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Abstract—Land vehicles need their drivetrain to operate
entirely in constant power in order to meet their operational
constraints, such as initial acceleration and gradability, with
minimum power rating. The internal combustion engine (ICE) is
inappropriate for producing this torque–speed profile. Therefore,
multiple gear transmission is necessary with the ICE in a vehicle.
Some electric machines, if designed and controlled appropriately,
are capable of producing an extended constant power range.
The purpose of this paper is to investigate the capabilities of the
switched reluctance motor (SRM) for electric vehicle and hybrid
electric vehicle applications. This investigation will be carried out
in two steps. The first step involves the machine design and the
finite-element analysis to obtain the static characteristic of the
motor. In the second step, the finite-element field solutions are
used in the development of a nonlinear model to investigate the
dynamic performance of the designed motor. Several 8-6 and 6-4
SRM geometries will be investigated. Effects of different stator
and rotor pole widths and pole heights on the steady state as well
as on the dynamic performance of the motor will be studied. The
air gap for each motor will be made as small as manufacturally
possible. The aspects of performance to be compared for each
design motor are: 1) the range of the constant power operation;
2) drive efficiency in this extended constant power range; 3) the
power factor in this operational range; and 4) the short time
overload capability. The first performance index defines the rated
power of the motor. The longer the constant power range, the
lower is the power rating for the same vehicle performance. Hence,
special emphasis will be given to this. In the high-speed operation
of the SRM, there will be considerable phase overlapping. Hence,
thicker back iron than usual might be needed to prevent the back
iron from saturating. However, since flux peaking of each phase
occurs at different rotor positions, the phase overlapping might
not necessitate special designing of the back iron. However, the
possibility of the back iron being saturated will not be neglected
and will be investigated. The optimal control parameters of the
SRM, which maximize the constant power range with maximum
torque per ampere, will be calculated. A performance comparison
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will be made for this optimal operation. Simulation results of
the designed SRM will be presented for vehicle acceleration. To
demonstrate the capability of the SRM in producing an extended
constant power range, experimental results will be presented,
however, for a reduced size motor available commercially.

Index Terms—Constant power range, electric vehicle, hybrid
electric vehicle, switched reluctance motor drive.

I. INTRODUCTION

T HE switched reluctance motor (SRM) is gaining much in-
terest as a candidate for electric vehicle (EV) and hybrid

electric vehicle (HEV) electric propulsion for its simple and
rugged construction, ability of extremely high-speed operation,
and hazard-free operation. In view of these characteristics, one
of the early SRM’s was designed and built for EV application
[1]. In designing this SRM, the major attention was given to the
efficiency of the drive. Later, an optimized design method of an
SRM was reported in [2] for EV application. The design opti-
mization was based on a static analytical model of an SRM, sim-
ilar to the one developed by Corda and Stephenson [3]. More-
over, the efficiency optimization was carried out for the con-
stant-speed operation of the drive with nonoptimal control. Like
the previous design, the special emphasis was given in this de-
sign to the drive efficiency and, additionally, to the drive cost.
Most recently, a 100-hp SRM was designed and built in [4] for
EV application. No special control scheme, design method, or
optimization technique were, however, presented.

While designing an SRM in all the previous methods, no at-
tention was given to the vehicle dynamics. Vehicle dynamics
dictate a special torque–speed profile for its propulsion system.
Our recent study has shown that, a vehicle, in order to meet
its operational constraints, such as initial acceleration and grad-
ability with minimum power, needs the power train to operate
entirely in constant power [5]. The power rating of a motor that
deviates from the constant-power regime can be as much as two
times that of a motor operating at constant power throughout its
speed range in a vehicle. Operation entirely in constant power
is not possible for any practical drive. An extended constant
power range is, however, possible if the motor is appropriately
designed and its control strategy is properly selected.

This paper will investigate the capabilities of the SRM for
vehicle traction. For this purpose, several SRM’s will be de-
signed and their optimal control parameters, which maximize
the constant horse power range, will be calculated. A two–di-
mensional (2-D) finite-element analysis will be used to obtain
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the static characteristics of designed motors. The finite-element
field solutions will then be used in the development of a non-
linear model to investigate the steady-state and the dynamic per-
formance of the designed motors. The nonlinear model will also
be used to search for the optimal control parameters (turn-on and
turn-off angles) of each designed SRM which extends the con-
stant power range with maximum torque per ampere. A perfor-
mance comparison will be made for this optimal operation. Sev-
eral 8-6 and 6-4 SRM geometries will be investigated. Effects of
different stator and rotor pole geometries on the steady— state
as well as on the dynamic performance of the motor will be
studied. In the high-speed operation of the SRM, there will be
considerable phase overlapping. Hence, thicker back iron than
normal might be needed to prevent it from saturating. However,
since flux peaking of each phase occurs at different rotor posi-
tions, the phase overlapping might not bring the back iron into
saturation. However, the possibility of back iron being saturated
will not be neglected and will be investigated. Besides the range
of the constant power operation, the other aspects of perfor-
mance which will be investigated for each designed motor are:
1) the drive efficiency in this extended constant power range; 2)
the power factor (PF) in this operational range; and 3) the short
time overload capability. Simulation results of each designed
SRM in vehicle acceleration will be presented. To demonstrate
that the SRM is capable of producing a long constant-power
range when controlled optimally, experimental results will also
be presented, however, for a reduced size motor available com-
mercially.

II. SRM STATIC CHARACTERISTICS

To investigate the dynamic and steady-state performance of
each SRM geometry considered in this paper, the static torque
and flux-linkage characteristics as functions of stator current
and rotor position are required. The nonlinearity of the SRM
owing to its saturation region of operation, however, compli-
cates the analysis. Several nonlinear analytic models of SRM are
presented in the literature to obtain the static data [3], [6]–[8].
For accuracy, we will, however, rely on the finite-element anal-
ysis to obtain the static data. Finite-element analysis will be per-
formed on several 6-4 and 8-6 SRM geometries with varying
stator and rotor pole widths and heights. Later, the static torque
and flux-linkage data obtained from the finite-element analysis
will be used in the dynamic model to determine the drive per-
formance with optimal control parameters.

III. N ONLINEAR SRM MODEL

A block diagram of the nonlinear SRM model is shown in
Fig. 1. The static flux-linkage and torque data as functions of
the stator current and rotor position, obtained from the finite-el-
ement analysis for each SRM geometry, are used in the dynamic
model in order to include the effect of magnetic nonlinearity.
This model is used to predict the drive performance at steady
state and in the dynamics. The optimal control parameters are
obtained by using the dynamic model. A linear model of the con-
verter is used in the dynamic model. The semiconductor switch
and diode parameters used in the dynamic model are obtained
from the manufacturer’s provided data. The core loss model pre-

sented in [15] is used with the SRM nonlinear model to predict
the core losses of each designed SRM.

IV. DETERMINATION OF THEOPTIMAL CONTROL PARAMETERS

Base speed in any motor is defined as the speed at which the
back EMF equals the bus voltage. The motor also reaches its
rated power at this speed for rated excitation (current). Torque in
an SRM below base speed, when the back EMF is lower than the
bus voltage is controlled, like all other motors, by the pulsewidth
modulation (PWM) control of current. Above base speed, due
to the high back EMF which cannot be field weakened, PWM
control of current is not possible. Operation in constant power is
made possible in this motor by the phase advancing of the stator
phase current until overlapping between the successive phases
occurs [9]. Torque control below base speed can be optimized
by the stator current profiling [10], [11]. However, above base
speed, the only control parameters are the phase turn-on and the
turn-off angles. The phase turn-on and the turn-off angles can be
optimally controlled above base speed to maximize the range of
the constant power operation with maximum torque per ampere.
To find the optimal turn-on and the turn-off angles, the dynamic
model developed in the earlier section is used. The search proce-
dure for the optimal angles is lengthy and time consuming. Any
standard root-seeking methods, such as the Secant method [12],
may be used to accelerate the speed of the searching process.
After a series of iterations, the dynamic model finds the optimal
turn-on and turn-off angles. To implement the control scheme
in real time, a neural-network-based controller may be imple-
mented [10].

V. DESIGN METHODOLOGY

The design process starts with the hand calculation of several
SRM geometries with varying pole numbers and pole dimen-
sions. A 2-D finite- element analysis is then performed to ob-
tain the nonlinear field solutions within the motor. The finite-el-
ement field solutions are used in the development of a nonlinear
SRM model. The developed model is used to search the optimal
control parameters which extends the constant power range of
each motor with maximum torque per ampere. Both the steady-
state and the dynamic performance of each designed SRM are
investigated for these optimal control parameters. These steps
are repeated for each designed SRM in an attempt to determine
an appropriate SRM geometry for EV and HEV applications. In
this paper, we will consider only the 8-6 and 6-4 SRM geome-
tries. SRM geometries with more stator and rotor poles will have
less space for phase advancing. As a consequence, the motor
will suffer from limited constant-power range. Moreover, the
ratio of the aligned to unaligned inductance will reduce with in-
creased number of rotor and stator poles. This will reduce the
static torque and increase the converter voltamperes [9].

VI. DESIGN EXAMPLES

In this section, we will present several SRM designs and
will investigate their performance when controlled optimally.
Our goal is to extend the constant-power range with maximum
torque per ampere. Special attention will also be given to the
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Fig. 1. A block diagram of the dynamic SRM model.

drive efficiency. All the design examples considered in this
paper have almost the same stator outer dimension and stack
length. We begin with the 6-4 SRM designs.

A. 6-4 SRM Design

First, we will examine the effect of the pole widths on the
SRM performance. The minimum stator and rotor pole widths
of a 6-4 SRM should be 30in order to have adequate starting
torque from all positions. To maximize the room available for
winding placement, we will keep the stator pole width fixed at
30 , while the rotor pole widths will be varied. The considered
SRM’s have the following dimensions:

• stator outer diameter, 13.58 in;
• rotor outer diameter, 7.4694 in;
• stack length, 7.4694 in;
• air gap, 0.0373 in;
• stator slot height, 1.7166 in;
• rotor slot height, 0.9763 in;
• stator core thickness, 1.3017 in;
• rotor core thickness, 1.3517 in;
• M19 steel;
• shaft diameter, 2.8135 in;
• number of turns per pole, 14;
• dc-bus voltage, 240 V;
• rated phase current, 168.3 A (air cooled, 4 A/mm2);
• stator pole arc, 30;
• rotor pole arcs, 30.31 (same pole width as the stator),

31.5 , 34 , and 36.

The dimensions of the four SRM’s are the same except for
the rotor pole arc, which varies from 30.31(same as the stator
pole width) to 36. For convenience, we will label these designs
as designs 1–4. Finite-element analysis is performed on each
of these motors in order to obtain the nonlinear field solutions.
These field solutions are then used in the nonlinear model to de-
termine the steady-state and the dynamic performance of each of
the designed SRM’s. Fig. 2(a) shows the constant-power ranges
of these motors. The optimal turn-on and the turn-off angles
and the phase rms currents for the constant power operation of
Fig. 2(a) are shown in Fig. 2(b). Extended speed constant-power

(a)

(b)

Fig. 2. (a) Extended constant power range and (b) optimal control angles and
rms phase current for SRM designs 1–4.

ranges are obtained for these designs when controlled with the
optimal parameters. The extended constant-power range is max-
imum (5.7 times the base speed) for design 1 (narrowest rotor
pole), while it is minimum (4.7 times the base speed) for design
4 (widest rotor pole). However, the rated torque is minimum for
design 1 and maximum for design 4. The long constant-power
range available from motor 1 will make it highly favorable for
vehicle applications, despite the fact that it has a lower rated
torque (power). The vehicle performance analysis for all these
motors will be presented later. We can see in Fig. 2(b) that lower
than rated rms current is needed at higher speeds to maintain
constant power at the output. This is a direct consequence of the
fact that the PF of operation of the motors is improving at higher
speed. The PF’s and the drive efficiencies for these motors are
presented in Fig. 3 for the constant-power operation. We have
used the following definition for calculating the PF:

PF
output shaft power

input rms voltampere
(1)

Design 1 exhibits both the best efficiency and the PF among
these designs.

Since the rms phase current decreases during high-speed
constant-power operation, it should be possible to obtain more
than the designed rated powers from these motors at high speed
without exceeding the bus voltage and the rated current of each
motor. This is shown in Fig. 4. Fig. 4(a) shows the maximum
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Fig. 3. Efficiency and PF of motors 1–4 for constant power operation.

power available from these motors and Fig. 4(b) shows the
phase current and the control angles for the maximum power
outputs. The output shaft powers are shown as a ratio of the
ideal output power (unity PF) which is only possible from
a separately excited dc motor. The power curves shown in
Fig. 4 are the maximum powers these motors are capable of
delivering, given the voltage and the current limitations. Again,
design 1 is exhibiting better performance (higher power) at
higher speeds. It may be noted that almost 40% more than
the design rated power is obtained. The difference between
the ideal power and the actual power is narrowing at the high
speed. It is interesting to note that, beyond a certain speed, the
rms phase current is reduced from the rated value in order to
obtain more power. Any current higher than this will actually
reduce the output torque due to the development of more
negative torque. Hence, beyond that speed, it is advantageous
to reduce the current rather than maintaining the rated current.
Motor efficiency and PF for its operation on the maximum
power curve of Fig. 4(a) are shown in Fig. 5. Although the rated
PF is low for the SRM, this difficulty is greatly overcome at
higher speeds and the SRM output power approaches the ideal
power (Fig. 4). This will make SRM attractive for applications
requiring high-speed operatios, e.g., the vehicle propulsion
system.

Vehicle application also requires short-term overload capa-
bility from its propulsion system. Hence, finally, we will ex-
amine the overload capabilities of these motors. The SRM does
not have any breakdown torque like the induction motor. The
overload capability, however, would depend on how much cur-
rent can be pushed in to the motor against the high back EMF
and how fast it can be pushed. Obviously, a low unaligned in-
ductance will be favorable for both these conditions. Design 1,
which has narrow poles (low unaligned inductance), will have
a good overload capability. This is shown in Fig. 6 in per unit
of the rated power. As expected, maximum overload capability
decreases as the speed increases. Peak overload capability for
design 1 at the rated speed is almost 4.5 times its rated power.
RMS phase current and optimal control angles are shown in
Fig. 6(b). These phase currents for the overload condition may
be compared with the currents of Figs. 2 and 4, to understand the

(a)

(b)

Fig. 4. (a) Maximum output power and (b) optimal control angles and rms
phase current for SRM designs 1–4.

Fig. 5. Efficiency and PF of motors 1–4 for maximum power output.

extent of overload from thermal (cooling requirement) point of
view. We would, however, like to point out that the actual over-
load power would be less than this theoretically predicted over-
load power. When the motor is severely overloaded, the back
iron will saturate. This will introduce strong coupling between
phases, which is neglected in the developed model of this paper.
Due to these phase couplings, torque and, hence, power will be
reduced. Efficiency and PF during motor overloading are shown
in Fig. 7.
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(a)

(b)

Fig. 6 (a) Maximum overload power and (b) rms phase current and optimal
angles for SRM designs 1–4.

Fig. 7 Efficiency and PF of motors 1–4 during the overloading condition.

Next, we will investigate the effect of rotor pole height on the
SRM performance. If the stator outer diameter is fixed, an in-
crease in rotor pole height, however, will decrease the stator slot
area. As a consequence, winding area will decrease. Hence, the
rated current of the motor will decrease. In the unaligned posi-
tion, flux also fringes through the side of the rotor pole. Hence,

making the rotor pole very long will not be very useful in re-
ducing the unaligned inductance. We will consider four more
designs. The rotor pole height of design 2 (rotor pole arc 31.5)
is increased 10% and 20%, and these two designs will be labeled
design 5 and 6, respectively. Also, the rotor pole height of de-
sign 3 (rotor pole arc 34) is increased 10 and 20%. These two
designs will be labeled design 7 and 8, respectively.

As before, the finite-element analysis is performed on these
motors to obtain the field solutions. The nonlinear field solu-
tions are then used in the nonlinear SRM model to examine the
drive performance. For better understanding, the performance
of designs 5–8 will be presented along with the performance
of designs 2 and 3. Fig. 8 shows the constant-power ranges of
these motors when controlled optimally. Design 6, which has
the narrowest and longest rotor poles among these designs, has
the longest constant-power range (7.75 times the base speed),
however, the lowest rated torque. On the other hand, design 3,
which has the widest and shortest rotor pole, has the highest
rated torque, but the shortest constant power range (5.1 times
the base speed). The PF and the efficiency of these designs for
the constant-power operation are shown in Fig. 9.

The maximum power available from these motors, operating
within the voltage and the current limitations, is shown in
Fig. 10 and the corresponding efficiencies and PF’s are shown
in Fig. 11. The overload capabilities of these motors are shown
in Fig. 12 and the PF’s and the efficiencies are shown in Fig. 13.
Design 6 has an overloading capability of almost seven times
the rated power.

Among the eight designs we have presented so far, design
6 has the longest constant-power range, however, the lowest
power rating, while design 4 has the shortest constant-power
range, however, the highest power rating. A valid comparison
between these motors, however, should be made in terms of the
vehicle performance, which we will make in the next section.
We will present two 8-6 SRM designs next.

B. 8-6 SRM Design

We will present two 8-6 SRM designs in this section. These
two designs have the following dimensions:

• stator outer diameter, 13.66 in ;
• rotor outer diameter, 7.5156 in ;
• stack length, 7.5156 in;
• air gap, 0.0376 in;
• stator slot height, 1.9303 in;
• rotor slot height, 1.3152 in;
• stator core thickness, 1.1066 in;
• rotor core thickness, 1.1987 in;
• M19 steel;
• shaft diameter, 2.4878 in;
• number of turns per pole, 11;
• dc-bus voltage, 240 V;
• current density 4 A/mm2 (air cooled);
• stator and rotor pole arcs 21, 23 (design 9), and 19, 21

(design 10).

We have labeled the two SRM designs presented in this sec-
tion as designs 9 and 10. After performing the finite-element
analysis, the optimal constant-power ranges are calculated using
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(a)

(b)

Fig. 8. (a) Extended constant power range and (b) optimal control angles and
rms phase current for SRM designs 5–8.

Fig. 9. Efficiency and PF of motors for constant power operation.

the dynamic model. Fig. 14 shows the constant-power ranges
of these motors along with the rms phase current and the op-
timal angles. Design 9, which has wider poles, produces higher
rated torque, however, a constant power range of only 3.2 times
the base speed. Design 10 has slightly lower rated torque and
rated power than design 9, but has a much longer constant power
range (4.125) than 9. The rms phase current also decreases while
maintaining the constant-power operation. The PF and motor ef-
ficiency for the constant-power operation are shown in Fig. 15.

(a)

(b)

Fig. 10 (a) Maximum output power and (b) optimal control angles and rms
phase current for SRM designs 5–8.

Fig. 11. Efficiency and PF of motors 5–8 for maximum power output.

PF improves considerably in the high-speed constant-power op-
eration of the motors. Design 10 has a lower PF than design 9 at
the rated speed, however, it improves rapidly and shows better
PF than design 9, roughly after 7000 r/min. The 8-6 designs,
although they have shorter constant-power range, are showing
better PF and much better power ratings than the 6-4 designs
(Figs. 2 and 3). The 8-6 SRM’s, due to their pole widths being
narrower than the 6-4 SRM’s, operate in higher saturation level
(6-4 and the 8-6 designs have comparable winding areas). More-
over, the higher phase overlapping in 8-6 motors is contributing
more to the average torque. The back iron in 8-6 designs are,
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(a)

(b)

Fig. 12. (a) Maximum overload power and (b) rms phase current and optimal
angles for SRM designs 5–8.

Fig. 13. Efficiency and PF of motors 5–8 during the overloading condition.

however, saturating. The stator and rotor back-iron thickness in
both the designs are chosen as 80% of the design 9 respective
pole widths. The back irons in both the designs, especially in
design 10 (design 10 has higher ampere–turn rating), saturate
for the rated torque and near the rated speed of the motor. To
prevent this from happening, design 9 would require 6% more
core thickness, whereas design 10 would require 20% more core
thickness.

(a)

(b)

Fig. 14. (a) Extended constant power range and (b) optimal control angles and
rms phase current for 8-6 SRM designs 9 and 10.

Fig. 15. Efficiency and PF of operation for motors 9 and 10 for their operation
on the constant power profile.

Next, we will examine the maximum power capability oper-
ating within the rated voltage and current of the motors. Fig. 16
shows the maximum power capability of these two motors in per
unit of their ideal output power. Design 10 has higher and wider
power capability at high speeds. This is obviously desirable for
EV and HEV applications. Efficiency and PF for this operation
are shown in Fig. 17. Design 10 is also showing higher PF and
efficiency at higher speeds.
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(a)

(b)

Fig. 16. (a) Maximum output power and (b) optimal control angles and rms
phase current for SRM designs 9 and 10.

Fig. 17. Efficiency and PF of motors 9 and 10 for the maximum power output.

Finally, in Fig. 18 we show the overload capabilities of these
designs. The PF’s and efficiencies for the overloaded operation
are shown in Fig. 19. Design 10 has better PF, better efficiency,
and also better overload capability. Due to the higher unaligned
inductance, the overload capability of the 8-6 designs are, how-
ever, lower than the 6-4 designs.

In this section, we have presented eight 6-4 SRM designs
and two 8-6 SRM designs. The 6-4 designs are showing much

(a)

(b)

Fig. 18. (a) Maximum overload power and (b) rms phase current and optimal
angles for SRM designs 9 and 10.

Fig. 19. Efficiency and PF of motors 9 and 10 during overloading condition.

longer constant power capability and much higher overload ca-
pability than the 8-6 designs. The 8-6 designs, however, have
higher rated torque and power. They also exhibit better PF and
efficiency. A valid comparison between these designs can only
be made if we compare the vehicle performance, e.g., the initial
acceleration performance, when these motors are used as the
propulsion system. This comparison will be made in the next
section.
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TABLE I
MOTOR POWER RATINGS AND VEHICLE

ACCELERATION TIME

VII. V EHICLE PERFORMANCEANALYSIS

In this section, we will compare the performance of the de-
signed SRM’s for a vehicle propulsion system by calculating the
0–60-mi/h acceleration time. The SRM performance will also
be compared with the performance of an induction motor (IM)
and a brushless dc (BLDC) motor. For the later comparison, we
will calculate the power and the input voltampere requirements
of an IM and a BLDC motor for the 0–60-mi/h acceleration in
times specified by the SRM’s. For this purpose, we consider the
following vehicle:

• vehicle rated speed of 26.82 m/s (60 mi/h);
• vehicle maximum speed of 44.7 m/s (100 mi/h);
• vehicle mass of 1450 kg;
• rolling resistance coefficient of 0.013;
• aerodynamic drag coefficient of 0.29;
• frontal area of 2.13 m2;
• wheel radius of 0.2794 m (11 in);
• level ground;
• zero head wind.

For calculating the acceleration time, the maximum power
capabilities of SRM’s, presented in Figs. 4, 10, and 16, will be
assumed. For calculating the IM power and voltampere, we will
assume a constant-power capability of four times the base speed
and a PF of 0.8. While, a constant-power range of 2.2 times the
base speed and a PF of 0.9 will be assumed for the BLDC motor.

Table I lists the 0–60-mi/h acceleration time, power, and input
kilovoltampere ratings of the IM, BLDC motor, and SRM’s.

Among the 6-4 designs, design 1, which has the narrowest
rotor poles, requires the least amount of time for the accelera-
tion. Design 6, which has the longest constant power range, is
requiring longer time for the initial acceleration due to its lower
power rating. The 8-6 designs have a much higher power rating
than the 6-4 designs, the acceleration time is, therefore, much
lower for the 8-6 designs, despite their relatively lower constant
power range. The 6-4 SRM’s have better overload capability
than the 8-6 designs. They also operate in a lower level of sat-
uration. Their performance, therefore, can be improved signifi-
cantly by increasing the current density. However, more efficient
cooling of the motor would be required. The rotor pole height of
designs 1–4 can also be reduced to make more room for phase
windings. This will, however, increase the unaligned inductance

(a)

(b)

Fig. 20 (a) Experimentally measured torque and (b) rms phase current at high
speed.

and, consequently, the constant-power range, the overload capa-
bility, as well as the PF will be reduced. SRM’s are exhibiting
equal or better performance than the induction and BLDC mo-
tors. Of course, a more valid comparison should also include the
volume and the weight of the motors. This is, however, beyond
the scope of this paper.

VIII. E XPERIMENTAL RESULTS

SRM designs presented inSection VI show that an extremely
long constant-power range is possible if the motor is designed
appropriately and controlled optimally. A range of three
to seven times the base speed has been demonstrated with
different designs. In this section, we will present experimental
results to demonstrate that an extended constant-power range
is possible from the SRM. The experimental motor, however,
is a small motor available commercially. The motor was not
designed specifically following the methodology presented
in this paper. However, it will be controlled with the optimal
control parameters. The optimal control parameters are calcu-
lated from the dynamic model. The nonlinear field solutions
for this motor are calculated from the experimentally collected
data. Simulation results for this motor show that an extended
range exceeding 6.5 times the base speed is possible. Detailed
simulations results of this motor can be obtained in [16].

Fig. 20 shows the experimentally measured torque and rms
phase current at high speed when the motor is controlled opti-
mally. The experimental setup has a maximum speed limitation
of 6000 r/min. Therefore, we limited our experiment to 6000
r/min. The measured constant-power range is almost 4.35 times
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Fig. 21 Actual (lower trace) and the commanded (upper trace) current at 6000
r/min. The oscilloscope scales are 21 and 20 A per division for the commanded
and the actual current, respectively.

the base speed. There is still some room available for phase ad-
vancing. This can be seen from the phase current waveform near
6000 r/min (Fig. 21). The measured rms phase current decreases
while maintaining constant power, indicating, as predicted the-
oretically, an improvement in the PF.

IX. CONCLUSION

High-speed capabilities of several 6-4 and 8-6 designs have
been presented in this paper. Simulation results show some in-
teresting characteristics of the SRM. Extremely long constant-
power ranges are available from the 6-4 designs. PF improves
significantly at the high speeds from its low-speed values. Al-
most 40% more than the design rated power is obtained at high
speed without exceeding the voltage and the current ratings of
the motors. Excellent efficiencies are exhibited by these designs
at high speed. The design examples presented in this paper by
no means are the best design geometries. Nevertheless, a design
methodology is presented and the potential of the SRM for ve-
hicle application is clearly demonstrated. The SRM definitely
shows the potential for performance superior to BLDC’s and
IM’s. A constant-power range of more than four times the base
speed is demonstrated by the 8-6 experiment motor. The exper-
imental results also demonstrate the improvement of PF at the
high-speed operation.
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