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1.  INTRODUCTION

Direct current motor (widely known as DC motor) has its own long history. This type of motor has been
used in industries for many years. For about 150 years, direct current machines have showed their important role
in electric drives [1].”This is due to their contributions in simple means and precise way of control for electrical
machines. There are a lot of advantages that are related to their application in drives such as easy adjustment of
rotational speed, uncomplicated start-up and reversal, stability in controlling smallspeed, fast response to change
parameters in electric supply and many more [1]”. Almost every mechanical element used nowadays in this era is
accomplished by electric motors and one of them is DC motor.

Electric machine means the machine is converting electrical energy to mechanical energy [2]. It shows
that the electric motor plays a huge role in human life. Electric motors come in various sizes; they have huge or
small motor. Huge motor is a kind of motor that widely used in industry because of its capability to take loads of
thousands of horsepower [2]. Some examples of huge motor application are elevators, electric trains, hoist, heavy
metal rolling mills and etc. Besides, for small motor they are widely used in automobiles, robots, hand power
tools and many more. All of these applications are very familiar and so important to human.

Direct current (DC) motor is very useful due to its capability in controlling the speed of the vehicles. It
also has simple controlling system on the intrinsic decoupling between the flux and the torque. As the name
given, brush dc motor uses brushes for its commutation then because of that it has some limitations of speed and
lifetime [2]. However, brushless DC (BLDC) motor has been introduced to overcome this problem due to its
physical speciality. Since BLDC motor do not require any brushes to operate, the risk of the motor to be worn out
due to the brushes is eliminated, hence provide a longer motor lifetime [2]. This advantage
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make BLDC motor becomes famous and widely used in industry but since it is a non-linear system thus it needs
more complicated speed controller than conventional DC motor.

Nowadays, BLDC motor is widely used in industry compared to brushed dc motor. BLDC motor isa
permanent magnet synchronous motor that controls armature currents by using position detectors and inverters in
its operation [3]. This type of motor is not so different with any other conventional motors. It also has stator and
rotor same like other motors. But the difference is, instead of using mechanical commutator as in the conventional
motor, BLDC motor is electronically commutated which makes it virtually maintenance free motor [3]. BLDC
motors are a derivative from used DC motor, brushed DC motor and they share the same torque and speed curve
characteristics. BLDC motors exist in single phase, two phase and as well as three phase. Out of these, three
phases motor is the most popular and widely used nowadays [3].

In this research work, we replaced the engine and transmission of a fuel powered motorcycle, the Honda
CBR 250cc (Figure 2(a)) with the BLDC motor and batteries (Figure 2(b)). A speed controller that can maintain
the motor to run at optimum speed with low power consumption is to be designed and developed. This is very
useful to control the speed at its optimum state so that the users can reach their destination safely without
worrying about battery draining.

Figure 2(a). The original Honda CBR250cc Figure 2(b). The retrofitted motorbike with the
(reproduced from [6]) battery and BLDC motor

PID controller has been considered to control the speed of BLDC motor. PID controller consists of
proportional, integral and derivative controller which has all the necessary dynamics such as fast reaction time,
increase in control signal error towards zero and suitable to eliminate oscillation [4]. Meanwhile, the major
changes of PID controller compared to PI controller is that PID controller increases the four characteristics of
closed loop step response which are reducing rise time, reducing steady state error, reducing percentage
overshoot and reducing settling time of the controller [4]. In this project, 14 sets of lithium iron phosphate
(LiFePO4) batteries are used as the main source of energy for this electric motorbike.

2. RESEARCH METHOD

In this project, a 5kW BLDC 48V motor manufactured by Golden Motor Corporation has been used to
run the electric motorbike (Figure 3). This motor is compact in design, uses fan air cooling as well as water
resistant.

Figure 3. 5kwW BLDC 48V motor
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Equation (1) shows the closed loop transfer function for speed control in BLDC motor derived in [5].
Vm is input motor voltage while om is the speed output of the motor. Kt and Ke represent torque and back emf
constants respectively. Other parameters that are required for the transfer function are armature resistance, R,
armature inductance L, viscous friction coefficient, B and rotor moment of inertia, J.
GE)="" ’“ | &)
Vm  LoJsE+(RaJ+LaB )s+RaB+KtKe

The armature resistance (Ra) and the armature inductance (La) were obtained from the motor datasheet.
The rotor moment of inertia, J, was obtained by substituting the value of the mass, m (11 kg) and radius, r (103
mm) of the rotor to the following equation:
J = 0.5mr2 2

The rest of the parameters were obtained by obtaining the angular velocity, ®, when the system reaches
steady-stae. This could be determined when the current, I, is constant. This information was also obtained from
the motor datasheet. Using the motor rated voltage, E, of 48 V, the rest of the parameters was determined using
the following equations:

E =IR + Ktw (3)
Bw = KtI (4)

Table 1 shows the physical parameters of the motor. Through substitutions of the obtained parameters
into equation (6), the BLDC motor transfer function becomes:

0.1693
3.964e—6 s2 +0.0003687s+0.02933

T(s) = ®)

Table 1. Parameters of BLDC motor

Parameters Values
Armature resistance, Ra 6.2 mQ
Armature inductance, La 68 uH

Back emf constant, Ke 25.5x103

Torque constant, Kt 25.5x107®
Viscous friction coefficient, B 0.1072
Rotor moment of inertia, J 0.05834

3. RESULTS AND ANALYSIS
In the MATLAB Simulink environment, the open loop system for BLDC motor speed controllerwas
simulated. After starting the simulation, the curve is shown from the scope in Figure 4.

Figure 4. The step response of the open loop system
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Figure 4 shows the step response curve for open loop system of BLDC motor. It can be seen that the
curve is not so good because it has the overshoot. Besides that, this curve also shows the steady state valuefor
the motor speed which is 277 rad/s.Therefore PID controller and a feedback were included into the system to
improve the performance.

The block diagram of Figure 5 indicates the closed loop speed control system of BLDC motor. PID
controller is used to control the performance of desired input speed before it goes to motor driver in order to drive
the input so that the value is enough to run the motor at desired speed. The feedback system is used to decrease
the error by comparing the output value with the desired one. To ensure the integration between the speed
controller with the BLDC motor, a HPC300H series motor driver is incorporated with the system.
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des PID BLOC o
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Figure 5. Block diagram of BLDC motor speed control system

The main reason the PID controller was chosen as it is used to correct the error between measured and
reference values. The speciality of this controller is that it combines all Proportional (P), Integral (1) and
Derivative (D) to make it a very efficient and stable system [6]. The output response of the BLDC motor withthe
cascaded PID controller was simulated in the Simulink environment, as shown in Figure 6. A step input of 48V
was provided to the controller and BLDC motor configuration in this simulation.
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Figure 6. Closed loop system of BLDC motor by using Simulink

With the modified configuration, the output was observed as shown in Figure 7 and Figure 8.
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Figure 7. Closed loop curve (PI controller; Ky,=0.24568, Ki=11, K4=0)
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Figure 8: Closed loop curve (PID controller; Ky= 0.24568, K= 11 and Kq=1.2)

Figure 7 and Figure 8 show the step response for BLDC motor after adding PI controller and PID
controller respectively. Both figures show the capability of the motor to reach its reference input which is 48
V. The differences in their performances are being summarized to the table below.

Table 2. Parameters of transient response

Open loop Closed loop (PI Closed loop (PID
controller) controller)
Rise time 0.02s 0.0139 s 0.000043 s
Settling time 0.0675 s 0.1150 s 0.000078 s
Percentage Overshoot 13.27% 11.52% 0%

Table 2 shows the comparison between the transient response parameter for both open loop and closed
loop system of BLDC motor. It could be observed that without the PID controller, the BLDC motor manage to
achieve the optimum speed of the motor at 277 rad/s, operating at 48V within 67.5 milliseconds. However this
rapid response produces a percentage overshoot of 13.27%. This is considerably very high as it would result in
sudden jerking motion that may cause discomfort to the riders, and to another extend, may risk in injury. The
additional Pl controller maintained the capability of speed tracking and slightly reduced the percentage
overshoot.

The system was further improved with the integration of PID controller. The speed of the motor was
preserved at its optimum speed and the percentage overshoot was completely eliminated. Although the response
time slowed down to 7.8x102 milliseconds, it is still deemed as a fast response. With this configuration, the
capability of the motor to provide optimum speed could be achieved while assuring the comfort and safety of the
riders.

Improvements of the motor performance could be further explored in terms of self-tuning capability such
as works by [7] as well as different control algorithms [8-9]. The upgrades should be targeted to ensuring motor
working at its optimal speed (hence reduce battery consumption) while taking into consideration its stability as
well as performance errors. The comfort and safety of the riders should also be the utmost important factors in
designing the motor controllers.

4.  CONCLUSION

To conclude, PID controller can be considered as one the best controllers to control the speed of BLDC
motor due to its capability on maintaining to the desired speed (277 rad/s) at rapid transient response (7.8x107
milliseconds). The integration of the controller also has provided an advantageous potential, which is
guaranteeing user’s safety and comfort. The next stage of this research work will be the integration between the
motor controller and the BLDC motor itself. Speed analysis as well as estimation of battery state of charge and
discharge will also be inverstigated at varying amount of loads. This research work has showcased the possibility
of electrike motorbike as an alternative means of transportation in the near future.
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