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Abstract : BLDC motor has high torque-to-speed ratio, wide speed control range, and higher efficiency compared to traditional
dc motors, brushless dc motors are widely used in daily life. To manage both its speed and torque, a BLDC motor must be
connected to electrical equipment as it cannot be handled manually. For the purpose of producing commutations dependent on the
position of the rotor, a three phase inverter is often necessary. The low power factor number is a result of harmonic issues caused
by high frequency switching on the inverter side. It is noted that the hysteresis current controller with a speed feedback loop used
in this study reduces torque ripples. Simulation is carried out using MATLAB/SIMULINK. In order to drive BLDC motors, a
hardware prototype of a three-phase inverter was created. It was tested under load using various input voltages that were within
the motor voltage range.

Index Terms — Three phase inverter, BLDC motor, Hall sensor, back EMF, Hysteresis current control.

l. INTRODUCTION

Electric cars use a variety of electric motors, including three phase AC induction motors, switched reluctance motors, brushless
DC motors, permanent magnet synchronous motors (PMSM), DC series motors, and brushless DC motors (SRM). BLDC motor is
one of these motors widely used in EVs.

In the modern day, brushless motors are far more popular than brushed ones. The applications for both, however, are quite
diverse. In many domestic products and autos, brushed direct current motors are still in use. The flexibility to alter the torque to
speed ratio, which is exclusive to brushed motors, gives it a strong industrial niche as well. The brushless DC motor is categorized
in to out runner BLDC motor and in runner BLDC motor. In the in runner BLDC motor design, the stator is positioned outside, and
the motor's rotor is inside. In the out runner design, stator of the motor is positioned inside, while the rotor is outside. It is also
known as a hub motor as the wheel is directly attached to the external rotor.

Il. HYSTERESIS CURRENT CONTROL METHOD

The block diagram of hysteresis current control of BLDC motor is shown in figure 1. The output current ia, ib, ic of inverter are
sensed and compared with reference current ia*, ib*, ic*. Current error signals are then applied to hysteresis current controller,
which generates switching signals, to the respective six switches. The ia, ib and ic currents and be measured in two ways. One is by
using hall sensors at three terminals of motor. But these hall sensor are to be placed very close to rotor. Another method is by
sensorless back EMF method. In Sensorless back EMF method, the real time currents can be measured but it has 30° phase shift.

The width of the hysteresis band, denoted by h, represents the tolerance bandwidth for the controlled current. If the actual
current ia tries to go beyond the lower tolerance band or higher tolerance band. Gate signals are produced such that switches are
triggered in the 120 commutation sequences and no two switches of same leg are triggered at same time.
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Figure.1 Hysteresis current control of BLDC motor
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I11. SIMULATION ANALYSIS

The figure 2 show the complete MATLAB / simulink model of hysteresis current controlled BLDC motor. Here a DC voltage
source is used as constant voltage source for three phase inverter. Three phase inverter is used to drive the BLDC motor.
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Figure 2 Simulink model of Hysteresis current controlled BLDC motor

From figure 3, the signals from the hall sensors are used to measure the back EMF signals. The back EMF signals are multiplied
with torque to get the reference current and are compared with actual current ia, ib and ic. The error signal of comparator is sent to
Hysteresis block as shown in Fig 4. Based on the output signals of hysteresis block gate signals are produced to trigger the switches
of three phase inverter.
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Figure 3 Hall sensor signals to measure the back EMF of BLDC motor
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1V. HARDWARE PROTOTYPE
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Figure 4 Hysteresis current controller block
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Figure 6 Hardware prototype of popsed project work
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The fig shows hardware prototype of project work which includes three phase inverter, gate driver circuit, and microcontroller
to generate PWM signals in left side board. And on the right side board includes BLDC motor, three hall sensors, IR sensor to
measure speed and OLED display

V. RESULT

Fig.7 shows the trapezoidal back EMF of BLDC of phase A, phase B and phase C. And Fig.8 shows (a)Speed in RPM
(b)Torque in Nm (c) Stator current in C phase
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Figure 7 Trapezoidal back EMF of BLDC motor
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Figure 8(a)Speed in RPM (b)Torque in Nm (c) Stator current in C phase

Table 1 shows the results of hardware implementation of proposed project work. The speed vs current of motor is tabulated,

under loaded condition at two different supply voltages.

Table 1a speed vs current at 9V DC supply

|_load (Amps) @ 9 V
Supply Speed in RPM Ir (Amps) ly  (Amps) Ib (Amps)
0.48 3010 0.20 0.10 0.19
0.54 3420 0.54 0.16 0.18
0.77 4000 0.77 0.44 0.19
0.97 4400 0.97 0.215 0.186
14 4960 1.2 0.254 0.244
15 5500 15 0.542 0.688
1.84 6040 1.84 0.31 0.78
Table 1b speed vs current at 12V DC supply
I_load (Amps) @ 12V
DC sypply Speed in RPM Ir (Amps) ly (Amps) Ib (Amps)

0.5 3030 0.024 0.015 0.479
0.6 3440 0.044 0.103 0.44
0.82 4030 0.459 0.127 0.142
1.02 4460 0.166 0.674 0.137
13 5020 0.239 0.981 0.098
1.53 5430 0.737 0.156 0.034
2.2 6030 0.801 1.089 0.166

Fig.9 shows the graph plotted for speed vs load current at different supply voltages
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Figure 9 Speed vs load current

V1. CONCLUSION

1. A three phase inverter has been designed and simulated to drive BLDC motor in MATLAB simulink and the speed of
BLDC controlled .

2. PWAM signals was experimentally generated using Arduino nano and the current was monitored using ACS716 current

Sensor.

A hardware module of 3 phase inverter drive to control speed of BLDC was developed.

4. The current through A, B, C phase was measured using ACS716 hall based current sensor.

w

VIIl. FUTURE SCOPE

The project can implemented with add on technology to operate electric vehicle more efficiently and to reduce the energy lost
and cost of EV:
1. The microcontroller can be further studied for controlling current. 32 bit Microcontrollers like DSP based or FPGA based
with high clock frequency can be used to monitor the current precisely.
2. Ininverter design, MOSFETs with low Rds on and low Qg is preferred for low power loss and high switching frequency.
3. Paralleling of switches in the each leg instead of single switch may be done to reduce switching loss.
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