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ABSTRACT:

Induction motor drives are widely used in variable speed for electric vehicles, aerospace control applications. Due
to advances in power-electronic switching devices, it is possible to control the speed of an induction motor. The
microcontrollers are programmed with a unit sine curve for the 1st 256 locations. By addressing the
microcontroller at different speeds, various sine-frequency outputs can be generated. Since the microcontroller's
output is digital, an appropriate digital to analog converter is used to get sine wave. This voltage is being
modulated with a high carrier frequency. A comparator compares the pulse width modulation output with the
feedback voltage from the current transformer motor terminals. This comparator output is given to the D-flip-flop
to get 2 complementary outputs for the inverter legs. Similarly, for all 3 phases, control voltages are generated,
and the outputs are passed through appropriate dead-zone generators, which are then applied to the MOSFET
gates. Suitable opto-couplers are used to isolate the control signal from high voltages. The inverter output is given
to the motor terminals. Current Transformers are used for each phase and fed back to the comparator for control
purposes. The system has been tested for various frequencies from 30 - 62.5Hz. The mixed signal oscilloscope
records the phase, line voltages across motor terminals and the snubber inductor waveforms in bitmap and csv
format. The csv format is used to do FFT analysis to get frequency domain results to identify fundamental and
higher harmonic frequency voltages present in the phase and line voltages. The higher harmonic components
voltage may produce negative torque in the motor, hence it is necessary to identify. The result shows that there is
no overshoot at the terminal voltage of phase and line in all the speeds of induction motor due to proper snubber
circuits.

Keywords: Fast Fourier Transformation. Induction Motor, Pulse Width Modulation, Sine Modulation.

INTRODUCTION

The block diagram of the control system for running the 3-phase IM is shown in Fig.1. The diagram contains
electronic control circuit, opto-isolation and Current Transformer (CT) with disc type ferrite core, since high
frequency currents are involved this type of core is used. The IM was run at 30, 40, 50, 60, and 62.5Hz frequencies
at DC bus voltage 370V to the inverter bridge. The terminal voltage at motor terminal is recorded in BMP and
CSV format in the (MSO) mixed signal oscilloscope [6]. The CSV results can be used to do signal analysis by
using origin software. By using the math function the FFT waveform are also recorded. The detailed description
is given in the following subdivision.
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Fig.1 Induction motor variable-speed drive system block diagram.

METHODOLOGY

V-F Converter

The precision voltage to frequency converter Ic ideally suited for analogue-to-digital conversion. The output of a
voltage-to-frequency converter is a pulse train whose frequency is precisely proportional to the applied input
voltage. Thus, it provides all the inherent advantages of voltage-to-frequency conversion techniques [1],[2] and
is easy to apply across standard voltage-to-frequency applications. The device's transfer function is (-10V), which
gives a frequency 100 kHz.

Buffer

The voltage-to-frequency output voltage is buffered using the NPN transistor with a collector voltage of +5V,
since this signal is fed to the two 4-bit binary counter ICs. Since it is buffered, it can be comfortably connected to
two binary counters.

4-bit Binary Counter

This IC is a 4-bit binary ripple counter (mod-16) that counts from 0 to 15 (0000 to 1111 in binary). It consists of
a divide-by-two and a divide-by-eight counter, enabling various counting modes, including Mod-16, via
cascading, and features asynchronous master reset. By cascading the two 4-bit binary counter ICs, the 8-bit address

from A to As is generated. The 8-bit waveform is shown in the Fig.2 (a).
% Agilent Technologies SAT FEB 14 12:42.54 2026
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Fig. 2(a). 8-bit wave form of Do to Ds.
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Microcontroller

The PIC 8-bit microcontroller is used in this project. One 10MHz crystal is connected to the appropriate terminals.
Capacitor 0.1uF is connected between +5V and ground as a filter capacitor. Pull-up resistor of 10k, connected
at the corresponding terminals to +5V. The address lines from binary counter connected as Aqto As to at the
address terminals. The microcontroller is embedded with a unit sine curve in hex format for the first 256 locations
for the R phase, and similarly for the Y and the B phase across three separate microcontrollers. All the three
microcontrollers are given the same address lines of Ao to A7. By increasing or decreasing the address speed (Ao
to A7) the frequency of the sine waveform in digital output proportionally can be increased or decreased [1].

Digital to Analog converter

The 8-bit DAC is used for converting the digital signals from the microcontroller to an analog signal. The DAC
signals are current outputs that are converted to voltage signals using an OP-AMP. Three such DAC is used for
the three microcontrollers for R, Y and B phases [4]. The three OP-AMP output phase voltages are shifted by
120° which is shown in Fig.2 (b).
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Fig.2 (b) Three-phase OP-AMP output voltage wave form shifted by 120°.

Triangular wave-form generator

The integrated circuit precision waveform generator is used to generate a 1 kHz triangular waveform by
connecting the required resistor and capacitor. It is required to modulate the sine wave voltage to get PWM
waveform[3],[4]. The triangular waveform is shown in the Fig. 2(c).

© Agilent Technelogies WED APR 01 132193 2008
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Fig.2(c) Triangular waveform.

Pulse Width Modulation
The output voltages sine waveform and the triangular waveform are summed up and amplified by using the
integrated circuit chip (precision operational amplifier) are particularly suited for high source impedance and low
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power dissipation [2]. In the same way, all three phases are done, and the three phase PWM][4] output of the
amplifier is shown in Fig.2 (d).
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Fig.2 (d). Three-phase PWM output voltage waveform.

Current Transformer

The disc type ferrite core is used for the current transformer. The inverter output is passed through the current
transformer to the three phase induction motor terminals. The CT is used for the feed back to the comparator. The
secondary winding is shorted by an appropriate resistor. Similarly, all three phases are connected in a star
configuration. The star point is connected to the ground terminals. All three phases of secondary output voltages
are amplified by OPAMP.

Comparator
Agilent Tecknaiogies FRAPR 10 131504 2008
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Fig. 2(e). Comparaﬁ output voltage

The single high speed voltage comparator IC compares the PWM output voltage and the

current transformer secondary respective amplified phase feedback voltage. The difference is then amplified and
the required pull-up resistor is connected to appropriate terminal to +15V. The comparator output voltage is shown
in Fig.2 (e).

CMOS Low Power Astable Multivibrator
An astable multivibrator with a frequency of ~10kHz with an appropriate resistor and capacitor combination.
This particular IC is used to achieve a stable oscillation frequency as shown in Fig. 2(f). The output is taken from
the output terminal of the IC. Since it is used to block transient pulses of more than ~10 kHz to enter the inverter
model.
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CMOS Dual D-type Flip-Flop.
This is used to get a complementary output voltage, which is required to enable the MOSFET of the same leg at
the inverter block.

Ageieat Tos basiogers P SEP 19 1297 Q 208

Fig. 2(g). Buffered, Ievel-shifta_(+5\/‘) voltage for one leg.

The output voltage of the comparator and the Astable multivibrator are fed to this IC, and the complementary
output voltage is taken from the appropriate terminals of the IC. Similarly, for all three phases, the voltages will
be applied with the corresponding IC’s. These complementary voltages are buffered and shifted to a 5V level, as
shown in Fig.2(g).

Dead zone generator and opto-coupler

To avoid shoot-through in the inverter legs, a dead zone is introduced using the cmos AND gate with necessary
resistor and capacitor. The dead zone generator output is coupled by using the opto-coupler. The necessary isolated
power supply is introduced for the opto-couplers. The opto-coupler output of one of the phases of one leg is shown
in Fig.2(h). The optocoupler output is connected to the corresponding gates of the 3-phase inverter devices.

- 2026 #5554 [FE 3 DOI: 10.46121/pspc.54.3.32



https://pspac.info/index.php/dlbh/article/view/482

ISSN:1674-3415

- Agilent Technologies FRI SEP 19 15:01:28 2025

,,MWM

} s e %

) = 10.2750V
X1: 15.60000000ms
Manual 4 Y1 X2: -800.00000us Y2: 105260V

Fig. 2(h). Opto-coupler output for one leg.

Three-phase Inverter Bridge

Six Power MOSFETS are used for the inverter bridge with a suitable Undeland snubber circuit to protect the
inverter devices [3], [5], [7]. The typical output voltage waveforms of phase, line, and snubber inductor voltages
are shown in Fig.2 (i).
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Fig. 2(i). Chl: Phase voltage, 200:1, Ch2: line voltage, 250:1, Ch3: across inductor voltage, 25:1, Ch4:
Phase voltage, 200:1.

RESULTS AND CONCLUSION

The motor terminal voltages are shown in Fig.2(i), and there is no overshoot of voltages. The phase and the line
voltages are clear. With the proper Undeland snubber components the waveforms are perfect. The system is tested
with frequencies of 30, 40, 50, 60 and 62.5Hz. The motor terminal voltages also stored in CSV format and this
can be used to do FFT by using the Origin signal analysis software. Which can be validated from the math function
FFT results of the (MSO) mixed signal oscilloscope. The FFT gives the results in frequency domain, hence the
amplitude of fundamental and the higher order harmonic frequency component values can be obtained. The
frequency domain results can be used to minimize the voltage values of higher harmonic order frequency, since
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these frequencies may develop negative torque and heat, which will weaken the insulation of the winding of the
motor and also may produce EMI which may disturb measuring instruments/equipment and sensing devices.
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