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RELIABLE CONTROL OF HIGH ROTOR
POLE SWITCHED RELUCTANCE MACHINE

RELATED APPLICATIONS

[0001] This application claims priority from the U.S. pro-
visional application with Ser. No. 62/111,781, which was
filedon Feb. 4, 2015. The disclosure of that provisional appli-
cation is incorporated herein as if set out in full.

BACKGROUND OF THE DISCLOSURE

[0002] 1. Technical Field of the Disclosure

[0003] The present disclosure relates in general to reliable
control of high rotor pole switched reluctance machine
(HRSRM), and more particularly to a system and method for
eliminating the use of position sensors in HRSRM which
improve the accuracy of rotor position estimation utilizing a
combination of self-inductance and mutual-inductance val-
ues.

[0004] 2. Description of the Related Art

[0005] A wide variety of methods have been developed to
provide optimal control strategies for switched reluctance
machines (SRMs). Compared to conventional induction and
synchronous motor drive systems, SRM drives are relatively
simple in construction, offer wide speed range capabilities
and are economic to manufacture. Further, because of the
absence of windings and permanent magnets on the rotor they
are attractive for robust and harsh environment applications.
In addition, the converter, which applies power to the SRM
drive, often requires fewer power devices and, therefore, is
more economical and reliable. Building on these advantages,
SRM drive systems provide an advanced alternative to con-
ventional drive systems in several variable speed drive and
industrial applications. SRM drives conventionally have mul-
tiple poles on both the stator and rotor. The stator includes
phase windings, but the rotor does not include windings or
magnets.

[0006] Inan SRM system, the stator generates torque on the
rotor when the current passing through each phase winding is
switched on in a predetermined sequence. By properly posi-
tioning the firing pulses relative to the rotor angle, forward or
reverse operations may be obtained. Usually, the desired
phase current commutation is achieved by feeding back a
rotor position signal to a controller from a shaft position
sensor, e.g., an encoder or resolver. For economic reasons in
small drives and reliability reasons in larger drives and to
reduce size, weight, and inertia in all such drives, it is desir-
able to eliminate this shaft position sensor. In order to over-
come this shortcoming, a new sensorless technique for high
rotor pole switched reluctance machine (HRSRM) has been
introduced.

[0007] Compared to a conventional SRM, the HRSRM
exhibits higher static torque capabilities, which effectively
addresses torque ripple and acoustic noise problems. The
design parameters of the power converters are different in
HRSRMs vs. HRMs. This is because the HRSRM has a
different inductance profile and a higher number of strokes.
Most reliable techniques for conventional HRSRM operation
utilize the self-inductance of the phase coil to estimate posi-
tion. The HRSRM has a higher number of rotor poles for the
same circumference as a conventional SRM. The higher num-
ber of rotor poles reduces the angular travel per excitation.
HRSRM has shown an approximate increase of 83% in static
torque capabilities as compared to a 6/4 SRM under steady
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state operations for the same joule losses. However, the larger
number of rotor poles leads to a smaller gap and the arc length
(or angular length) between two rotor poles is smaller. Con-
sequently, unaligned inductance of the machine is lower and
the resultant the self-inductance profile for the HRSRM tends
to become flatter, which leads to unreliable position estima-
tions. Thus, the use of self-inductance of the phase coil alone
is often not sufficient to estimate the accurate rotor position in
the HRSRM.

[0008] Several methods have been developed to solve the
above shortcomings. One of the existing reliable control
methods includes a technique for measuring mutual induc-
tance. In a first example embodiment of this technique, a
voltage pulse is applied to the primary coil when the machine
is stationary. By measuring current in the primary coil and
measuring induced voltages in adjacent open circuited coils,
mutual inductance may be determined. In another example
embodiment, a voltage pulse is applied to the primary coil
when the machine is stationary. The secondary coil is allowed
to free-wheel current through the phase. By measuring the
time taken by the primary phase to reach a peak or preset
threshold value, the mutual inductance for the known position
of a rotor may be determined. However, this technique usu-
ally does not provide an accurate estimation of rotor position
since this method only utilizes mutual inductance for the rotor
position estimation.

[0009] Some other reliable control methods include a con-
troller that implements a model of at least one active phase
representing dynamic magnetic machine characteristics. The
controller determines machine control signals based on rota-
tional position obtained by numerically solving the model
with measured machine operating parameters. The model
may be implemented as the sum of orthogonal functions
relating active phase voltage and current with constants
derived from phase inductance to obtain the rotor angle. Yet
another reliable control method includes probing a selected
diagnostic phase with a pulse injection process; measuring an
actual operating characteristic of the SRM; computing an
inductance based on the actual operating characteristic and
correlating the inductance with a position to formulate an
estimated position; modeling the SRM to formulate an
observer-based estimated position; selecting one of the esti-
mated positions, the observer-based estimated position, and a
combination thereof to formulate a selected position of the
SRM; and controlling said SRM based on said selected posi-
tion and a command. However, in most of these methods,
while evaluating the machine performance, the mutual induc-
tances between phases are neglected, resulting in an unreli-
able position estimation. Further, these methods do not pro-
vide an accurate rotor position in a HRSRM configuration.

[0010] Therefore, there is a need for a method of reliable
control of a HRSRM using a combination of self-inductance
and mutual inductance to enhance the accuracy of rotor posi-
tion estimation. The method would use only terminal mea-
surements such as, voltages, currents and time and would not
require additional hardware or memory. Further, the method
would be able to accurately estimate instantaneous rotor posi-
tion in HRSRM and SRM, irrespective of motor speed or
direction, and without resorting to a rotor position sensor.
Finally, the method would be reliable, robust and preferably
cost effective. The present embodiment accomplishes these
objectives.
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SUMMARY OF THE DISCLOSURE

[0011] To minimize the limitations found in the prior art
and to minimize other limitations that will be apparent upon
the reading of this specification, the Applicant provides a
sensorless reliable control system for a high rotor pole
switched reluctance machine (HRSRM).

[0012] The present reliable control system utilizes electri-
cal parameters such as current and voltage to determine rotor
position with high accuracy thereby eliminating the required
use of shaft position sensors. The HRSRM includes a rotor
and a stator with a plurality of stator phases each having a
winding. The reliable control system includes a stator phase
energizing module to excite at least one of the plurality of
stator phases, wherein each of the windings of the rest of the
plurality of stator phases is in an open circuit state. A first
current and time measuring module measures a first current
value through the at least one energized stator phase taken by
the first current value to reach a first peak value of current. The
system further comprises a self-inductance determining mod-
ule to determine the self-inductance value for the at least one
energized stator phase utilizing the first current value and
time. A first storage module stores the determined self-induc-
tance value and the first current value for each of the plurality
of stator phases in a lookup table or alternatively the self-
inductance and current values are stored in the form of an
analytical expression such as a polynomial or Fourier expres-
sion that describes the inductance of each phase at each cur-
rent value. A second current and time measuring module
measures a second current value through an adjacent un-
energized stator phase and the time taken by the adjacent
un-energized stator phase to reach a second peak value of
current wherein the winding of the adjacent stator phase is in
an open circuit state. A mutual-inductance determining mod-
ule determines the mutual inductance value between the at
least one energized stator phase and the adjacent un-ener-
gized stator phase. A second storage module stores the mutual
inductance value and the second current value for each of the
plurality of stator phases in the lookup table or in the form of
an analytical expression such as a polynomial or Fourier
expression that describes the inductance of each phase at each
current value. A rotor position estimation module estimates a
rotor position utilizing a combination of the self-inductance
and mutual inductance values determined at the self-induc-
tance determining module and the mutual-inductance deter-
mining module respectively. A control module controls the
HRSRM utilizing the estimated rotor position.

[0013] The preferred method provides a method for reliable
control of a high rotor pole switched reluctance machine
(HRSRM) utilizing the sensorless reliable control system, the
method comprising: energizing at least one of the plurality of
stator phases at a stator phase energizing module, wherein
each of the windings of the rest of the plurality of stator
phases is in an open circuit state; measuring a first current
value through the at least one energized stator phase and the
time taken by the first current value to reach a first peak value
of current at a first current and time measuring module; deter-
mining a self-inductance value for the at least one energized
stator phase at a self-inductance determining module; storing
the self-inductance value and the first current value for each of
the plurality of stator phases at a first storage module; mea-
suring a second current value through an adjacent un-ener-
gized stator phase and time taken by the adjacent un-ener-
gized stator phase to reach a second peak value of current at a
second current and time measuring module, wherein the
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winding of the adjacent un-energized stator phase is in an
open circuit state; determining a mutual inductance value
between the at least one energized stator phase and the adja-
cent un-energized stator phase at a mutual-inductance deter-
mining module; storing the mutual inductance value and the
second current value for each of the plurality of stator phases
at a second storage module; estimating a rotor position uti-
lizing a combination of the stored self-inductance and mutual
inductance values at a rotor position estimation module; and
controlling the HRSRM based on the estimated rotor position
at a control module.

[0014] In another configuration of the preferred embodi-
ment, the mutual inductance is determined utilizing a voltage
and time values. In this configuration, the reliable control
system includes the stator phase energizing module to excite
the at least one of the plurality of stator phases, wherein each
of the windings of the rest of the plurality of stator phases is
in an open circuit state. The current value through the at least
one energized stator phase and time taken by the current value
to reach a peak value of current are measured at a current and
time measuring module. The self-inductance value for the at
least one energized stator phase is determined at a self-induc-
tance determining module. The self-inductance value and the
current value for each of the plurality of stator phases are
stored at the first storage module. The magnitude of voltage
value across an adjacent un-energized stator phase and time
taken by an adjacent un-energized stator phase to attain the
voltage value are measured at a voltage and time measuring
module, wherein the winding of the adjacent un-energized
stator phase is in a short circuit state. The mutual inductance
value between the at least one energized stator phase and the
adjacent un-energized stator phase is determined at a mutual-
inductance determining module. In the second storage mod-
ule, the mutual inductance and the voltage value for each of
the plurality of stator phases are stored. The rotor position is
estimated utilizing the hybrid combination of the estimated
self-inductance and mutual inductance values at the rotor
position estimation module. The control module controls the
HRSRM based on the estimated rotor position.

[0015] Inone embodiment, the method for the above-men-
tioned configuration of the reliable control system comprises
energizing at least one of the plurality of stator phases at a
stator phase energizing module, wherein each ofthe windings
of'the rest of the plurality of stator phases is in an open circuit
state; measuring a current value through the at least one
energized stator phase and time taken by the current value to
reach a peak value of current at a current and time measuring
module; determining a self-inductance value for the at least
one energized stator phase at a self-inductance determining
module; storing the self-inductance value and the current
value for each ofthe plurality of stator phases at a first storage
module;

[0016] measuring a voltage value across an adjacent un-
energized stator phase and time taken by an adjacent un-
energized stator phase to attain the voltage value at a voltage
and time measuring module, wherein the winding of the
adjacent un-energized stator phase is in a short circuit state;
determining a mutual inductance value between the at least
one energized stator phase and the adjacent un-energized
stator phase at a mutual-inductance determining module;
storing the mutual inductance and the voltage value for each
of the plurality of stator phases at a second storage module;
estimating a rotor position utilizing a combination of the
stored self-inductance and mutual inductance values at a rotor
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position estimation module; and controlling the HRSRM
based on the estimated rotor position at a control module.
[0017] A first objective of the present invention is to pro-
vide a system and method for reliable control of a HRSRM
that enhances the accuracy of rotor position estimation by
using a combination of self-inductance and mutual induc-
tance values.

[0018] A second objective of the present invention is to
provide a system and method for reliable control of the
HRSRM that eliminates the use of a rotor position sensor and
the added weight and space requirements attendant thereto.
[0019] A third objective of the present invention is to pro-
vide a method and system for the reliable control of the
HRSRM that utilizes only terminal measurements such as
voltages, currents and time without requiring any additional
hardware.

[0020] Another objective of the present invention is to pro-
vide a method and system for reliable control of the HRSRM
that is cost effective, reliable and robust.

[0021] These and other advantages and features of the
present invention are described with specificity so as to make
the present invention understandable to one of ordinary skill
in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Elements in the figures have not necessarily been
drawn to scale in order to enhance their clarity and improve
the understanding of the various elements and embodiments
of the invention. Furthermore, elements that are known to be
common and well understood to those in the industry are not
depicted in order to provide a clear view of the various
embodiments of the invention, thus the drawings are gener-
alized in form in the interest of clarity and conciseness.
[0023] FIG. 1 illustrates a block diagram of a sensorless
reliable control system for a high rotor pole switched reluc-
tance machine (HRSRM) in accordance with one embodi-
ment of the present invention.

[0024] FIG. 2 illustrates a flowchart of a method for reliable
control of the HRSRM utilizing the sensorless reliable con-
trol system for the HRSRM shown in FIG. 1.

[0025] FIG. 3 illustrates a block diagram of another con-
figuration of the sensorless reliable control system for the
HRSRM in accordance with one embodiment of the present
invention.

[0026] FIG. 4 illustrates a flowchart of a method for the
sensorless reliable control system shown in FIG. 3.

[0027] FIG. 5 illustrates a converter setup to implement the
sensorless reliable control system shown in FIG. 1.

[0028] FIG. 6 illustrates a converter setup to implement the
sensorless reliable control system shown in FIG. 3.

[0029] FIG. 7 illustrates a system layout for the sensorless
control of the HRSRM utilizing current measurements to
estimate the rotor position in accordance with one embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0030] Inthe following discussion that addresses a number
of embodiments and applications of the present invention,
reference is made to the accompanying drawings that form a
part hereof, and in which is shown by way of illustration
specific embodiments in which the invention may be prac-
ticed. It is to be understood that other embodiments may be
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utilized and changes may be made without departing from the
scope of the present invention.

[0031] Various inventive features are described below that
can each be used independently of one another or in combi-
nation with other features. However, any single inventive
feature may not address any of the problems discussed above,
may only address one of the problems discussed above, or
may address multiple problems discussed above. Further, one
or more of the problems discussed above may not be fully
addressed by any of the features described below.

[0032] The present embodiment provides a sensorless reli-
able control system 10 for a high rotor pole switched reluc-
tance machine (HRSRM) 12 utilizing a hybrid combination
of self-inductance and mutual inductance values as shown in
FIG. 1. The HRSRM 12 includes a rotor 14 and a stator 16
with a plurality of stator phases each having a winding. The
reliable control system 10 comprises a stator phase energiz-
ing module 18 to excite at least one of the plurality of stator
phases, wherein each of the windings of the rest of the plu-
rality of stator phases is in an open circuit state. A first current
and time measuring module 20 measures a first current value
through the at least one energized stator phase taken by the
first current value to reach a first peak value of current. The
system 10 further comprises a self-inductance determining
module 22 to determine a self-inductance value for the at least
one energized stator phase utilizing the first current value and
time. A first storage module 24 stores the determined self-
inductance value and the first current value for each of the
plurality of stator phases in a lookup table or alternatively
stored in the form of an analytical expression such as a poly-
nomial or Fourier expression that describes the inductance of
each phase at each current value. A second current and time
measuring module 26 measures a second current value
through an adjacent un-energized stator phase and time taken
by the adjacent un-energized stator phase to reach a second
peak value of current, wherein the winding of the adjacent
stator phase is in an open circuit state. The system further
comprises a mutual-inductance determining module 28 to
determine a mutual inductance value between the at least one
energized stator phase and the adjacent un-energized stator
phase. A second storage module 30 stores the mutual induc-
tance value and the second current value for each of the
plurality of stator phases in the lookup table or in the form of
an analytical expression (a polynomial or Fourier expression
that describes the inductance of each phase at each current
value). A rotor position estimation module 32 of the reliable
control system 10 is designed to estimate a rotor position
utilizing a combination of the self-inductance and mutual
inductance values determined at the self-inductance deter-
mining module and the mutual-inductance determining mod-
ule respectively. The reliable control system 10 further com-
prises a control module 34 to control the HRSRM utilizing the
estimated rotor position.

[0033] FIG. 2illustrates a flowchart of a method for reliable
control of the HRSRM 12 utilizing the sensorless reliable
control system 10. The method is designed to control the
[0034] HRSRM with high accuracy. The preferred method
commences by providing the HRSRM with the rotor and the
stator as shown in block 42. The at least one of the plurality of
stator phases is energized at the stator phase energizing mod-
ule, wherein each of the windings of the rest of the plurality of
stator phases is in the open circuit state as shown in block 44.
Next, the first current value through the at least one energized
stator phase and the amount of time taken by the first current
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value to reach the first peak value of current are determined at
the first current and time measuring module as shown in block
46. Then, the self-inductance value for the at least one ener-
gized stator phase is determined at the self-inductance deter-
mining module as indicated at block 48. Thereafter, the first
storage module stores the self-inductance value and the first
current value for each of the plurality of stator phases in the
lookup table or stores in the form of an analytical expression
as shown in block 50. The second current value through the
adjacent un-energized stator phase and time taken by the
adjacent un-energized stator phase are measured at the second
current and time measuring module as indicated at block 52,
wherein the winding of the adjacent un-energized stator
phase is in an open circuit state. Next, the mutual inductance
value between the at least one energized stator phase and the
adjacent un-energized stator phase are determined at the
mutual-inductance determining module as indicated at block
54. The second storage module stores the mutual inductance
value and the second current value in the lookup table or in the
form of an analytical expression as shown in block 56. There-
after, the rotor position is estimated utilizing the hybrid com-
bination of the self-inductance and mutual inductance values
at the rotor position estimation module as shown in block 58.
Finally, the estimated rotor position is utilized to control the
HRSRM at the control module as indicated at block 60.

[0035] Since one or more of the phase windings in this
embodiment is switched off at any given time, it is possible to
probe that winding with a low level signal and determine its
input impedance. This information, together with the knowl-
edge of the functional relationship between inductance and
rotor position, makes it possible to determine a highly accu-
rate angular position of the rotor 14 from electrical measure-
ments such as voltage and current, thereby eliminating the
need for a shaft position sensor.

[0036] Another configuration of the preferred embodiment
is shown in FIG. 3. In this configuration, the mutual induc-
tance is determined utilizing voltage and time values. The
reliable control system 10 includes the stator phase energiz-
ing module 18 to excite the at least one of the plurality of
stator phases, wherein each of the windings of the rest of the
plurality of stator phases is in an open circuit state. A current
and time measuring module 36 measures the current value
through the at least one energized stator phase and the time
taken by the current value to reach the peak value of current.
The self-inductance determining module 22 determines the
self-inductance value for the at least one energized stator
phase. The first storage module 24 stores the self-inductance
value and the current value for each of the plurality of stator
phases in the lookup table or in an analytic expression. A
voltage and time measuring module 38 measures a voltage
value across an adjacent un-energized stator phase and the
time taken by the adjacent un-energized stator phase to attain
the voltage value, wherein the winding of the adjacent un-
energized stator phase is in a short circuit state. The mutual-
inductance determining module 28 utilizes the determined
voltage and time values to evaluate the mutual inductance
value between the at least one energized stator phase and the
adjacent un-energized stator phase. The second storage mod-
ule 30 stores the mutual inductance value and the voltage
value for each of the plurality of stator phases. The rotor
position estimation module 32 estimates the rotor position
utilizing a combination of the stored self-inductance and
mutual inductance values. Based on the estimated rotor posi-
tion, the control module 34 controls the HRSRM.
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[0037] FIG. 4illustrates a flowchart of a method for reliable
control of the HRSRM utilizing the sensorless reliable con-
trol system shown in FIG. 3. The method starts by providing
a HRSRM including a rotor and a stator with a plurality of
stator phases as indicated at block 62. Next, the stator phase
energizing module energizes at least one of the plurality of
stator phases, wherein each of the windings of the rest of the
plurality of stator phases is in the open circuit state as shown
in block 64. Thereafter, the current and time taken by the
current value to reach the peak value of current is measured at
the current and time measuring module as shown in block 66.
The self-inductance determining module determines the self-
inductance value for the at least one energized stator phase as
shown in block 68. Next, the first storage module stores the
self-inductance value and the current value for each of the
plurality of stator phases in the lookup table or in the form of
an analytical expression as shown in block 70. As shown in
block 72, the voltage value across an adjacent un-energized
stator phase and the time taken by an adjacent un-energized
stator phase are measured to attain the voltage value at the
voltage and time measuring module, wherein the winding of
the adjacent un-energized stator phase is in the short circuit
state. The mutual inductance value between the at least one
energized stator phase and the adjacent un-energized stator
phase is determined at the mutual-inductance determining
module as indicated at block 74. Next, the mutual inductance
and the voltage value for each of the plurality of stator phases
are stored at the second storage module as shown in block 76.
Thereafter, the rotor position is estimated utilizing the hybrid
combination of the stored self-inductance and mutual induc-
tance values at the rotor position estimation module as indi-
cated at block 78. Finally, the estimated rotor position is
utilized to control the HRSRM at the control module as
shown in block 80.

[0038] During operation, any of the currently existing tech-
niques are implemented to measure self and mutual induc-
tance values. In an alternative embodiment, a combination of
self-inductance and the back EMF from the HRSRM 12 or
back EMF and mutual inductance from the HRSRM 12 are
used to determine the rotor position.

[0039] FIG. 5 is a diagrammatic converter setup 82 to
implement the sensorless reliable control system 10 shown in
FIG. 1. This electrical circuit arrangement measures the self-
inductance for phase A and the mutual-inductance for open-
circuited phase B.

[0040] FIG. 6 is a diagrammatic converter setup 84 to
implement the sensorless reliable control system 10 shown in
FIG. 3. This electrical circuit arrangement measures the self-
inductance for phase A and the mutual-inductance for short-
circuited phase B.

[0041] FIG. 7 is a diagrammatic system layout 86 for the
sensorless reliable control system 10 using current measure-
ments to estimate the rotor position. This electrical arrange-
ment utilizes a gate driver circuit 88 and a computer system 90
to control the electrical inputs to the plurality of stator phase
windings.

[0042] The foregoing description of the preferred embodi-
ment of the present invention has been presented for the
purpose of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form dis-
closed. Many modifications and variations are possible in
light of the above teachings. It is intended that the scope of the
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present invention not be limited by this detailed description,
but by the claims and the equivalents to the claims appended
hereto.

What is claimed is:

1. A sensorless reliable control system for a high rotor pole
switched reluctance machine (HRSRM) having a rotor and a
stator with a plurality of stator phases each having a winding,
the reliable control system comprising:

astator phase energizing module to excite at least one of the
plurality of stator phases, wherein each of the windings
of' the rest of the plurality of stator phases is in an open
circuit state;

afirst current and time measuring module to measure a first
current value through the at least one energized stator
phase and time taken by the first current value to reach a
first peak value of current;

a self-inductance determining module to determine a self-
inductance value for the at least one energized stator
phase;

afirst storage module to store the self-inductance value and
the first current value for each of the plurality of stator
phases;

a second current and time measuring module to measure a
second current value through an adjacent un-energized
stator phase and time taken by the adjacent un-energized
stator phase to reach a second peak value of current,
wherein the winding of the adjacent un-energized stator
phase is in an open circuit state;

a mutual-inductance determining module to determine a
mutual inductance value between the at least one ener-
gized stator phase and the adjacent un-energized stator
phase;

a second storage module to store the mutual inductance
value and the second current value for each of the plu-
rality of stator phases;

arotor position estimation module to estimate a rotor posi-
tion utilizing a combination of the stored self-inductance
and mutual inductance values; and

a control module to control the HRSRM based on the
estimated rotor position.

2. The sensorless reliable control system of claim 1
wherein the self-inductance and the first current values are
stored in a lookup table at the first storage module.

3. The sensorless reliable control system of claim 1
wherein the self-inductance and the first current values are
stored in the form of an analytical expression at the first
storage module.

4. The sensorless reliable control system of claim 1
wherein the mutual-inductance and the second current values
are stored in the lookup table at the second storage module.

5. The sensorless reliable control system of claim 1
wherein the mutual-inductance and the second current values
are stored in the form of an analytical expression at the second
storage module.

6. A method for reliable control of a high rotor pole
switched reluctance machine (HRSRM) utilizing a sensorless
reliable control system, the HRSRM including a rotor and a
stator with a plurality of stator phases each having a winding,
the method comprising the steps of:

(a) energizing at least one of the plurality of stator phases at

a stator phase energizing module, wherein each of the
windings of the rest of the plurality of stator phases is in
an open circuit state;
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(b) measuring a first current value through the at least one
energized stator phase and time taken by the first current
value to reach a first peak value or preset magnitude of
current at a first current and time measuring module;

(c) determining a self-inductance value for the at least one
energized stator phase at a self-inductance determining
module;

(d) storing the self-inductance value and the first current
value for each of the plurality of stator phases at a first
storage module;

(e) measuring a second current value through an adjacent
un-energized stator phase and time taken by the adjacent
un-energized stator phase to reach a second peak value
of current at a second current and time measuring mod-
ule, wherein the winding of the adjacent un-energized
stator phase is in an open circuit state;

(1) determining a mutual inductance value between the at
least one energized stator phase and the adjacent un-
energized stator phase at a mutual-inductance determin-
ing module;

(g) storing the mutual inductance value and the second
current value for each of the plurality of stator phases at
a second storage module;

(h) estimating a rotor position utilizing a combination of
the stored self-inductance and mutual inductance values
at a rotor position estimation module; and

(i) controlling the HRSRM based on the estimated rotor
position at a control module.

7. The method of claim 6 wherein at step (d) the self-
inductance value and the first current value are stored in a look
up table at the first storage module.

8. The method of claim 6 wherein at step (d) the self-
inductance value and the first current value are stored in a
form of an analytical expression at the first storage module.

9. The method of claim 6 wherein at step (g) the mutual-
inductance value and the second current value are stored in
the look up table at the second storage module.

10. The method of claim 6 wherein at step (g) the mutual-
inductance value and the second current value are stored in
the form of an analytical expression at the second storage
module.

11. A sensorless reliable control system for a high rotor
pole switched reluctance machine (HRSRM) having a rotor
and a stator with a plurality of stator phases each having a
winding, the reliable control system comprising:

a stator phase energizing module to excite at least one of the
plurality of stator phases, wherein each of the windings
of the rest of the plurality of stator phases is in an open
circuit state;

a current and time measuring module to measure a current
value through the at least one energized stator phase and
time taken by the current value to reach a peak value or
preset magnitude of current;

a self-inductance determining module to determine a self-
inductance value for the at least one energized stator
phase;

a first storage module to store the self-inductance value and
the current value for each of the plurality of stator
phases;

avoltage and time measuring module to measure a voltage
value across an adjacent un-energized stator phase and
time taken by the adjacent un-energized stator phase to
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attain the voltage value, wherein the winding of the
adjacent un-energized stator phase is in a short circuit
state;

a mutual-inductance determining module to determine a
mutual inductance value between the at least one ener-
gized stator phase and the adjacent un-energized stator
phase;

a second storage module to store the mutual inductance
value and the voltage value for each of the plurality of
stator phases;

arotor position estimation module to estimate a rotor posi-
tion utilizing a combination of the stored self-inductance
and mutual inductance values; and

a control module to control the HRSRM based on the
estimated rotor position.

12. The sensorless reliable control system of claim 11
wherein the self-inductance and the current values are stored
in a lookup table at the first storage module.

13. The sensorless reliable control system of claim 11
wherein the self-inductance and the current values are stored
in the form of an analytical expression at the first storage
module.

14. The sensorless reliable control system of claim 11
wherein the mutual-inductance and the voltage values are
stored in the lookup table at the second storage module.

15. The sensorless reliable control system of claim 11
wherein the mutual-inductance and the voltage values are
stored in the form of an analytical expression at the second
storage module.

16. A method for reliable control of a high rotor pole
switched reluctance machine (HRSRM) utilizing a sensorless
reliable control system, the HRSRM including a rotor and a
stator with a plurality of stator phases each having a winding,
the method comprising the steps of:

(a) energizing at least one of the plurality of stator phases at

a stator phase energizing module, wherein each of the
windings of the rest of the plurality of stator phases is in
an open circuit state;

(b) measuring a current value through the at least one
energized stator phase and time taken by the current
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value to reach a peak value or preset magnitude of cur-
rent at a current and time measuring module;

(c) determining a self-inductance value for the at least one
energized stator phase at a self-inductance determining
module;

(d) storing the self-inductance value and the current value
for each of the plurality of stator phases at a first storage
module;

(e) measuring a voltage value across an adjacent un-ener-
gized stator phase and time taken by an adjacent un-
energized stator phase to attain the voltage value at a
voltage and time measuring module, wherein the wind-
ing of the adjacent un-energized stator phase is in a short
circuit state;

(1) determining a mutual inductance value between the at
least one energized stator phase and the adjacent un-
energized stator phase at a mutual-inductance determin-
ing module;

(g) storing the mutual inductance and the voltage value for
each of the plurality of stator phases at a second storage
module;

(h) estimating a rotor position utilizing a combination of
the stored self-inductance and mutual inductance values
at a rotor position estimation module; and

(1) controlling the HRSRM based on the estimated rotor
position at a control module.

17. The method of claim 16 wherein at step (d) the self-
inductance value and the current value are stored in a look up
table at the first storage module.

18. The method of claim 16 wherein at step (d) the self-
inductance value and the current value are stored in a form of
an analytical expression at the first storage module.

19. The method of claim 16 wherein at step (g) the mutual-
inductance value and the voltage value are stored in the look
up table at the second storage module.

20. The method of claim 16 wherein at step (g) the mutual-
inductance value and the voltage value are stored in the form
of an analytical expression at the second storage module.
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