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ABSTRACT 
 

Abstract-In this paper, different electric motors are studied and compared to see the benefits of 

each motor and the one that is more suitable to be used in the electric vehicle (EV) applications. 

There are five main electric motor types, DC, induction, permanent magnet synchronous, 

switched reluctance and brushless DC motors are studied. It is concluded that although the 

induction motors technology is more mature than others, for the EV applications the brushless 

DC and permanent magnet motors are more suitable than others. The use of these motors will 

result in less poUution, less fuel consumption and higher power to volume ratio. The reducing 

prices of the permanent magnet materials and the trend of increasing efficiency in the 

permanent magnet and brushless DC motors make them more and more attractive for the EV 

applications. 

  

This paper also deals with the advantages and uses of BLDC Motor in urban transportation.It 

also consists of a detailed study of motors and it also consists of  how BLDC Motor is different 

from other motors. 

 

Automotive Industry is targeting sustainable transportation in near future. Therefore hybrid 

and electric vehicles are going to be popular due to their sustainability, energy saving and zero 

emission. Electric motors play significant role in EV’s. In-wheel motor technology is being 

used in modern electric vehicles to improve efficiency, safety and controllability of vehicle 

nowadays. BLDC motor have been demanding as in-wheel motor in electric vehicles because 

of high efficiency, desired torque versus speed characteristics, high power density and low 

maintenance cost. In this paper BLDC motor with ideal back-EMF is modeled and simulated 

in MATLAB / SIMULINK. Simulation model of the controller and BLDC drive are also 

presented. In order to validate the model various simulation models are studied. Simulations 

results depict from developed model are satisfactory and show correct performance of model. 

 

Growing need for high productivity is placing new demands on mechanisms connected with 

electrical motors. The demand for low cost Brushless DC (BLDC) motor has increased in 

industrial applications. A simple BLDC motor control algorithm for low cost motor drive 

applications using general purpose microcontrollers has been created and presented in this 

paper. Proposed design will allow the user to rotate the motor either clockwise or counter 

clockwise direction. Depending on the rotor position the sensor will give response to the 

controller circuit. Then the controller circuit will fix the direction of current following to the 

stator. The design controller circuit is also implemented. The overall design consists of 

microcontroller circuit, logic gates, switching devices (MOSFET/BJT), BLDC motor, sensors. 
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Chapter-1 

INTRODUCTION 
 

 

1.1. INTRODUCTION 
 

 

BLDC have been used in different applications such as industrial automation, automotive, 

aerospace, instrumentation and appliances since 1970’s. BLDC motor is a novel type of DC 

motor which commutation is done electronically instead of using brushes. Therefore it needs 

less maintenance. Also its noise susceptibility is less, looking forward to have integral motor. 

Electronic commutation technique and permanent magnet rotor cause BLDC to have 

immediate advantages over brushed DC motor and induction motor in electric vehicle 

application.In-wheel technology is using a separate motor mounted inside tire for each wheel 

instead of one central drive train propelling two or all four wheels in conventional electric 

vehicles. It increases controllability of vehicle and decreases chassis weight. With using in-

wheel and by-wire technologies instead of mechanical, hydraulic and pneumatic control 

systems; idea of an Intelligent Fully Electronically Controlled Vehicle (IFECV) approaches to 

reality. 

 

Brushless Direct Current (BLDC) motors are one of the motor types rapidly gaining popularity. 

BLDC motors are used in industries such as Appliances, Automotive, Aerospace, Consumer, 

Medical, Industrial Automation Equipment and Instrumentation. As the name implies, BLDC 

motors do not use brushes for commutation; instead, they are electronically commutated. 

BLDC motors have many advantages over brushed DC motors and induction motors. A few of 

these are: 

• Better speed versus torque characteristics  

• High dynamic response 

• High efficiency  

• Long operating life  

• Noiseless operation  

• Higher speed ranges 

 

In addition, the ratio of torque delivered to the size of the motor is higher, making it useful in 

applications where space and weight are critical factors. In this application note, we will discuss 

in detail the construction, working principle, characteristics and typical applications of BLDC 

motors. 

 

BLDC has more complex control algorithm compare to other motor types due to electronically 

commutation. Therefore accurate model of motor is required to have complete and precise 

control scheme of BLDC. To design of BLDC motor drive system, it is necessary to have motor 

model gives precise value of torque which is related to current and back-EMF. Different 

simulation models have been presented to analyze performance of BLDC motor. Lots of 

various modeling techniques according to different applications of BLDC motor have been 

used. Although all the previous works made a great contribution to modeling BLDC motor, but 

there is no simple model appropriate for in-wheel motor application. Hence in this paper model 
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of 3 phases, 4 poles, Y connected, trapezoidal back-EMF type of BLDC motor for automotive 

industry application is modeled and simulated in MATLAB / SIMULINK. 

 

A Brushless dc (BLDC) motor is a synchronous electric motor which is powered by direct-

current electricity (DC) and which has as electronically controlled commutation system, 

instead of a mechanical commutation system based on brushes. In such motors, current and 

torque, voltage and rpm are linearly related. In BLDC motor the electromagnets do not move, 

instead the permanent magnets rotate and the armature remains static. This gets around the 

problem how to transfer current to a moving armature. In order to do this, the brush systems 

assembly is replaced by an electronic controller. The controller performs the same power 

distribution found in a brush dc motor, but using a solid state-static circuit rather than a 

commutator/brush system. 

 

Selection of the traction motor for an electric vehicle system is a crucial step in designing the 

overall system. Many criteria such as efficiency, cost, reliability, power density, maturity of 

technology and controllability must be taken into consideration. In the industrial application 

point of view, the most common motors used in the hybrid electric vehicles (HEV) and pure 

electric vehicles (PEV) are: DC motors, induction, permanent magnet synchronous, switched 

reluctance and brushless DC motors. 

 

AC motor drives have some distinct advantages over their DC counterparts, such as: higher 

efficiency, higher power density, effective regenerative braking, robustness, reliability and less 

need of maintenance. DC motors are losing their attraction while switched reluctance motors 

are ''the dark horse in the race". In, a survey and comparison of characteristics of motor drives 

used in the EVs are presented. Regarding the proportion of research, the other three types 

including the induction, brushless DC and permanent magnet synchronous motors are greatly 

dominant. Therefore, in this paper these motors are used in EV applications and the vehicles 

with same characteristics but various motors are simulated by Advisor® software in different 

driving cycles to see and compare them in terms of pollution, fuel consumption, and power to 

volume ratio. 
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Chapter-2 

CONVENTIONAL BLDC MOTOR STRUCTURES 

 

2.1 .BASIC STRUCTUTRE OF BLDC MOTOR 
 

The construction of modern brushless dc motor is very similar to the ac motor, known as 

permanent magnet synchronous motor. Figure 1 illustrates the structure of a typical three phase 

brushless dc motor. The stator windings are similar to those in a poly phase ac motor, and the 

rotor is composed of one or more permanent magnets. Brushless dc motors are different from 

ac synchronous motors in that the former incorporates some means to detect the rotor position 

or (magnetic poles) to produce signals to control the electronic switches as shown in figure 2. 

The most common position/pole sensor is the hall element, but some motors use optical 

sensors7. 

 

   
        Fig. 2.1. Disassembled view of a brushless dc motor 

 

 
  Fig. 2.2. Brushless DC motor block diagram 
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Although the most outerbox and efficient motors are three phases but two phases brushless dc 

motor are also very commonly used for simple construction and drive circuits. Figure 3 shows 

the cross sections of a two phase motor having axiliary salient pole 

    Fig. 2.3. Two phase brushless dc motor 

 

2.2.PROPOSED DESIGNS OF BRUSHLESS MOTOR 
 

The proposed design of brushless dc motor will made with two phases. The two phases are 
phase A and phase B. Considering the figure 4, for phase A the current is entering via FA 
and current leaving via SA. In the case of phase B current entering via SB and leaving via 
FB. If the two phase current in same direction then there is neutral pole will be created. If 
the two current are in opposite direction then there is a pole must be created. So in between 
SA and SB South Pole is created. As a result North Pole of the rotor will try to align with 
South Pole of the stator winding. 

 

 
           Fig.2.4:Brushless DC Motor                Fig.2.5: Brushless DC motor               Fig.2.6: Brushless DC Motor 

   (Phase A as before, Phase B reverse)      (Phase A as reverse,Phase B reverse) 
 

Now from the figure 5, for phase A the current entering is same of the figure 4. In case of phase 

B the current is entering via SB and leaving via FB. So the south pole will shift to the new 

postion in between SB and FA. Also in between SA and SB neutral pole will be created. So 

the rotor will try to align with this new postion. Hence the rotor will move clockwise 45 degree. 

 

Taking account the figure 6, for phase B the current is entering is same of the figure 5. In case 

of phase A the current is entering via SA and leaving via FA. So the south pole will shift to the 

new position in between FA and FB. In between SB and SA neutral pole will be created. So 

the rotor will try to align with this new position. Hence the rotor will move another 45 degree. 

Now at this moment the total rotation is about 90 degree. 
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Similarly in the figure 7, for phase A the current is entering as same of the figure 5. For phase 

B the current is entering via SB and leaving via FB. So the south pole of the rotor will shift to 

the new position. Hence the rotor will move clockwise another 45 degree. In this way the 

rotor will rotate clockwise. 

 
                             Fig. 2.7. Brushless DC motor (Phase A as before, Phase B reverse) 
 

For counter clockwise rotation the sequence of the switching will be starts form figure7 then 

figure 6, figure 5, figure 4. 
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Chapter-3 

CONSTRUCTION AND OPERATING PRINCIPLE 

 

3.1. CONSTRUTION OF BLDC  
 

BLDC motors are a type of synchronous motor. This means the magnetic field generated 

by the stator and the magnetic field generated by the rotor rotate at the same frequency. 

BLDC motors do not experience the “slip” that is normally seen in induction motors. 

BLDC motors come in single-phase, 2-phase and 3-phase configurations. Corresponding 

to its type, the stator has the same number of windings. Out of these,     3-phase motors 

are the most popular and widely used. This application note focuses on   3-phase motors. 

 3.1.1. STATOR 
 

The stator of a BLDC motor consists of stacked steel laminations with windings placed in the 

slots that are axially cut along the inner periphery (as shown in Fig 10). Traditionally, the stator 

resembles that of an induction motor; however, the windings are distributed in a different 

manner. Most BLDC motors have three stator windings connected in star fashion. Each of these 

windings are constructed with numerous coils interconnected to form a winding. One or more 

coils are placed in the slots and they are interconnected to make a winding. Each of these 

windings are distributed over the stator periphery to form an even numbers of poles. 

There are two types of stator windings variants: trapezoidal and sinusoidal motors. This 

differentiation is made on the basis of the interconnection of coils in the stator windings to give 

the different types of back Electromotive Force (EMF). Refer to the “What is Back EMF?” 

section for more information. 

As their names indicate, the trapezoidal motor gives a back EMF in trapezoidal fashion and the 

sinusoidal motor’s back EMF is sinusoidal, as shown in Figure 1 and Figure 2. In addition to 

the back EMF, the phase current also has trapezoidal and sinusoidal variations in the respective 

types of motor. This makes the torque output by a sinusoidal motor smoother than that of a 

trapezoidal motor. However, this comes with an extra cost, as the sinusoidal motors take extra 

winding interconnections because of the coils distribution on the stator periphery, thereby 

increasing the copper intake by the stator windings. 

Depending upon the control power supply capability, the motor with the correct voltage rating 

of the stator can be chosen. Forty-eight volts, or less voltage rated motors are used in 

automotive, robotics, small arm movements and so on. Motors with 100 volts, or higher ratings, 

are used in appliances, automation and in industrial applications. 
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Fig:3.1 Trapezoidal Back EMF 

 

Fig:3.2 Sinusoidal Back EMF 
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Fig:3.3 Stator of BLDC Motor 

3.1.2 ROTOR 

 

The rotor is made of permanent magnet and can vary from two to eight pole pairs with alternate 

North (N) and South (S) poles. 

 

Based on the required magnetic field density in the rotor, the proper magnetic material is 

chosen to make the rotor. Ferrite magnets are traditionally used to make permanent magnets. As 

the technology advances, rare earth alloy magnets are gaining popularity. The ferrite magnets 

are less expensive but they have the disad- vantage of low flux density for a given volume. In 

con- trast, the alloy material has high magnetic density per volume and enables the rotor to 

compress further for the same torque. Also, these alloy magnets improve the size-to-weight 

ratio and give higher torque for the same size motor using ferrite magnets. 

 

(NdFeB) are some examples of rare earth alloy magnets. Continu- ous research is going on to 

improve the flux density to compress the rotor further. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Stamping with Slots 

 

 
Stator Windings 
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Fig.3.4 Rotor Magnet Cross section 
 
 

 
 

3.1.3 HALL SENSORS 

 

Unlike a brushed DC motor, the commutation of a BLDC motor is controlled electronically. 

To rotate the BLDC motor, the stator windings should be energized in a sequence. It is 

important to know the rotor position in order to understand which winding will be energized 

following the energizing sequence. Rotor position is sensed using Hall effect sensors embedded 

into the stator. 

 

Most BLDC motors have three Hall sensors embedded into the stator on the non-driving end of 

the motor. 

 
Whenever the rotor magnetic poles pass near the Hall sensors, they give a high or low signal, indicating 

the N or S pole is passing near the sensors. Based on the combination of these three Hall sensor signals, 

the exact sequence of commutation can be determined. 

 

NOTE: Hall Effect Theory: If an electric current carrying conductor is kept in a magnetic 

field, the magnetic field exerts a trans- verse force on the moving charge carriers 

which tends to push them to one side of the conductor. This is most evident in a thin 

flat conductor. A buildup of charge at the sides of the conductors will balance this 

magnetic influence, producing a measurable voltage between the two sides of the 

conductor. The presence of this measurable transverse voltage is called the Hall 

effect after E. H. Hall who discovered it in 1879. 

 

Figure 5 shows a transverse section of a BLDC motor with a rotor that has alternate N and S 

permanent mag- nets. Hall sensors are embedded into the stationary part of the motor. Embedding 

the Hall sensors into the stator is a complex process because any misalignment in these Hall 

sensors, with respect to the rotor magnets, will generate an error in determination of the rotor 

posi- tion. To simplify the process of mounting the Hall sensors onto the stator 

N 

   
S 

S 

S S 

  

   N 
N 

Circular core with magnets on 
the periphery 

Circular core with rectangular 
magnets embedded in the rotor 

S 

Circular core with rectangular magnets 
inserted into the rotor core 
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some motors may have the Hall sensor magnets on the rotor, in addition to the main rotor magnets. 

These are a scaled down replica version of the rotor. Therefore, whenever the rotor rotates, the 

Hall sensor magnets give the same effect as the main mag- nets. The Hall sensors are normally 

mounted on a PC board and fixed to the enclosure cap on the non-driving end. This enables users 

to adjust the complete assem- bly of Hall sensors, to align with the rotor magnets, in order to 

achieve the best performance. 

 

Based on the physical position of the Hall sensors, there are two versions of output. The Hall 

sensors may be at 60° or 120° phase shift to each other. Based on this, the motor manufacturer 

defines the commutation sequence, which should be followed when controlling the motor. 

 

 
Fig.3.5: BLDC Tranverse Connection 

 

3.2. OPERATION OF BLDC MOTOR 
 

BLDC motor works on the principle similar to that of a conventional DC motor, i.e., the Lorentz 

force law which states that whenever a current carrying conductor placed in a magnetic field it 

experiences a force. As a consequence of reaction force, the magnet will experience an equal 

and opposite force. In case BLDC motor, the current carrying conductor is stationary while the 

permanent magnet moves. 

 

When the stator coils are electrically switched by a supply source, it becomes electromagnet 

and starts producing the uniform field in the air gap. Though the source of supply is DC, 

switching makes to generate an AC voltage waveform with trapezoidal shape. Due to the force 

of interaction between electromagnet stator and permanent magnet rotor, the rotor continues to 

rotate. 

 

Motor stator is excited based on different switching states. With the switching of windings as 

High and Low signals, corresponding winding energized as North and South poles. The 

permanent magnet rotor with North and South poles align with stator poles causing motor to 

rotate. 

 

 

 

Stator Windings 

Hall Sensors Rotor Magnet S 

Accessory Shaft Rotor Magnet N 

Driving End of the Shaft 
Hall Sensor Magnets 
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Fig.3.6 Switching sequence of  BLDC Motor  
 

Observe that motor produces torque because of the development of attraction forces (when 

North-South or South-North alignment) and repulsion forces (when North-North or South-

South alignment). By this way motor moves in a clockwise direction. 

 

Here, one might get a question that how we know which stator coil should be energized and 

when to do. This is because; the motor continuous rotation depends on the switching sequence 

around the coils. As discussed above that Hall sensors give shaft position feedback to the 

electronic controller unit. 

 

Based on this signal from sensor, the controller decides particular coils to energize. Hall-effect 

sensors generate Low and High level signals whenever rotor poles pass near to it. These signals 

determine the position of the shaft. 

 

Each commutation sequence has one of the windings energized to positive power (current 

enters into the winding), the second winding is negative (current exits the winding) and the third 

is in a non-energized condi- tion. Torque is produced because of the interaction between the 

magnetic field generated by the stator coils and the permanent magnets. Ideally, the peak torque 

occurs when these two fields are at 90° to each other and falls off as the fields move together. 

In order to keep the motor running, the magnetic field produced by the windings should shift 

position, as the rotor moves to catch up with the stator field. What is known as “Six-Step 

Commutation” defines the sequence of energizing the windings. See the “Commutation 
Sequence” section for detailed information and an example on six-step commutation. 

 

As described above that the electronic controller circuit energizes appropriate motor winding 
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by turning transistor or other solid state switches to rotate the motor continuously. The figure 

below shows the simple BLDC motor drive circuit which consists of MOSFET bridge 

(also called as inverter bridge), electronic controller, hall effect sensor and BLDC motor. 

 

Here, Hall-effect sensors are used for position and speed feedback. The electronic controller 

can be a microcontroller unit or microprocessor or DSP processor or FPGA unit or any other 

controller. This controller receives these signals, processes them and sends the control signals 

to the MOSFET driver circuit. 

 

 
Fig.3.7: Brushless Motor drive 

 

 

3.2.1.TORQUE/SPEED CHARACTERISTICS  

 

Figure 14  shows an example of torque/speed character- istics. There are two torque parameters 

used to define a BLDC motor, peak torque (TP) and rated torque.Dur- ing continuous operations, 

the motor can be loaded up to the rated torque. As discussed earlier, in a BLDC motor, the 

torque remains constant for a speed range up to the rated speed. The motor can be run up to the 

maximum speed, which can be up to 150% of the rated speed, but the torque starts dropping. 
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Fig 3.8:Torque speed characteristics of BLDC. 

 

 

Applications that have frequent starts and stops and frequent reversals of rotation with load on 

the motor, demand more torque than the rated torque. This requirement comes for a brief 

period, especially when the motor starts from a standstill and during accelera- tion. During this 

period, extra torque is required to over- come the inertia of the load and the rotor itself. The 

motor can deliver a higher torque, maximum up to peak torque, as long as it follows the speed 

torque curve. Refer to the “Selecting a Suitable Motor Rating for the Application” 
section to understand how to select these parameters for an application. 
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Chapter-4 

COMPARING BLDC MOTORS TO OTHER MOTOR TYPES 
 

In this section, the advantages and disadvantages of different electric motors are discussed 

 

DC MOTORS 

  

Although DC motors have been the subject of interest since old time because of simple 

control and decoupling of flux and torque, their construction (having brushes and rings) 

poses maintenance problems. Therefore, after the growth of vector control for AC 

motors (synchronous and induction), the DC motors' attraction in traction applications 

diminished. 

 

 Of course, DC motors are still good candidates for low power applications. The 

commutator actually acts as a robust inverter; Therefore, power electronics devices can 

be mush simple and inexpensive. The Peugeot factory of France has introduced a HEV 

named "Dynavolt" in which, DC motor has been used as traction motor. 

  

INDUCTION MOTORS 

  

Squirrel cage induction motors have already been the most important candidate because 

of their reliability, robustness, less maintenance and the ability to work in hostile 

environments. The induction motors have the most mature technology among all other 

AC competitors.The main characteristics of an induction motor have been shown. 

Torque and field control can be decoupled using vector control methods. Speed range 

may be extended using flux weakening in the constant power region. 

 

 

 

 
 

 
                      Fig.4.1. Torque speed Characteristics of induction motor 
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Existence of break-down torque in the constant power region, reduction of efficiency 

and increment of losses at high speeds, intrinsically lower efficiency in comparison to 

Proceedings of the 2008 International Conference on Electrical Machines. 

Permanent magnet motors due to the presence of rotor winding and finally low power 

factor are among the shortcomings of induction motors. Many efforts have been made 

by researchers to solve these problems, such as: usage of dual inverters to extend the 

constant power region, incorporating doubly- fed induction motors to have excellent 

performance at low speeds and reducing rotor winding losses at the design stage. 

 

 

PERMANENT MAGNET SYNCHROUS (PMS) motors 

 

PMS motors are the most serious competitor to the induction motors in traction 

applications. Actually, many car manufacturers (such as Toyota, Honda and Nissan) 

have already used these motors in their vehicles. These motors have several advantages: 

higher power density, higher efficiency and the more effective distribution of heat into 

the environment. However, these motors have intrinsically a narrow constant power 

region (Fig.b). To widen the speed range and increase the efficiency of PMS motors, 

conduction angle of the power converter can be controlled at speeds higher than the 

base speed. Fig. a shows the torque speed of a PMS motor with conduction angle 

control. Speed range can be extended to three of four times the base speed. 

 

 
 

  
Fig.4.2 Torque,Power,Speed characteristics  

 
SWITCHED RELUCTANCE MOTOR 

  

Switched reluctance motors are receiving much attraction in HEV systems every day. 

Among the advantages of these motors are: simple and rigid construction, fault 

tolerance, simple control and excellent torque-speed characteristic. A switched 

reluctance motor can intrinsically operate under a wide constant power region. Several 

disadvantages such as high noise, high torque ripple, special convertor topology and 

electromagnetic interference have been mentioned for this motor. Both the advantages 

and disadvantages of this motor. 
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    Fig.4.3. Torque speed Characteristics 
 
BRUSHLESS DC MOTOR 

 

These motors are conceptually the outcome of reversing the stator and rotor of 

permanent magnet DC motors. They are fed by rectangular waves in contrast to BLAC 

motors which are fed by sinusoidal waves. Their main advantages are the deletion of 

the brushes, their compactness, high efficiency and high energy density. In table I, 

common EVs and their propulsion systems have been shown. In [1], the traction 

systems commonly used in EVs are evaluated based on six factors. As shown in table. 

II, a score out of 5 is given for each point to each motor. It is concluded that based on 

these factors, the 1M and PM motors are more suitable. However, in the following 

section the DC and SRM motors are not taken into consideration due to their 

disadvantages. 

 

 
          Fig.4.4.Common EVs and their propulsion Systems 
In this part, three major electric vehicles, namely 1M, PM and BLDC, are studied by 

simulation software Advisor. Simulation is performed under three different driving 

cycles, namely: CYC-UDDS, Constant Speed,to compare the fuel consumption and the 

air pollution of the vehicle if these motors are used. The characteristics of these cycles 

are listed. 

The below graph shows the efficiency of BLDC motor 
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       Fig.4.5.Efficiency Map for a BLDC motor 
 

Compared to brushed DC motors and induction motors, BLDC motors have many advantages 

and few disadvantages. Brushless motors require less mainte- nance, so they have a longer life 

compared with brushed DC motors. BLDC motors produce more out- put power per frame size 

than brushed DC motors and induction motors. Because the rotor is made of perma- nent 

magnets, the rotor inertia is less, compared with other types of motors. This improves 

acceleration and deceleration characteristics, shortening operating cycles. Their linear 

speed/torque characteristics pro- duce predictable speed regulation. With brushless motors, 

brush inspection is eliminated, making them ideal for limited access areas and applications 

where servicing is difficult. BLDC motors operate much more quietly than brushed DC motors, 

reducing Electromagnetic Interference (EMI). Low-voltage models are ideal for battery 

operation, portable equipment or medical applications. 

 

Feature BLDC Motor Brushed DC Motor 

Commutation Electronic commutation based on Hall position sensors. Brushed commutation. 

Maintenance Less required due to absence of brushes. Periodic maintenance is required. 

Life Longer. Shorter. 

Speed/Torque 

Characteristics 

Flat – Enables operation at all speeds with rated load. Moderately flat – At higher speeds, brush friction 

increases, thus reducing useful torque. 

Efficiency High – No voltage drop across brushes. Moderate. 

Output Power/ 

Frame Size 

High – Reduced size due to superior thermal 

characteristics. Because BLDC has the windings on 

the stator, which is connected to the case, the heat 

dissipation is better. 

Moderate/Low – The heat produced by the armature 

is dissipated in the air gap, thus increasing the 

temperature in the air gap and limiting specs on the 

output power/frame size. 

Rotor Inertia Low, because it has permanent magnets on the rotor. 

This improves the dynamic response. 

Higher rotor inertia which limits the dynamic 

characteristics. 

Speed Range Higher – No mechanical limitation imposed by 

brushes/commutator. 

Lower – Mechanical limitations by the brushes. 

Electric Noise 

Generation 

Low. Arcs in the brushes will generate noise causing EMI 

in the equipment nearby. 

Cost of Building Higher – Since it has permanent magnets, building 

costs are higher. 

Low. 

Control Complex and expensive. Simple and inexpensive. 

Control Requirements A controller is always required to keep the motor 

running. The same controller can be used for variable 

speed control. 

No controller is required for fixed speed; a controller 

is required only if variable speed is desired. 

 

Table 4.1.1:- Comparing  BLDC Motor to BRUSHED DC Motor
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Features BLDC Motors AC Induction Motors 

Speed/Torque 

Characteristics 

Flat – Enables operation at all speeds with rated 

load. 

Nonlinear – Lower torque at lower speeds. 

Output Power/ 

Frame Size 

High – Since it has permanent magnets on the rotor, 

smaller size can be achieved for a given output power. 

Moderate – Since both stator and rotor have windings, 

the output power to size is lower than BLDC. 

Rotor Inertia Low – Better dynamic characteristics. High – Poor dynamic characteristics. 

Starting Current Rated – No special starter circuit required. Approximately up to seven times of rated – Starter 

circuit rating should be carefully selected. Normally 

uses a Star-Delta starter. 

Control Requirements A controller is always required to keep the motor 

running. The same controller can be used for variable 

speed control. 

No controller is required for fixed speed; a controller 

is required only if variable speed is desired. 

Slip No slip is experienced between stator and rotor 

frequencies. 

The rotor runs at a lower frequency than stator by 

slip frequency and slip increases with load on the 

motor. 

  
            Table 4.1.2: Comparing BLDC Motor to AC Induction motor 

 
                              Table 4.1.3 – Comparision of BLDC with all other motors 
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Chapter-5 

BRUSHLESS SOLUTION 
 

 

In brushless DC motors, an electronic servo system replaces the mechanical commutator 

contacts. An electronic sensor detects the angle of the rotor and controls semiconductor 

switches such as transistors which switch current through the windings, either reversing the 

direction of the current or, in some motors turning it off, at the correct angle so the 

electromagnets create torque in one direction. The elimination of the sliding contact allows 

brushless motors to have less friction and longer life; their working life is only limited by the 

lifetime of their bearings. 

 

Brushed DC motors develop a maximum torque when stationary, linearly decreasing as 

velocity increases. Some limitations of brushed motors can be overcome by brushless motors; 

they include higher efficiency and lower susceptibility to mechanical wear. These benefits 

come at the cost of potentially less rugged, more complex, and more expensive control 

electronics. 

 

A typical brushless motor has permanent magnets that rotate around a fixed armature, 

eliminating problems associated with connecting current to the moving armature. An electronic 

controller replaces the commutator assembly of the brushed DC motor, which continually 

switches the phase to the windings to keep the motor turning. The controller performs similar 

timed power distribution by using a solid-state circuit rather than the commutator system. 

 

Brushless motors offer several advantages over brushed DC motors, including high torque to 

weight ratio, increased efficiency producing more torque per watt, increased reliability, 

reduced noise, longer lifetime by eliminating brush and commutator erosion, elimination of 

ionizing sparks from the commutator, and an overall reduction of electromagnetic interference 

(EMI). With no windings on the rotor, they are not subjected to centrifugal forces, and because 

the windings are supported by the housing, they can be cooled by conduction, requiring no 

airflow inside the motor for cooling. This in turn means that the motor's internals can be entirely 

enclosed and protected from dirt or other foreign matter. 

 

Brushless motor commutation can be implemented in software using a microcontroller, or may 

alternatively be implemented using analog or digital circuits. Commutation with electronics 

instead of brushes allows for greater flexibility and capabilities not available with brushed DC 

motors, including speed limiting, microstepping operation for slow and fine motion control, 

and a holding torque when stationary. Controller software can be customized to the specific 

motor being used in the application, resulting in greater commutation efficiency. 

 

The maximum power that can be applied to a brushless motor is limited almost exclusively by 

heat; too much heat weakens the magnets and will damage the windings' insulation. 

 

When converting electricity into mechanical power, brushless motors are more efficient than 

brushed motors primarily due to the absence of brushes, which reduces mechanical energy loss 

due to friction. The enhanced efficiency is greatest in the no-load and low-load regions of the 

motor's performance curve. 
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Environments and requirements in which manufacturers use brushless-type DC motors include 

maintenancefree operation, high speeds, and operation where sparking is hazardous (i.e. 

explosive environments) or could affect electronically sensitive equipment. 

 

The construction of a brushless motor resembles a stepper motor, but the motors have important 

differences due to differences in implementation and operation. While stepper motors are 

frequently stopped with the rotor in a defined angular position, a brushless motor is usually 

intended to produce continuous rotation. Both motor Brushless solutionSchematic for delta and 

wye winding styles. (This image does not illustrate the motor's inductive and generator-like 

properties) types may have a rotor position sensor for internal feedback. Both a stepper motor 

and a well-designed brushless motor can hold finite torque at zero RPM. 
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Chapter-6 

SENSORS ELIMINATION AND REDUCTION TECHNIQUES 
 

However, some of these sensors in PMBLDC motor drive may be reduced from the view point 

of size, cost, maintenance and reliability. Typically mechanical rotor position and speed sensors 

have the drawbacks of increasing the number of connections between motor and controller, 

increased interference, limitation in accuracy of sensors due to environmental factors such as 

temperature, humidity, vibrations etc., increased friction and inertia and additional space in 

motor housing. Because of these problems recently there has been wide interest and 

developments in the techniques for elimination of mechanical rotor position/speed sensing by 

estimating the rotor position and speed using sensed currents and voltages 40-57. Moreover, 

the number of voltage and current sensors may be reduced through using intelligent processors 

for the control of inverter feeding PMBLDC motors. Various techniques for these sensors 

elimination and reduction are briefly discussed in the following section. 

 

6.1 Mechanical sensors elimination  

 

One of the most recent developments in PMBLDC motor drives has been the rapid 

evolution of new techniques for eliminating the rotor angular position sensor. 

Elimination of the shaft-mounted position sensor is a very desirable feature in a number 

of applications since this sensor is one of the most expensive and fragile components 

in this drive. Some of the position sensorless schemes are classified in brief. 

 

6.2 Back EMF based position estimation 

 

The most common methods of rotor flux position sensing is based on deriving the back 

emf signals. There are many methods for rotor position estimation based on the back 

emf and are briefly discussed below. 

 

  6.2.1 Direct back EMF detection: 

 

This method is quite popular for rectangular fed PMBLDC motors. In these PM motors, 

particular phase winding is excited for 2/3 of each electrical period and ideally there is 

always one phase which is not excited. The direct sensing of back emf of unexcited 

phases in sequence is used to generate discrete rotor position signal for current 

synchronization with rotor flux. It has been applied to many industrial applications 

including disk drives compact stereo player  and room air conditioners. 

 

   6.2.2 Estimation of back EMF: 

 

This method is applied to both sinusoidal fed and rectangular fed PMBLDC motors. 

This method is based on the reconstruction of the back emf by using voltage equation 

of the motor (e = v - iR-Ldi/dt). Reconstruction of the back emf involves either 

simulating this equation with operational amplifier 46 or solving this equation in on-

line digital processor normally used for control 52. In this method, the terminal voltage 

and line current are measured directly and the above equation is used to achieve back 

emf and rotor position. 
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6.3  Third harmonic voltage detection based position estimation 

 

In star-connected PMBLDC motors, the third harmonic voltage is measured between 

the star point and an artificial star point created by three high-value resistors which are 

connected to the motor terminals. Such a voltage gives six zero crossings in the 3-phase 

motor and results in rotor position for current synchronization with rotor flux. 

 

6.4  By monitoring current or computation of the phase inductance 

 

The basic concept of this method is that the rate change of current in a phase winding 

of the motor depends on the incremental inductance which is rotor position dependent. 

This phase winding inductance variation with rotor position is used to estimate the rotor 

position for electronic commutation of the inverter. This current sensing model for rotor 

position estimation is used by Lin et al 50. 

 

6.5  Injecting diagnosis signal to the stator winding  

 

This method uses a PWM carrier frequency and inductance bridge to measure the rotor 

flux path reluctance. The method operates on a bridge principle by monitoring the 

inductance difference in two phases, and is sensitive to small variations in reluctance. 

 

6.6  Observer methods 

 

In these methods, an observer reconstructs the rotor position which is directly 

measurable. Basically all these methods use the sensed phase and/or line currents to 

perform on-line compensation to derive the rotor position. A number of observer 

methods such as Kalman filter technique, discrete time observer, state observer and 

stator flux estimation method current and the voltage based observer method 56-57 as 

well as improved different types of motors, are reported. 

 

6.7  By a special windings electromagnetic devices  

 

A number of methods based on special winding such as search coils or an 

electromagnetic device 58 are used to sense the rotor position. The electromagnetic 

device consists of pickup coils around a special stator made of magnetically nonlinear 

material. The pick-up coils are excited by a high frequency sinusoidal current. The 

device detects the phase of the second harmonics component of the induced voltage in 

the pick-up coils. 

 

6.8  Monitoring switching states in the inverter 

  

This method is applied to rectangular fed PMBLC motor and ON/OFF states of inverter 

switching devices are used for rotor position estimation 51. The method is based on 

amotor with trapezoidal back-emf. The rotor flux position is obtained on the basis of 

the conducting state of free-wheeling diodes in an open phase at a particular time. In 

most of these methods, the rotor speed/velocity is estimated by using the time derivative 

of rotor position angle or by measurement of the period during the transition of 

alternating rotor position. 
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6.9 Elimination~reduction of current and voltage sensors  

 

Intensive work is carded out to reduce the current and voltage sensors in the PMBLC 

motor drive to reduce the cost and enhance reliability. Normally two current sensors 

are required in 3-phase star connected motors, a technique used to estimate the 3-phase 

winding currents only using one current sensor in the dc link and switching states of 

the inverter devices. Since, in the intelligent inverter control, device-switching patterns 

are available in the processor, the 3-phase winding currents signals are constructed 

using measured dc link current and switching status of the inverter devices. Similarly, 

one voltage sensor is used at the dc link and three-phase terminal voltages are derived 

using the same switching states of the inverter devices. For rectangular fed PMBLDC 

motor drives, current sensors can be eliminated entirely using current sensors embedded 

in three Of the six inverter switches 59. MOS gated devices such as MOSFET and 

IGBTs in integrated modules from different manufacturers are available which 

incorporate current sensors integrated into monolithic power devices. 
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Chapter-7 

RECENT TRENDS IN BLDC MOTORS & SENSORS 
 

7.1 TRENDS IN BLDC MOTOR 

 

Permanent magnet (PM) excitation has been used in place of dc excitation in different 

es such as dc machines, synchronous machines and new PMBL machines such as PM 

stepper motors, hybrid stepper motors and PMBLDC motors. High cost of PM materials 

has been a major bottleneck for use and development of these electric machines. 

Gradual growth of better PM materials, improved manufacturing technology, varying 

nature of construction of these motors to suit specific applications have brought them 

at a level where they are considered one of the best motors available nowadays. PM 

machines have a wide spectrum but this paper is restricted to PMBLDC motors. 

Presently PM materials used in PMBLDC motors are classified in the following three 

broad categories, namely Alnico (A1-Ni-Co-Fe), Ceramics also include ferrites and 

rare-earth materials such as samarium-cobalt (Sm-Co), neodymium-iron-boron (Nd-Fe-

B). Alnico and ferrites have long been used in the development of PM motors as they 

are cheap and easily available. Rare-earth PM materials, namely SmCo, are used 

nowadays because of the high energy density caused by its high residual flux density, 

coercive force and low temperature coefficient. NdFeB is considered one of the best 

PM materials presently since it offers much higher residual flux density and coercive 

force. However, its only drawback is the temperature limit. Continuous efforts are being 

made to overcome this and it is hoped that this will enable PMBLDC motors to attain 

higher efficiencies and lower sizes along with other advantages. PMBLDC motors may 

be classified into different categories such as number of phases, radial or axial field, 

cageless or with cage bars, surface mounted PMs or buried magnets, sinusoidal or 

rectangular fed motors etc. Some of them are briefly discussed in this section. 

 

7.1.1 Number of phases  

 

PMBLDC motors are developed in single phase in low power (< 50W) for tube axial 

fans to cool electronics equipments. They are manufactured in two phase construction 

for home appliances such as solar PV fed refrigeration system, servo control etc. Most 

of the medium and high power rating motors are designed in three-phase construction 

similar to conventional ac motors. In some electric vehicles 22-24 and megawatt 

ratingmotors for submarine propulsion etc., designers have compelling reasons to 

increase the number of phases to five, six or more in order to reduce the per phase power 

handling requirements. 

 

7.1.2 Radial and axial field motors 

 

Most of the motors in the market are radial field type (cylindrical or salient pole 

construction). However, the axial field motors have some advantages over the 

conventional radial field construction in terms of power density, torque to inertia ratio, 

peak torque, less magnet weight, low inductance, short winding turns, compact design 

etc,. Axial field motors are designed in package, disk and sandwich type construction 

and have no iron in the rotor, resulting in low inertia. Axially directed magnetic field 

from rotor magnet interacts with radially directed currents in these axial field motors. 

The magnets are encapsulated in resin or plastic. Because of their construction, they are 
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considered most suitable for robotics, computer equipments, machine tools etc., 

 

Radial field motors are also designed with varying desired flux linkage waveforms such 

as sinusoidal or trapezoidal, different shapes and positions of magnets in the rotor such 

as buried or surface mounted etc. They are widely used since stator design is similar to 

conventional ac synchronous or induction motors. Figure 9-10 shows the typical cross-

sections of these two types of popular PMBLDC motors. 

 

7.1.3 Shape and location of PM in rotors 

 

Permanent magnets are placed in the rotor in PMBLDC motors.In axial field type of 

motors, the magnets are encapsulated in resin or plastic in disc form as shown in figure 

la. These magnets are placed in such a manner that induced back emf are either 

sinusoidal or trapezoidal waveforms. In radial field motors, the magnets are placed in 

different form such as surface mounted for low speed motors and interior radially 

oriented or interior tangentially oriented in high speed PMBL motors. Figure 11 shows 

such rotor geometries. They are also designed to achieve sinusoidal or trapezoidal back 

emfs depending upon applications. 

 of these rectangular currents they are also called switched PM motors, brushless dc 

motors and electronic commutated PMBLDC motors. Figure 13 shows the ideal current 

waveforms for these two types of motors. Position sensors requirement is accordingly 

changed to realize these ideal current waveforms in the motor windings in self 

synchronous control mode. 

 

 

7.2 TRENDS IN SENSORS 

 

In the control of PMBLDC motors, position, speed and current sensors are essentially 

required to regulate the phase currents in synchronization with rotor position. 

Moreover, sometimes, terminal voltage sensors are also required to estimate either 

position or speed. Voltage sensors are also needed to regulate dc bus voltage during 

braking or for front end converter control. In some typical attempts, flux sensors and 

torque sensors are also used in the precise control of these motors. Basic role of these 

sensors are already discussed in closed loop control of PMBLDCM drive. In the 

following section, the recent trends in sensors and their function are briefly discussed. 

 

7.2.1 Position sensors 

 

The rotor flux position in PMBLDC motors is defined by the mechanical angle of 

rotation, which is achieved from some form of rotor position sensors. Rotor flux 

position is required for phase current synchronization and rotor position is also required 

for position control. Rotor position is directly sensed using position sensors or indirectly 

estimated using other measured parameters. Hence, rotor position sensing is 

indispensable in current-controlled PMBLDC motor drives 

Rotor position is sensed using resolvers, inductive modular absolute system (IMAS), 

hall effect position sensor, magnetoresistors, electronics and optical encoders, synchros 

and tachsyn. The tachsyn is an airgap reluctance sensitive 3-phase alternator with PM 

field and trapezoidal output waveforms. It is used for position and velocity sensing and 

signal outputs are analog. They are available in 4, 6 and 8 pole configurations. The 

encoders are characterised by number of pulses per revolutions (PPR) and nowadays 
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they are available in several thousands PPR. Interfacing ICs are also available to 

convert these sensor signals to digital form to feed digital processors used for intelligent 

control of PMBLDCM drives. 

 
Indirect position sensing is achieved by estimating the rotor position using other measured 

parameters such as currents and voltages etc. There are many techniques for rotor flux position 

estimation which are much detailed in the next section. 

 

7.2.2  Speed/velocity sensors  

 

In the PMBLDC motor drive, speed or velocity signals are essentially required for 

speed control loops in position controlled drives and speed feedback for speed 

controlled drives. Speed measurement is carded out either using speed 

transducers/sensors or estimated using the rotor position information either obtained 

through direct position sensing or through estimation. In general dc tachogenerators 

and brushless tachogenerators are used to sense motor speed. They provide an analog 

dc voltage signal which is proportional to shaft speed. The polarity of this voltage signal 

in both types of tachogenerators results in the direction of rotation. Nowadays rotor 

velocity/speed is estimated more accurately by using high resolution position sensors 

or estimated rotor flux position. Sometimes, these sensors are different from the 

position sensors used for electronic commutation. 

 

7.2.3 Current sensors 

 

Fast torque control in high performance PMBLDC motor drives is implemented 

through closed loop regulation of phase winding currents in synchronization with rotor 

flux position information. Closed loop regulation of winding currents is realized 

through PWM or hysteresis current controllers of CC-VSI over the reference desired 

currents and sensed winding currents. Therefore, the sensing of winding currents 

becomes indispensable in PMBLDC motor drives. 

 

The current sensing is generally carded out using hall effect current sensors. They detect 

the magnitude and direction of currents and are integrated to provide sensitive and 

accurate current sensing. Very fast response (less than 1 microsecond) and accurate 

current sensors are available from different manufacturers (ABB, LEM etc.) in wide 

range of current sensing (fractions of amperes to kiloamperes). These hall effect current 

transducers have galvanic isolation of several kilovolts which is a very desired 

requirement of these drives in high rating. Generally in 3-phase motors two current 

sensors are required and thirdphase current is estimated from other two-phase currents 

in star connected motors. These current sensing requirements for current regulated 

rectangular fed PMBLDC motor drive are typically reduced to a single current sensor 

in the dc link of the inverter. Current shunt resistors with low power dissipation are 

often used as the current sensor in low power drives for cost effectiveness. In the 

modem power devices such as MOSFET/IGBT a current sensing feature is provided by 

many manufacturers which also dispenses with the use of extra current sensors in the 

control of the inverter/converter feeding the PMBLDCM. 

 

 

 

7.2.4 Voltage Sensors 
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Terminal voltage sensing in modem advanced PMBLDC motor drives is required to 

estimate the rotor position and speed for the control, resulting in mechanical sensorless 

drive with a view to reduce size, cost, maintenance and enhanced reliability. Voltage 

sensing is also required to regulate dc bus voltage during braking or for control of front 

end converter used for regenerative feature in high rating drives. 

 

Terminal voltage sensing is carried out by using electronic isolation amplifier (AD202 

Analog Devices make etc.) and hall effect voltage sensors (ABB make etc.) with 

galvanic isolation. In small rating drives, voltage is sensed using high valued resistor 

potential dividers to reduce the cost of the drive. Sometimes, induced voltage in the 

motor windings is achieved using special windings such as search coils etc. However, 

ac mains voltages for the control of front end convener are sensed using the potential 

transformers. 
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Chapter-8 

APPLICATIONS OF BLDC MOTOR 
 

Brushless motors fulfill many functions originally performed by brushed DC motors, but cost 

and control complexity prevents brushless motors from replacing brushed motors completely 

in the lowest-cost areas. Nevertheless, brushless motors have come to dominate many 

applications, particularly devices such as computer hard drives and CD/DVD players. Small 

cooling fans in electronic equipment are powered exclusively by brushless motors. They can 

be found in cordless power tools where the increased efficiency of the motor leads to longer 

periods of use before the battery needs to be charged. Low speed, low power brushless motors 

are used in directdrive turntables for gramophone records. 

 

Transport 

  

Brushless motors are found in electric vehicles, hybrid vehicles, personal transporters, 

and electric aircraft. Most electric bicycles use brushless motors that are sometimes 

built into the wheel hub itself, with the stator fixed solidly to the axle and the magnets 

attached to and rotating with the wheel. The same principle is applied in self-balancing 

scooter wheels. Most electrically powered RC models use brushless motors because of 

their high efficiency.  

 

Cordless tools 

  

Brushless motors are found in many modern cordless tools, including some string 

trimmers, leaf blowers, saws (circular or reciprocating), and drills/drivers. The 

advantages of brushless over brushed motors (low weight, high efficiency) are more 

important to handheld, battery-powered tools than to large, stationary tools plugged into 

an AC outlet, so uptake has been faster in that segment of the market. 

 

Heating and ventilation 

  

There is a trend in the heating, ventilation, and air conditioning (HVAC) and 

refrigeration industries to use brushless motors instead of various types of AC motors. 

The most significant reason to switch to a brushless motor is the dramatic reduction in 

power required to operate them versus a typical AC motor.While shaded-pole and 

permanent split capacitor motors once dominated as the motor of fans, many fans are 

now run using a brushless motor. Some fans also use brushless motors in order to 

increase overall system efficiency. In addition to the brushless motor's higher 

efficiency, HVAC systems (especially those featuring variable-speed and/or load 

modulation) use brushless motors because the built-in microprocessor allows for 

programmability, control over airflow, and serial communication. Some ceiling fan and 

portable fans also feature this motor. They advertise the motor being highly energy 

efficient and quieter than most fans. 
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Industrial engineering 

  

The application of brushless DC motors within industrial engineering primarily focuses 

on manufacturing engineering or industrial automation design. In manufacturing, 

brushless motors are primarily used for motion control, positioning or actuation 

systems. 

 

Brushless motors are ideally suited for manufacturing applications because of their high 

power density, good speed-torque characteristics, high efficiency, wide speed ranges 

and low maintenance. The most common uses of brushless DC motors in industrial 

engineering are linear motors, servomotors, actuators for industrial robots, extruder 

drive motors and feed drives for CNC machine tools. 

 

Motion control systems 

  

Brushless motors are commonly used as pump, fan and spindle drives in adjustable or 

variable speed applications as they are capable of developing high torque with good 

speed response. In addition, they can be easily automated for remote control. Due to 

their construction, they have good thermal characteristics and high energy efficiency.  

To obtain a variable speed response, brushless motors operate in an electromechanical 

system that includes an electronic motor controller and a rotor position feedback sensor. 

 

Brushless DC motors are widely used as servomotors for machine tool servo drives. 

Servomotors are used for mechanical displacement, positioning or precision motion 

control. DC stepper motors can also be used as servomotors; however, since they are 

operated with open loop control, they typically exhibit torque pulsations.Brushless DC 

motors are more suitable as servomotors since their precise motion is based upon a 

closed loop control system that provides tightly controlled and stable operation. 

 

Positioning and actuation systems 

  

Brushless motors are used in industrial positioning and actuation applications. For 

assembly robots,brushless stepper or servo motors are used to position a part for 

assembly or a tool for a manufacturing process, such as welding or painting. Brushless 

motors can also be used to drive linear actuators.Motors that directly produce linear 

motion are called linear motors. The advantage of linear motors is that they can produce 

linear motion without the need of a transmission system, such as ballscrews, leadscrew, 

rack-andpinion, cam, gears or belts, that would be necessary for rotary motors. 

Transmission systems are known to introduce less responsiveness and reduced 

accuracy. Direct drive, brushless DC linear motors consist of a slotted stator with 

magnetic teeth and a moving actuator, which has permanent magnets and coil windings. 

To obtain linear motion, a motor controller excites the coil windings in the actuator 

causing an interaction of the magnetic fields resulting in linear motion.Tubular linear 

motors are another form of linear motor design operated in a similar way. 
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Aeromodelling 

 

Brushless motors have become a popular motor choice for model aircraft including 

helicopters and drones. Their favorable power-to-weight ratios and wide range of 

available sizes, from under 5 grams to large motors rated at well into the kilowatt output 

range, have revolutionized the market for electric-powered model flight, displacing 

virtually all brushed electric motors, except for low powered inexpensive often toy 

grade aircraft. They have also encouraged growth of simple, lightweight electric model 

aircraft, rather than the previous internal combustion engines powering larger and 

heavier models. The increased power-to-weight ratio of modern batteries and brushless 

motors allows models to ascend vertically, rather than climb gradually. The low noise 

and lack of mass compared to small glow fuel internal combustion engines is another 

reason for their popularity. 

 

Legal restrictions for the use of combustion engine driven model aircraft in some 

countries, most often due to potential for noise pollution—even with purpose-designed 

mufflers for almost all model engines being available over the most recent decades—

have also supported the shift to high-power electric systems. 
 

Radio-controlled cars 

   

Their popularity has also risen in the radio-controlled (RC) car area. Brushless motors 

have been legal in North American RC car racing in accordance to Radio Operated 

Auto Racing (ROAR) since 2006. These motors provide a great amount of power to 

RC racers and, if paired with appropriate gearing and high-discharge lithium polymer 

(Li-Po) or lithium iron phosphate (LiFePO4) batteries, these cars can achieve speeds 

over 160 kilometres per hour (99 mph). 

 

 

Brushless motors are capable of producing more torque and have a faster peak rotational 

speed compared to nitro- or gasoline-powered engines. Nitro engines peak at around 

46,800 r/min and 2.2 kilowatts (3.0 hp), while a smaller brushless motor can reach 

50,000 r/min and 3.7 kilowatts (5.0 hp). Larger brushless RC motors can reach upwards 

of 10 kilowatts (13 hp) and 28,000 r/min to power one-fifth-scale models. 
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CONCLUSION AND FUTURE SCOPE 
 

 

Sustainable transportation is a need in near future due to reduce energy consumption and 

greenhouse gases emission in the world for solving global warming issue. Hybrid and electrical 

vehicles are the good solution in this case. Increase of safety, efficiency and controllability of 

a vehicle has been always one of the most important challenges in automotive industry. Design 

of intelligent fully electronically controlled vehicle (IFCEV) can be the solution for many of 

challenges in this field. 

 

In conclusion, BLDC motors have advantages over brushed DC motors and induction motors. 

They have better speed versus torque characteristics, high dynamic response, high efficiency, 

long operating life, noiseless operation, higher speed ranges, rugged con- struction and so on. 

Also, torque delivered to the motor size is higher, making it useful in applications where space 

and weight are critical factors. With these advan- tages, BLDC motors find wide spread 

applications in automotive, appliance, aerospace, consumer, medical, instrumentation and 

automation industries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



32 

 

 

 

 

 

REFERENCES 

 

[1] Y. S. Jeon, H. S. Mok, G. H. Choe, D. K. Kim and J. S. Ryu, “A new simulation 
model of BLDC motor with real back EMF waveform”, IEEE CNF. On Computer 
and Power Electronics, 2000. COMPEL 2000. Pp.217- 220, July 2000. 

[2] S. Vinatha, S. Pola, K.P. Vittal, “Simulation of four quadrant operation & speed 
control of BLDC motor on matlab / simulink”, TENCON 2008- 2008 IEEE Region 
10 Conference, 19- 21 Nov 2008, Hyderabad, India. 

[3] Congzhao Cai, Hui Zhang, Jinhong Liu, Yongjun Gao, “Modelling and simulation 
of BLDC motor in electric power steering”, Power and Energy Engineering 
Conference (APPEEC), 2010 Asia-Pacific, 28-31 March 2010, Chengdu, China. 

[4] Wonbok Hong, Wootaik Lee, Byoung-Kuk Lee, “Dynamic simulation of brushless 
DC motor drives considering phase commutation for automotive applications”, 
Electric Machines & Drives Conference, 2007. IEMDC '07. IEEE International, 3-

5 May 2007, Antalya, Turkey. 

[5] R. Saxena, Y. Pahariya, A. Tiwary, “Modeling and simulation of BLDC motor using 
soft computing techniques”, Second International Conference on Communication 
Software and Networks, 2010, ICCSN '10, 26- 28 Feb, Singapore. 

[6] Padmaraja Yedamale, “Brushless DC (BLDC) Motor Fundementals”, AN885, 2003 
Michrochip Technology Inc. 

[7] Tae-Hyung Kim, M. Ehsani, “Sensorless control of the BLDC motors from near-
zero to high speeds”, IEEE Transaction on Power Electronics, ISSN 0885-8993, P. 
1635, Nov 2004. 

[8] Stefan Baldursson, “BLDC motor modelling and control- a MATLAB 
/ SIMULINK implementation”, Master Thesis in Electrical Power Engineering, 
Chalmers University of Technology, May 2005, 

[9]  D Weinmann, G Nicoud, F Gallo 1984 Advantages of permanent magnet motors. 

Proc. of Drives~Motors~Controls-84,    Brighton, UK, pp 113-120  

[ 10]  L M C Mhango 1989 Benefits of Nd-Fe-B magnet in brushless DC motor design 

for aircraft applications. Proc. of 4th International Conference on Electrical Machines 

and Drives, IEE Conf. Pub. No. 310, pp 76-79 

[11] K J Binns 1994 Permanent magnet drives; the state of the art. Symposium on 

Power Electronics, Electrical Drives, Advanced Electric Motor SPEEDAM 94, 

Taormina, Italy, pp 13-18 

[12] M A Rahman, G R Slemon 1985 Promising applications of neodymium, boron and 

iron magnets in electrical machines. IEEE Trans. Magne. MAG-2h 1712-1716 

 [13] E Ritchter, T J E Miller, T W Neumann, T L Hudson 1985 The ferrite permanent 

magnet AC motors - A technical and economical assessment. IEEE Trans. Ind. Appl. 

IA-21:6A.4 650 

 [14] R Hanitsch, C S Park 1990 Novel 10W brushless DC motor of the Pankake type 

(IEE CD No.-324) 4th International Conference on Power Electronics and Variable 

Speed Drives, pp 435-439 

 [15] D Pauly, G Plaff, A Weschta 1984 Brushless servo drives with permanent magnet 

motors or squirrel cage induction motors - A comparison. IEEE IAS Annual Meeting, pp 



33 

 

503-508 

 [ 16] D Howe, M K Jenkins, Z Q Zhu 1993 Permanent magnet machines and drives- An 

integrated design approach. (lEE CP No. 376) lEE Sixth International Conference on 

Electrical Machines and Drives Oxford, UK, pp 625-630 

 [17] T S Low, K J Binns 1986 Multistacked imbricated rotors with permanent magnet 

excitation; Design for new magnetic materials. Inst. Elec. Eng. Proc. B 133:205-211 

 [18] S Williams 1985 Direct drive system for an industrial robot using a brushless DC 

motor. Inst. Elec. Eng. Proc. B132:53-56  

[19] M A Jabbar 1996 Disk drive spindle motors and their controls. IEEE Trans. Ind. 

Electron. 43:276-284 

 [20] W L Soong, D A Staton, T J E Miller 1993 Design of a new axially-laminated 

interior PM motor. IEEE-IAS Annual Meeting Record, pp 27-36  

[21] T M Jahns, R C Van Nocker 1990 High performance EHA control using an interior 

PM motor. IEEE Trans. Aero. Elect. Syst. 26:534-542  

[22] B Sneyers, G Maggetto, J Van Eck 1992 Inveter fed permanent magnet motor for 

road electric traction. Proc. oflCEM-1992, Budapest, pp 550-553 

 [23] A R Millner 1994 Multi-hundred horsepower permanent magnet brushless disk 

motors. Proc. of APEC Conf., pp 351-355 

 [24] C C Chen, K T Chau, J Z Jiang, W Xia, M Zhu, R Zhang 1996 Novel permanent 

magnet motor drives for electric vehicles. IEEE Trans. Ind. Electron. 43:331-339 

 [25] L Newborough 1990 Electronically commutated DC motor for driving tube axial 

fans: A cost effective design. Appl. Energy 36:167-190 

 [26] G Liu, W G Dunford 1990 Comparison of sinusoidal excitation and trapezoidal 

excitation of a brushless permanent magnet motor. (IEE CD No 324) 4th International 

Conference on Power Electronics and Variable Speed Drives, London, pp 446—450 

 [27] M Allan, I J Kemp, 1993 Commutation strategies for the DC brushless motor. (CP 

No. 376) Sixth International Conference on Electrical Machines on Drives, Oxford, UK, 

133-178  

[28] J De La Ree 1990 Performance evaluation of PM machines with quasi-square wave 

input currents. Elec. Mach. Power Syst. 18:283-291 

 [29] C S Berendsen, G Ckampenois, A Bolopion 1993 Commutation strategies for 

brushless DC motors: Influence on instant torque. IEEE Trans. Power Electron. 8:231-

236 

[30] A Rubaai, R C Yalmanchili 1992 Dynamic study of an electronically brushless DC 

machine via computer simulations. IEEE Trans. Energy Conversion 7:132-136  

[31] M T Wishart, R G Harley, C Diana 1991 The application of field oriented control to 

the brushless DC machine. Proc. Euro. Power Electron. Conf., Ferenze, pp 629-634 

 [32] C L Putta Swamy, B Singh, Bhim Singh 1995 Investigations on dynamic behavior 

of permanent magnet brushless DC motor drive. J. Elec. Mach. Power Syst. 23:689-701 

 

 [33] C Rossi, A Tonielli 1994 Robust control of permanent magnet motors: VSS 

techniques lead to simple hardware implementations. IEEE Trans. Ind. Electron. 4t: 451-

460 

 [34] G Carrara, D Casini, A Landi, L Taponecco 1991 Sliding mode speed controller for 

trapezoidal brushless motors. Elec. Mach. Power Syst. 19:157-169 

 [35] B Singh, B P Singh, C L Putta Swamy 1995 Modeling of variable structure 

controlled permanent magnet brushless DC motor: J. Inst. Eng. (India) 75:183-189 

 [36] E Cerruto, A Consoli, A Raciti, A Testa 1995 A robust adoptive controller for PM 

motor drives in robotic applications. IEEE Trans. Power Electron. 10:62-71 

 [37] G R Homer, W Freund 1991 A new approach to multi-turn absolute position, 



34 

 

velocity and motor commutation signals. Proc. of Drives~Motors~Controls 1991, pp 

155-158 

 [38] C Ferreira, D Belanger, J Vaidya 1987 A magnetic rotor position sensor for 

brushless permanent magnet motors. Proc. of MOTOR-CON 1987, pp 146-156 

 [39] J R Luneau 1985 New developments in feedback devices for brushless DC 

servosystems. Proc. of MOTOR-CON 1985, pp 86-95 

 [40] R Krishnan, R Ghosh 1987 Starting algorithm and performance of a permanent 

magnet brushless motor drive with no position sensor. IEEE Power Electron. Syst. Conf. 

1987, pp 596-606 

 [41 ] N Ertugrul, P Acarnley 1994 A new algorithm for sensorless operation of 

permanent magnet motors. IEEE Trans. Ind. Appl. 30:126-133 

 [42] P P Acarnley, N Ertugrul 1992 Rotor position estimation in PM motors. 

International Conference on Electrical Machines, pp 1-5 

 [43] T Endo, F Tajima, H Okuda, 1983 Microcomputer-controlled brushless motor 

without a shaft-mounted position sensor. International Power Electronics Conference, 

IPEC, Tokyo, pp 1478-1488 

 [44] H Hzuka, H Uzuhashi, M Kano, I Endo, K Mohri 1985 Microcomputer control for 

sensorless brushless motor. IEEE Trans. Ind. Appl. IA-21:595-601 

 [45] N Matsui, M Shigyo 1992 Brushless DC motor control without position and speed 

sensors. IEEE Trans. Ind. Appl. 20:339-346 

 [46] B C Kuo, K Butts 1982 Closed loop control of a 3.6 degree floppy-disk drive PM 

motor by back EMF sensing, l l th Proc. of SIMCSO, Champaign 

 [47] J Hu, D M Dawson, K Anderson 1995 Position control of a brushless DC motor 

without velocity measurements. IEE Proc. Elec. Power Appl. 142:113-122 

 [48] K J Binns, D W Shimmin, K M A1-Aubidy 1991 Implicit rotor position sensing 

using motor windings for self-commutating permanent magnet drive system. Inst. Elec. 

Eng. Proc. B138:28-34 

 [49] T Furuhashi, S Sangwongwanich, S Okuma 1992 A position and velocity 

sensorless control for brushless DC motors using an adaptive sliding mode observer. 

IEEE Trans. Ind. Elec. 39:89-95 

 [50] R L Lin, M T Hu, C Y Lee 1989 Using phase current sensing circuit as the position 

sensor for brushless DC motor without shaft position sensor. Proc. oflEEE-IECON-

1989, Part 1 

 [51] S Ogasawara, H Akagi 1991 An approach to position sensorless drive for brushless 

DC motors. IEEE Trans. Ind. Appl. 27:000-000 

[52] H Watanabe, T Ishii, Fujii DC brushless servo system without rotor position and 

speed sensor. Proc. IEEE-IECON-1987, Cambridge, MA 

 [53] R Wu, G R Slemon 1991 A permanent magnet motor drive without a shaft sensor. 

IEEE Trans. Ind. Appl. 27:00-00 

 [54] P W Lee, C Pollock 1992 Rotor position detection techniques for brushless PM and 

reluctance motor drives. IEEE-IAS Annual Meeting Record, pp 448-455 

 [55] R C Becerra, T M Jahns, M Ehsani 1991 Four quadrant sensorless brushless ECM 

drive. Proc. of Appl. Power Electron. Conf., pp 202-209 

 [56] N Matsui, M Shigyo 1990 Brushless DC motor control without position and speed 

sensors. IEEE-IAS Annual Meeting Record, pp 448-453 

 [57] N Matsui 1996 Sensorless PM brushless DC motor drives. IEEE Trans. Ind. 

Electron. 43: 300-308  

[58] D E Hesmondhalgh, D Tipping 1990 An electromagnetic motor integrated position 

sensor for brushless DC motors, capable of operation at standstill. Proc. oflCEM-1990 

 



35 

 

 [59] T M Jahns, R C Becerra, M Ehsani 1990 Integrated current regulation for brushless 

ECM drives. IEEE Trans. Power Electron. 6:118-126 

 [60] B Ackermann, J H H Janssen, R Sottek, R I Van Steen 1992 New technique for 

reducing cogging torque in a class of brushless DC motors. Inst. Elec. Eng. Proc. 

B139:00-00 

 [61] H Bolton, R Ashen 1984 Influence of motor design and feed current waveform on 

torque ripple in brushless DC drives. Inst. Elec. Eng. Proc. B131:82-90 

 [62] H Le-Huy, R Perret, R Feuillet 1986 Minimization of torque ripples in brushless 

DC motor drives. IEEE Trans. Ind. Appl. IA-22:748-755 

 [63] Y Murai, Y Kawase, K Ohashi, K Nagatake, K Okuyama 1987 Torque ripple 

improvement for brushless DC miniature motors. IEEE-IAS Annual Meeting Record 

 [64] J Y Hung, Z Ding 1993 Design of currents to reduce torque ripple in brushless 

permanent magnet motors. Inst. Elec. Eng. Proc. B 140:260-266 

 [65] T Li, G Slemon 1988 Reduction of cogging torque in permanent magnet motors. 

IEEE Trans. Magn. 24:2901-2903  

[66] F Leonardi, M Venturuni, A Vishmara 1994 Design and optimization of very high 

torque, low ripple, low cogging PM motors for direct driving optical telescopes. IEEE-

IAS Annual Meeting Record 

 [67] JHoltz, LSpringgob 1996 Identification and compensation of torque ripple in high 

precision permanent magnet motor drives. IEEE Trans. Ind. Electron. 43:309-320 

 [68] T M Jahns, W L Soong 1996 Pulsating torque minimization techniques for 

permanent magnet AC motor drives - A review. IEEE Trans. Ind. Electron. 43:321-330 

 [69] B Sneyers, D W Novotny, T A Lipo 1985 Field weakening in buried magnet AC 

motor drives. IEEE Trans. Ind. Appl. IA-21:398-407 

 [70] D Kinniment, P Acarnley, A Jack 1991 An integrated circuit controller for 

brushless DC drives. Proc. of EPE, Florence, 4:111-116 


	13d2465e1cce0717add3467978f0a816eb440aa12635dbfced28c6b2a3037511.pdf
	13d2465e1cce0717add3467978f0a816eb440aa12635dbfced28c6b2a3037511.pdf
	8a25a40904bef7c3a9bb05ccf7d4da5f392256c31be7eebf9005e3da7652e698.pdf
	ABSTRACT
	Chapter-1
	INTRODUCTION
	Chapter-2
	CONVENTIONAL BLDC MOTOR STRUCTURES

	2.1 .BASIC STRUCTUTRE OF BLDC MOTOR
	2.2.PROPOSED DESIGNS OF BRUSHLESS MOTOR
	Chapter-3
	CONSTRUCTION AND OPERATING PRINCIPLE
	3.1. CONSTRUTION OF BLDC
	3.1.1. STATOR
	3.1.2 ROTOR
	3.1.3 HALL SENSORS

	3.2. OPERATION OF BLDC MOTOR
	3.2.1.TORQUE/SPEED CHARACTERISTICS

	Chapter-4
	COMPARING BLDC MOTORS TO OTHER MOTOR TYPES

	PERMANENT MAGNET SYNCHROUS (PMS) motors
	SWITCHED RELUCTANCE MOTOR
	BRUSHLESS DC MOTOR
	Chapter-5
	BRUSHLESS SOLUTION
	Chapter-6
	SENSORS ELIMINATION AND REDUCTION TECHNIQUES
	Chapter-7
	RECENT TRENDS IN BLDC MOTORS & SENSORS

	7.1 TRENDS IN BLDC MOTOR
	7.2 TRENDS IN SENSORS
	7.2.1 Position sensors
	The rotor flux position in PMBLDC motors is defined by the mechanical angle of rotation, which is achieved from some form of rotor position sensors. Rotor flux position is required for phase current synchronization and rotor position is also required ...
	7.2.2  Speed/velocity sensors
	7.2.3 Current sensors
	7.2.4 Voltage Sensors
	Chapter-8
	APPLICATIONS OF BLDC MOTOR

	Transport
	Cordless tools
	Heating and ventilation
	Industrial engineering
	Motion control systems
	Positioning and actuation systems
	Aeromodelling
	Radio-controlled cars
	CONCLUSION AND FUTURE SCOPE



