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Abstract: In this study, a novel converter arrangement for switching reluctance motor (SRM)
drive is presented. Comparing the proposed novel converter to the standard asymmetrical type
of converter arrangement for switched reluctance motor, it insists on fewer switches.
Reducing the switch count in a converter improves system performance by reducing losses,
the size of the heat sink, and the number of gate drive circuits. This work demonstrated closed
loop speed control of switching reluctance motor fed from proposed innovative converter
topology. The effectiveness of closed loop and open loop systems are contrasted.
Additionally, the suggested converter for the SRMT is assessed in loaded conditions, and a
comparison of the no-load and loaded SRM is shown. MATLAB/SIMULINK software is
used to create the presented model and analyse the outcomes. At fixed speed and variable
speed situations, the suggested novel converter fed switched reluctance motor drive's closed

loop performance is confirmed.
Keywords: Closed loop Control Speed Switched reluctance motor Converter for SRM.

1. INTRODUCTION

Switched reluctance motor (SRM) is a special electrical machine in modern day electrical applications
due to its superior merits over other types of electrical machines. SRM basically operates on the
principle of reluctance torque which is responsible for the rotation of rotor [1]. Simple construction
over other conventional electrical machines make SRM the preferred machine[2]. Switched reluctance
machine is a doubly salient pole machine in which stator and rotor as well consists of salient poles[3].

Coils are wounded on stator poles and rotor is just a simple ferro-magnetic salient material. The rotor
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of switched reluctance motor consists of neither coils nor permanent magnets[4]. High reliability and

low cost make SRM very much applicable to many of the applications [5].

SRM, these days is a predominant option as a motor used in adjustable speed drive system with
minimum cost and high reliability [6]. Due to non-existence of windings on rotor, weight of the rotor
part decreases and as a result rotor can rotate at high speeds [7]. SRM finds the applications in high-
speed drives [8]. Owing to further inherent advantages like high efficiency, high reliability, excellent
fault-tolerance, and high starting torque in initial accelerations[9], SRMs are preferred to be a
competitive to other type of special application electrical machines [10]. Switched reluctance motor
requires sensors for its position sensing but intensive research in SRM, made sensor less speed control
possible[11]. Requirement of sensors for position sensing, acoustic noise are disadvantages of SRM.
Apart from these two, the main disadvantage in SRM includes high torque ripples [12]Though the
usage of SRM in industries is less, SRM can achieve relatively high speeds compared to other

motors[13].

The paper presents a novel converter configuration with less number of switches for switched
reluctance motor (SRM) drive [14]. The proposed novel converter insists for less number of switches
compared to conventional asymmetrical type of converter configuration for switched reluctance motor
[15]. Closed loop speed control of switched reluctance motor fed from proposed novel converter
topology was presented in this paper[16]. Performance of closed loop operation[17] is compared to
open loop system. The model presented is developed and the results are analyzed using
MATLAB/SIMULINK software[18]. Closed loop performance of proposed novel converter fed

switched reluctance motor drive is verified at fixed speed and variable speed conditions[19].
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Figure 1. Basic diagram of switched reluctance motor
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2. PROPOSED NOVEL CONVERTER FOR SWITCHED RELUCTANCE MOTOR

2.1 Proposed converter topology

The proposed novel converter [20] topology for switched reluctance motor is shown in Figure 2. The
proposed converter[21] is developed to switch the phases of switched reluctance motor with
components like four power[22] semiconductor switches (S1 to S4) and four diodes (D1 to D4). The
converter is exciting from a DC source [23]. Wherein, a conventional asymmetrical converter for SRM
consists of six power switches and six diodes for switching the phases of SRM [24]. With reduction
in usage of power switches and diodes, the number of gate drivers required becomes less, heat sink

requirement will be less and as a result switching loss gets reduced[25].

Comparative analysis of proposed converter with asymmetrical converter was depicted in Table 1. It
shows that the number of power switches in the proposed converter is less compared to asymmetrical
converter[26]. The number of diodes required in the proposed converter is less than asymmetrical
converter. As the number of components is reduced switching losses are less in proposed converter.
The heat sink requirement is also less comparatively since only four switches are used. The number

of gate drivers is also reduced in proposed converter[27].

Figure 2. Circuit representation of proposed novel converter for switched reluctance motor
2.2 Modes of operation of proposed converter

Figure 3 explains the modes of operation of proposed converter for switched reluctance motor for
phase excitation. Phase excitation, free-wheeling mode and de-energizing mode of three-phase SRM
are illustrated in Figure 3. Current paths in respective modes of operation are explained in detailed.

The respective switches placed in respective phases are operated for phase excitation mode and during
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de- energizing mode the diode D4 is operated for all phases de-energizing mode of operation. Figure
3(a) depicts the phase excitation mode of phase-A where switches S1 and S2 are turned ON while
other switches are OFF. The current from source excites phase-A through switch S1 and S2.Figure
3(b) depicts the free- wheeling mode of phase-A where the energy stored in the coil during excitation
mode is freewheeled. During this mode of operation, switch S1 is only kept ON while all other
switches are turned OFF. In freewheeling mode, when the switch S2 is turned OFF, the current

forcefully forward biases the diode D1.

(d) (e) (e)

® (® (@)

Figure 3. Modes of operation of proposed converter, (a) Operation of phase-A excitation, (b) Phase-
A freewheeling mode, (c) Phase-A de-energizing mode, (d) Phase-B excitation, (¢) Phase-B
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freewheeling mode, (f) Phase-B de-energizing mode, (g) Operation of phase-C excitation, (h) Phase-

C freewheeling mode, (i) Phase-C de-energizing mode.

The freewheeling current path for phase-A is provided from the coil through diode D1 and switch S1.
Figure 3(c) represents the de-energizing mode of phase-A. During this mode all the power switches
are OFF, and the de-energizing of phase-A is followed from coil of phase-A through diode D1 — source
positive — source negative — diode D4 and coil of phase-A. During this mode of operation, the energy
stored in coil of phase-A charges the source and thus the name regenerative mode. Similar modes of
operation for phase-B excitation, freewheeling, de-energizing is illustrated in Figures 3(d), 3(e), 3(f)
respectively and phase-C excitation, freewheeling, de-energizing modes are depicted in Figures 3(g),

3(h), 3(i) respectively.

During freewheeling mode of operation of any particular phase, the switch connected in that particular
respective phase turns OFF and forcefully turns ON the diode connected in respective phase. Switch
S1 will be turned ON in excitation and freewheeling mode of operations while it is turned OFF in de-
energizing mode. Phase de-energizing in any of the phase operations is done through diode D4 and
the respective coil. The switching times of respective switches are illustrated in Figure 4. Pulse high
represents the turn ON state of particular switch and pulse low represents the turn OFF state of a
particular switch.
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Figure 4. Switching times of switches S1, S2, S3 and S4.

2. SPEED CONTROL OF SWITCHED RELUCTANCE MOTOR
Many motors are being used for general purposes in our surroundings from household equipment to

machine tools in industrial facilities. Speed control of any machine is essential in any industrial
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application. Being widely used, SRM speed control is also an area of research for precise speed control

of SRM.
3.1 Open-loop speed control of SRM

When the phases are excited from the converter and phase windings of SRM produce low reluctance
path for rotor to align producing reluctance torque. The product of current shape extracted from the
angular displacement of SRM, and the magnitude yields current reference and the signal current
reference when compared with actual current is sent to hysteresis controller. Gate signals are sent to
switches from hysteresis controller. No speed loop is provided in open loop configuration and so

preciseness of speed control is less. Figure 5 illustrates the open-loop speed control of SRM.

Propesed converter for SRAL

Figure 5. Open-loop speed control of SRM
3.2 Closed-loop speed control of SRM

Preciseness in sped is not achieved in open-loop SRM control. The speed varies with variation in load.
Industrial need of constant sped with load variations constraint fails in open-loop SRM control. A

closed-loop control of SRM makes the rotor to rotate at precise speed with fine control.

Closed-loop speed control of SRM is illustrated in Figure 6. Speed feedback is not provided in open-
loop but is provided in closed-loop mode. Proportional-Integral control controls the error between the
actual and the set speed generating current magnitude. The product of current shape extracted from
the angular displacement of SRM and the current magnitude yields current reference and the signal
current reference when compared with actual current is sent to hysteresis controller. Gate signals are
sent to switches from hysteresis controller. Speed loop is provided in closed loop configuration and so

preciseness of speed control is high.
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Proposed converter for SRM
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Figure 6. Closed-loop speed control of SRM

3. RESULTS AND ANALYSIS
3.1 No-load SRM speed control analysis with open-loop mode

Figure 7 shows the three-phase stator currents, torque and speed of no-load switched reluctance motor
running with open loop mode of operation. Three-phase stator currents with magnitude 20A having
phase overlap was shown in Figure 7. SRM torque with ripple is shown in Figure. Speed of open loop
no- load SRM is 4600 RPM which is higher than the desired speed attains final value at 1.3 sec. As

there is no control over the speed and with no-load motor condition, motor rotates with higher speeds.
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Figure 7. Switched reluctance motor characteristics three-phase stator currents, torque and speed with

openloop mode of operation.

Figure 8 illustrates the individual steady-state phase currents of SRM stator and each phase current of
20 A peak is excited to the phase windings. Three-phase flux waveform in SRM is shown in Figure 9.
Thepeak value of flux is 0.035 Wb is produced when the phase is excited.
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Figure 9. Three-phase flux in SRM
3.2 No-load SRM closed-loop speed control analysis with fixed speed.

Figure 10 shows the three-phase stator currents, torque and speed of no-load switched reluctance
motor running with closed-loop fixed speed variation mode of operation. Three-phase stator currents
with magnitude 20A peak are taken by motor windings initially and after speed settles to final value,
the current excitation to phase windings drops to 4A as shown in Figure 10. SRM torque with ripple

is shown in Figure.

10. Speed command of 2000RPM is set to SRM in closed-loop mode of operation, but the final value

of 2000RPM speed is attained at 0.24 sec which is far earlier than in open loop mode of operation.
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Figure 10. Switched reluctance motor characteristics three-phase stator currents, torque and speed

withclosed loop and fixed speed mode of operation.
3.3 Loaded SRM closed-loop speed control analysis with fixed speed.

For loaded SRM condition, load torque of 2.5 Nm is applied as load to SRM at instant 0.5 seconds.
Figure 16 shows the three-phase stator currents, torque, and speed of loaded switched reluctance motor
running with closed-loop fixed speed variation mode of operation. three-phase stator phase windings
are excited with current of 5.5A before (0.5 sec) loading. After loading the current raises to magnitude
20A (after loading) was shown in Figure. SRM torque with ripple is shown in Figure. Torque rises
after loading the SRM. Speed command of 2000 RPM is set to SRM in closed-loop mode of operation,
but the final value of speed is attained at 0.22 sec which is far before than open loop mode of operation.
Though the SRM is loaded at 0.5 sec, the motor runs with constant speed of 2000 RPM in closed-loop

mode.
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Figure 11. Switched reluctance motor characteristics three-phase stator currents, torque

and speed withclosed loop and fixed speed mode of operation.

Figure 12 illustrates the steady-state (after loading condition) individual phase currents
of SRM stator and each phase current of 20A peak is excited to the phase windings. Three-

phase flux waveform in SRM is shown in Figure 13.

Figure 13. Three-phase flux in SRM

4. CONCLUSION
Due to its advantages over other types of electrical machines, the switched reluctance motor (SRM)
is a very sophisticated and unique electrical machine in modern electrical applications. This research
introduces a unique switched reluctance motor (SRM) converter architecture with fewer switches.
Both an open-loop and a closed-loop test of the unique SRM converter is conducted. Additionally, the
proposed innovative converter is put to the test with a set speed in the closed-loop mode of operation
of SRM. The suggested converter for the SRMT is assessed in loaded conditions, and a comparison
of the no-load and loaded SRM is shown. The suggested converter performs loaded operations

satisfactorily.
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