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ABSTRACT 

 

This project is about modeling and analysis of the technical performance of BLDC 

motor for e-bike whereas it will discuss about the modelling of a direct drive BLDC motor 

electric bicycle drive system for technical performance evaluation. A hardware called 

Cycle Analyst had been use to investigate the instantaneous drive parameters such as 

voltage, current, power and speed of the electric bicycle. The Cycle Analyst V3 measures 

and displays information about the battery, acts as a general-purpose trip computer, rec-

ords and calculates vehicle and rider performance statistics, monitors and displays data 

from optional input devices, and operates or limits the mo-tor controller based on the 

monitored and calculated data. The Cycle Analyst come from different manufacturer of 

the controller set. In this project, its need to integrate with the existing controller of the 

electric bicycle. Besides, a simulation of rider performance from usual bicycle will be 

shown by using software called AnyBody.  
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ABSTRAK 

 

Projek ini melibatkan pemodelan dan analisis prestasi teknikal BLDC motor untuk 

e-basikal sedangkan ia akan membincangkan tentang pemodelan sistem pemanduan 

basikal elektrik BLDC motor memandu langsung untuk penilaian prestasi teknikal. Satu 

perkakasan dipanggil Cycle Analyst telah digunakan untuk menyiasat parameter 

pemanduan terus seperti voltan, arus, kuasa dan kelajuan basikal elektrik. Cycle Analyst 

V3 mengira dan memaparkan maklumat mengenai bateri, bertindak sebagai komputer 

perjalanan kegunaan umum, rekod dan mengira statistik kenderaan dan prestasi 

penunggang, memaparkan data dari peranti input pilihan, dan mengendalikan atau 

menghadkan pengawal motor berdasarkan data dipantau dan dikira. Kitaran Analyst 

datang dari pengeluar yang berbeza set pengawal. Dalam projek ini, Cycle Analyst perlu 

diintegrasikan dengan pengawal yang sedia ada basikal elektrik. Selain itu, simulasi 

penunggang dari basikal biasa akan ditunjukkan dengan menggunakan perisian 

ANYBODY. 

.  
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 RESEARCH BACKGROUND 

 

Nowaday the electric vehicle (EV) has been developed so much consist of elec-

tronic motor, battery and charger replace the engine, gasoline pump and tank of the con-

ventional gasoline-powered [1]. In other word, instead of using man power or fuel to 

move the vehicle, in this case use battery to make it move. The development of electric 

vehicle triggered due to the lack of fuel and pollutions [2].  

 

BLDC motor was used in various type of motor because of their advantages. Some 

of the advantages are BLDC have a greater speed capabilities, higher efficiency, high 

torque to inertia ratio, better thermal efficiency and lack of noise. Brushless DC motors 

have many benefits over their brushed DC motor counterparts. The clear benefits of a 

brushless motor is its lack of brushes and physical commutator. This difference means 

that many fewer parts that can break or wear out and need to be replaced than in a brushed 
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motor. A BLDC motors tend become more reliable, last longer, and be more efficient. In 

fact, BLDC motors have lifetime more than 10,000 hours [3]. 

 

The Brushless Direct Current (BLDC) motor rapidly gaining popularity by its uti-

lization in various industries such as appliances, automotive, consumer, medical, indus-

trial automation equipment , aerospace,  and instrumentation. The name implies, the 

BLDC motors do not have to  use brushes for commutation; instead, they are electroni-

cally commutated. The BLDC motors have many advantages over brushed DC motors 

and induction motors [4]. One of the famous application of BLDC motor is electric bicy-

cle.  

 

Electric bicycle is a bicycle with integrated electric motor which can be used for 

propulsion. Electric bicycle motor assists the rider using a pedal-assist system or by a 

power-on-demand. It also can be classified to 3 major groups which are electric bicycle 

with pedal-assist only, electric bicycles with power-on-demand and pedal-assist and lastly 

electric bicycles with power-on-demand only. The definition of pedal assist is electric 

motor regulated by pedaling. It equips with “Pedelec”, a sensor to detect the pedaling 

speed and the pedaling force. Besides, the definition of power-on-demand is the electric 

motor is activated by a throttle [15]. 
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1.2 PROBLEM STATEMENT 

 

In order to utilized BLDC motor as the propeller for EV, immense researches on 

every element of BLDC motor driver have to be done. The current controller e-bike does 

not have any display of drive parameter the motor current, voltage, speed and power. 

Thus, a hardware is needed to use to monitor the drive parameter. Furthermore, physio-

logical properties of the rider body and the e-bike properties affected the comfort of the 

rider. Hence, ergonomic optimization of the rider will simulate in ANYBODY to show 

rider’s interaction with the e-bike. 

 

1.3 OBJECTIVES  

 

The objectives of this project  

1. To integrate CA V3 with current controller which display various instantaneous 

drive parameter such as motor current, voltage, power and speed. 

2. To simulate of rider ergonomic performance by ANYBODY software. 

 

1.4 PROJECT SCOPES 

 

In order to accomplish the objectives of this project, there are three scopes that 

have been taken. This include of the studying the literature review about BLDC motor, 

integrate and customize the hardware, modelling and simulate rider profile by using AN-

YBODY software. 

 

First, the literature review of the project. This is an important part to do as long as 

to understand more about the motor system, and the characteristic of the motor especially 
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in BLDC motor. The source of the knowledge could be found via internet, journals, mag-

azines, articles, books etc. 

 

 Secondly, the integration and customize hardware. The CA V3 needs to be inte-

grate with e-bike controller in order to monitor and display various instantaneous drive 

parameter of the motor of the e-bike.  

 Lastly, the analysis and simulation would be performed by using ANYBODY 

simulation software. This will perform the characteristic of the rider muscle ergonomic 

performance based on bicycle and rider characteristic such as height and mass. 

 

1.5 THESIS STRUCTURE   

 

Chapter 1: Introduction 

 

 This chapter describe the introduction to the brushless dc motor drive system and 

is contribution as many kinds of the industrial application. This chapter also provide some 

explanations about problem statement, objectives and scope of this project.  

 

Chapter 2: Literature Reviews 

 

 Literature review contained all the basic information about brushless dc motor, 

electric bicycle, Cycle Analyst and ANYBODY simulation. These include of the over-

view of the brushless dc motor and information about the ANYBODY simulation also 

will also been discussed. 
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Chapter 3: Methodology 

 

 In this chapter, the method that have been used for this project will present in 

detailed. This chapter will be discussing on the flow of the project from the very begin-

ning until the system is complete. Begin with literature review and supervisor advise, the 

knowledge was used and applied to the modelling and analysis of the technical perfor-

mance of the e-bike. The output from the technical performance will be analyzed and 

lastly, conclusion and recommendation been made.  

 

Chapter 4: Result and Analysis 

 

 In this chapter, various instantaneous drive parameter of the e-bike was monitored 

on the Cycle Analyst are the current, voltage, input power, and speed. The parameter gain 

from the Cycle Analyst are the input parameter fed to the motor. The output parameter 

such as torque, RPM and mechanical power was gain from dyno testing where the e-bike 

was run on the chassis dyno meter. Both result later been analyzed and compared 

 

Chapter 5: Conclusions and Recommendations 

 

 Lastly, chapter 5 will concluded the work based on the result and discussion firm 

this project and suggested some recommendation for future work improvement and de-

velopment for this project. 
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CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

2.1 INTRODUCTION 

 

The goal of this chapter is to provide a past research review efforts related to 

modeling and analysis the performance of Brushless DC (BLDC) motor for electric bicy-

cle. Some articles discuss on the importance of BLDC in electric bicycle technical per-

formance while the other discuss about BLDC motor application, e bike controller and 

software used. 

 

2.2 BRUSHLESS DC (BLDC) MOTOR  

 

Brushless DC motor has been used on many electrical application in this world. 

One of them is Electric Bicycle. The BLDC (brushless DC) motor is characterized by 

linear torque to current and speed to voltage. It has fast dynamic response and low acous-

tic noise. Moreover, it has high power density with high proportion of torque to inertia in 

spite of small size drive. However, at high-speed operation, torque and speed response 



7 
 

characteristic is deteriorated by the motor inductance components in stator windings [5]. 

Brushless DC motors have a permanent-magnet rotor, and the stator windings are wound 

such that the back electromotive force (EMF) is trapezoidal. It therefore requires rectan-

gular-shaped stator phase currents to produce constant torque [6].  

 

2.2.1 Operational BLDC motor 

 

Figure 2.2 shows a BLDC Motor diagram. The rotor inside the BLDC motor with 

permanent magnet will rotate close to the Hall Effect Sensor. Then after the sensor get 

the signal, it will trigger the switch to switch on the inverter to control the current flow. 

Current will produce flux as it flows to the stator winding. Hence, induced voltage pro-

duced from the flux and rotate the rotor magnet. The speed of rotor increase or decrease 

and the output speed connected with the proportional plus integral (PI) controller to con-

trol the motor speed. The rotor continues to rotate until the speed or rotor achieve the 

speed of reference.  

 

Figure 2.1. BLDC motor diagram [9] 
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2.2.2 Mathematical Modelling of BLDC Motor. 

 

Typical BLDC motor has three stator and permanent magnets on the rotor. Since 

magnet and stainless steel retaining sleeves both have resistivity, rotor-induced current 

can be neglected and no damper windings are modeled [10]. 

 

The equation of electromagnetic torque:  

 

𝑇𝑒 =
(𝑒𝑎𝑖𝑎+𝑒𝑏𝑖𝑏+𝑒𝑐𝑖𝑐)

𝜔𝑟
      (2.1) 

 

The interaction of Te with the load torque determine how the motor speed builds up: 

 

𝑇𝑒 =  𝑇𝐿 + 𝐽
𝑑𝜔𝑟

𝑑𝑡
+ 𝐵𝜔𝑟    (2.2) 

 

Where TL is load torque, J is inertia, and B is damping. 

 

 Figure 2.2 shows a trapezoidal back EMF, current waveforms and position hall 

Effect sensor signal of three phase BLDC motor. To drive the motor with maximum and 

constant torque, the phase currents must be synchronized with the corresponding phase 

back EMF voltages. Moreover, at each mode only two phases are conducting and another 

phase is inactive 
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Figure 2.2. Back Current Waveform and EMF of BLDC motor [10] 

 

As shown in Figure 2.2 the back EMF is function of position ofrotor. It has am-

plitude of  𝐸 = 𝐾𝑒𝜔𝑟 where 𝐾𝑒 is a back EMF constant. Speed and torque characteristic 

of BLDC can be proved from equation above. Damping factor is assume neglected and 

the new equation arranged. 

 

𝜔𝑟 =
1

𝐽
∫(𝑇𝑒 − 𝑇𝐿)𝑑𝑡 =

1

𝐽
∫[(𝑇𝑎+𝑇𝑏+𝑇𝑐) − 𝑇𝐿]𝑑𝑡   (2.3) 

 

The relationship of current and torque: 

 

𝑃𝑒 = 𝐸𝐼𝑚𝑎𝑥 = 𝑃𝑚 = 𝑇𝑒𝜔𝑟    (2.4) 

 



10 
 

Hence,  

 

𝑇𝑒 =
𝐸

𝜔𝑟
𝐼𝑚𝑎𝑥 = 𝐾𝑡𝐼𝑚𝑎𝑥    (2.5) 

 

From the equation above, we can say that the torque, current and voltage (back 

EMF) have relationship with speed. As the conclusion, to control the speed of BLDC, we 

control voltage  and current of the controller. 

   

2.3 POSITION SENSOR  

 

Operation of permanent magnet synchronous motor require position sensors in 

rotor shaft when operated without damper winding [11].  The knowledge of the position 

sensor for the BLDC motor is a major part to understand because it related to the inverter 

switching part and the brushless dc motor speed detection. 

 

2.3.1 Hall Effect Sensor  

 

Hall effect sensor is a transducer that varies its output voltage in response to 

change magnetic field. Hall sensors are used for proximity switching, positioning speed 

detection and current sensing application [12].  The permanent magnet rotor position must 

be specified only six times during electrical cycle for the inverter operation. Therefore, 

encoders and resolvers are least preferred especially due to their high cost and high vol-

ume. On the other hand, Hall sensors are mostly utilized since their cost is affordable and 

their structure is compact, they provide adequate information for rotor position [13]. 
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2.3.2 Basic Operation of Hall Effect 

 

When permanent magnet of the rotor gets close to the hall IC, the sensor sends a 

signal to the switching component inverter. The electromagnet pushes permanent magnet 

of rotor position sensor and the permanent magnet rotation.  

 

 

Figure 2.3. Basic diagram of permanent magnet rotation [13]. 

 

 There are four main devices for measurement of the position, the potentiometer, 

linear variable differential transformer, resolvers and optical encoder. In order to knowing 

the rotor position requires the development of devices for position measurement. The 

application and performance desired depend to the motor position sensor with desired 

accuracy can be selected [11]. 
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2.4 ELECTRICAL BICYCLE (E-Bike) 

 

Electric bicycle, also known as an e-bike or booster bike, is a bicycle with an 

integrated electric motor which can be used for propulsion. Electric bicycle motor assists 

the rider using a pedal-assist system or by a power-on-demand. It can be classified to 3  

groups which are electric bicycle with pedal-assist only, electric bicycles with power-on-

demand and pedal-assist and lastly electric bicycles with power-on-demand only. The 

definition of pedal assist is electric motor is regulated by pedaling. It equips with “Pede-

lec”, a sensor that detect the pedaling speed and the pedaling force. Besides, the definition 

of power-on-demand is the electric motor is activated by a throttle [15]. 

 

 

Figure 2.4. Illustration Electric Bicycle with Pedelec [14]. 
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Figure 2.5. Illustration Electric Bicycle with throttle [14]. 

 

 Furthermore, the e-bike model that been used for this project consist of BLDC 

motor, set of controllers and 36V battery. 

 

2.5 CYCLE ANALYST V3 

 

The Cycle Analyst V3 measures and displays information about the battery, acts 

as a general-purpose trip computer, monitors and displays data from optional input de-

vices , records and calculates vehicle and rider performance statistics, and operates or 

limits the motor controller based on the monitored and calculated data. Combined control 

for all features is passed to the controller via the throttle signal. The Cycle Analyst can 

upgrade any motor controller with advanced features like torque-sensing PAS or high 

temperature power rollback [8]. 
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Figure 2.6. Illustration of Cycle Analyst V3[8] 

The V3 CA device has a cable bundle bringing out all the signal wires into suitably 

terminated JST-SM plugs. The following shows the standard CA V3 wiring harness con-

nector details for all cables coming out of the V3 CA: 

 

 

 

Figure 2.7. Illustration CA V3 connectors [8]. 
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Due to the e-bike controller model and the Cycle Analyst come from different 

retailer, some modification must be made in order to display the require parameter. 

 

2.6 ANYBODY SOFTWARE 

 

The ANYBODY Modeling System was designed for construct complicated 

models of the human body and for determine the environment’s influence on the body, 

and it consequently display a computational efficiency that can only be obtained by in-

verse dynamics [7]. The computational procedure as described in Figure 2.8. 

 

 

 

 

Figure 2.8. The computational procedure for an analysis of  the ANYBODY Modelling 

System [7] 
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For this project, a model of human riding a bike was used. The parameter of the 

body model such as body mass and body height can be set. The parameter of the bicycle 

and the riding characteristic also can be adjusted depends on what we required. 

 

 

 

 

Figure 2.9. Anybody Bike Model. 
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CHAPTER 3 

 

 

METHODOLOGY 

 

 

3.1 INTRODUCTION 

 

This chapter will be discussing on the flow of the project from the very beginning 

until the system is complete. There are three stages in completing the project. The first 

one is to choose the suitable controller and identify all the components needed to integrate 

with the Cycle Analyst hardware. The second stage is involving the integration the Cycle 

Analyst with the controller. Finally, is for testing and analysis to verify the objectives of 

this project. Figure 3.1 shows the general flowchart of the project. 
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Figure 3.1. Project Flowchart 
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3.2 SELECTION CONTROLLER FOR E-BIKE 

 

The first thing to do in this stage is to find a suitable controller to be integrate with 

the Cycle Analyst. Supervisor suggested 3 controllers set which are 6 Mosfet cotroller, 

12 Mosfet controller and Magic Pie 4 controller. After several days studying and com-

paring the controllers, the 6 Mosfet controller was chosen because it small, light and easy 

to place on the bicycle.  

 

 

Figure 3.2. 6 MOSFET Controller 

 

The e-bike details are tabulated as below: 
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Table 3.1. E-Bike Specification 

No  Details  Value  

1 Rated value battery 36V 

2 Rated battery capacity  10Ah 

3 Rated controller voltage 36V 

4 Rated controller current 12A 

5 Rated voltage BLDC motor 36V 

6 Rated power BLDC motor 250 Watt 

  

3.3 INTEGRATION CYCLE ANALYST WITH CONTROLLER  

 

Hardware used for this project is Cycle Analyst Version 3. The existing controller 

does not have CA connector, hence custom wiring must be made so that it compatible 

with Cycle Analyst. Figure 3.3.1 show CA connector from hardware Cycle Analyst Ver-

sion 3. There are 6 wire must be connected to the controller. Six locations was needed to 

be find on the circuit board. Each one will be fed outside the controller and soldered to 

its own wire. The six locations which corelate to the six pins in the Cycle Analyst con-

nector are: 

 

1. Battery negative  

2. Battery positive 

3. Shunt negative 

4. Shunt positive 

5. Signal of hall sensor 

6. Signal of hrottle wire 
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The battery positive and negative wire connected to source either from controller or 

straight from battery as it used to power up the Cycle Analyst and monitored the battery 

capacity. Next, the shunt positive and negative wire must be connected to current shunt 

resistor on the board. Current shunt resistors dan be define as low resistance precision 

resistors used to measure DC or AC electrical currents by the voltage drop those currents 

create across the resistance. Furthermore, The Cycle Analyst has to connect into one of 

the hall sensor wires in order to measure the speed of the motor.Hence it can calculate the 

speed of the e-bike. Lastly, the throttle signal wire where the Cycle Analyst can monitor 

how much throttle was twisted.  

 

 

Figure 3.3. Customize controller in process  
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3.4 TESTING THE CUSTOMIZED HARDWARE 

 

The final stage is to test the hardware so that the objectives of this system can be 

verified.  After the Cycle Analyst and the controller successfully integrated, all cable of 

the e-bike is connected to run some tests. The power of the Cycle Analyst connected 

direct to the battery, hence once the battery is on, the Cycle Analyst also on as in figure 

3.4.1. Next, the throttle was twisted and make sure the motor run normally or not. The 

throttle level, voltage, current, power and speed displayed on Cycle Analyst.  

 

 

 

Figure 3.4. Cycle Analyst Display once battery ON 
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3.5 ANYBODY SIMULATION 

 

For this project, a model of human riding a bike was used. The parameter of the 

body model such as body mass and body height can be set. The parameter of the bicycle 

and the riding characteristic also can be adjusted depends on what we required. The body 

height and mass for the rider was set to average Asian while parameter of the bicycle in 

simulation is set same as the parameter e-bike used. 
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CHAPTER 4 

 

 

RESULT AND DISCUSSION 

 

 

4.1 INTRODUCTION 

 

 In this chapter, various instantaneous drive parameter of the e-bike was monitored 

on the Cycle Analyst are the current, voltage, input power, and speed.  

 

4.2 RESULT AND DISCUSSION 

4.2.1 Hardware Result 

 

 As the Cycle Analyst was turn on, the primary display shows battery fuel gauge, 

battery voltage, speed, throttle position indicator, distance travelled and battery power 

draw. Figure 4.1 show the primary display of Cycle Analyst. Next, by push the left button 

once, it shows the electrical parameter. The second display is the electrical parameter that 

fed to the motor from the controller. Its shows voltage, power, current, and battery capac-

ity. Figure 4.2 show the electrical stats from second display. 
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Figure 4.1. Primary display CA V3 

 

 

 

 

 

Figure 4.2. Electrical parameter display 
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 The result from different throttle level were taken 4 times. The speed limiter at 

the controller was disconnected to gain maximum power. The minimum value, maximum 

value and the average of the 4 readings were recorded on the table 4.1.  

  

 

 

Table 4.1. Result from Cycle Analyst 

T
h

ro
tt

le
  

Voltage(v) Current(a) Power(w) Speed(km/h) 

min max ave min max ave min max ave min max ave 

0
%

 

39.1 39.8 39.5 0.00 0.00 0.00 0 0 0 0.00 0.00 0.00 

5
0
%

 

39.1 39.7 39.6 6.35 8.29 7.51 252 324 
29

7 
24.9 30.0 27.4 

1
0
0
%

 

39.3 39.8 39.6 
11.0

3 
14.22 13.13 438 559 

52

0 
49.5 54.3 52.6 
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Figure 4.3. Graph Power against Current 

 

From figure 4.3, the graph of power against current, we can conclude that as the 

current draw to motor increase, the power of the motor also increase. The gradient of the 

graph represents voltage of the motor where it was constant due to supply from battery. 
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Figure 4.4 Graph of Power against Speed 

 

From figure 4.3 and 4.4, we can conclude that as the current draw to motor in-

crease, the power of the motor also increase, hence the speed of the motor also increase.  

 

4.2.2 Software Result 

 

A simulation from ANYBODY software also had be done to investigate the ergo-

nomic of the e-bike. The software is an applicable system for optimization of ergonomic 

with respect to the physiological properties of the rider body and the body’s interaction 

with the bicycle. The graph of the muscle activity versus the distance of the bicycle gen-

erated as the area under the graph represent total metabolism combust over a crank revo-

lution. For this project, the bike model was used. Figure 4.3 show the bike model from 

ANYBODY software. 
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. Figure 4.5. Anybody Simulation Bike Model 

 

 The rider parameter and the bicycle parameter can bet set from the coding of the 

software. For this project, the body height and mass for the rider was set to average Asian 

value which are 171 cm for height and 70 kg for mass. These parameter is important to 

that the simulation calculate the BMI of the rider. Next, is the bicycle parameter also need 

to set. The pedal arm length was set to 0.17m, pedal arm width is 0.107m, saddle height 

is 0.73m and the saddle position is 0.17m.  The parameter shown as figure below.  
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Figure 4.6. The setting parameter of the rider body 

 

 

Figure 4.7. The setting parameter of the bicycle  
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As the simulation run, the result show the graph of the muscle activity versus the 

distance of the bicycle generated as the area under the graph represent total metabolism 

combusted over a crank revolution. Metabolism technically a power measured in Watt, 

and the summation of the individual muscle activation/metabolisms give result of an es-

timate of the total metabolism involved in the bicycling process. The mechanical output 

was set differently same as got in the Cycle Analyst. 

 

 The graph result show as below: 

 

 

Figure 4.8. Graph for 170 Watts mechanical output 
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Figure 4.9. Graph for 250 Watts mechanical output 

 

The Y-axis of the graph represent the cumulative of muscle activity while X-axis 

show the distance travel. Abscissa means the perpendicular distance of a point from the 

vertical axis. The positive value of abscissa means the bicycle ride forward while if the 

negative abscissa means the bicycle ride backward. The minimum value of the muscle 

activity show that the muscle is in relax position and the most ergonomic position for 

rider. While the maximum value of the muscle activity show that the muscle is in strain 

position and the not the ergonomic position for rider. As the muscle activity increase, the 

area under the graph also increase, total metabolism combust over a crank revolution also 

increase. As we can observe, the higher the mechanical output, the higher the muscle 

activity and the bicycle ergonomic decrease. 
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CHAPTER 5 

 

 

CONCLUSION & FUTURE DEVELOPMENT 

 

5.1 CONCLUSION 

 

 At the end of this  project, the customize controller integrated well with CA V3 

as its can show various instantaneous drive parameter. The technical performance param-

eter of the electric bicycle drive systems for cycle operation can be evaluated by model 

implementation that uses riding profile based on actual road tests. The implementation 

shows the characteristic of a given drive depends on riding profile characteristics. From 

the simulation, the data used from CA V3 show the muscle activity increase as the power 

use by the rider increase. Hence, the bicycle ergonomic decrease for the rider because 

total metabolism combusted over a crank revolution also increase.  
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5.2 FUTURE DEVELOPMENT 

 

For future development, the recommendation for the improvement of the circuit 

must be made. With more studies and customization on the controller set and CA V3, 

other parameter such as temperature, battery State of Charge(SOC) estimator and Low 

Voltage Cutoff (LVC), PAS Sensor and Torque sensor can be made. The hardware can 

be used to develop more answers toareas of drives of BLDC motor operation with respect 

to the different torque-speed combination and the derivation with respect to time which 

occur to electric bicycles. Hence, the performance and efficiency of EV can be increased 

and replaced fuel powered vehicle for better future.  

 

 

 

 

 

 

 

 

 

 

 

 

 



35 
 

REFERENCES  

 

[1] -L. Wey and P.-C. Jui, “A unitized charging and discharging smart battery man-

agement system,” Connected Vehicles and Expo (ICCVE), 2013 International 

Conference on. pp. 903–909, 2013. 

[2] J. Qiang, L. Yang, G. Ao, and H. Zhong, “Battery Management System for Elec-

tric Vehicle Application,” Veh. Electron. Safety, 2006. ICVES 2006. IEEE Int. 

Conf., pp. 134-138, 2006. 

[3] Kim, Sewoong, “Modeling and fault analysis of BLDC motor based servo 

actuators for manipulators,” Robotics and Automation, 2008. ICRA 2008. IEEE 

International Conference on, pp. 767–772, 2008. 

[4] B.Indu Rani, Ashly Mary Tom, “Dynamic Simulation of Brushless DC Drive 

Considering Phase Commutation and Back emf Waveform for Electromechanical 

Actuator”, IEEE TENCON 2008, Hyderabad. ISBN: 978-1-4244-2408-5. 

[5] Park, Sung-In Kim, Tae-Sung Ahn, Sung-Chan Hyun, Dong-seok, “An 

improved current control method for torque improvement of high-speed BLDC 

motor,” Applied Power Electronics Conference and Exposition, 2003. APEC 

'03. Eighteenth Annual IEEE pp. 294–299, 2003. 

 

[6] Concari, Carlo Troni, Fabrizio, “Sensorless control of BLDC motors at low 

speed based on differential BEMF measurement,” 2010 IEEE Energy 

Conversion Congress and Exposition, ECCE 2010 - Proceedings, pp. 1772–

1777, 2010. 

[7] John Rasmussen1*, Michael Damsgaard1, Egidijus Surma1, Søren T. Christen-

sen1, Mark de Zee1, and Vit Vondrak2, “AnyBody - a software system for ergo-

nomic optimization”,  

[8] Grin Tech, www.Endless-Sphere.com, “The Cycle Analyst Version 3.0 Official 

User Guide”, 2016, Grin Technologies Ltd. 

[9] www.websl.uidaho.edu/mindwork/Machine_Design/Posters/MS_Office/Kaizen-

http://www.websl.uidaho.edu/mindwork/Machine_Design/Posters/MS_Office/Kaizen-%2520Motor%2520Selection%2520Guide.ppt


36 
 

%2520Motor%2520Selection%2520Guide.ppt 

[10] Pragasen Pillay and Ramu Krishnan, “Modelling, Simulation, and Analysis of 

Permanent Magnet and Motor Drives. Part 2: The Brushless DC Motor Drive”, 

IEEE Transactions on Industry Applications, VOL. 25, NO. 2, March/April 1989. 

[11] Enrique L. Carrillo Arroyo, “Modeling and Simulation of Permanent Magnet Syn-

chronous Motor Drive System”, Master student thesis, University of PUERTO 

RICO MAYAGUEZ Campus, 2006. 

[12] Ed Ramsden (2006). “Hall-effect sensors: Theory and Applications”, Elsevier. 

ISBN 0-7506-7934-4. 

 

[13] Yee-Pien Yang, Yi-Yuan Ting, "Improved Angular Displacement Estimation 

Based on Hall-Effect Sensors for Driving a Brushless Permanent-Magnet Motor," 

IEEE Trans. Ind. Electron., vol. 61, no. 1, pp. 504-511, Jan. 2014 

 

[14] https://en.wikipedia.org/wiki/Electric_bicycle#cite_note-NYT0110-2 

 

[15] J. David Goodman (2010-01-31). "An Electric Boost for Bicyclists". New York 

Times. Retrieved 2010-05-31 

 

 

 

 

 

 

 

 

 

http://www.websl.uidaho.edu/mindwork/Machine_Design/Posters/MS_Office/Kaizen-%2520Motor%2520Selection%2520Guide.ppt
https://en.wikipedia.org/wiki/Electric_bicycle#cite_note-NYT0110-2


37 
 

APPENDIX A 

 

 

 



38 
 

 

 

 

 

 

 



39 
 

 

 

 

 

 

 



40 
 

 

 

 

 



41 
 

 

 

 

 

 


