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Abstract

The first part of the paper presents the use of the M57962L hybrid driver for switching the
current through phase windings of Switched Reluctance Motor. The Integrated Chip M57962L
manufactured by Mitsubishi Electric provides a better option for SR Motor. M57962L chip
with a single in-line hybrid circuit is available for driving the IGBT. In the second part,
hardware design using IGBT and its gate driver circuit is designed. The third part of the
research paper presents the analysis and implementation of hardware for inductance and flux
measurement.
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1. Introduction

SRM (Switched Reluctance Motor) offers flexibility in operational systems including
hardware and software parts and allows for four-quadrant operation in all types of load
conditions. The electronic control of the motor provides huge benefits like a reduction in torque
ripple of SRM thus reducing acoustic noise [1-4]. The capabilities of the Switched Reluctance
(SR) Motor Drive in small integral-horsepower sizes are discussed along with special features,
[4,17]. Control Techniques for SRM is explained [5]. The design and simulation process of
SRM for high-speed applications are presented [6]. Recently, most electrical appliances use
the BLDC motors, and now Switched Reluctance Motor seems to be a replacement for
conventional electric motors [5-6]. Due to strong coupling, and high nonlinearity in the motor
drive system, it is difficult to model and control, however, the drive becomes programmable
and hence there is vast control over the performance parameters of the motor for industrial use
is possible [7-10]. The structural modification is proposed for the sensitivity analysis of the
SR Motor [9]. A detailed SR Motor model with Pspice simulation is presented [2,6,18].
Therefore, the industry needs to replacement of conventional drives such as Brushless DC
Motors, DC motors, Induction motors, etc. with SRMs. For the detailed analysis and
application of SR Motor in Industries, there is a need to measure the torque, speed, and flux
linkages in static mode. Therefore, efforts are taken to develop a suitable model using an
integrated circuit M57962L Hybrid Driver. The simulation is done using Pspice with the
development of Analog Behavioral Models (ABM).

2. Proposed Methodology

The measurement system is developed for Inductance profile, flux linkages to rotor, torque,
and speed. However, for inductance and flux measurement, a special rotor blocking system is
developed.

2.1 Measurement of Phase Inductance of 4 KW SRM

The phase inductance measurement is carried out using hardware to Sense voltage across
the winding of SRM for different rotor positions and Senses current through the phase winding
for different rotor positions. The above data is then stored in the DSO and then transferred to a
computer for storing data in an excel file. This data is processed using MATLAB software for
calculations of phase inductance, plotting the flux-linkage characteristics.

2.2 Design and Development of Hardware for Measurements on SRM

The hardware development aims to acquire the voltage and current data from SRM and
process the same analysis. Therefore, hardware and software development leads to developing
the design and development of electronic hardware, the design, and development of mechanical
hardware, and the development of software. The electronic hardware system required for data

VOLUME 22 : ISSUE 01 (Jan) - 2023 Page No:1667



YMER || ISSN : 0044-0477 http://ymerdigital.com

capturing is mainly focused on the following, Data sensing and processing using an advanced
digital storage oscilloscope IGBT-based Chopper Power Module (For one phase) and hence
the Gate Diver Circuit for IGBT, Voltage and Current Data Acquisition Circuit using Op-Amp
and Microcontroller based Signal Generator Card is developed. The data is acquired and
processed for the determination of performance characteristics. Data sensing and processing
using advanced digital storage oscilloscope. The flux-linkage is the non-linear type of function
current flowing through the winding for different rotor positions. There are two types of
measurement methods seen such as direct measurement and another is indirect measurement
method. For measurement of flux-linkage characteristics, a suitable dc voltage from the battery
is taken. The current is fed to the winding via a solid-state relay. A proper switching
arrangement is used to supply enough current to phase the windings of the motor. The
waveforms are digitally stored in the Falcon make DSO and is interfaced with the computer to
store the result in an excel file. The results are stored in the file. A MATLAB program is
developed for the calculation of integration of v-ir voltage developed across the winding.

2.3 IGBT-based Chopper Power Module (For one phase)
Figure 1 shows the IGBT-based power module for one phase the IGBT is rated for 600V

DC, and a 60 Ampere current rating is used. The FWDs are utilized in the power stage. The
free-wheeling diodes (FWD) have a reverse recovery time of 10 ns and are rated at 600 VDC,
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Figure 1. 1GBT-based Chopper Power Module

=~

\%[—D

VOLUME 22 : ISSUE 01 (Jan) - 2023 Page No0:1668



YMER || ISSN : 0044-0477 http://ymerdigital.com

2.4 Gate Diver Circuit for IGBT

As the principle of operation of SRM is based on switching the phase voltage ON and OFF,
and hence there is a need for highly reliable, high-withstanding capacity and short-circuit
protection of Insulated Gate Bipolar Transistor Modules (IGBT) with the minimum external
component requirement. One such integrated circuit Mitsubishi Electric make M57962L chip
provides a good solution for the same. M57962L chip with a single in-line hybrid circuit is
available for driving the IGBT (Insulated Gate Bipolar Transistor). The selection of the IGBT
is based on the following considerations.

2.5 Output Current Limit

As per the observation of a sudden rise in the current concerning each phase, there is needed
to limit the current required to drive the IGBT. External resistance is kept in series with the
gate for the same purpose. The series resistance can be calculated with R Series (MIN) = (VCC
+ VEE)/Peak Current for the IGBT gate., consider VCC = 15V and -VEE = 10V RG(MIN) for
M57958L which will be R1 = (15V + 10V)/5A = 5Q (R1 = R Series), a standard resistance of
4.7 Ohms is selected for limiting the gate current.
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Figure 2. Proposed M57962L -based IGBT Gate Driver Circuit

The diode D1 called a detect diode should be a fast recovery type and its rating should be
equal to the rating of the IGBT transistor being used. A Zener is used to protect the M57962L
IC’s detect input from high transient voltages which occurs during recovery of the detect diode.
To properly drive the internal, opt isolator, it includes a built-in particular resistance of 185-
ohm at the input side. To maintain the recommended opto-drive current of 16mA at various
input voltages, an additional resistor should be applied.
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2.6 Voltage and Current Data Acquisition Circuit using Op-Amp.

A typical circuit is used for the same which composes a voltage sensing circuit that is coupled
to an optical isolator circuit. An HT 100 hall current sensor measures the phase current. The
circuit can amplify the voltage signals and current from phase winding and produces a quantity
of V-iR.

2.7 Microcontroller-based Signal Generator Card

A microcontroller card is designed with the program for generating the pulses to control the
Insulated Gate Bipolar Transistor (IGBT) ON and OFF at intervals. A Special software
program is developed to generate the chopping signals.

2.8 Development of Software.

Software is developed and used to acquire data and store it in the appropriate locations. This
data from the software is imported for numerical analysis. The data is processed for the
calculation of inductance and flux characteristics at different rotor positions. A MATLAB
program is developed for calculations of flux data and rising phase inductance. The numerical
integration of V-ir is performed using Simpson’s 1/3 rule and codes for the same are written in
the MATLAB software.

3. Calculation of Chopping-Mode Torque

The torque in copping mode is calculated as,

T = 2Ly (shy —1) ‘) 1)

qNy
411 (2 -

Smac

Where, 7 = Instantaneous torque, i = Instantaneous peak phase current, L;= Unaligned
inductance of a phase, 1 = Un-saturation inductance ratio, S, 4;= the proportion of the peak
phase current to the current needed to just saturate the magnetic circuit in the corresponding
position. Let, T =38 N-m, g =4, Nr =6, L= Unaligned inductance of a phase is 10mH, 1
=15,C=0.6,5S=0.3, S);4c= 4.5 and from equation 1, i = 11.7 amp

3.1. Physical Construction of the power module

It is necessary to construct or built the power module to avoid lead inductances, stray
capacitance, and to avoid lead sparks, etc. A separate part for gate divers is arranged. A current
sensor (HT 100) is mounted near the IGBT module. The interface circuit is also mounted near
to power module.
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3.2. Rotor blocking system for statics analysis

A mechanical rotor bocking arrangement is developed for static types of testing for a
4KW Switched Reluctance Motor. A rotor cast iron disc is developed with a 1.5-millimeter
thickness, a redial gap length of 28 mm, a total of 120 nos. of the rotor teeth, and an outer
diameter of 200 mm are used. The torque of the SR motor is considered about 24 N-m. The
locking is done with two screw fitting arrangements. The rotor is rotated in a step of 3 degrees
for each reading.

Table (1). Specifications of Rotor Disc.

Sr.No. | Parameter Unit/Measure
1 Stator Poles 8

2 Rotor Poles 6

3 Outer Diameter 200 mm

4 Thickness 1.4 mm

5 Radial Gap length | 28 mm

6 Stator Pole Pitch | 45°

7 Rotor Pole Pitch | 60°

8 Rotor Pole Arc 27°

9 Stator Pole Arc | 21°

Using the above data a rotor holding arrangement is developed as shown in as shown below in

figure (3).
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Figure 3. The proposed rotor-blocking system
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4. Experimental Results and Discussions

The table was made to record flux linkages versus different rotor positions and phase
currents. The plot of Flux Linkages versus Phase current for different rotor positions with a 3-
degree step is shown in Figure 3.
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Figure 3. Flux-linkage Vs Phase current at different Rotor Positions

The inductance profile is plotted for different rotor positions under different rotor positions of
the SR Motor and the rotor locking arrangement is made for the same. The result is shown in
figure 4. It is observed that heavy stress on inductance creates noise during rotor blocked
position and a heavy current pass through the phase winding of the stator.
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Figure 4. Inductance Profile of SR Motor under different Rotor Positions

Conclusion

The study is conducted for the design and development of hardware and software for
the measurement of inductance and flux linkages profiles for a 4.5KW Switched Reluctance
Motor. A separate rotor blocking arrangement is designed for static characteristics of Switched
Reluctance Motor. M57962L-based IGBT Gate Driver circuit is designed for driving the IGBT
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modules. A copping mode torque is calculated mathematically and the same is validated
experimentally. The data acquisition technique is developed for acquiring the instantaneous
data of static as well as dynamic modes. For transient and steady-state analysis, spice modeling
techniques are used.
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