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Abstract: Motor speed control is essential in various industrial and domestic applications, where
efficient techniques enhance performance, reduce energy consumption, and minimize harmonic
distortions. This literature review examines recent advancements in controlling DC, induction, and
brushless DC (BLDC) motors using converters such as full-bridge cycloconverters, phase-shifted full-
bridge converters, and thyristor rectifiers. Key studies focus on transfer function-based estimation, PID
controllers, voltage control methods, and harmonic analysis. The review highlights the shift toward
digital and predictive controls for improved dynamic response and reduced total harmonic distortion
(THD). Findings indicate that converter-based strategies offer flexibility in speed regulation, though
challenges like parametric variations and load changes persist.
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I. INTRODUCTION

Bidirectional Electric motors are fundamental to modern machinery, powering everything from household appliances to
industrial equipment. Among them, DC motors provide precise torque control, induction motors offer robustness and
low maintenance, and BLDC motors deliver high efficiency with minimal mechanical wear. However, achieving
variable speed operation while maintaining efficiency and power quality remains a key challenge. Traditional methods,
such as varying pole numbers or armature resistance, are often inefficient or impractical under dynamic conditions.
Converter-based approaches have emerged as viable solutions, enabling frequency or voltage modulation to adjust
motor speed. Cycloconverters, for instance, directly convert AC frequencies without intermediate DC links, while full-
bridge converters facilitate zero-voltage switching for reduced losses. Recent research emphasizes integrating digital
controls, like PID and predictive algorithms, to handle nonlinearities and disturbances. This review synthesizes nine key
studies on these techniques, exploring their applications to single-phase, three-phase induction, DC, and BLDC motors.
It assesses methodologies for speed estimation, torque control, and harmonic mitigation, providing insights into their
strengths and limitations [2-5].

II. STATE OF THE ART

The literature on motor speed control reveals a focus on converter topologies and control algorithms to achieve stable
operation across varying loads and speeds.

Yahia et al. investigated speed and torque estimation for a separately excited DC motor (SEDCM) using transfer
function characteristics [1]. A three-phase bridge-controlled rectifier regulates the motor speed, with a neural network-
PI controller determining thyristor firing angles. The approach estimates speed from converter output voltage and
current, tested under steady-state and dynamic conditions via MATLAB/Simulink. Results show fast response and
alignment between estimated and actual values, making it suitable for sensorless applications.

For three-phase induction motors, Hartono et al. proposed a universal bridge with PID control [2]. The system uses
pulse-width modulation (PWM) in a voltage source inverter to vary voltage and frequency. Open-loop and closed-loop
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simulations in MATLAB/Simulink demonstrate good dynamic response, with the PID stabilizing DC-link voltage and
enabling precise speed adjustment.

Ramkumar et al. explored voltage-controlled speed regulation for three-phase AC induction motors [3]. Employing a
PIC16F877A microcontroller and PWM in a three-phase inverter bridge, the method reverses rotation via relays and
switches. It achieves bidirectional control with simple on/off mechanisms, reducing costs by eliminating extra windings
or gears, though limited to discrete speed steps.

An early work by Doradla and Mandal examined a three-phase AC-to-DC power transistor converter for DC motor
drives [4]. Using equal pulse-width modulation (EPWM) with 18 pulses per half-cycle, the study evaluates external
performance under constant torque. Experimental verification confirms good agreement with theory, and inductance-
capacitance filters mitigate harmonic effects, highlighting transistor-based simplification for variable DC supplies.
Amadi et al. analyzed DC motor speed control via a three-phase bridge thyristor rectifier [5]. Armature voltage control
adjusts speed, with MATLAB/Simulink modeling a SHP separately excited motor. Varying firing angles (30° to 120°)
yields speeds from 4350 rpm to near zero, with reduced ripple and effective torque response, validating thyristors for
flexible control.

Garg and Sharma focused on THD in three-phase fully controlled converters [6]. The study quantifies distortion as the
ratio of harmonic RMS to fundamental components, emphasizing impacts on grid quality and motor heating.

Valle et al. presented digital control for variable-speed low-inductance BLDC motors [7]. Treating the voltage source
inverter as a full-bridge enables unipolar switching at 100 kHz, using a deadbeat controller for three-phase currents
without back-EMF compensation. Stability analysis shows zero steady-state error and robust transients, with IP control
ensuring precise speed regulation.

Kang et al. studied control for input-series output-parallel (ISOP) phase-shifted full-bridge converters using a virtual
DC motor model [8]. The strategy optimizes power sharing and voltage balance, analyzed via MATLAB/Simulink for
industrial power systems.

Brindha et al. focused speed control for single and three-phase induction motors with a full-bridge cycloconverter [9].
Frequency variation (f to f/5S) via thyristor triggering achieves step-wise adjustment, overcoming pole-changing
limitations. Simulations confirm economical, reliable operation without resizing the motor.

III. SYSTEM METHODOLOGY

This review presents a focused analytical approach to evaluate DC motor speed control using three-phase fully
controlled bridge converters. The methodology examines converter topologies utilizing thyristors or IGBTs,
incorporating modulation techniques such as phase-angle control and pulse-width modulation (PWM). Control
strategies are divided into classical PID tuning, transfer function-based speed estimation and advanced digital methods
like deadbeat and IP control. MATLAB/Simulink is used extensively to simulate dynamic behavior, analyze total
harmonic distortion (THD), and assess system stability under varying load and operating conditions. Mathematical
modeling includes armature voltage equations, converter output characteristics, and speed-torque relationships to
support performance evaluation. Key metrics such as speed regulation accuracy, transient response, ripple
minimization, and harmonic suppression are extracted to compare control effectiveness. This structured approach
facilitates a comprehensive understanding of converter-driven motor control systems, highlighting their efficiency,
adaptability, and practical implementation potential [4-8].

IV. CONCLUSION

The reviewed studies underscore converter-based techniques as effective for motor speed control, with cycloconverters
and full-bridge designs enabling frequency/voltage modulation for induction and DC motors. Modern control
techniques such as PID tuning and predictive algorithms have shown improved responsiveness and effective harmonic
suppression, particularly in brushless DC motor systems. However, parametric uncertainties and load variations pose
ongoing challenges. Future research could integrate Al for adaptive tuning, broadening applications in renewables and
EVs. Overall, these advancements promote energy-efficient, reliable motor drives.
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