gas of an internal combustion engine, as described in further detail below.
The rotating machine 20 may include an interface connector 52 coupled to the circuit board 40 for
communicating angular position readings of the impeller wheel 28 to the controller 43. The circuit
board 40 may define a plurality of holes 54 for receiving a fastener 53 to couple the circuit board
40 to the backplate 30 and, when present, the insulating plate 50. It is to be appreciated that the
circuit board 40 may have any suitable configuration for being coupled to the first side 32 of the
backplate 30. For example, as shown in FIG. 4, the circuit board 40 may have an annular
configuration. As shown in FIG. 5, the circuit board 40 may have an annular configuration and
have a plurality of projections 55 defining the plurality of holes 54. The circuit board 40 may
define a shaft bore 51 for allowing the shaft 26 to extend therethrough.

[0036] As shown in FIG. 12, the rotating machine 20 may include an electric
assembly 56, with the electric assembly 56 including a rotor 58 coupled to the shaft 26 for rotating
with the shaft 26, and a stator 60 disposed about the rotor 58. The electric assembly 56 may be
configured as an electric motor, with the stator 60 configured to receive electrical energy to rotate
the shaft 26 to rotate the impeller wheel 28. In such embodiments, electrical energy is supplied to
the stator 60, which then increases rotational speed of the shaft 26 due to the rotor 58 being coupled

to the shaft 26, which can deliver additional compressed air to an internal combustion engine. This
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may be referred to as an electric compressor, such as an eBooster®, as described above. The
electric assembly 56 may be configured as a generator to produce electrical energy when the
impeller wheel 28 rotates the shaft 26. In such embodiments, otherwise wasted energy, such as
exhaust gas from an internal combustion engine, rotates the impeller wheel 28, which, in turn,
rotates the shaft 26 and the rotor 58 within the stator 60 to produce electrical energy.

[0037] In one embodiment, the rotating machine 20 may be further defined as a
turbocharger 62. It is to be appreciated that the description below of the rotating machine 20 being
a turbocharger may equally apply to the rotating machine 20 including the electric assembly 56,
such as an eBooster®. Namely, the description of the electric assembly 56 regarding the rotation
of the shaft 26 in the turbocharger 62 equally applies to the electric assembly 56 regarding the
rotation of the shaft 26 in the rotating machine 20, and the description of the compressor wheel 64
equally applies to the impeller wheel 28 of the rotating machine 20.

[0038] With reference to FIGS. 2 and 14, when the rotating machine 20 is a
turbocharger 62, the impeller wheel 28 may be further defined as a compressor wheel 64, the
machine housing 22 may be further defined as a compressor housing 66, and the housing interior
24 may be further defined as a compressor housing interior 68. The turbocharger 62 also includes
a turbine housing 70 defining a turbine housing interior 72, a turbine wheel 74 disposed in the
turbine housing interior 72 and coupled to and rotatable with the shaft 26, and a bearing housing
76 coupled to and disposed between the turbine housing 70 and the compressor housing 66.
Typically, the at least one target element 38 is coupled to and rotatable with the compressor wheel
64, the circuit board 40 is coupled to the first side 32 of the backplate 30 and facing the compressor
wheel 64, and the at least one sensor 42 disposed on the circuit board for detecting the at least one

target element 38 to determine the angular position of the compressor wheel 64, as having the
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circuit board 40 coupled to the first side 32 of the backplate 30 and facing the compressor wheel
64 places the circuit board 40 in a region of the turbocharger 62 that sees reasonable cooling. As
described above, the insulating plate 50 may be coupled to the circuit board 40 to help insulate the
circuit board 40 from extreme temperatures, such as heat produced from exhaust gas of an internal
combustion engine that is passed through the turbine wheel 74.

[0039] In one embodiment, the turbocharger 62 includes the electric assembly 56,
with the rotor 58 coupled to the shaft 26 for rotating with the shaft 26, and a stator 60 disposed
about the rotor 58. In such embodiments, the turbocharger 62 may be referred to as an electrically-
assisted turbocharger. An electrically-assisted turbocharger may use the electric assembly 56 to
assist in rotating the shaft 26 to provide a greater amount of compressed air to the internal
combustion engine. Providing a greater amount of compressed air to the internal combustion
engine by the electrically-assisted turbocharger reduces turbo-lag during lower RPMs of the
internal combustion engine, allows a smaller internal combustion engine to be used and still have
acceptable amounts of torque, increases fuel economy of the internal combustion engine, and is
able to take energy from otherwise wasted exhaust gas and turn the thermal energy, into
mechanical energy, and then into electrical energy.

[0040] When the turbocharger 62 is an electrically-assisted turbocharger, voltage
of the stator 60 may be used to determine the angular position of the shaft 26. However, it is often
difficult to accurately read the voltage in the stator 60 to determine the angular position of the
compressor wheel 64 and hence the shaft 26. Specifically, during a startup of the turbocharger 62,
determining the angular position of the compressor wheel 64 is an open loop control scheme until
a threshold number of readings is obtained by the controller 43 from the voltage of the stator 60,

which is then used to interpolate a theoretical compressor wheel angular position. In such
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applications, this may not only lead to an inaccurate compressor wheel angular position reading,
but may also lead to a delay in desired operation of the turbocharger 62 because the controller 43
is unable to accurately control the current within the stator 60 to then control rotational speed of
the shaft 26. As such, the at least one target element 38 coupled to and rotatable with the impeller
wheel 28, the circuit board 40 coupled to the first side 32 of the backplate 30 and facing the
impeller wheel 28, and the at least one sensor 42 disposed on the circuit board for detecting the at
least one target element 38 may determine the angular position of the impeller wheel 28
independent of a voltage reading from the stator 60. Additionally, each shaft angular position
reading obtained by the controller 43 is able to compare the actual angular shaft position reading
with a predicted angular shaft position reading. After taking a number of readings, the delta
between the actual angular compressor wheel position and the predicted angular compressor wheel
position is reduced, which allows the controller 43 to more accurately interpolate the compressor
wheel angular position and, in turn, the shaft angular position. Even if these readings are done in
coarse increments, computational power of the controller 43 is significantly reduced and allows
more complex regions of operation for the turbocharger 62.

[0041] Being able to determine the angular position of the impeller wheel 28
independent of the voltage reading from the stator 60 allows the controller 43 to accurately know
the angular position of the compressor wheel 64 under all operating conditions, which then allows
the controller 43 to apply the correct current to the stator 60 to achieve the desired performance of
the turbocharger 62. Additionally, being able to determine the angular position of the compressor
wheel 64 independent of the voltage reading from the stator 60 and independent of the rotational
speed of the shaft 26 allows a closed loop control scheme. Specifically, the closed loop control

scheme may be used over the entire operating range of the turbocharger 62, which decreases the
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processing power needed from the controller 43 and decreases the voltage needed from the
controller 43, as the controller 43 does not have to switch between an open loop and a closed loop
control scheme to interpolate the predicted compressor wheel angular position.

[0042] When the rotating machine 20 is a turbocharger 62, the impeller wheel 28
is often in a higher RPM range, such as 200,000 to 300,000 RPM, during operational demands that
require more compressed air to be delivered to the internal combustion engine. When the shaft 26
is in a higher RPM range, there is a greater amount of current and voltage in the stator 60, which
then makes it difficult determine the angular position of the compressor wheel 64 using the voltage
of the stator 60 due to the magnetic saturation caused by the rotor 58 rotating within the stator 60.
When the compressor wheel 64 is in a low RPM range, the stator 60 may only have millivolts to
read with the controller 43, which is then difficult to obtain an accurate reading of the angular
position of the shaft 26. As such, the at least one target element 38 coupled to and rotatable with
the impeller wheel 28, the circuit board 40 coupled to the first side 32 of the backplate 30 and
facing the impeller wheel 28, and the at least one sensor 42 disposed on the circuit board for
detecting the at least one target element 38 to determine the angular position of the impeller wheel
28 independent of a voltage reading from the stator 60 and independent of rotational speed of the
shaft 26 allows an accurate reading of the angular position of the compressor wheel 64 and, in
turn, rotational speed of the shaft 26 over the entire operating range of the turbocharger 62.

[0043] Having the at least one target element 38 coupled to and rotatable with the
impeller wheel 28, the circuit board 40 coupled to the first side 32 of the backplate 30 and facing
the impeller wheel 28, and the at least one sensor 42 disposed on the circuit board for detecting
the at least one target element 38 to determine the angular position of the impeller wheel 28 allows

the controller 43 to use a field weakening algorithm, which allows the electric assembly 56 to be
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driven beyond its bus saturation level. When using the field weakening algorithm, the controller
43 is able to artificially change the electric field of the stator 60, which makes the stator 60 appear
to have a higher voltage availability, which then allows the controller 43 to push the electric
assembly 56 to be driven beyond its bus saturation limit to have a higher rotational speed of the
shaft 26 than would be possible without the field weakening algorithm. When the field weakening
algorithm is used by the controller 43, the magnetic field of the stator 60 is suppressed, which
makes detecting the angular position of the shaft 26 using the voltage of the stator 60 inaccurate
and makes it difficult to accurately predict the angular position of the impeller wheel 28. As such,
having the at least one target element 38 coupled to and rotatable with the compressor wheel 64,
the circuit board 40 coupled to the first side 32 of the backplate 30 and facing the impeller wheel
28, and the at least one sensor 42 disposed on the circuit board 40 for detecting the at least one
target element 38 to determine the angular position of the impeller wheel 28 independent of a
voltage reading of the stator 60 and independent of rotational speed of the shaft 26 allows the
controller 43 to use a field weakening algorithm.

[0044] A method of obtaining the angular position of the impeller wheel 28
includes the steps of rotating the shaft and the impeller wheel 28 about the axis, sensing the at least
one target element 38 rotating about the axis A with the at least one sensor 42 to obtain an impeller
wheel 28 position reading, communicating the impeller wheel 28 position reading to the controller
43, and determining the angular position of the impeller wheel 28 based on the impeller wheel 28
position reading obtained by the at least one sensor 42 to determine the angular position of the
impeller wheel 28. In one embodiment, the method of obtaining the angular position of the
impeller wheel 28 wheel is completed without using a voltage reading of the stator 60 of the

electric assembly 56. As described above, using the method of obtaining the angular position of
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the impeller wheel 28 allows the controller 43 to accurately know the angular impeller wheel
position to apply the correct current to the stator 60, allows the controller 43 to know the angular
position of the impeller wheel 28 independent of the voltage of the stator 60, and allows the
controller 43 to use more complex operating conditions, such as field weakening, as less
processing power is needed in the controller 43 to determine the angular position of the impeller
wheel 28.

[0045] It is to be appreciated that the method of obtaining the angular position of
the impeller wheel 28 may be applied to when the rotating machine 20 is the turbocharger 62 and
when the impeller wheel 28 is the compressor wheel 64.

[0046] The invention has been described in an illustrative manner, and it is to be
understood that the terminology which has been used is intended to be in the nature of words of
description rather than of limitation. Many modifications and variations of the present invention
are possible in light of the above teachings, and the invention may be practiced otherwise than as

specifically described.
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CLAIMS
What is claimed is:
I. A rotating machine comprising:
a machine housing defining a housing interior;
a shaft disposed in said housing interior, with said shaft having a length and an axis
extending along said length, and with said shaft being rotatable about said axis;
an impeller wheel disposed in said housing interior and coupled to and rotatable by said
shaft, with said impeller wheel having an angular position with respect to said axis;
a backplate coupled to said machine housing and having a first side facing said impeller
wheel and a second side opposite said first side and facing away from said impeller wheel,
at least one target element coupled to and rotatable with said impeller wheel;
a circuit board coupled to said first side of said backplate and facing said impeller wheel,
and
at least one sensor disposed on said circuit board for detecting said at least one target
element to determine said angular position of said impeller wheel.
2. The rotating machine as set forth in claim 1, wherein said at least one sensor is
further defined as two sensors.
3. The rotating machine as set forth in any one of the preceding claims, wherein said
at least one sensor is further defined as three sensors.
4. The rotating machine as set forth in any one of claims 2 and 3, wherein said sensors
are concentric and equally radially spaced about said axis.
5. The rotating machine as set forth in any one of the preceding claims, wherein said

at least one target element is further defined as two target elements.
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6. The rotating machine as set forth in claim 5, wherein said target elements are
concentric and equally radially spaced about said axis.

7. The rotating machine as set forth in any one of the preceding claims, wherein said
impeller wheel has a backwall surface facing said first side of said backplate, and wherein said at
least one target element is embedded in said backwall surface.

8. The rotating machine as set forth in any one of the preceding claims, wherein said
at least one target element is flush with said backwall surface.

9. The rotating machine as set forth in any one of the preceding claims, wherein said
first side of said backplate has a first backplate surface defining a backplate cavity, and wherein
said circuit board is disposed in said backplate cavity.

10. The rotating machine as set forth in claim 9, wherein said circuit board is flush with
said first backplate surface.

11. The rotating machine as set forth in any one of the preceding claims, further
comprising an insulating plate coupled to said circuit board and disposed between said circuit
board and said backplate.

12. The rotating machine as set forth in any one of the preceding claims being free of
a speed sensor.

13. The rotating machine as set forth in any one of the preceding claims, further
comprising an electric assembly, with said electric assembly comprising:

a rotor coupled to said shaft for rotating with said shaft, and

a stator disposed about said rotor.
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14. The rotating machine as set forth in claim 13, wherein said electric assembly is
configured as an electric motor, and wherein said stator is configured to receive electrical energy
to rotate said shaft to rotate said impeller wheel.

15. The rotating machine as set forth in claim 13, wherein said electric assembly is
configured as a generator to produce electrical energy when said impeller wheel rotates said shatft.

16. A method of obtaining the angular position of the impeller wheel of any one of
claims 1-15, said method comprising the step of:

rotating the shaft and the impeller wheel about the axis;

sensing the at least one target element rotating about the axis with the at least one sensor
to obtain an impeller wheel position reading;

communicating the impeller wheel position reading to a controller; and

determining the angular position of the impeller wheel based on the impeller wheel position
reading obtained by the at least one sensor to determine the angular position of the impeller wheel.

17. The rotating machine as set forth in any one claims 1-12 further defined as a
turbocharger, wherein said impeller wheel is further defined as a compressor wheel, said machine
housing is further defined as a compressor wheel housing, said housing interior is further defined
as a compressor housing interior, and wherein said turbocharger comprises:

a turbine housing defining a turbine housing interior;

a turbine wheel disposed in said turbine housing interior and coupled to and rotatable with
said shaft; and

a bearing housing coupled to and disposed between said turbine housing and said

compressor housing.
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18. The rotating machine as set forth in claim 17, further comprising an electric
assembly, with said electric assembly comprising:
a rotor coupled to said shaft for rotating with said shaft, and
a stator disposed about said rotor.
19. A method of obtaining the angular position of the compressor wheel of claim 18,
said method comprising the steps of’
rotating the shaft and the compressor wheel about the axis;
sensing the at least one target element rotating about the axis with the at least one sensor
to obtain a compressor wheel position reading;
communicating the compressor wheel position reading to a controller; and
determining the angular position of the compressor wheel based on the compressor wheel
position reading obtained by the at least one sensor to determine the angular position of the
compressor wheel.
20. The method as set forth in claim 19, wherein the step of determining the angular
position of the compressor wheel is completed without using a voltage reading of the stator of the

electric assembly.
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