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In the recent years, the use of switched reluctance motors (SRM) in industrial applications has been
increased. In this regard, a large amount of research studies have been conducted on controlling the speed
and torque of the aforementioned motors. These motors not only have a simple and stable structure, but also
production cost is low. In addition, these motors take advantage of great power, the ability to work in high
speeds and inadequate environments (hot and dusty), reliability, control-ability, and high efficiency.
However, discrete torque production of SRM along with enormous magnetic saturation in their cores reduces
the variety of their industrial applications and also causes the inappropriate torque ripples. In this paper, a
modified logical-rule-based method is proposed which employs the technique of controlling torque sharing
function. Moreover, the optimized turn-on angle for conducting each phase is achieved by estimating the
inductance curve in the vicinity of unaligned position and based on an analytical solution. Simulation results
on a four-phase switched reluctance motor and a comparison with the conventional methods indicates
validity and effectiveness of the proposed modified method.

Index Terms: Switched reluctance motor, torque ripple reduction, turn-on angle control.
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Fig. (2): Electrical to mechanical energy conversion
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Fig. (8): The overall block diagram of SRM control using the
combined proposed modification method and turn on angle
control
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Fig. (9): The schematic of currents, flux linkages and phase torques as well as motor resultant torque of SRM in the speed of 1200

rpm and load torque of 20 Nm without proposed modification method and controlling turn-on angle using a) linear b) cosine
c) cubic d) exponential TSFs
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Fig. (10): The schematic of currents, flux linkages and phase torques as well as motor resultant torque of SRM in the speed of
1200rpm and load torque of 20Nm using controlling turn-on angle a) linear b) cosine c) cubic d) exponential TSFs
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Fig. (11): The schematic of currents, flux linkages and phase torques as well as motor resultant torque of SRM in the speed of 1200
rpm and load torque of 20 Nm using proposed modification method and controlling turn-on angle a) linear b) cosine c¢) cubic
d) exponential TSFs
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Fig. (12): Average torque- speed characteristics of the proposed method and a comparison with linear TSF, in some different cases in
the load of 20 Nm
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Table (2): Average torque and turn-on angle variations with peak phase current and torque ripple factor due to increasing motor
speed in the linear TSF using the proposed modification method and turn-on angle control

b o jglis STil @l jo Sy G381 L jgliisS oy auopd g 56 bz Sy polie olyom 4y (g argls g dawgie jolisS Ol (V) Jga
=gy asly J S g (el g 3l eolinl

o(rpm) 500 600 700 800 900 1100 1300 1500 1600
T,. (Nm) 20 20 20 20 20 20 19.96 19.5 17.5
0( deg ) 37.96 | 37.57 | 34.18 | 3337 | 33.37 32.57 31.82 31.01 30.6
Lpeak(A) 14.6 15.5 16 16 16 16 16.1 16.14 16
TRF% 7 7 7 7.5 1.5 8.55 10 15 24.4

Table (3): Torque ripple factor variations in the linear TSF with turn on reduction without modification method in different speeds
iz glacae s 53 (Mol (Bg; e by, argly el b (s jgleS (STrsl ol s (TRF%) j5kas o) e ps Slpsis () oo

o(rpm)

0,,(deg) 500 600 700 800 900
34 28 28.5 33 39 43
33 22 26 27.5 34 40
32 19.5 23 27 32 37
31 19 23 245 29 37

Table (4): A comparison of peak phase current in different speeds for two cases of with and without reference [10] modification
method using the linear TSF

b sletS STl b SaS 4 [V ] o pe Dol Uosy 5 Dol (s, ooy Sl 59 45 ciliee slacs o s 56 Gl Sy deslin (F) Jsor

1. Switch Reluctance Motor (SRM)
2. Torque Sharing Function (TSF)

o(rpm) 10 | 50 | 100 | 300 | 500 | 700 | 900 | 1100 | 1300 | 1500

Peak phase currant(A) 13 13 | 145 | 1455 | 145 | 14 | 13 | 12.85 | 129 10.6
(linear TSF)

Peak phase currant(A)

(Modified lincar TSF) 13 | 13 | 145 ] 145 | 145 | 133 | 135 | 13.8 | 14.2 23

Nominal characteristics of the studied four phases Switch

Reluctance motor
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