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ABSTRACT

This paper presents a gate driver circuit for the switching devices used in the asymmetrical converter
for a switched reluctance machine with reduced number of isolated dc/dc converters. Isolation required
in the gate driver circuit of switching devices is indispensable.  For the purpose of isolation different
arrangements may be used such as pulse transformers. The dc/dc converter for isolation and powering
the gate drive circuits is suitable, cheaper in cost and simple to implement. It is also significant that
required number of isolation converters is much less than the switches used in converter. In addition, a
simple logic circuit has been presented for producing the gate signals at correct phase sequence which
is compared with the gated signals directly obtained from the encoder of an existing machine.
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1. INTRODUCTION

signals to drive the switching devices. In this case, HCPL-
3120 gate drive optocouplers have been chosen to perform
this role. The gate drive optocoupler provides isolation
between the controlled input signal circuits which
generates the required signal, and the gate of power
switching devices of the inverter circuit.

Optoisolators, isolated transformer may also be used for
the same purpose but later has poor high-temperature
performance and former is bit expensive [1].

In order to reduce the number of transformers in a power
gate driver circuit the phase -switched carrier technique
has been used in [1], requires an additional transformer
inter-winding capacitances. This make the circuit bit

The switched reluctance motor is a variable speed
drive. Its' simple structure, less cost and improved
performance suit this machine as a potentially

good substitute over induction motor. Switched reluctance
motor has salient poles on stator and rotor, whereas
windings are located on stator only.

Switched reluctance motor unlike other machines, such
as an induction motor and dc motor cannot be powered
from supply directly. In order to run the motor, voltage
pulses at desirable sequence with respect to its' rotor
position are required.

The source of these voltage pulses is a power electronic
converter. A gate driver circuit is required to provide gate
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complex and needs attention to address the effects of the
additionally introduced circuitries.

Last decades have witnessed a tremendous development
in both design and control of the motor [2-6]. The basic
principles, design considerations, control and performance
of the SR (Switched Reluctance) motor are well discussed
in [2]. The specifications of linear SR machine are
converted into equivalent rotary type SR motor [3]. The
study reported in [4] concluded that a taper stator teeth
18/12 poles switched reluctance motor achieves
competitive efficiency and torque if compared with interior
permanent magnet synchronous motor when rating and
dimensions of two motors are unchanged. The energy
conversion in switched reluctance generator has been
documented in [5]. The methodology for control of the
switched reluctance motor derived from the analysis of
non uniform torque characteristics have been discussed
in [6]. A reliable power electronic converter with less
number of switching devices is necessary for the
performance of the motor. Numbers of different converter
topologies have been reported in the literature [7-10]. The
comparative study of the existing inverters has been
discussed in [7-8].

A detailed review and analysis of previous five existing
inverter topologies have been reported with their

advantages and disadvantages, and further that two new
inverters introduced [7] with advantage over the existing
ones [9-10] have presented converter based on buck-
fronted and modified C-dump topology, and a single switch
split dc-rail boost converter topology respectively.

The common topology among the converters of
switched reluctance motor is asymmetrical topology
shown in Fig. 1.

The optocouplers are powered from the isolated dc/dc
converter with primary fed from the auxiliary dc supply of
5V which is common supply for the input of all the isolated
dc/dc converters in use. While, the output of both isolated
converters shown in Fig. 2 is not identical and therefore
can be used separately for gate driver circuits of two
switches. The isolated output of the dc/dc converters
provide +15V supply which is required to power the part
of gate drive circuit connected to gate emitter terminal of
the switching device as shown in Fig. 2 [11]. The shown
configuration Fig. 2 is repeated four times for the upper
(collector connected to +ve rail of the supply) and lower
(emitter connected to ve rail of the supply) power switches
separately with difference that only one isolated dc/dc
converter is required to power the gate drive circuits of
lower switching devices, because these switches are
referenced to the common point [11].

FIG. 1. ASYMMETRICAL CONVERTER FOR FOUR PHASE SR MACHINE GATE DRIVER CIRCUIT WITH
ISOLATED DC/DC CONVERTER
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The switch gated signal is separately applied at gate-
emitter terminals of upper and lower switches shown in
Fig. 1. Because emitter terminal of the lower switching
devices are connected to negative terminal of the voltage
supply whereas; the emitter of upper switches are floating.
For this reason isolation is necessary for the gate driver
circuits of the two switches. Asymmetrical converter
consists of eight electronic switches which can be
distributed in two groups such that four switches Ta, Tc,
Te and Tg are grouped as upper switches each require the
isolated dc/dc converter separately. While the switches
Tb, Td, Tf and Th with common emitter reference require
only one isolated dc/dc converter.

A high frequency signal is applied to the gate emitter
terminal of upper switch via gate driver circuit. This signal
is obtained from the output of the AND gate with its' one
input fed from high frequency signal and other from low
frequency signal which is also fed to gate driver circuit
of lower transistor at same time [11]. This is depicted in
Fig. 3. An isolated dc/dc converter has been chosen and
implemented for the purpose of isolation and power
supply for gate driver circuit in this particular arrangement
of the switching devices.

Advantage of an isolated dc/dc converter is that it is easy
to implement, cheaper and occupy less space. Figs. 4-5
show the circuit diagram and photo of isolated dc/dc
converter.

The second part of this paper highlights the basic circuit
for producing the low frequency signals for lower
switches. The low frequency gate signals shown in Fig. 3
are usually obtained from the encoder located on shaft of
the motor. High frequency signals can be obtained from
function generator or from the voltage PWM (Pulse Width
Modulation) control circuit if motor is operated in voltage
PWM mode or from current feedback signal via current
transducers if motor is running in current chopping mode
separately.

For purpose of an illustration a simple circuit is shown in
Fig. 6 and Table 1 to produce low frequency gated signals.
The produced signals Fig. 7 are found to be at the correct
phase sequence if compared with the gated signals
obtained directly from encoder of the existing machine
shown in Fig. 3. The hardware design of circuit Fig. 6 is
shown in Fig. 8(a). Fig. 8(b) reprsents hardware design of
woltage PWM circuit.

For the purpose of an illustration the experimentally
obtained gate signal for the upper switch and phase current
waveform under voltage PWM are shown in Fig. 9.

All the four phases of switched reluctance motor are
excited by voltage pulses in the phase sequence with
respect to its' rotor position as depicted in Fig. 7. All other
phases are phase shifted at:

FIG. 2. GATE DRIVER CIRCUIT WITH ISOLATED DC/DC CONVERTER CONNECTIONS
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where Nr represents number of rotor poles and q denotes
number of phases i.e. 4 in 8/6 pole SR machine.

In the steady state mode of operation of the motor all four
phases are identical; this can be seen from simulated
current waveforms of a four phase machine (Fig. 10).

2. SIMULATION RESULTS AND
DISCUSSION

Gate driver circuit with isolated dc/dc converter and
obtaining gated signals have been discussed and
implemented. The reduced number of isolated dc/dc
converter to energize the gate drivers are easy to implement
and cheaper.

FIG. 3. LOGIC CIRCUIT WITH INPUT AND OUTPUT CONNECTIONS OF AND GATES [11]

FIG. 4. CIRCUIT DIAGRAM OF ISOLATED DC/DC
CONVERTER

FIG. 5. ISOLATED DC/DC CONVERTER
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FIG. 6. LOGIC CIRCUIT FOR PRODUCING LOW FREQUENCY SIGNALS FOR LOWER ELECTRONIC SWITCHES

FIG. 7. VOLTAGE PULSES (EXCITATION SEQUENCE) IN A FOUR PHASE SWITCHED RELCUTANCE MOTOR

TABLE 1. TRUTH TABLE FOR XOR GATE
A CLK B
0 0 0
0 1 1
1 0 1
1 1 0

FIG. 8(a). HARDWARE DESIGN OF CIRCUIT SHOWN IN FIG. 6 FIG. 8(b). VOLTAGE PWM CIRCUIT

For purpose of illustration the current waveforms in four

phases of the machine for one cycle under steady state

operation are shown in Fig. 10.
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FIG. 9. THE WAVEFORM OF PHASE CURRENT AND GATE
PULSE SIGNAL FOR UPPER SWITCH UNDER VOLTAGE PWM

MODE OF FOUR PHASE MOTOR

FIG. 10. PHASE CURRENT VERSUS ROTOR POSITION IN
A FOUR PHASE MACHINE CURRENT WITH SOLID LINE
(PHASE-A), CURRENT WITH DASHED LINE (PHASE-B),

CURRENT WITH DASHED-DOTTED (PHASE-C), CURRENT
WITH DOTTED LINE REPRESENTS (PHASE-D)

3. CONCLUSION
A basic but necessary isolation arrangement for the gate
driver circuits of power electronic switches is presented.
The distinguish feature of this arrangement is not only its'
simple implementation in the circuit design but less number
of isolated dc/dc converters used. In the asymmetrical
converter used for a four phase switched reluctance motor,
the number of electronic switches are eight. The number
of isolated converters used in this converter is only five.
Also, the phase sequence of the motor with a simple logic
circuit has been presented and compared with that
obtained from the encoder of an experimental motor.
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