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Abstract. The environmental pollution is enlarging due to the existence of a
greater number of gasoline vehicle. Electric vehicles are highly important to
reduce pollution, and they are the best option when compared to conventional
automobiles. Since they offer higher power densities, superior speed-torque char-
acteristics, maximum efficiency, wide speed ranges, and require less maintenance,
brushless DC motors are a viable option for electric cars.This paper uses a bidirec-
tional DC-DC converter to regulate the speed of the BLDC motor.Bidirectional
DC-DC converters are frequently used for battery charging and discharge. The
buck boost mode of bidirectional converter is an option. The battery’s energy
reserves give the Brushless DC motor its full power, whilst the same bidirectional
buck as well as boost converter returns energy to the source during regenerative
braking.
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1 Introduction

Electric vehicles (EV), commercial use, manufacturing turbines, and especially
aerospace industries are a few common uses for brushless DC (BLDC) motors [1].
Because of their quick response times, high power factors, silent operation, compact
size, reliability, high efficiency, and cheap maintenance costs, brushless DC motors are
used extensively. Since they are electronically commutated, BLDC motors do not require
brushes for commutation. This motor generates a quasi-rectangular square waves with
a trapezoidal back EMF. A permanent-magnetic synchronous motor with a trapezoidal
emf waveform is frequently referred to as a " BLDC motor.” As its name suggests, BLDC
motors do not employ brushes for transmission; instead, they use electronics [2—4].
BLDC motors have such a variety of benefits over brushed DC motors. Because of
electromechanical commutator is just no longer required, they require less maintenance,
and they are perfect for applications requiring a high torque-to-weight proportion because
to their high power density. Compared to the induction machines, they also have less
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inertia, allowing for a quicker dynamic response to reference commands. They are also
more efficient due to an electromagnets, which virtually completely eliminate rotor
losses [5-8].

The buck boost converter supplied with PI controller is another name for the bidirec-
tional dc-dc converter. The bidirectional DC-DC converter offers two operational modes:
Boost (increasing voltage from a low level to a higher level) and Buck (decreases the
voltage from high level to low level) [9-13].

2 Bidirectional DC-DC Converter

The Bidirectional DC-DC Converter module illustrates a converter that is powered by
a controller and signal generator to increases or decreases the DC voltage is applied
from one converter side to the other. For instance, bidirectional converters can be used
in electric automobiles to transition among energy storage and consumption (Fig. 1).

Fig. 1. Overall Block Diagram

The use of MOSFETs or IGBTs to change the current’s state rather than all diodes
is the key difference between a bidirectional DC - DC converter and also unidirectional
DC-DC converter. The bi-directional DC DC converter may still function as a Buck
converter by lowering the voltage from a higher level to a lower level as well as a Boost
converter by raising the voltage from a lower level to a higher level, depending on the
amount of current and voltage being generated along with the location of the energy
storage items (Fig. 2).
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Fig. 2. Bidirectional DC-DC Converter
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An example of a DC-DC converter is a “buck-boost converter”, which has an output
voltage magnitude that can be either more than or lower than the input voltage magnitude.
It is utilized by “step up” incoming DC voltage, just like an AC transformer would.

3 Brushless DC Motor

An electronically commutated motor, often known as a brushless DC electric motor, is
a synchronous motor that uses a direct current (DC) power supply. The motor windings,
which are effectively made to rotate in space by switching DC currents to them, produce
magnetic fields that the permanent magnet rotor follows. The controller alters the DC
current pulses’ phase and amplitude to control the motor’s speed and torque. With this
control system, the mechanical commutator present in many common electric motors
can be swapped out. These motors can provide a lot of power over a wide range of speeds
extremely effectively. Brushless motors utilise a fixed armature with permanent magnets,
which takes care of the problem of feeding the armature with current. Transportation
based on electronics gives a wide range of options and adaptability (Fig. 3).
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Fig. 3. Circuit of Brushless DC Motor

The use of brushless DC (BLDC) motors is widespread in a variety of industries,
including automotive, computing, industrial, and aerospace. Compared to brushed DC
motors, BLDC motors provide a number of benefits.They are ideal for applications
needing very high torque-to-weight ratio because to their high power density also low
maintenance requirements due to the absence of a mechanical commutator. They have
less inertia than induction machines, which enables a quicker dynamic reaction to refer-
ence commands. Additionally, they have nearly no rotor loss because of the permanent
magnets’ increased efficiency.

3.1 Mathematical Model of Brushless DC Motor

The electrical as well as mechanical mathematical equations of the BLDC motor are:
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where,

Vp, Vg, V; = Terminal phase voltage

R = Armature resistance

Ip, Iy, I, = Phase Currents

L = Phase Inductance

€p, €q, €r = Phase Back EMF

We can plot this induced emf as a parameter of rotor position for a three-phase BLDC
motor, and it is obvious that there is a 120° change in the phase angle of the in-phase
back EMF

€p = kwwf(ee) “)
—— (9,,, - 2?”) )
er = kyof (Qe + 2?7[) (6)

where,
Ky = induced emf
0. = Torque angle
o = Speed of the Rotor
The total of the torque outputs from each phase can be used to represent the overall
torque. The following equation shows the overall torque output:
_ Cpipteqigteriy
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4 Four Quadrant Operation

The motor has the ability to break and move forward as well as backward. Since a DC
motor may run in both directions of revolution and generate both motoring and breaking,
it is known as having four quadrant action (Fig. 4).

The machine transforms electrical power into mechanical power to sustain motion
when itis in driving mode, acting as a motor. When the machine is braking, it functions as
a generator, converting mechanical energy into electrical energy and creating an opposing
force to motion. The motor has the ability to operate in both driving and braking actions,
or perhaps both forward again and backward motion.
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Fig. 4. Four Quadrant

5 Circuit Description and Simulation Results

Figure 5 shows the functional circuit of speed control of BLDC electric motor with the
help of PID controller. The Simulink model is composed of an inner loop for current
control as well as an outer speed feedback control. PI controller is used to implement
the current control loop. PID controllers are used in the outer speed feedback loop.

Figure 5 shows speed control of Brushless DC electric motor, there are three main
circuits named BLDC motor model block, Bidirectional DC-DC converter circuit which
uses PI controller and Speed control circuit which uses PID controller.

Fig. 5. Simulation figure of the proposed speed control of Brushless DC motor with the help use
of Bidirectional converter

Figure 6 uses a PI controller to demonstrate the rotor speed and electromagnetic
torque outputs of the Brushless DC motor.
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Fig. 6. Rotor speed and Torque

Figure 7 shows overall field winding current of a brushless DC motor.
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Fig. 7. Stator Currents

Figure 8 gives the speed of brushless DC motor which is 2000 rpm and matches with

the actual rating of the motor.

Speed

Fig. 8. Speed of Brushless DC motor
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Conclusion

In this project, the functionality of the BLDC motor’s controller is verified under various
load conditions using simulation and a PI controller. Here, the motor speed is managed
by the controlled voltage of a bidirectional dc-dc converter. Multiple trigger gate sig-
nals are produced under various circumstances. The dynamic characteristics, such like
speeds, voltage, and also electromagnetic Torque, can be examined with the help of MAT-
LAB/SIMULINK software. Simulation findings show enhanced performance whenever
the suggested control is applied under various operating situations.
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