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Abstract

This paper presents the design and implementation of an electric vehicle induction motor drive system controlled by a digital signal processor.
The research focuses on operating a three-phase squirrel cage induction motor using an inverter powered by a high-voltage direct current link
created from a three-phase diode bridge rectifier. Real-time pulse-width modulation signals generated by the processor enable precise open-loop
control of the motor. To ensure safe and reliable signal transmission between low-voltage control circuits and the high-power inverter stage,
isolation circuits employing optocouplers were designed along with custom amplification circuits. Additionally, an inverter driver circuit
operating at twelve volts direct current was developed to generate logic pulses required for gate control. The system integration was validated
through experimental testing under various load conditions, demonstrating stable and efficient motor operation. The study highlights practical
applications of power electronics, embedded control systems, and signal conditioning, providing a comprehensive solution for electric vehicle

motor drives.
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1. Introduction

Electric vehicles (EVs) have gained significant attention in
recent years due to their potential to reduce environmental
pollution and dependence on fossil fuels. A critical
component of an EV is its motor drive system, which controls
the traction motor for efficient and reliable operation. Among
various motor types, the squirrel cage induction motor (IM) is
widely favored in EV applications due to its robustness,
simplicity, and cost-effectiveness. However, controlling an
induction motor with precision requires advanced power
electronics and embedded control systems.

Digital Signal Processors (DSPs) such as the TMS320F28335
have become popular for motor control applications because
of their high processing speed, real-time control capabilities,
and integrated peripherals supporting pulse-width modulation
(PWM). These features allow effective implementation of
open-loop and closed-loop control strategies to regulate motor
speed and torque.

However, interfacing the low-voltage control signals from the
DSP to the high-power inverter requires careful design of
isolation and amplification circuits to ensure signal integrity
and system safety.

Previous studies have demonstrated various motor drive
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configurations using DSPs and inverters but often lack
detailed consideration of signal conditioning and isolation
techniques necessary for reliable industrial-grade systems.
This paper aims to bridge this gap by presenting a
comprehensive EV  induction motor drive system
incorporating isolation circuits with 6N136 optocouplers and
amplification stages alongside a 525 V DC link inverter
controlled by the TMS320F28335 DSP.

The objective of this work is to design, implement, and
experimentally validate an open-loop controlled induction
motor drive suitable for EV applications. The scope includes
hardware design of the inverter, driver, isolation, and
amplification circuits, as well as embedded control
programming on the DSP.

2. Research Methodology

Hardware Components: The induction motor used in this
project is a squirrel cage type rated at [insert rating here, e.g.,
3 kW, 4-pole, 415 V, 50 Hz]. The power stage includes an
IGBT-based inverter designed to operate with a DC link
voltage of 525 V, supplied by a three-phase diode bridge
rectifier. For control and signal processing, the
TMS320F28335 Digital Signal Processor (DSP) was
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employed due to its high computational speed and built-in
peripherals for pulse-width modulation (PWM) signal
generation.

Isolation and Amplification Circuits: To ensure reliable
signal transmission and safety, isolation between the low-
voltage DSP signals and the high-power inverter stage was
achieved using O6N136 optocouplers. The optocouplers
provide galvanic isolation, preventing noise and high-voltage
spikes from damaging the control circuitry. Amplification
circuits were designed to convert the DSP output logic levels
to appropriate gate drive signals for the IGBTs, maintaining
signal integrity.

Circuit Design: The inverter topology implemented is a
three-phase full-bridge configuration using six IGBT switches
controlled via PWM signals generated by the DSP. The driver
circuit operates on a 12 V DC supply and produces 5 V
pulsating signals to effectively drive the inverter gates.
Careful attention was given to the design of isolation and
amplification circuits to minimize delay and distortion.
Software and Control Algorithm: The control algorithm
implemented on the TMS320F28335 DSP is based on open-
loop control, where predefined PWM duty cycles regulate the
inverter output frequency and voltage to control the induction
motor speed. The algorithm was developed using [mention
IDE or programming environment if applicable], with timing
and synchronization handled by the DSP’s internal timers.
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Experimental Setup: The entire system was assembled on a
custom-designed test bench. Input parameters such as DC link
voltage, PWM frequency, and duty cycle were varied to
evaluate motor performance under different operating
conditions. Safety measures including emergency stops and
voltage isolation were implemented to protect personnel and
equipment during testing.

3. Results and Discussion

The experimental setup successfully demonstrated open-loop
control of a three-phase induction motor using a
TMS320F28335 DSP-driven IGBT inverter system. The input
supply was controlled through a three-phase autotransformer,
allowing smooth variation of the input voltage supplied to the
inverter. A 525 V DC link, created using a three-phase diode
bridge rectifier, was implemented primarily for monitoring
purposes, as the motor operation was controlled via the
inverter’s PWM output rather than directly from the DC link.
The Pulse Width Modulation (PWM) signals essential for
driving the IGBT inverter were generated using the
TMS320F28335 Digital Signal Processor (DSP). The DSP
was programmed to produce precise SPWM waveforms
corresponding to the desired motor speed and torque
requirements. These SPWM signals, operating at low voltage
levels (3.3 V), were then passed through an isolation stage to
protect the DSP and ensure signal integrity.
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Fig 2: PWM signal pulse generated by TMS320F28335 DSP for inverter control.
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The DSP generated PWM signals at a voltage level of 3.3 V,
which were amplified and isolated using the 6N136
optocoupler before feeding the inverter driver circuit powered
at 12 V. This isolation ensured noise-free and safe signal
transmission between the low-voltage DSP and the high-
power inverter circuitry, reducing the risk of electrical
interference or damage to sensitive components.

Observation

Table 1: Summary of Experimental Parameters and Observations for
Induction Motor Control Using DSP-Based Inverter with Isolation
and Amplification.

Parameter Description Remarks
Input Suppl Three-phase AC via Voltage varied smoothly
put SUpply autotransformer to control motor speed
. 525 V DC (from 3-phase | Used for monitoring
DC Link Voltage diode bridge rectifier) only
Dt |53 v e ampicnion |l e e P
& and isolation with 6N136) pu v g
signal) drivers
Isolation Device 6N136 Optocoupler Provides electrical
v ptocoup isolation, protects DSP

B LRility G Display M Acquire ™ Trigger # Cursoes

b Meas EAnalysis

https://academicjournal.ijraw.com

The inverter operated at a PWM switching frequency of 10
kHz, providing smooth and stable control of the motor speed.
The induction motor responded linearly to the input
variations, confirming the effectiveness of the control
strategy. The integrity of the gate signals was verified with an
oscilloscope, showing clean waveforms without distortion,
which is critical for efficient and reliable motor operation.

4. Experimental Setup

PWM Signal Generation and Isolation

For isolation, the 6N136 optocoupler IC was employed. This
device provided galvanic isolation between the DSP control
signals and the high-power inverter circuits, preventing noise
and voltage spikes from affecting the DSP. Following
isolation, the signals were amplified to the required voltage
levels (3.3 V) suitable for driving the inverter gate drivers.
This combination of SPWM generation, isolation, and
amplification ensured reliable and safe operation of the
inverter while maintaining precise control over the induction
motor.
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Fig 4: Complete experimental setup showing the three-phase induction motor, IGBT inverter, TMS320F28335 DSP controller, isolation and
amplification circuits, and the 525V DC link power supply.
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Fig 5: Isolation and amplification circuit using 6N136 optocoupler for PWM signal conditioning.

5. Conclusion

This paper presents the successful implementation of three-
phase induction motor control using DSP-generated
Sinusoidal Pulse Width Modulation (SPWM) signals. The
system incorporates a three-phase autotransformer for voltage
regulation, while isolation and amplification circuits
employing the 6N136 optocoupler ensure safe and accurate
signal transmission to the inverter. The captured inverter
output waveforms validate the generation of correct PWM
signals, confirming effective motor operation under controlled
conditions.

The approach demonstrates the advantage of integrating DSP-
based SPWM with isolation and amplification to enhance
system safety and signal integrity. This methodology enables
precise motor speed control while protecting the control
electronics from electrical noise and interference. The work
offers a practical solution for motor drive applications and can
be further improved by optimizing hardware components for
increased efficiency and scalability toward higher power
motors.
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