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Abstract-: Renewable energy sources have high demand in recent years. The Power converters are the bridge between
renewable sources of energy and electric vehicles. The designing and modeling of the controller for SEPIC and three-phase
voltage source inverters (VS) are discussed in this paper. THE FPGA based PID controller is for SEPIC converter while
space vector pulse width modulation (SVPWM) technique is implemented for three-phase voltage source inverters (VSI). The
SEPIC converter is feed from a solar power panel and regulates the voltage, which again feeds to the three-phase voltage
source inverter (VSI). The three-phased induction motor is driven by supplying power from SVPWM based three-phase VSI,

which drives the shaft of an electric vehicle.

Index Terms-- FPGA, PID, SVPWM, SEPIC.

l. INTRODUCTION:
Nowadays, great attention has been paid to renewable energy
sources because of the disadvantages of fossil fuels [1], [2],
[3]. The bridge rectifiers use diodes for rectifications, which
are being fed to DC-DC converters to regulate the output
voltage. These rectifiers possess more conduction losses so,
bridgeless topologies will be preferred [4]. The bridgeless
converters can control the voltage at its output in the broader
range. Cuk and buck-boost converters give negative polarity
at their output, and the zeta converter possesses high EMI
issues due to any other switching devices placed near it [5].
Simultaneously, single-ended primary inductance converter
(SEPIC) of the same category possess output voltage with
positive polarity and have the least EMI issues compared to
the above topologies. In literature, the SEPIC converter is
used with a PV system using MPPT [6], [7]. In this paper, the
SEPIC converter will feed to 3 phase VSI, which drives an
electric vehicle’s induction motor. The space vector pulse
width modulation (SVPWM) technique is widely used to
control motors. The Voltage/frequency is the control strategy
of the inverter. The SVPWM provides high torque at the
higher speed of motors with better efficiency [8].
Il. DESIGN OF SEPIC CONVERTER:

The SEPIC converter elements are a MOSFET, a diode, two
inductors (L,, L,), and two capacitors (C,, C,), the circuit

topology is shown in figurel. The capacitor C,; acts as a DC
isolation, which isolates input and output [9]. Since the SEPIC
converter operates in CCM, two switching modes will be
considered, and the circuit of each switching state is shown in
figure 2. When S; is closed, then inductors L; and L, will be
charged through supply voltage in capacitor voltage V.
Contrary, when switch S; will be opened, the capacitors C,
and C, will be discharged through L, [9].
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FIGURE 01. Circuit diagram of sepic converter [9]

Ill.  FPGA BASED Pl CONTROLLER FOR SEPIC
CONVERTER:
The PID is the linear type of controller, which controls the
process/ plant. The proportional integral derivative (PID)
controller consists of three parameters 1. Proportional (P) 2.
Integral (1) and (3) Derivative (D). By tuning the Kp, Ki, and
Kd values, any process or plant can be controlled or regulated.
There are several tuning methods, and out of them, the
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conventional one, which is the trial and error method, will be
used for tuning Kp, Ki, and Kd values of the PID
controller[10].
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FIGURE 2. PID controller design using Xilinx system generator MATLAB
toolbox [10]

V. DESIGN OF 3 PHASES VSI:
The three phases VSI is shown in the figure contain 6
MOSFETs with three legs, and each leg includes two
switches. The upper three switches and lower three switches
are complementary to each other, as shown in figure
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FIGURE 3. Conventional Three Phase Inverter [9]

V.  CONTROLLER DESIGN FOR 3 PHASES VSI:
The 3 phase quantities can be converted into 2 phase
quantities like into alpha-beta frame or DQ frame. From these
stationary or synchronously rotating frames [11], the reference
vectors of voltage and current can be calculated.
The three-phase vector components can be:

V, =V, sinwt 1
2m
Vy =V, sin (Wt - ?) 2
4r
VC=Vmsin(Wt—?) 3

The interchange of switching vector [a, b, c] and line-line
voltage [Vab, Vbc, Vca] can be done by:

[

2
2l =3 -3
Ki=-{0 —— —

3 2 2

1 1 1

2 2 2

The 3 phase voltage vectors [a, b, c] can be calculated from
phase voltage vectors by using the formula:

V] p. [2 -1 -1
Vbn _% -1 2 —1]
Vo -1 -1 2

For the upper switches of each three-phase leg, there are eight
switching combinations, while for the lower three switches,
their switching pattern is opposite to that of the upper
switches. Hence, if the switching pattern of upper switches is
known then lower switches pattern can be easily calculated.

TABLE 1. Switching pattern, Line to line voltage, Line to ground voltage

Vectors Switching Vectors Phase Voltage Line Voltage
of A B c Van Vbn Vcn Vab Vbc Vca
Voltage
V_o Low Low Low 0 0 0 0 0 0
V_, High | Low Low 0.66 | -0.33 - 1 0 -1
0.33
vV, Low | High Low 0.33 0.33 - 0 1 -1
0.66
V_, Low | High Low - 0.66 - -1 1 0
0.33 0.33
V_y Low | High | High - 0.33 033 | -1| 1 1
0.66
V_s Low | High | High - 0.33 066 | 0 | —1 1
0.33
V_e Low Low High | 033 | -066 | 033 | 1 | —1 0
V_, High | Low High 0 0 0 0 0 0

VI. DESIGN AND IMPLEMENTATION OF SVPWM
The SVPWM technique can be implemented in MATLAB by
following steps:

1. Calculation of Vy, V, Vierand alpha angle.
2. Calculation of time duration of T,, T, and Ty
3. Calculation of switching time Ts.
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For step No.01, the VVd and Vg and Vref can be calculated as:

- _11,
-3, &l
3’ 3 31, "
I o 5 -3 Ven

And Vref as:
| Vier| = [(VE + V).

In step N0.02, T1, T2, and T, can be calculated as:
cos(a).]

Tz |Vrer| » [ sin(a).

=T1*%*Vdc[(1):]+T2*—

3.
cos (g) .

3dc

wTo=T,—(T1 +T,) (Where, T,= fi and a = —Lvref|>
[12], [13], [14]
In step No.03 switching time of each switch

Sector.1: In the first sector, the switch S1 is closed but
switches S3 and S5 will remain open. But lower three
switches will act as complementary to the above switches

Sector.2: In the second sector, the switch S3 is closed, but S1
and S5 will be opened. The lower three switches will acts as
opposed to the above switches.

Sector.3: In the third sector, the switch S1 and S3 will be
closed, and switch S5 will be opened. But the lower half of the
three switches will operate as opposed to the upper switches

Sector.4: In the fourth sector, the switch S5 is closed while
switch S1 and S3 will remain open. But the lower half of the
three switches will act as complementary to the upper
switches

Sector.5: In the fifth sector, the switch S1 and S5 will be
closed while switch S3 will remain open. But lower three
switches will act as complementary to the above switches.

Sector.6: In the sixth sector, the switch S1 is opened while
switch S3 and S5 will be closed. But lower three switches will
act as complementary to the above switches.

VII.  SIMULATION RESULTS AND DISCUSSIONS:
The model of the complete system is detailed here by the
following statement and also shown in fig. 09. The DC-DC
SEPIC converter takes power from a solar panel as input
sources of energy; it then regulates out voltage at the desired
output voltage. The controller for SEPIC converters is FPGA
based PID controller. Again the output SEPIC is fed to a
three-phase voltage source inverter (VSI), which is being
controlled by the most popular control technique for motors
speed control is the Space vector pulse width modulation
technique. The 3 phase VSI will supply energy to the three-
phase induction motor to drive any application.
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FIGURE 4. Flow of the Whole system.
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FIGURE 5. MATLAB simulation of FPGA based SEPIC converter
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FIGURE 6. SVPWM complete design system

FIGURE 7. Step 01: conversion from three-phase into two-phase
using MATLAB Simulink
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FIGURE 8. Step02: Design of a Sector using MATLAB Simulink
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FIGURE 9. Step 04: Switches operation in different sectors.
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FIGURE 10. PWM signals generations
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FIGURE 11. Waveform of voltage at 3 phase (@) VSI

Three Phase Induction Motor performances:

The three-phase induction motor is operated feed from three-
phase VSI and tested on five different loading conditions. In
the first instance, there is no load, no motor, on second instant
load increases and in third and fourth instants further load is
shaded, and in a fifth instant, there will be no load again.
These five instants are tested on the MATLAB simulations as
shown in fig.16 and fig.17.

FIGURE 12. loading instants on the motors
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FIGURE 13. Speed Vs. torque on different loading conditions

FIGURE 14. Stator current and rotor current on different loading conditions

VIII. CONCLUSION:
The PV system supplies power to the SEPIC converter,
regulating the output voltage and providing it to the three-
phase voltage source inverter. In turn, the three-phase VSC
feeds to the three-phase induction motor, which can turn the
shaft of the vehicle. The results of different parts have shown
step by step. The Induction motor is tested on multiple loading
conditions, and its torque increases as the load increases while
speed decreases. The stator and rotor current also increases as
the load increase, and they decrease as the load on the motor
decreases.
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