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ABSTRACT
The SVM inverter is used in this research, which is based on the

Bootstrap converter. The goal of this research is to use a fractional-

*Corresponding Author order-PID controller to improve the speed regulation of a boot strapped
A. Vishnu Kumar converter-inverter feed Induction Motor drive (BSC-SVMIIM). This
Research Scholar

project coordinates the investigation of BSC- SVMIIM systems
Department of EEE,

BIHER controlled by Pl and FOPID. To improve the voltage-gain, the BSC is

recommended between the rectifier and the SVMI. The BSC-SVMIIM
systems are made up of open loop BSC-SVMIIM systems with disturbance and closed-two-
loop Pland FOPID based BSC-SVMIIM systems. The Simulink was used to display and
reproduce the results, which were then presented. The settling time and steady state error are

used to assess the situation. The evaluations revealed a flawless implementation of the BSC-
SVMII framework. In the recommended framework, lesser harmonic content and fast-time-
retort are two preferences. In addition, the simulation outcomes validate the utility of the
recommended BSC-SVMIIM.

KEYWORDS: BSC-Boot Strap Converter, FOPID- Fractional Order Proportional Integral
Derivative, SVM- Space Vector Modulation, IM- Induction Motor.

INTRODUCTION
In the realm of motor drive systems, precision, efficiency, and robustness are paramount.
Engineers are constantly exploring innovative techniques to enhance control mechanisms and

optimize performance. One such advancement combines Fractional Order Proportional
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Integral Derivative (FOPID) controllers with Bootstrap Converters and Space Vector
Modulation (SVM) Inverters to create a highly efficient and accurate Induction Motor (IM)
drive system. This article delves into the architecture, advantages, and applications of this

cutting-edge technology.

Understanding the components

1. Fractional Order Proportional Integral Derivative (FOPID) Controller: The
conventional Proportional Integral Derivative (PID) controller has long been a staple in
control systems. However, in complex systems with nonlinearities and uncertainties, the
FOPID controller shines. It incorporates fractional calculus, allowing for more nuanced
control over system dynamics. Fractional calculus enables the controller to handle

fractional order differentiation and integration, offering enhanced robustness and stability.

2. Bootstrap converter: The Bootstrap Converter plays a crucial role in providing the
necessary voltage levels for the SVM Inverter. It efficiently steps up or steps down the
voltage from a power source to match the requirements of the inverter. Its high efficiency
and compact design make it ideal for various power electronics applications, particularly

in motor drive systems.

3. Space Vector Modulation (SVM) Inverter: SVM is a sophisticated modulation
technique used to control the output voltage of inverters with exceptional precision. By
synthesizing three-phase voltage vectors, SVM ensures efficient utilization of DC power
while maintaining accurate control over motor speed and torque. Its ability to minimize
harmonic distortion makes it particularly advantageous in high-performance motor drive

applications.

The fopid controller based BSC-SVMI

The Fig.1 depicts a schematic diagram of a FOPID-controlled BSC-SVMI setup. The speed
of the IM is measured and compared to the rated speed to determine the speed error (SE).
This SE is aimed at a FOPID-controller. To acquire reference current, the "yielding of
FOPID" is applied. The current-error is delivered to a FOPID- controller once the reference
current is compared to the actual current. The pulse widthof BSC is adjusted using the results
of FOPID.
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Fig. 1: Schematic representation of the BSC-SVMI System with Dual FOPIDController.

Simulation results
Fig. 2 shows a schematic diagram of a Bootstrap converter using an SVM inverterin a FOPID

controlled two-closed loop system.
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Fig. 2: Schematic diagram of a closed-loop BSC-SVMI with a FOPID controller.

Fig. 3 shows the input voltage of the system with FOPID controller. The input voltage is set
at 175 volts. Fig.4 shows the voltage across the bootstrap converter. Fig.5 shows the voltage
across the motor loads, respectively. The voltage across the bootstrap converter equals 400

volts, while the voltage across the motor load is 480 volts at its peak.
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Fig. 3: Input voltage of the system with FOPID controller.
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Figs. 4: Voltage across the bootstrap converter.
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Fig. 5: Voltage across the motor loads using FOPID controller.

Fig.6 shows the motor speed of a two-closed loop BSC-SVMI with a FOPID controller,
which is 1450 RPM. Fig.7 shows the motor speed zooming out of the two closed loop BSC-
SVMI using the FOPID controller, which really is 1290 RPM. Fig.8 depicts the motor torque.
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Fig. 6: Motor speed of a closed loop BSC-SVMI using a FOPID controller.
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Fig. 7: Motor speed zooming out of a closed loop BSC- SVMI using FOPIDcontroller.
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Fig. 8: Motor Torque of BSC-SVMI using FOPID controller.

Table 1 compares time domain parameters for motor speed. The rise time is reduced
from1.37 to 1.35 seconds by employing the FOPID to FOPID-controller. The 'Settling-time'
has been lowered from 2.63 seconds to 2.21 seconds. The peak time has been decreased

from2.46 seconds to 1.98 seconds. The steady state error has been lowered from 0.8 to 0.6.

Table 1: Comparison of Time Domain Parameters for Motor Speed using Pl and FOPID

controllers.
Type of Rise Times | Settling Time Peak Time Steady StateError
Controller Tr(s) Ts(s) Tp(s) Ess(rms)
Pl 1.37 2.63 2.46 0.8
FOPID 1.35 2.21 1.98 0.6

Table 2 shows the comparison of time domain parameters for motor torque. The rise time is
reduced from 1.38 seconds to 1.36 seconds by employing a FOPID controller. The settling
time has been reduced from 2.71 seconds to 2.23 seconds. The peak time has been

reduced from 2.53 seconds to 1.89 seconds. The 0.5 steady state errors have been reduced to
0.4.

Table 2: Comparison of Time Domain Parameters for Motor Torque using Pl and

FOPID controllers.

Type of Rise Times | Settling Time | Peak Time Steady StateError

Controller Tr(s) Ts(s) Tp(s) Ess(rms)

Pl 1.38 2.71 2.53 0.5

FOPID 1.36 2.23 1.89 0.4
Applications

The FOPID controlled Bootstrap Converter with SVM Inverter-based IM drive finds

applications across various industries.
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1.

Industrial automation: Precise control over motor speed and torque is critical in
industrial automation processes such as robotics, CNC machines, and conveyor systems.
The high-performance characteristics of this system make it well-suited for such
applications.

Renewable energy: In renewable energy systems such as wind turbines and solar
trackers, efficient motor drive systems are essential for maximizing energy capture and
conversion. The integration of advanced control techniques ensures optimal performance

and reliability in these applications.

Electric Vehicles (EVs): The demand for electric vehicles continues to rise, driving the
need for efficient and reliable motor drive systems. FOPID controlled IM drives offer
superior performance, contributing to extended battery life and enhanced driving
experience in EVs.

CONCLUSION
The fusion of FOPID control, Bootstrap Converters, and SVM Inverters represents a

significant advancement in motor drive technology. By leveraging the unique capabilities of

each component, engineers can design highly efficient, precise, and robust motor drive

systems for a wide range of applications. As industries continue to prioritize energy

efficiency and performance, the adoption of these advanced control techniques is expected to

proliferate, ushering in a new era of motor drive innovation.
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