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Abstract

This work explains the operation of BSC (Bootstrap Converter) with SVMI (Space Vector
modulated Inverter). It aims to improve the speed of bootstrapped converter-inverter based
Induction Motor drive (BSC-SVMI-IM) using FOPID and Hysteresis Controller (HC). This work
compares the assessment among FOPID and Pl-hysteresis controlled BSC-SVMI-IM frameworks.
The BSC is preferred among the rectifiers and SVM inverter is preferred for voltage-pick up. The
dynamic reaction of BSC-SVMI-IM is improved using the HC.

Objectives: This work is performed to improve the operation of BSC-SVMI-IM framework
utilizing appropriate regulator in closed-loop. Open loop BSC-SVMI-IM framework with
disturbance, closed two loop FOPID-FOPID and PI-HC based BSC-SVMI-IM frameworks are
simulated using Simulink and their results are compared.

Keywords:Bootstrap Converter, SVM (Space Vector Modulation), FOPID, Hysteresis
Controller(HC), Induction Motor Drive.

1. Introduction

Yong-Keun and Jong-Kwang proposed examination of bootstrap circuit activity with a
modified PWM drive plot for a 3phase inverter for a brushless dc engine drive [1-2]. A bootstrap
circuit for working the high-side protected door bipolar semiconductor of a 3phase inverter for a
brushless dc engine drive was examined hypothetically to maintain a strategic distance from under
voltage lockout by limiting the release of a bootstrap capacitor (BSC). Madhusoodhanan proposed a
plan and assessment of separated entryway driver power supply for medium voltage converter
relevance's. The business gate-drivers were accessible upto 6.5 kV IGBTs. With the advances in the
SiC, power gadgets evaluated past 10 kV were being investigated [3].

Yutian explained improved bootstrap strategies for fueling gliding door drivers of flying
capacitor staggered converters and mixture exchanged capacitor converters. By utilizing the
inalienable properties of staggered converters, these techniques can beat the restriction of traditional
bootstrap strategy (diode forward voltage drop) and make it conceivable to move ground-referred to
capacity to the entirety of the coasting switches for any FCML or half and half SC converters[4].
Lei and Liu set a logical technique to assess and plan crossover exchanged capacitor and staggered
converters. This explored the utilization of staggered transformation in dc-dc applications that
require an enormous voltage change proportion[5].

Zhu and Liu focused on the Low-voltage stress buck-boost-converter with a high-voltage
change pick up. The ordinary BBC had the benefits of straightforward structure, minimal effort, and
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the capacity to accomplish both voltage venture all over. Be that as it may, because of the negative
effects of the parasitic boundaries of the gadget, the voltage change gain of the customary buck-help
converter was enormously restricted. Pouladi and Farzanehfard actualized a Single-switch delicate
exchanging LED driver appropriate for battery-worked systems. AbhijeetR.Shete and Prakash have
explained the performance of metalized film type capacitors in static VAR controllers. [6-10].

Yang explained Analysis demonstrating and execution of an exchanging bi-directional-BBC
dependent on electric vehicle cross breed energy stockpiling for V2G framework. Battery worked
delicate exchanging full buck—boost-LED driver with single attractive component recommended in
[11-12]. Another circuit plan of 2switch buck-boost converter was introduced by Jung. A traditional
2switch buck-support (TSBB) converter can work in buck, lift, and buck-boost-modes. This
presented another geography for a two switch buck-help converter with similar activity modes. In
any case, the proposed TSBB converter had less conductions and exchanging parts than the
ordinary TSBB converter, which lessens the force losses [13].

Precise induction of dead land end procedures for the non-transforming coordinated BBC
was presented by Zhang. Bidirectional 3-stage DC-AC converter with implanted DC-DC converter
and transporter based PWM procedure for wide voltage range applications was recommended by
Wang. Katherine proposed propels in framework associated PV-power-transformation frameworks.
The various power quality issues and suitable remedies are discussed[14-17]. This exertion
manages closed-loop semi converter3 stage acceptance engine drive(SCTPIMD) utilizing PlI,
FOPID and PR regulator. This exertion proposed PR regulator for SCTPIMD. PR-Fuzzy control
improvement of doubly took care of enlistment generator during framework issues was proposed by
Mohammad Reza [18-19]. Vector control strategy for IMD dependent on hysteresis regulator and pi
regulator near examination was introduced by Shiny [20].

2. Research Gap

The exceeding effort doesn’t deal with the comparison of FOPID-FOPID and PI-hysteresis
controlled BSCSVM-IIM frameworks. Hence, this work deal with the simulation Comparison of
FOPID-FOPID and PI-hysteresis controlled BSCSVM-IIM frameworks.

3. Methods

The simulation for the IM drive controlled by FOPID controller and Hysteresis controller
are performed and the simulated results are compared to obtain the best controller for effective
control of IM drive. The block diagram of FOPID controlled BSC-SVMI system is shown in Figure
1. Speed of IM is sensed and it is evaluated with the reference speed to get speed Error (SE). This
‘SE is directed to a FOPID-controller’. The ‘yield of FOPID’ is used to obtain reference current.
The reference current is compared with actual-current and the current-error is applied to a FOPID-
controller. The output of current-FOPID is used to adjust the Pulse-Width (PW) of BSC. The block
diagram of PI-Hysteresis controlled BSC-SVMI system is shown in Figure 2.
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Figure 1: Block-Diagram of BSC-SVMI with dual FOPID controller
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Figure 2: Block Diagram of PIC-Hystersis controlled closed two loop BSC with SVM inverter

4. Simulation Results

Circuit-diagram of Bootstrap converter with SVM inverter in FOPID controlled closed two
loop system is shown in Figure 3.

= BD
Figure 3: Circuit diagram of closed-two-loop-BSC- SVMI with FOPID controller
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Input voltage of closed two loop FOPID controller is shown in Figure 4. The value of input voltage
is 175 Volts. Circuit diagram of bootstrap converter is appeared in Figure 5.
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Figure 4: Input voltage

Egj-—l—-wm
+
@.7—«»]:5:[ e oL bt

LT B3] Conn2

I

F2

il
frrd

éﬂ
. | -

Figure 5: Circuit diagram of BSC

Voltage across bootstrap converter and Voltage across motor load are shown in Figure 6 and
7 respectively. The value Voltage across bootstrap converter is 400 Volts and peak value of VVoltage
across motor load value is 480 Volts.
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Figure 7: Voltage across motor load with FOPID controller
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Motor speed of closed two loopBSC- SVMI with FOPID controller is appeared in Figure 8
and its value is 1450 RPM. Motor speed zoom out of closed two loop BSC- SVMI with FOPID
controller is appeared in Figure 9 and its value is 1290 RPM. The Motor Torque is shown in Figure
10.
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Figure 10: Motor Torque of BSC- SVMI with FOPID controller

Circuit diagramof PI-Hysteresis controlled closed two loop Bootstrap converter with SVM
inverter is appeared in Figure 11.
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Figure 11: Circuit diagram of P1-Hysteresis controlled closed two loop BSC with SVM
inverter
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Input voltageofclosed two loop BSC-SVMI-IM with PI-Hysteresis controller is outlined in
Figure 12. The value of input voltage is 170 Volts.
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Figure 12: Input voltage

Voltage across bootstrap converter and Voltage across motor load are outlined in Figure 13 and 14.
The value of Voltage across bootstrap converter is 480 Volts and Voltage across motor load value is
400 Volts.
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Figure 14: Voltage across motor load

Motor speedwith SVM inverter ofclosed two loopFOPID controller is appeared in Figure 15
and its value is 1290 RPM. Motor speed zoom out with SVM inverter of closed two loopFOPID
controller is appeared in Figure 16 and its value is 1290 RPM. The Motor Torque is outlined in
Figure 17.
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Figure 16: Motor speeds zoom out
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Figure 17: Motor Torque
5. Discussion

The time domain characteristics of motor speed and motor torque obtained by simulating the
Bootstrap converter based SVM inverter based Induction Motor drive system with FOPID
controller and the Hysteresis controller are obtained and the results are compared.

Comparison of Time Domain Parameters for motor speed is given in Table-1. It clearly
explains that by using PIC -HC, the ‘rise-time’ is lessened from 1.35 Sec to 1.32 Sec; ‘Settling-
time’ is lessened from 2.21 Sec to 1.60 Sec; ‘peak-time’ is lessened from1.98 Sec to 1.47 Sec;
‘Steady-state error’ is lessened from 0.6 RPM to 0.3 RPM. Fig.18 outlines the Bar Chart of Time
Domain Parameters for motor speed using PI-HC and FOPID controllers.

Table-1

Comparison of Time Domain Parameters for motor speed between FOPID and HC

Controller Trs) Tss) Ths) EssrPm)
FOPID-FOPID 1.35 2.21 1.98 0.6
PI-HC 1.32 1.60 1.47 0.3
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Figure 18:Bar chart of Comparison of Time Domain Parameters for motor speed between

FOPID and HC

Comparison of Time Domain Parameters for motor Torque is given in Table-2. By using
PIC-HC, the ‘rise-time’ is lessened from 1.36 Sec to 1.33 Sec; ‘Settling-time’ is lessened from 2.23
Sec to 1.67 Sec; ‘peak-time’ is lessened from 1.89 Sec to 1.39 Sec; ‘Steady-state error’ is lessened
from 0.4 N-m to 0.1 N-m. Figure 19 outlines the Bar Chart of Time Domain Parameters for motor

torque using FOPID and HC.

Comparison of Time Domain Parameters for motor Torque between FOPID and HC

Table-2

Controller Tr(s) Ts(s) Tp(s) Ess(N-m)
FOPID-FOPID 1.36 2.23 1.89 04
PI-HC 1.33 1.67 1.39 0.1
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Figure 19:Bar chart of Comparison of Time Domain Parameters for motor torque between

FOPID and HC
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6. Conclusion

Closed loop BSC-SVMI-IM systems with FOPID and Hysteresis controllers are modeled
and simulated using MATLAB Simulink. The simulation outcomes of closed two loop systems with
FOPID &HC are presented. The settling time is reduced to 1.60sec and steady state error is
diminished to 0.3RPM by using Hysteresis controller. Thus, the response of HC system is superior
to the FOPID controlled system. The hardware of BSC-SVMI is fabricated and tested. The
experimental results of BSC-SVMI have been presented for validation purpose. The benefits of
proposed system are little harmonic content and fast response. The drawback of Quadratic boost
converter is that it is appropriate for low power. The present effort deals with the analysis on
Hyteresis controlled two-loop BSC-SVMI-IM. The investigations on FL controlled BSC-SVMI-IM
will be done in future.
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