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Abstract: This paper presents a BLDC motor that can be utilized in electric vehicle applications where speed control is necessary.
It is driven by a single-ended primary inductive converter (SEPIC). The inverter that feeds the motor uses PWM-based switching;
however, a SEPIC converter in the DC link can be used to adjust the voltage level. Electronic commutation gating pulses are
provided to the inverter input and the DC input. It is effective for electric vehicles since it uses a converter that switches to
manage voltage. The SEPIC is lightweight and suitable for use with small electric cars. This paper describes using a SEPIC
converter to drive a BLDC motor. The BLDC motor's closed-loop speed control is modelled using MATLAB /SIMULINK, and
the simulation's outcomes are presented.
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L. INTRODUCTION

Torque has been obtained for electric vehicles using a variety of motor types. For electric vehicles, however, motors that are
efficient and capable of producing torque across a broad speed range are favored. For certain electric cars, BLDC motors make
sense because they don't lose energy as heat. Because there is no sparking and no need for brushes, it also produces less
electromagnetic interference than a DC motor. A Voltage Source Inverter (VSI) is used to create a rotating magnetic field using
BLDC coils. To regulate the speed of the BLDC, the VSI needs to be switched on time. The BLDC motor is fed by VSI, which uses
pulse width modulation, or PWM. Nonetheless, motor speed control can also be effectively achieved by signaling the SEPIC
converter and managing the voltage level.

1. SEPIC CONVERTER
A DC-DC power converter is the SEPIC converter. One kind of buck-boost converter is this one. Because this process involves
ripples, it uses inductors to store and transfer energy from one level to another. A capacitor is then utilized to eliminate the ripples.
Electronic switches such as a diode and Metal Oxide Field Effect Transistor (MOSFET) are used to perform the switching
operation. The input and output of the SEPIC converter have the same polarity. Because it can function in both continuous and
discontinuous conduction modes, the SEPIC is versatile. This work proposes a discontinuous conduction mode SEPIC converter.

Fig.1.Circuit of SEPIC

As illustrated in Fig. 1, the SEPIC converter circuit consists of the following components: load resistance, diode D, two inductors,
L1 and L2, coupling capacitor C1, and output capacitor C2. The input and output circuits of SEPIC converter circuits are connected
by a common ground. This converter transforms the input DC voltage to the desired output voltage level by exchanging energy
between the inductor L1, capacitor C1, and inductor L2. To regulate how much energy is exchanged, a power transistor switch
(S1), like a MOSFET, is typically utilized.

Key benefits of SEPIC Converters: The SEPIC converter has advantages over a traditional buck-boost converter, including better
efficiency, superior input current purity, and non-inverting output voltage.
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The SEPIC converter has advantages over a flyback converter (isolated buck-boost) that uses a transformer for isolation. These
advantages include lower switching losses, lower output voltage noise, higher efficiency, and the ability to operate at a high
frequency.

A. Discontinuous Conduction mode operation of SEPIC

In this conduction mode, the current flowing through the inductor at the output side is discontinuous during switching time, and the

voltage across the capacitor which is in a series connection remains continuous. Three operating states are there during the

switching period of the converter.

1) Mode I: (switch on): When the switch turns on, currents in the inductors rise, and the capacitor on the output side discharges,
providing power to the motor. The diode is inactive during this mode.

2) Mode Il (switch off): When the switch is off, the input side capacitor charges up, and current from the inductors passes through
the diode. Additionally, there is a rise in voltage across the main power capacitor.

3) Mode I1I: The input inductor keeps discharging while the output inductor completely discharges in this last step. The output
capacitor powers the motor while the input side capacitor continues to charge.

1. PROPOSED SEPIC CONVERTER BASED BLDC DRIVE

The SEPIC converter uses a diode bridge rectifier to transform single-phase AC power into a regulated DC voltage. Before the
SEPIC converter, an unregulated rectifier is employed. An inverter (VSI) is then used to supply power to the BLDC motor using
this DC voltage. This system is unique in that it measures the DC voltage only, i.e., its actual voltage using a single voltage sensor
to control the voltage. As a result, power factor correction on the AC supply side is possible. Indirectly, the motor speed is
controlled by the SEPIC converter.The primary function of the inverter is low-frequency electronic commutation, which reduces the
inverter's internal switching losses. This design's overall performance has been evaluated at different running speeds, torque levels,
and situations.

A. Bridge Rectifier

Four diodes are essentially placed in a particular way to form the diode bridge rectifier. At the rectifier's output, a filter is made up
of a capacitor (C) and an inductor (L). This filter aids in removing any last waves or variations in the DC voltage. The SEPIC
converter then receives the resulting stable DC voltage with few ripples as its input power.

B. SEPIC

The rectifier, which changes AC power into DC, produces a voltage that isn't exactly constant, but the SEPIC converter can still
manage it. This is so that it can control the output voltage even in the presence of fluctuating input. The SEPIC converter does this
by operating in a unique mode known as “discontinuous conduction mode."

C. BLDC motor and VSI

The direction and speed of the motor are primarily controlled by the VSI. It accomplishes this in two methods: one is modifying the
DC link's voltage (which is supplied by the SEPIC converter) and the other is the use of a method known as pulse width modulation,
or PWM, to control the output of the inverter. This VSI does not require constant three-phase phase switching, in contrast to a
standard three-phase motor inverter. Rather, it ensures that the motor's torque stays constant in one direction by only energizing the
relevant motor phase for a predetermined amount of time.

The technology uses Hall sensors that are installed on the motor to identify the proper phase sequence for activation. These sensors
send signals that must be interpreted to determine the location of the motor's magnetic poles.

V. CONTROL OF CONVERTER AND MOTOR
The BLDC motor and the SEPIC converter are both controlled by this system using a two-part control technique. The SEPIC
converter is the subject of one section of the control system. It modifies the output DC link voltage, which in turn modifies the
speed of the motor. The BLDC motor itself is managed by the other component, which makes sure it runs as intended. In order to
maintain the desired output voltage of the converter, the system uses a single control loop based on "voltage tracking™ (see Figure 2
for a block diagram). A reference voltage set for the DC link capacitor (C2) is necessary for this control loop to function.
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Vic=ko @
Two voltages are continuously compared by it: The intended voltage level is the reference DC-link voltage (Vref). The DC-link
capacitor's real output voltage (Vdc).
The "voltage error signal” (Ve) is computed as the difference between these two voltages. The control system can determine how
much to modify the output voltage to match the reference by using this error signal.
Ve=Viet-Vic (2)
Using the error signal as a guide, this Pl controller adjusts itself intelligently. It takes into account two things: Term proportional
(P): This responds right away to the error's magnitude. A bigger adjustment results from a larger error. Term for integral (I): This
takes into account the duration of the error. Over time, it assists in removing any persistent mistakes. The PI controller determines
the "controlled voltage" (\Vctrl) by summing these variables. To attain the appropriate DC-link voltage, the MOSFET switch (Q) in
the SEPIC converter must be adjusted to a certain extent, which is ultimately determined by this controlled voltage.
Ve(k) = Ve(k-1)+K, @)
{Ve(k)-Ve(k-1)}+K;Ve(k)

In this case, 'k’ stands for a particular sample point in time, and the gains for the proportional and integral actions inside the Pl
controller are denoted by Kp and Ki, respectively. These gains affect how much the PI controller takes into account to remove errors
in the past and how forcefully it responds to the current fault.

{ If Mc< Vcthen Qis ON } (4)

{ If Mc< V¢ then Q is OFF } (5)

Qon and Qo are required pulses for switch Q of SEPIC.

BLDC motors rely on electronic commutation, which is accomplished by the inverter's switching sequence, as opposed to brushed
DC motors, which employ actual brushes to reverse the direction of the current. The smooth and effective passage of current from
the DC connection to the motor's stator windings is guaranteed by this control technique.

. ]
i H U
— g =) l*_;:tF =y ft -
L] ; « - x:;’_l' ,(':‘ T 1 ’— !,;J
: Emer=—nl N>
e g o7 [O5 B HE
] o - — o

Fig.2.Simulink of SEPIC based BLDC Motor

The inverter requires a precise switching pattern that applies electricity to the appropriate phases at the appropriate times in order to
do this. This guarantees a motor that operates at its best and a symmetrical current flow.

The rotor position (spaced 60 degrees apart) of the motor is detected by the system using Hall-effect sensors mounted on it. The
signals from these sensors are used to create the electrical commutation pulses that operate the inverter. A line current flows from
the DC link capacitor to the motor's stator when certain inverter switches are activated. Numerous variables affect this current's
magnitude:

DC link voltage Back-EMFs (motor-generated voltages) and winding resistances Both the windings' mutual and self-inductance. A
truth table must be used to decode the Hall sensor data to ensure that the motor operates in the intended direction. This table
determines the exact switching order for the inverter based on all the criteria listed.
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Fig 3: Simulink of BLDC Motor with Electronic Commutation

V. SIMULATION RESULTS AND DISCUSSION
In MATLAB/SIMULINK, a simulation of the suggested BLDC motor system with the SEPIC converter has been performed. The
simulation's outcomes are displayed below.
To control the SEPIC converter and guarantee that the DC link voltage remains at the intended level, the system makes use of a
control circuit.
Based on the previously described logic, this control produces PWM pulses that turn the converter's switch on and off. This design's
capacity to deliver a steady voltage between 50 and 150 volts, regardless of fluctuations in the input voltage, is one of its main
advantages. This can be seen in Figure 6, where variations in the input voltage are still accompanied by an output voltage that
closely tracks the set point.
As previously stated, the converter is built and programmed to function in a unique mode known as "discontinuous conduction
mode." This mode is easily identified by looking at the output inductor's current waveform, which is displayed.
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Fig.4. Electromagnetic Torque of BLDC Motor
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Fig.5. BLDC Motor Speed
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Figure 6: SEPIC variable set points

VI. CONCLUSION
This novel method of employing a SEPIC converter to control BLDC motors has number of benefits over conventional control
techniques.
By modifying the DC link voltage of the inverter (VSI) supplying the motor, the system regulates the motor's speed. Compared to
directly applying pulse width modulation (PWM) on the inverter, this method is more efficient.
By employing fixed-width pulses for electronic commutation, the inverter's function is reduced to a minimum. To reduce switching
losses in the inverter, PWM is solely applied to the MOSFET switch of the SEPIC converter. Enhanced Dynamic Response: By
implementing the suggested control strategy, the drive's dynamic response is improved, allowing the motor to respond to commands
for varying speeds faster.
The technology continues to provide the motor with a broad range of regulated speeds. This system requires only one voltage
sensor, which lowers overall control expenses as compared to conventional methods. Possibility of Renewable Energy Integration:
The suggested drive can be modified to operate with renewable energy sources such as wind turbines or solar panels, which
qualifies it for use in electric vehicles, hybrid systems that combine solar and wind energy, and solar-powered pumps.
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