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ABSTRACT

One solution to the high torque ripple problem of the switched reluctance motor is to modify its pole
geometry. To show how much this solution is effective, static field analyses are usually contended
with. However, dynamic analyses of SRM are to be made to get a real model of SRM. In this study,
dynamic analysis of conventional SRM and the modified SRM are made and their performance
parameters are compared with each other. The comparison shows an improvement of 23.6 % in torque

ripple and 18 % in efficiency which is in agreement with the results of static analysis.
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1. INTRODUCTION

Switched reluctance motor (SRM) has a high
torque/mass ratio and is commonly used in
variable speed applications, but it has some
drawbacks such as high torque ripple, acoustic
noise and the need of a sensor to determine the
rotor position. To reduce the torque ripple,
various methods have been suggested in the
literature. These methods can be divided into two
main categories: the first, those which suggest
the modifications in the pole geometry [1-2] and
the second, those which offer new driver circuits
and control methods [3-4]. In the first category,
anew SRM model with modified stator and rotor
pole geometry has been offered. This
investigating has been realized using Finite
Element Method (FEM) wunder the static
conditions [5].

Previous study of new SRM model with
modified stator and rotor pole geometry has been
based on static field analysis. It is an essential
point of investigation whether or not this new
model keeps the same advantages over the
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conventional SRM even under the dynamic
working conditions. This study basically covers
this investigation and extends the knowledge
obtained from the static field analysis. It starts
with the development of the dynamic models of
both kinds of motor together with their driver
circuits, and provides an overall description of
the dynamic behaviour of the motors. No control
method is applied to driver circuit in the dynamic
study so that the results of static and dynamic
studies can be compared with each other.

2. DYNAMIC MODEL OF SRM

SRM is used in this study is a three-phase motor
with 6/4 pole construction, S00W, 24 V, 11 A,
Bs/B: 30/32 degree and an air gap of 0.228 mm
[6]. Although these characteristics belong to
conventional SRM, they are also valid for the
modified SRM, the only difference between them
is that the modified SRM has a different stator
and rotor pole shape. The detail of both stator
and rotor pole parameters and how the pole
geometries have been obtained is given in
previous study [5]. From now on, the SRM with
conventional pole construction will be called as
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SRM-I and SRM with modified pole geometry as
SRM-II, for ease of reference. Subscript 1 and 2
will be used for SRM-I and SRM-II respectively.

The dynamic model of SRM consists of three
parts: data obtained from FEM, equivalent model
of SRM and the driver circuit. Data obtained
from FEM are generally used in the dynamic
model by employing two different methods: In
the first method, equations representing
inductance, flux and torque characteristics of
SRM are obtained. This method is known as
“curve fitting method”. In the second method,
inductance, flux and torque data are put into
look-up tables. As the first method is difficult,
the second one has been preferred in this study.
Inductance, flux and torque data obtained from
FEM by static field analysis are entered into
look-up tables. The equivalent model of SRM
has been generated using voltage, flux and torque
equations.

-, d0.0)

V=R 1
i i 1)

A0,i)=L(0,i)-i @)
L(6,i) in Eq.2 is taken from the FEM data in the
look-up table. The current expression obtained
from Eq.2 and O values obtained from
mechanical circuit of the motor are used as
inputs in the T(6,i) look-up tables and dynamic
torque characteristics are obtained accordingly.

In generating dynamic model of SRM Matlab-
Simulink has been used. In the dynamic model,
voltage is applied to phase windings with a delay
angle 0;=2.5 and turn-off angle 0.=10° for a
dwell angle AB=32.5°.

Then, the state equations for C-dump driver can
be written as follows:

dV_cdz(i—ugid)

dt c, ®

diy _ (”chd Ve —Rdid) @
dt L,

As it is seen, the dynamic model generated for
SRM dynamic analysis incorporates also C-
dump driver circuit. When the state equations for
C-dump driver circuit are solved, C-dump
voltage (V) and current (i) become the input
variables of the dynamic model of SRM.

Dynamic parameters of these SRM models are
J=189-10-6 Kgm2, B=0.1-10-3 Nm-s/rad,
K=5-10-3 Nmrsirad, R=0.111 Q, V4=24 V,
R=2.67 Q, Li=193 mH, C4=370 puF, f=10 kHz
d:O.S, VchZVdC.

Circuit parameters used in the dynamic analysis
are entirely the same for SRM I and SRM 1I to
enable a comparison between them.

3. COMPARISON OF DYNAMIC
CHARACTERISTICS

In this section, the performance characteristics
obtained from dynamic analysis of SRM-I and
SRM-II are given in a comparative form.

3-phase inductance waveforms for SRM-I and
SRM-II are given in Fig.1 which shows that the
lowest value of the phase inductance is 0.5 mH
and the highest value 5.9 mH. In Fig.1 the
variation of the slope in the increased portion of
the inductance waveform for SRM-II resulting
from the suggested pole construction inhibits
high oscillation of the phase current.

H
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Fig. 1

Current curves for SRM-I and SRM-II are given
in Fig.2. When the current waveforms are

examined, 1.y, imin and Al values are 14.5 A, 8 A
and 6.5 A for SRM-I and 10.5 A, 7.6 Aand 2.9 A

3-phase Inductance Waveforms
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for SRM-II. This shows that current variation for
SRM-I have sharp rises and falls, whereas this
variation is moderate for SRM-II.
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Table 1 Obtained Torque Values from Fig.5

Quantity SRM-1

SRM-11

Tmax 1.86 Nm

1.70 Nm
0.60 Nm

0.31 Nm
1.07 Nm
71.4 %

Tmi n

T, avg

0,

%T, ripple

1.00 Nm
47.8 %

5

S

i\

Current \1 ‘\Z
”__,J-

m

-

i
r
]
Lr
i
' X
1
i
I

\
A
r :
R N ' i B
0395 0ses 039 Ooem

it
0.392 0.393 0.394
Time  (s)

Fig.2  3-phase Current Waveforms

It is noticed that phase transistors of the SRM-II
currents are softer than SRM-II currents.

In Fig3, total 3-phase torques produced by

SRM-I and SRM-II are given as T; and T,
respectively. Important parameters read from
Fig.3 are given in detail in Table 1.

Variations in the torque ripples are the same as

AT ippie -23.6 %

The figure of improvement was obtained as 24.1
% in the static analysis. So, the improvements
obtained from the static and dynamic analysis are
almost the same (24.1% vs. 23.6%); in other
words the results of both analysis greatly support

each other.

Table 2 Obtained Power and Efficiency Values

Quantity ~ SRM-I ~ SRM-II
P, 300w 275 W
P, 223 W 252w

n 73 % 92 %
An 18 %

Table 2 provides a comparison of efficiency

the variations in the current: they are high for
SRM-I, whereas they are low for SRM-II.
Moreover, both waveforms have the same

average values.

o
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Fig.3 Torque Waveforms

Table 1 shows that torque ripple values obtained
from the dynamic analysis are 71.4 % for SRM-I
and 47.8 % for SRM-II, so torque ripple in SRM-
IT has been improved by 23.6 % in comparison

with SRM-I.

values for SRM-I and SRM-II. As can be seen,
SRM-I gets 300W from the supply and delivers
223W, so efficiency is 73%. For SRM-II, these
figures are 275W, 252W and 92%. The
improvement in efficiency of SRM-II is 18%

which is a significant increase.

4. CONCLUSION

In this study dynamic analysis of SRM with
conventional pole shape (SRM-I) and SRM with
modified pole shape (SRM-II), both incorporate
driver circuits, have been made and 23.6%
improvement in torque ripple and 18%
improvement in efficiency have been achieved.
These figures of improvement are in agreement
with the results of the static analysis.
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