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An interface between a DC supply and an electric vehicle's drive fed by an inverter is a bidirectional
DC-DC converter. In this research, a topology for an electric vehicle based on an induction motor that integrates
a high voltage gain bidirectional non-isolated DC/DC converter with a three-phase inverter is proposed. This
study compares a bidirectional DC to DC converter inverter system controlled by fuzzy logic (FL), and fractional
order proportional integral derivative (FOPID). The suggested converter runs in discontinuous-current mode
(DCM), with all switches and diodes switching at zero current. It is possible to operate across a wide duty cycle
range while maintaining high output voltage gain, low switching stress, minimal switching losses, and high
efficiency. The proposed converter's size and weight are decreased so as to support a wide range of duty cycle
operations, maintain lower voltage stress on all devices, ensure equal current sharing among inductors, are
simple to control, and require a more compact inductor. The converter also uses a constant input current which
offers a choice for various applications. MATLAB Simulink is used to construct, model, and simulate open loop
system, closed loop FL: and FOPID. The results of these simulations are then reported. The investigations show

that FOPID controlled DC-DC converter performed better response.
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1. INTRODUCTION

Due to the pollution-free nature and ability to cir-
cumvent the problem of fuel depletion, electric vehicle
(EV) drive trains are becoming more and more popular
in the environmental community [1]. Traditionally, bat-
tery strings in series are used to give the high voltage
(HV) needed for EV. However, the uneven charging be-
tween the strings and variation in the temperature gra-
dient shorten the lifespan of the batteries. Although par-
alleling a battery string may solve such issues, the out-
put voltage will be reduced [2]. Yet, the presence of cou-
pling transformer’s leakage reactance may result in un-
safe HV sparks over the operating switches during
switching transients, large copper loss, which is not pref-
erable for large voltage varying applications [3, 4]. Bidi-
rectional isolated converters, offer high voltage gain for
stepping up and down the voltage by adjusting the trans-
formers turns ratio. Transient switching losses were re-
duced thanks to the introduction of soft switching strat-
egies in converters [5-7]. On the other side, as there are
more operational switches, there are more conduction
losses, more complexity, and more expense.

Switched capacitor (SC) power converters can have
smaller converter sizes and higher power densities, but
larger voltage gains necessitate larger switched capaci-
tor sizes [8]. Conversely, switching inductor (SL) can tol-
erate high voltage gains regardless of the operating
quadrant [3, 9-10]. Therefore, DC-DC converters with
substantial voltage gains have attracted the attention of
numerous researchers. In this work, a superior bidirec-
tional topology is sought after for a high voltage gain in-
duction motor-based EV drive. It also covers the use of a
closed loop controller to a better converter, which en-
hances the system's dynamic response.
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2. PROPOSED SYSTEM

The schematic layout of the typical conventional con-
verter system is depicted in Fig. 1 It uses four passive
elements and has a distinctive X-shaped impedance. Ef-
fective power conversions can be made between energy
source and the load in all possible methods. The main
disadvantage, however, is having low total harmonic dis-
tortion (THD) and average power conversion rate
(APCR) in the reducing duty ratio range.
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Fig. 1 — Block diagram of the conventional system
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The drawback identified from the conventional sys-
tem can be overcome by the proposed bidirectional
DC/DC converter. The proposed system's block diagram
is shown in Fig. 2 Both systems are subjected to simula-
tion. The proposed isolated high gain Z source system 1is
compared against the non-isolated high voltage gain
converter in terms of power handling capacity, voltage
boost up capability, and THD.

3. CIRCUIT ANALYSIS

The proposed converter's suggested schematic circuit
diagram is shown in Fig. 3 S1 and Sz function as semi-
conductor switches, whilst Sz and S are active rectifiers.
S1 and Se switches are turned on initially. Here, low vol-
tage DC source Vi and the capacitor charges magnetize
inductor L1. The low voltage dc source V; provides power
to the inductor La.
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Fig. 2 — Block diagram of the proposed system

The voltages of the L1 and Lz inductors are provided
in the following equation.

VLlinductor] 1 0 [Vcapacitor] 1
= + Vv 3.1
VLZinductor [0 0] Vh [1] [ l] ( )

The Ss and Ss switches are on in the following mode,
while the S1 and Sz switches are off. High voltage output
is provided using the L1 inductor's stored energy and low
voltage input Vi. Additionally, the L2 inductor's stored
energy and the low voltage input Vi are used to charge
the C capacitor.
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Fig. 3 — Simulation circuit of the proposed system

Under this mode, the voltages between the Li and Le
inductors are as follows.

VLlinductor] _ [ 01 _01] [Vcapacitor] + [ﬂ Vi

3.2
VLZinductor Vh ( )

Here Vi and Vi are the boosted output and input volt-
ages respectively, Viinductor, V2inductor and Veapacitor are the
inductors and capacitor voltages. § denotes the duty ratio.

= (%)
v, \1-é&

The equation for evaluating the inductors rating is

(3.3)

8(2-8)(1-8)*R1oad
2xswitching frequency

Lijng = (3.4)

(1_6)4 RLoad
2xswitching frequency

Laing = (3.5)

4. SIMULATION RESULTS

Table 1 displays the simulation results for the pro-
posed and current systems. The comparison shows that
the suggested system generates a higher output power
while having a lower thd. The speed decreases from 1300
to 1200 rpm for the applied load.

The specified torque is 1.2 nm. The simulation and
hardware parameters are listed in below Table 2. To en-
hance the system's transient properties, a FOPID, and
fuzzy controller design was carried out for the boost op-
eration. While FLC relies on human intuition, linear
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control systems use a minimal transfer function. To de-
termine error, the drive' actual speed is sensed and com-
pared to reference speed. Additionally, the efficiency is
much higher than in traditional mode.

Table 1 - Compares analysis of the proposed and existing sy tems

Voltage Voltage Power

System (In) Out) THD (I) (Out)
Existing 80V 200V 12.31 % | 2300 W
Proposed 80V 220V 7.25 % | 3300 W

Table 2 — The values of different components used in simula-
tion and hardware

Simula- Hard-
Parameters .
tion ware
Vin 100 V 24V
L1, Lo 10 mH 2.5 mH
C1 64 uF 2 mH
Cs, Cs 1200 uF 2200 pF
L3 200 mH 2.2 mH
Semiconductor
. 500 V/I8 A
switch(IRF840)
Uncontrolled switch 230 V/I1 A
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Fig. 5 — Fuzzy output

The closed loop system with a FOPID controller is
then examined. The FOPID controller takes the role of
the pi controller. The motor rotates at 1300 rpm, and
4 nm of torque is produced. Rise time is cut in half, from
0.6 to 0.45 seconds. There is a 2.3 to 1.4 second reduction
in settling time. Peak time is modified to 0.53 seconds
from 0.51 seconds, and steady state error is decreased
from 6.1 to 3.2.

FLC can make use of vague knowledge. The main
four elements of FLC are fuzzification, inference mecha-
nisms (to select the appropriate rule of a given condi-
tion), and defuzzification. FL.C is provided with two dis-
tinct inputs.
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Fig. 6 — Motor speed and torque response

Fig. 4 display the input variables 1 and 2. In Fig. 5
the output variable is displayed. 1300 rpm is the motor
speed graph as shown in Fig. 6. 4 nm is the torque re-
sponse. Table 3 displays a comparison of the time do-
main parameters attained for various controller imple-
mentations.

Table 3 — Comparison of controller performances

Controller T T Ty Ess
FOPID 0.35 1.4 0.43 2.8
FLC 0.3 0.6 0.46 0.08

5. EXPERIMENTAL RESULTS

The proposed converter's functionality is tested using
the design parameters listed before. For the experi-
mental verification, the voltage utilised is down by a fac-
tor of 4. The suggested converter, can drive 0.5 HP,
400 V induction motor are included in the hardware ar-
rangement.

Bidirectional converter's LV side is powered by a
24 V DC source, which is then increased to 80 V DC on
the HV side. On the HV side, a three-phase induction
motor is linked as a load using an inverter.The proposed
system prototype setup is shown in Fig. 7 The power con-
verter utilised in the arrangement receives the firing
pulses from the PIC micro controller PIC16F84A. As in-
dicated in Fig. 8, 24 V is the input supply voltage taken
into consideration when testing the hardware.

The switching pulses for the semiconductor switch in
the proposed system are shown in Fig. 9. A 24 V input is
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increased to an 80 V output. Fig. 10 depicts the experi-
mental output voltage. Three phase inverter is coupled
to DC/DC converter. Fig. 11 illustrate the inverter's
power output voltage.

1100

CH1 50,

Fig. 10 - Output voltage of high gain converter
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Fig. 11 — Output voltage of three phase inverter
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