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nf v : 8 n l : 
Brushless DC (BLDC) motors are widely used in many application such as 

hard disk and CD drive, robots, fans and pumps ..... etc, this referred to their 

advantages that have it, such as simple construct, good performance, reliability and 
high speed 

In this project we aim to study the construction and principle of @"} Ww~\@J @» 
three phase brushless DC motor, design the excitation circuit (p. magnet rotor) and 

armature circuit, replace the mechanical position sensor with back EMF electronic 

circuit applied the (PC) as controlling unit of the motor, and finally we aim to 
implement this design and compare with two phase (BLDCM) 

The signal obtained from the tachogenerator is processed by an 8085 

microprocessor-based system through an AID converter. The 8085 microprocessor is 

the main control device (controller). It contains the comparison circuit of the closed 
loop system. 

The converter is used in our project is an inverter that takes a D.C voltage as 

input and the output is pulsating voltages for the three phases individually. The D.C 

voltage is obtained from a single-phase uncontrolled rectifier with a D.C filtration to 
obtain pure de voltage for the converter. 

The programming language required to program the microprocessor-based 
system that works as a controller is the low-level [wJX€wX} l RR [wJX€wX} T 
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CHAPTER ONE 

9P: 8 h g 6 l : 9h P 

l.lGeneral outlooks: 

General brushed de motors have a great importance in our live and can also be 

used in closed-loop cont_rol system and applications. Unlike the other types of 
. . 

motors, a brush motor does not require any additional electronic driver to operate. 

Connect a power supply across the brush terminals and the motor will go. 

This level of simplicity is achieved through mechanical commutation. The 

commutator on a brush motor can be thought of as a multi-position switch. The 

commutator has multiple contacts each wired in series to a group of windings on the 

armature. The contact angle of the brushes on the commutator determine which 

windings are } ; j \~} # &=\j = in tum controls the electrical phase angle of the 

armature. The brush contact angle is phased to produce maximum torque for a given 

electrical input. This is similar to ~=} j @_ _ €~w~\@J »€Jj ~\@J performed by the 

electronics in a brushless D.C. motor. The disadvantage of a brush motor is its 

limited life. The sliding electrical contact between the commutator and brush is 

subject to wear. In vacuum, this wear is accelerated and must be considered in every 

application. Typically brush life in vacuum is on the order @» KYD. YY =@€WQAwJ# they 
need a continuous maintenance. 

Brushless de motor is the solution for these limitations. Brushless de motor 

provide us a very high speeds, say from 3,000 rpm extended to 10,000 rpm, this 

because no brushes used and so no direct friction with the rotor. These high speeds 

enable us using these motors in many applications, for example hard disk drives 

which need a very high speed reaches 1 0000rpm. 
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A brushless DC motor is simply normal DC motor turned inside out, which 

means that the coil is on the outside part ( stationary part) and the magnets set are 

fixed on the inside ( rotational part) as well shown in fig.(!. I) . One of the main 

advantages of these motors is that there is no mechanical contact between the stator 

and rotor presented by the absence of Brush set. The stator consists of several coils 

" W@#€j \JX ~@~w[ _ wXJ} ~\j »[€; [} w#Q ~@ } [} j ~W@_ wXJ} ~\j ~@W­ €} wj ~\JX @J ~=} W@~@W 
causing it to rotate. Three phases are usually used creating six different ways 

FQ&\~j =\JX j @_ z\Jw~\@JQN ~@ [} ~ j €WW} J~ W€J ~=W@€X= ~=} j @\[QT n _ \j W@j @J~W@[[} W 
»W} ­ €} J~[! W} #\W} j ~Q ~=} j €WW} J~ [} w#\JX ~@ w »wQ~Dj =wJX\JX _ wXJ} ~\j »\} [# ~€WJ\JX ~=} 
rotor. 

Fig. (I.I): Three-phase BLOC motor. 

In this project we will built up a three phase brushless de motor, and deign its 

closed loop control system using the 8085 microprocessor controller, and also we 

will use photo eel] sensor for detecting the rotor position in addition to the sensorless 
method. 
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This project is very important for many applications which need high speeds, 

such as hard disk , medical applications, robots, home appliances (air conditioners, 

refrigerators, washing machines), and industrial applications (pumps and ventilators), 

etc ... 

A PWM signal is generated that needed for converter to feed the motor with 

variable voltage. The converter used is an inverter that takes a D.C voltage as input 

wJ# ~=} @€~" €~ \Q " €[Qw~\JX � @[~wX} Q »@W ~=} ~=W} } " =wQ} Q wQ Q\; Q~} " A\J } wj = Q~} " ~=} W} 
wW} ~&@ " =wQ} Q wW} } ; j \~} # wJ# ~=} ~=\W# \Q €J} ; j \~} # T 

The programming language required to program the microprocessor-based 
system that works as a controller is the low-level [wJX€wX} Fl RR [wJX€wX} NT 

1.2 Previous studies: 

Brushless de motors is a relatively new design of de motors so, the studies iii 

this field is continuous for improving this motor perfonnance, designs wJ# j @J~W@[ 
circuits. 

The previous studies of 3 phase brushless de motors and its control system z! 

sensors are very much, but by sensorless are little, so we searched for these studies 
and found the following: 
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✓ power pulse group : 

: =} ! Q=@& wJ @W#\JwW! S " =wQ} _ @~@W wJ# €Q\JX zwj ? u-+ Q} JQ\JX wJ# ~=} ! 
showed an ordinary equations and they didn't do any thing for control any type of 

BDCM , but they only compare theoretically between the advantages of the ~ 
types (one phase, two phase, and three phase) ofBDCM. [ 5]. 

✓ Faulhaber group : 

:= } ! studied show the construction of the three phase de motor; they 
described the principle of operation, the sensor unit, and its application. 

✓ Remote Laboratory for a Brushless DC Motor : 

Worked by 3 persons [1 ] they design new drive of brushless de motor using 
microprocessor system of a 3 phase brushless de motor. 

✓ Fundamentals of electric drive : 

Its a book in which the author show study of unipolar and bipolar 3 phase 

brushless de motor and its drive ,the book shoes the application of the Brushless de 
motor in sensor case . 
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r TS uQ~\_ w~} # cost: 

The project device requirements are microprocessor, the encoder and sensing 

unit ,six MOSFETS, 22 pieces of rectangular magnets, push bottoms, lamps and 

switches, IC comparators ,Isolation circuit, protection circuits, 24 volt power supply 

A K � @[~ " @&} W supply , 6high power diodes,. the sensorless circuit components, 

adhesive for agglutinating the magnets on the rotor, and steel bar which weight is 
e?XT 

There are some other costs for the project including rewinding the sartor, 

special personal computer, printer, transportation, information sources, computing 

and designing programs lathes, millings, cutting tools, and other services costs. 

According to these requirements, our project is estimated to cost more than $750. 

1.4 Project Contents. 

This chapter talks about the general idea of our project and its advantages, and 

its applications. Also, it contains reviews of the previous studies about the brushless 
DC motors. 

Chapter two talks about theoretical background of the project.. It also gives the 

general explanations for the project devices; and contains comparing study between 
brushless DC motors and other motors. 

Chapter three is the theoretical design concepts of the three -phase brushless 

DC motor and the closed loop speed control system, and It contains the project 

objectives and the general block diagram and explains how the project works. 
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Chapter four explains the motor design, and motor calculations, hardware 

design of the power circuits and converter used for the motor, and the controller as· a 

design of the microprocessor-based system. 

Chapter five is the software design of the microprocessor-based system using 

the C++ language to make programs for the closed-loop systems of the three-phase 

zW€Q=[} QQ _ @~@W Q" } } # j @J~W@[T 9~ j @J~w\JQ ~=} X} J} Ww[ " W@XWw_ _ \JX w[X@W\~=_ Q wJ# 
»[@& j =wW~QT 

l =w" ~} W Q\; _ @#} [Q ~=} _ @~@W _ w~=} _ w~\j w[[! wJ# wJw[! ®} Q ~=} W} Q€[~Q wJ# 
curves of the motor characteristics that is gotten from the experiments and tests 

performed on our motor. 

Chapter seven bases the conclusion and the future works and 

recommendations. It lists the points we results out and how this project may be 

improved in future, in addition of some suggested projects to be done in future. 
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CHAPTER TWO 

THEORETICAL BACKGROUND 

. Tr 9J~W@#€j ~\@J0 

Conventional DC motors are highly efficient and their characteristics make 

~=} _ €Qwz[} \J � wW\wz[} Q" } } # w" " [\j w~\@JQT 4 @&} � } WA ~=} \W @J[! #Ww&zwj ? \Q ~=w~ ~=} ! 
need a commutator and brushes which are subject to wear and require maintenance. 

When the functions of commutator and brushes were implemented by solid-state 
switches, maintenance-free motors were realized. These motors are now known as 
brushless DC motors. 

In this chapter, the basic structures drive circuits, fundamental principles, 
steady state characteristics, and the applications of brushless DC motors will be 
discussed. 

2.2 The advantages of BLDC motor compared to brush DC motors: 

1 Better speed versus torque characteristics 
2 High dynamic response 

3 High efficiency 

4 Long operating life 

5 Noiseless operation 

6 Higher speed ranges 
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. TS n" " [\j w~\@JQ0 

Brushless de motors are widely used \J various applications. For example 

BDCM used in Laser printer, Hard disk drives and CD/DVD drive, Heating, 

ventilation and air conditioning, Refrigerators, Medical equipment ,Robotics ,Fans 
and Pumps 

. TM u­ €\� w[} J~ Circuit and General Equations: 

The per phase equivalent circuit of three phase brushless de motors is shown in 

Fig. (2.1), the induced voltage of the motor is calculated by the following equation 

jDC·» ......... (2.1) 

&=} W} \Q the flux linkage of stator winding per phase due to the permanent 
_ wXJ} ~T 

mo @3 8 
~-----\/\1\l\r----, 

Fig. (2.1): steady state equivalent circuit per phase 

For steady state conditions, assuming v and e are sinusoidal at frequency co, the 

equivalent circuit becomes as shown \J Fig.(2.1), &=} W} mow3A wJ# V, I, E, wJ# _ 
are phasors with rms amplitudes. 
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m o 3 
uo ][_ 

......... (2.2) 

......... (2.3) 

The steady state circuit equation can be written as: 

7 ouRF8 R ]@3N ......... (2.4) 

For a maximum mechanical power at a X\� } J Q" } } #A 9 wJ# u wW} in phase. This 
w[Q@ X\� } Q maximum torque/ampere (minimum current/ Nm). A brushless de motor 

has position feedback from the rotor via back EMF sensing. To keep a particular 

angle between V and E, since E is in phase with rotor position, and V is determined 

by the inverter supply to the motor. Assuming that wL<<R, when I is in phase with 

E, V will also be in phase with E. Thus the circuit can be analyzed using magnitudes 
ofE, V, and I, as if it was a de circuit. 

But first note that when E and I are in phase, the motor mechanical power 

output (before friction, windage, and iron losses) i.e. the electromagnetic output 
power is: 

( } _ o _ qu[q9« o _ @qa_[ q~« ......... (2.5) 

where m is the number of " =wQ} QA ku «A k9«A and l)..ml are the amplitudes of phasor 
E, I, and Am, The electromagnetic torque is: 

......... (2.6) 

&=} W} @W o 2ro/p is the rotor speed in Rad/s, and p the number of poles . 

......... (2.7) 
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The actual shaft output torque is: 

: @w o : WD : @» ......... (2.8) 

Where I'ioss is the total torque due ~@ »W\j ~\@JA &\J#wX} A and iron losses. 

And in terms of rotor speed: 

WUk" @[?wN 
. 

2.5 Performance ofBrushless DC Motor. 

The voltage equation can be simplified in algebraic form as: 

7wouAR Ra.la ......... (2.10) 

Substituting relations F. TbN wJ# (2.9), we obtain: 

7w o l =AR 9wT8 w ......... (2.11) 

and 

@Wo Va Ra.Tern 
Fj XN Fj @N 

......... (2.9) 

......... (2.12) 

Where: 

C: is the motor constant and its unit is (V .s / Wb) 

<P: is the air gap magnetic flux (Wb ). 

12 



. Te u»»\j \} Jj ! T 

Efficiency is defined as the ratio of the output power and input power, i.e. 

D f so·W@@A Pm Y 
&=} W} ( AA o 7w 9wA wJ# ( A» o : Aj w i A 

In term of the power »[@&A 

( » o( AR ( WR ( wT R ( w 

......... (2.13) 

.... ····· (2.14) 
where: 

P cu= m*Ra*l« is the copper loss due to windings resistance. 

( WA \Q the iron loss due to hysterics and eddy currents. 
P mec is the mechanical losses due to windage and friction. 

2. 7 Controlling a BLDC Motor: 

Two parameters of a normal DC motor are very easy to control, the speed and 

the direction. To control the speed, we must vary the input voltage. 

To change the direction, simply reverse the polarity. The speed is often 

controlled with pulse width modulation, 

13 



. T, ( W@]} j ~ Main Elements. 

. T, Tr - h v +u : 0 

We used the MOSFT transistor in power circuit because of its characteristics. It 
is used as power switch and it has very high speed to tum on and off. Also, it rates 
very high currents reaches 50A. 

. T, T. 9Q@[w~\@J l \Wj €\~Q0 

Optical isolator is a device ~=w~ €Q} Q w short optical transmission path to 
accomplish electrical isolation between elements of a circuit. The optical path may 

be air or a dielectric waveguide. The transmitting and receiving elements of an 
optical isolator may be contained within a single compact module. 

The optical isolator has many functions, such as the dispatching of a signal, 

message, or other form of information; The propagation of a signal, message, or 

other form of information by any means, such as by telegraph, telephone, radio, 

television, or facsimile via any medium, coaxial cable, microwave, optical fiber, or 

radio frequency, in communications systems, a series of data units, such as blocks, 

messages, or frames; The transfer of electrical power from one location to another 
via conductors. 

An optical isolator uses a short optical transmission path to accomplish 

electrical isolation between elements of a circuit. So, it is necessary for using in the 

motor system and control circuit to isolate the elements of the system and protect it 
from high current that damage the control circuit. 

Stability is another advantage of isolation circuit. It is needed to accurately 

monitor motor in high noise motor control environments, providing for smoother 
control. 

r M 



9J � wW\@€Q ~!" } Q @» _ @~@W j @J~W@[ w" " [\j w~\@JQA =\X= wj j €Wwj! wJ# [\J} wW\~! wW} 
paramount, under transient conditions. So, we must use isolation circuit between 

motor and control circuit, between control circuit and microprocessor, between 

microprocessor and power circuit. 

. T, TS ( =@~@Dl } [[ Sensor: 

( =@~@Q} JQ\~\� } } [} _ } J~Q wW} � } WQw~\[} ~@@[Q »@W #} ~} j ~\JX [\X=~T := } ! } ; j } }# ~=} 
Q} JQ\~\� \~! @» ~=} =€_ wJ } ! } ~@ w[[ ~=} j @[@WQ @» ~=} Q" } j ~W€_ wJ# @"} Ww~} \J ~=} 
ultraviolet and entrained regions. 

. T, TM : wj =@X} J} Ww~@W0 

An electromechanical generator is a device capable of producing electrical 

power from mechanical energy. When not connected to a load resistance, generators 

will generate voltage roughly proportional to shaft speed. With precise construction 

and design, generators can be built to produce very precise voltages for certain 

ranges of shaft speeds, thus making them well-suited as measurement devices for 

shaft speed in mechanical equipment. 

A generator specially designed and constructed for this use is called a 

tachometer or tachogenerator as shown in fig. (2.2). 

: wj = @X} J } Ww ~@W 

Q=w»~ 

Fig. (2.2): Tachogenerator diagram 
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By measuring the voltage produced by a tachogenerator, you can easily 

determine the rotational speed of whatever it's mechanically attached to. One of the 

more common voltage signal ranges used with tachogenerators is h to 10 volts. 

Obviously, since a tachogenerator cannot produce voltage when it's not turning, the 

zero cannot be "live" in this signal standard. Tachogenerators can be purchased with 
different "full-scale" (10 volt) speeds for different applications 

. T2nJw[@XD~@Dg \X\~w[ FnHgN Converter. 

The AID conversion is a process in which an analog signal is represented by 
equivalent binary states. AID converters use the successive-approximation technique 
to perform the conversion. 

Figure {2.2) shows a block diagram of the 8-bit AID converter. It has one input 
line for an analog signal and eight output lines for digital signals. 

wJw[@X Q\XJw[ #\X\~w[ Q\XJw[ 

ng l , 
g a 

t\J D6 
g K 
g M 
D3 
g ~ J 
g @ 

Fig. (2.3): AID Converter block diagram 
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. Tr Y l @_ " wW\JX between BLDC motors and other motors: 

We will show in : wz[} F. Tr N ~=} comparing between BLOC and brushed 
motors. 

Feature BLDC Motor Brushed DC Motor 

Commutation u [} j ~W@J\j commutation Brushed commutation. 

based on Hall position 

sensors and back EMF. 

Life Longer. Shorter. 

Speed/Torque +[w~ D uJwz[} Q operation at Moderately »[w~D n~ higher 
Characteristics all speeds with rated load. speeds, brush friction 

increases, thus reducing 

useful torque. 

Efficiency. High - No voltage drop Moderate. 

across brushes 

Speed Range 4 \X=} W D P@ mechanical 3@&} W D - } j =wJ\j w[ 
limitation imposed by limitations by the brushes. 

Brushes/commutator. 

Cost of Building 4\X=} WD v \Jj } it has Low 

permanent magnets, building 

costs are higher. 

Control. Complex and expensive Simple and inexpensive. 

17 



Output Power/ 4 \X= DD 8 }# €j } # size due to - @#} Ww~} H3@& D := } heat 
Frame Size Q€"} W\@W ~=} W_w[ produced by the armature 

Characteristics. Because is dissipated in the air gap, 

BLOC has the windings on thus increasing the 

the stator, which is connected temperature in the air gap 

to the case, the heat and limiting specs on the 

Dissipation is better. Output power/frame size. 

Table (2.1) comparing BLOC motors to brushed DC motors 
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And we will show in table (2.2) the comparing between BLOC motors and 
induction motor 

Feature BLDCMotor Induction Motor 

v " } } #H:@W­ €} +[w~ D uJwz[} Q @" } Ww~\@J w~ P@J[\J} wW D 3@&} W torque 
Characteristics all speeds with at lower speeds 

8 w~} # load. 
D 

Output Power/ 4 \X=D v\Jj } it has - @#} Ww~} D v \Jj } both 
Frame Size permanent magnets on the stator and rotor have 

rotor, smaller size can be windings, the output 
wj =\} � } # »@W w X\� } J power to size is lower than 

output power. f 3g l T 

Starting Current 8 w~} # D P@ special starter Approximately up to 
circuit required. seven times of Ww~} #­ 

Starter 

Circuit rating should be 

carefully selected. 

Normally 

Uses a Star-Delta starter. 
Slip No slip is experienced The rotor runs at a lower 

between stator and rotor frequency than stator by 
Frequencies. slip frequency and slip 

increases with load on the 

Motor. 

Table F. T. N j @_ " wW\X f 3g l motors ~@ \J#€j ~\@J _ @~@WQ 
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CHAPTER THREE 

DESIGN CONCEPTS 

STr ( W@]} j ~ Objectives 
ST. l @J~W@[ of w SD( =wQ} f 3g l Motor 

STS V} J} Ww[ f [@j ? g \wXWw_ Q 

20 



CHAPTER THREE 

DESIGN CONCEPTS 

STr ( W@]} j ~ Objectives: 

In this project we aim to study the construction and principle of operation of 

three phase brushless DC motor, design the excitation circuit (p. magnet rotor) and 

armature circuit, use the mechanical position sensor (hall sensor), use back EMF 

electronic circuit to detect the rotor position. Then we will compare between two 

methods, apply the (PC) as controlling unit of the motor, and finally we aim to 
implement this design and compare with two phase (BLDCM). 

ST. l @J~W@[ of w SD( =wQ} f 3g l Motor: 

There are two methods to control of the motor, the first one is by back EMFs 

signals ( sensorless case), and the other by photo cell sensor ( sensor case) 

3.2 .1 Sensor-less Operation of w SD( =wQ} f 3g l Motor: 

ST. Tr Tr c =! we applied sensorless control? 

BLOC motors require electronic control; Some BLDC motors use Hall Effect 

sensors to provide absolute position sensing. This result need more wires,higher cost 

and reliability reduction, Sensorless control eliminates the need of Hall Effect 

sensors, using the back-EMF (electromotive force) of the motor to detect the rotor 

position; Sensorless control is essential for low-cost variable speed applications such 

. r 



as fans and pumps. Refrigerator and air conditioning compressors also require 

Q} JQ@W[} QQ j @J~W@[ &=} J €Q\JX f 3g l _ @~@WQT 

3.2.1.2 What is back EMF? 

When a BLDC motor rotates, each winding generates a voltage known as back 
Electromotive Force or back EMF, which opposes the main voltage supplied to the 

&\J#\JXQ wj j @W#\JX ~@ 3} J®GQ 3w&T := } " @[wW\~! @» ~=\Q zwj ? u-+ \Q \J @" " @Q\~} 
#\W} j ~\@J @» ~=} } J} WX\®} # � @[~wX} T 

Back EMF depends mainly on three factors: 

• Angular velocity of the rotor 

• Magnetic field generated by rotor magnets 

• The number of turns in the stator windings 

ST. Tr TS : =} Commutation of Three Phase BLOC Motor: 

n SD( =wQ} 9J� } W~} W is used to perform the electronic commutation.The 

operation of Commutation produces the rotating magnetic field developed in the 

stator. The principal structure of ~=} SD( =wQ} \J� } W~} W with motor is shown in fig (3.1) 
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Micro 
processor 

Tl , J 
I 

: QA« ______ J 
I 

oD· I 
I -------- ------J 

1--------- 

t · : w 

GTTTM 

TS 
, J 

------, 
I 

T4 
I j I .. __ U0 __ . 

A f C 

+\XT FSTr N0 : =W} } D( =wQ} Inverter and motor connections 

The circuit contains 6 transistors connected to the high and low side of the DC 

supply. Tl, T3 and TS are the high side transistors wJ# : . A : M and T6 are the low 
side transistors of the circuit. To create the rotating magnetic field in the stator the 

commutation sequence of the transistors and the resultant motor terminal voltages are 
shown in fig. (3.2) 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD-WAD» 
Y 

0 60 r . Y r , Y . M{ 300 360 u [} j ~W\j w[ #} XW} } Q 
9J � } W~} W j l \ C T3 9 TS T1 : WwJQ\Q~@W 9 T2 9 T4 9 v } ­ €} Jj } 

Fig. (3.2): Motor Commutation sequence 
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nQ Q=@&J \J »\X FSTr N ~=} W} \Q eD~WwJQ\Q~@W @J} " w\W @» ~=} Q} ~WwJQ\Q~@WQ wW} 
active so that current flows in only two of the motors windings. Fig. (3.3) shows the 

equivalent circuit of a BLDC motor with two of the motor windings active, in this 
case through transistors Tl and T6. 

:r 

:> bT 
+\XT FSTSN0 f 3g l - @~@W u­ €\� w[} J~ j \Wj €\~ &\~= ~&@ " =wQ} Q wj ~\� } 

We can see from fig. (3.2) and (3.3) that only two of the three motor phases are 
excited at any instant of time. For example, no current flows in phase B during the 

periods 60 to 120 electrical degrees and 240 to 300 electrical degrees. During the 

periods that the phases are excited then the phase voltage is either positive or 

negative with respect to the Neutral (N) or star point of the stator windings. 

During the period that a phase is not excited then a BEMF is induced into the 

unexcited phase stator winding by the movement of the magnetic rotor. This 

combined with the commutation sequence produces the characteristic trapezoidal 

waveform we see in fig. (3.2) in the sensorless approach a scheme is employed to 

detect the point at which the BEMF voltage in the unexcited phase crosses zero 

(VN). In order to use this point to derive the switching sequence, this point has to be 

phase shifted by 30 degrees. 
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At the instant of the zero crossing of the BEMF waveform on the unexcited 

phase, the terminal voltage is equal to the neutral voltage VN. When the BEMF 

voltage for each phase crosses zero then, Vx o VN o VDC/2 (where X o A, B @W l NT 

g l R 
I 

s 

( c K 
( c - M kt 

- \j W@D ( c - S E 
" W@j} QQ@W ( c - . SDa=wQ5AA ® 

[J>} WT} W f W\#X} s ( c ' n 
( c - h G®» ~~, 

l 

9 
g l D 

f wj? u+ 
/ }W@Dl W@QQ 

g} [['j 0 l \Wj €\5 

Fig. (3.4) Block diagram of sensorless control 

ST. Tr TM f wj ? EMF Sensing (sensorless) Circuit: 

The circuit that we should use in our project to detect the zero crossing point is 

shown in Fig. (3.5), where the motor terminal voltages are stepped down to the input 

range of the comparator IC by resistors Rd and Rf. These resistors and the capacitor 

Cf used as filter to remove the PWM frequency from the BEMF signal. The filtered 

BEMF signals VfA, VfB wJ# 7»l wW} then fed to the positive inputs of the 

comparator. To enable the BEMF voltages to be compared with (VN), a virtual star 

point is created by the three resistors Rs. This voltage is fed to the negative input of 

the comparator. The comparator outputs are then fed to the inputs of the micro 

controller. 
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Fig. (3.5): BEMF Zero crossing detection circuit 

3.2.1.5 How does the system work? 

Typically, a Brushless de motor is driven by a three-phase inverter, which is 

called, Six-step commutation. The conducting interval for each phase is 120 °, by 
electrical angle. The commutation phase sequence is like AB-AC-BC-BA-CA-CB. 
Each conducting stage is called one step 

As we see in fig. (3.5).,there are three outputs from sensorless circuit, back 

EMF A zero cross detect , back EMF B zero cross detect, and back EMF C zero 

cross detect, Each signal goes to microprocessor, then the microprocessor gives it 

signals to the inverter transistors. From fig. (3.6) we can see there are six step of 
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inverter, each step \Q eY° } [} j ~W\j w[ degrees ,in the beginning of operation ,we give 

by microprocessor two signals to Tland T6, which means that the phase current 

flows from phase one to phase three, so when VB is equal to VN, which is equal to 

VDC/2, then the back EMF B zero cross detect, goes to microprocessor, then the 
microprocessor gives signals to Tl and T 4, that means the phase current flows 

from phase one to phase two, as we see in fig. (3. 7) ,in the second step when VC is 

equal to VN, which is equal ~@ 7g l H. A ~=} J the back EMF C cross detect, goes to 

_ \j W@" W@j } QQ@WA ~=} J the microprocessor gives signals to T5. wJ# : MA ~=w~ means 

the phase current flows from phase three to phase ~&@A \J the third step when VA is 
equal to VN, which is equal to 7g l H. A ~=} J the back EMF A cross detect, goes to 

_ \j W@" W@j } QQ@WA ~=} J the microprocessor gives signals to T5 and : . A ~=w~ means 

the phase current flows from phase three to phase @J} A wJ# the same for the three 
remaining steps . 
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Fig. (3.6): back EMF signal and inverter sequence 
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Fig (3.7) Winding energized sequence with respect to back EMF 
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We see in »\XT FSTbNA ~=w~ } � } W! eY° } [} j ~W\j w[ degree of rotation, one pair of 
transistor are active, such that current flows in only two of the motors windings, 

there are six sequence operation to complete one electrical cycle. 

Table (3.1) explains sequence for rotating the motor in clockwise direction 

Sequence n j ~\� } ( c- Q Phase current 
C A f C 
1 Tl T6 DC+ OFF DC- 
2 Tl T4 DC+ g l ­ OFF 
S : K : M OFF DC- DC+ 
4 : Q T2 DC- OFF DC+ 
K T3 T2 DC- DC+ OFF 
e : S T6 OFF DC+ DC- 

Table (3 .1) Sequence of operation in clockwise direction 
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: @ W} � } WQ} ~=} #\W} j ~\@J @» ~=W} } " =wQ} f 3g l - &} W} " [wj } @J} @» ~=W} } " =wQ} Q 
to anther one. 

Table (3.2) explains sequence for rotating the motor in counter-clockwise 
direction 

Sequence n j ~\� } ( c- Q Phase current 
C A B C 
1 T3 T6 OFF DC+ DC- 
. T3 : . DC- DC+ OFF 
S : K T2 DC- OFF DC+ 
M : K T4 OFF DC- DC+ 
K Tl T4 DC+ DC- OFF 
e Tl T6 DC+ OFF DC- 

Table (3.2) Sequence of operation in counter-clockwise direction 

ST. T. v } JQ@W j wQ} 0 

The controller (microprocessor) each time accepts an input from the photo cell, 
and directly changes its output to the other sequences 

In the beginning of operation, we give by microprocessor two signals to Tl and 

T6.Then when the controller (microprocessor) accepts logic 1 from photocell, then it 

gives signals to Tl and T4 MOSFETs, at the same time, and these MOSFETs feed 

the first and third phase of the motor. When it accepts logic h from the photocell, it 

gives two signals to the T5 and T4 MOSFETs, which feed the third and second phase 

of the motor, with the same duration. And so in the other sequences which shown in 

the table (3.1) for the clockwise direction, and in the table (3.2) for the counter­ 

clockwise direction. 

31 

D 



STS V} J} Ww[ block diagram: 

Our system is controlled by closed loop control system. 

STSTr l [@Q} # [@@" control system: 

This system is used when the user needs to operate the motor with a load that 

needs constant speed and variable torque for some operations, only he calibrates the 
speed at the needed constant speed. 

If the load increases on the motor for any additional load torque, then the speed 

will be the same or fixed at the calibrated speed unless the current increases over the 

maximum permissible current, i.e. the speed is compensated only if the current not 

exceeds the permissible current and if it exceeds it, then the system will not 

compensate the speed and will not increase the input voltage to @z~w\J ~=} 
compensation according to equation (2.11). Fig. (3.8) shows the block diagram of 

the closed loop control system. 

kUT« v } } # 
·k i W} W sk®k l@\\~€w~[} R 

DC 
S 1 

Current 
l J~W@[[} 

F»»i u3T·DsDD D[ 9 
Sensor 

-\WJ}" W@~}QQ@W kX 9 

Fig. (3.8): closed loop control system 
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In the closed loop control system there is a feedback signal taken from the 

output (the speed) and then compared to a reference predetermined needed value, we 

€Q} # ~=} ~wj =@X} J} Ww~@W ~@ _ } wQ€W} ~=} wj ~€w[ Q" } } #T 9J w##\~\@J ~@ ~=} j €WW} J~ j [@Q} # 
loop system which is very important here, because the speed maintained constant due 

to current increase and voltage increase as the load increase, these two closed loop 

control systems called cascaded control system in order to maintain our purpose 
( constant speed) and also to prevent the motor from high currents. 

: =\Q Q! Q~} _ j @JQ\Q~Q @» »@[[@&\JX _ w\J j @_ " @J} J~QA ~=} _ \j W@" W@j } QQ@W &=\j = 
contain the controller, Vref and lref, generating circuit, two comparators , DC 

supply which gives us the de needed voltage, the converter which called inverter, 

which used for generating the needed phase voltages from the DC supply, three 

phase brushless de motor , current controller which we used it to prevent current 

from reach to unallowed level , Tachogenerator which is the speed sensor, which 

enables us to compare the actual speed with the reference speed , zwj ? u-+ 
processing unit which we use to give signals that detect the rotor position , pulse 
modeling unit which give pulses to the MOSFETs , and finally the load . 

STST. 4 @& does closed loop system works? 

In this closed loop control system we will control the speed; we adjust the 

reference values at some values, which means the needed speed and current, and 

manage to maintain this speed of operation regardless in the differences in the 

applied torque. We know that when the torque increase, the current will increase to 

reach to unallowed level, then the motor will be brake down, and the system will be 

become unresponse , so we used the feed back signal that taken from output of the 

converter to prevent current from reach to unallowed level, then the system remains 

in the response state , This applied by comparing the actual speed and actual 

current with our required speed and current continuously. 

33 

w€ 



+ 

T1 ] T3 s WQ« 
A 

voe ,:-;; p O 
) 

T2 s 
»A 

T4 ] T6 ] Q» l 

Fig. (3.9): Converter circuit 

The feedback signal is taken from the tachogenerator which gives us a voltage 
proportional to actual speed. And we take feedback signal from output of the 
converter and compared this value with the reference value. 

Feedbacks signals is an analog signal, and the controller (microprocessor) only 

accepts the digital form of signal, so we convert this feedback signal into a digital 

form, using analog to digital converter (AD converter) which converts this voltage 

and current into a hexadecimal value, which represents the actual speed and actual 

current, this feedback value taken to the controller (microprocessor) 

Then the microprocessor subtracts the reference value from the feedback value, 

the resultant of this operation is the error value (represents error voltage). 
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STM ( W@]} j ~ : @~w[ l \Wj €\~T 

In this section we illustrate the total circuit as a block, which represents the 

total system including the controller system and the drive system. Fig (3.10) shows 
the total system. 
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Fig. (3.10): : @~w[ j \Wj €\~ wQ blocks 
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l 4n ( : u8 +h 6 8 

HARDWARE SYSTEM DESIGN 

MTr f W€Q=[} QQ DC Motor 

MT. l @JQ~W€j ~\@J of three phases (BDCM) 

4.3 .Principle of operation 

MTM - @~@W #} Q\XJ j w[j €[w~\@JQ 
MTK : =} converter 
MTe 9J� } W~} W Signals Isolation 
MTb Special Components 

4.8 Parallel Port 
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CHAPTER FOUR 

4n8g c n8u v dv : u- g uv9VP 

In this chapter we will give the hardware system design and how we used the 

=wW#&wW} j @_ " @J} J~QA "@&} W wJ# j @J~W@[ j @_ "@J} J~Q \J @€W Q! Q~}_ wJ# &=! &} 
used these components. 

MTr f W€Q=[} QQ g l Motor: 

c } €Q} # ~=\Q ~!" } @» _ @~@WA ~=W} } " =wQ} Q zW€Q=[} QQ g l _ @~@WA z} j w€Q} \~ X\� } Q 
high speeds, reduces the cost, as known each BDCM needs detection of rotor 

position circuit, an inverter circuit, and control circuit. 

MT. l @JQ~W€j ~\@J of three phases (BDCM): 

h €W SD" =wQ} zW€Q=[} QQ DC motor consists of: 

I) Motor frame, this house contains the iron stator laminated sheets which is 

surrounds the stator phases. 

2) Bearing houses: and here we have two bearing houses in both motor faces. 

3) Bearings: the internal diameter of these bearings is 8mm and the outside diameter 

is 11mm. 

4) Stator. 

5) Rotor. 
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Figure ( 4. I) shown the parts of the motor which we used in our project 

Fig. ( 4.1) the parts of the _ @~@WA r D f wj ? cover . Dv ~w~@W SD 8 @~@W 4-Front cover 
5-Revolving shutter 

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

generated by the stator and the magnetic field generated by the rotor rotates at the 

same frequency. BLDC motors do not experience the "slip" that is normally seen in 

induction motors. 

MT. Tr v ~w~@W0 

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 ( 4.2). Traditionally, the stator resembles that of an induction motor; however, the 

windings are distributed in a different manner. Most BLDC motors have three Stator 
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windings j @JJ} j ~} # \J Q~wW connection. Each of these windings is constructed with 

several coils interconnected ~@ »@W_ w winding. One or more coils· are placed in the 

slots and they are interconnected to make a winding. Each of these windings is 

distributed over the stator periphery ~@ »@W_ wJ even numbers of poles 

! 
G00D\G'T~D TT 

Slots 

nos 

Fig (4.2) Stator ofBLDCM 
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fig.(4.3) Windings of the stator 

number of slots (S)=24. 

number of poles (P)=2. 

winding " \~j = Fd€Nor Dr . T 

phase " \~j = Fd" =Nor DKT 

number of windings(N) =90 turns 

The diameter of wire is 0 . 7 mm. 

and we connect the windings as start to start . 
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MT. T. ( } W_ wJ} J~ magnet rotor: 

9J ~=\Q _ @~@W the exciter is the rotor, which is a permanent magnet, it consists of 
twenty two magnets, these magnets are on the form of rectangular magnets . We place 
them on the rotor surface as shown in fig (4.4). 

Fig (4.4) Rotor with permanent magnets 

Eleven of these magnets perform a north pole and the others performs a south 

pole, and they are mounted on an iron box to construct a cylindrical shape. The 

magnets we used are of the type NdFeB permanent magnet. At room temperature 

NdFeB has the highest energy product of all commercially available magnets. The 

high remanence and coercivity permit marked reductions in motor frame size for the 

same output compared with motors using ferrite magnets .. 
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MTS ( W\Jj \" [} @» @" } Ww~\@J0 

When we apply the first phase with w � @[~wX} ~=} J it flows a current from this 
phase to second phase for 60 electrical degrees, then the current flows from first 

phase to the third phase for other 60 electrical degrees., phase one must be fed (by 

sensorless circuit signal ) . the current value is proportional to voltage applied on this 

phase, and this flowing current will generate a magnetic temporary flux which affects 
~=} W@~@W " @[} A w~ ~=\Q _ @_ } J~ ~=} W@~@W &\[[ W} " } [ wJ# \~ &\[[ W@~w~} T 

At the moment the rotor reaches the second phase then it flows a current from 
this phase to third phase for 60 electrical degrees, then the current flows from second 

phase to the first phase for other 60 electrical degrees., phase two must be fed (by 
sensorless circuit signal ) . 

At the moment the rotor reaches the third phase then it flows a current from 
this phase to first phase for 60 electrical degrees, then the current flows from third 

phase to the second phase for other 60 electrical degrees., phase three must be fed 
(by sensorless circuit signal) . 

As the phase voltages increased then the current increased and so the resulting 

magnetic flux increased (until it reaches the saturation value), as the flux increased 

then the pole repelling will be greater and so the speed of rotation will be higher. 

When the rotor rotate then its flux also rotates, this flux is a changing flux for 
the fixed position relative to stator and so there will be a changing flux applied to the 

unexcited phase, so an induced voltage will be generated in this unexcited phase, this 

induced voltage called back electromotive force (back e.m.f). 
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As the motor speed increases, then the back e.m.f increases and this 

" =} J@_ } J@J j wJ z} €Q} # »@W j @J~W@[[\JX _ @~@W Q" } } # &\~=@€~ €Q\JX wJ! Q} JQ@WT 

MTM - @~@W design calculations: 

We wish to design a brushless DC motor that produces a torque of 0.159 Nm. 

Then we will Q\®} ~=\Q _ @~@W wJ# compute the air gap »[€; #} JQ\~!T : @ do this we 

w" " [\} # ~=} #} Q\XJ Q~} " Q wJ# ~=} #} Q\XJ } ­ €w~\@JQ @» _ @~@WQT 

First we will estimate the rotor volume according to the equation: 

: 8 7 o : H7W 
= TI F99 WW. 3N ············· ( 4.1) 

Where: 

TRY: torque per unit Rotor Volume. 

T: needed torque. 

Yr: rotor volume. 

rr: rotor radius. 

L: axial rotor length. 

There is a table for TRY and shear stress values for some recommended motors 

and their applications. we will use torque to z} YTYr P_ A we computed the rotor 

volume as shown in table ( 4.1 ). And so we can find rotor radius from the same 

equation. 

Also we need to compute the average shear stress at the rotor surface, consider 

one square unit area of the rotor surface, if the average shear stress is F@N ~=} J the 

torque is given by: 
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: o . 9: WW. 3@A 
: 8 7 o . L 

········· (4.2) 
Where, 

@0 w� } WwX} shear stress. 
Then, 

@ o : 8 7 H. 

we have magnets on the form of regtangular shape and their remanent flux are 
f W o r TS2 :T 

Our magnets have a width (Wm) of 4 mm and a length (Lm) @» MS_ _ A wJ# 
5mm ~=\j ?J} QQ F_ NT 

So the pole area of the magnet (Am) is: 

Am=Lm*Wm ................ (4.3) 

And also we need to compute the remanent flux: 

" Wof W n_ ·········· (4.4) 

And the internal leakage permeance is given by: 

·[@ k~W}jHn_ ( @ 
[ ........ (4.5) 

Where: 

Pmo= is the internal leakage permeance. 

µrec.: coil permeability 

µ0: Air permeaplity. 

tm=5mm (radial length, the magnet length in the direction of magnetization 

44 



These magnets are constructed in the rotor as shown in Fig (4.1). Let us 
compute the stator volume to determine the air gap value; the stator volume follows 

~=} W@~@W � @[€_ } A for every rough estimation of overall size, a typical value of split 
ratio S (rotor/stator diameter ratio) can be used. 

Then, 

7Qo 7WHv . 
Where, Vs is the stator volume. 

From the stator volume, we can compute the effective stator radius rs. 

Then the air gap was calculated. And so the internal stator radius (rs-in) is 

equal to rotor radius plus the air gap length. After that we computed the external 

radius of the stator (rs-out) by adding the effective radius to the internal radius. 

And so we can compute Bg as follows. 

The area of the air gap (Ag) is the area above the permanent magnet and it 
given by: 

......... (4.6) 

Where: 

" 0 : =} wJX[} wXw\JQ~ @W @" " @Q\~} ~@ ~=} wW} w _ wXJ} ~ &=\j = } ­ €w[Q r YK #} XW}}QA 
note figure (4.1). 

r: the radius from center to air gap w� } WwX} FWo 20.75mm). 

L: axial length. 

g :equivalent air gap length. 
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Fig. ( 4.5): Rotor cross section 

: =} J &} J} } # ~@ j @_ " €~} ~=} w\W Xw" W} [€j ~wJj } wQ ~=} »@[[@&\JX W} [w~\@JT 

8Ao , 
~@nX 

············· (4.7) 

Also, we need to calculate the \J~} WJw[ " } W_} wJj } A wJ# it given by: 

Pm= Pmo(l+Prl) ......... (4.8) 

Where (W 1 is the rotor leakage permeance, which represents the paths of 

magnet flux components that fail to cross the air gap and it's difficult to estimate it 

because the flux paths are not obvious. By practice it's founded that Prl has values 

0.05 to 0.2, and assuming it to be 0.1. 

Then we computed the MMF across the magnet to the MMF across the air gap 
as: 
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W g A rm- 
r R ( « 8A 

...... ~ (4.9) 

Then we wrote the ratio of the magnet pole area to the air gap area as 
" o Am 

j G M5 
....... (4.10) 

And then ~=} w\W Xw" »[€; density can extracted as follows. 

B _ c'<I>.Br X 
r R ( 8 A 

......... (4.11) 

And then from this equation we computed the air gap flux. 

Then the magnetic flux in the air Xw" \Q 
g X o Bg*Ag .......... (4.12) 

After that we determined the motor j @JQ~wJ~ l A 

C oF/ ( N I (2*Il*a) 
Where: 

P: number of poles and here =2. 

a: number of parallel paths and equal 2. 

f €~ / o . Pl 

.......... (4.13) 

Where, 

N: number oftums per one coil, which equals to 96. 

l 0 J€_ z} W of coils and =} W} l o 2. 
After that we compensated all the previous design equation in table ( 4.1 ). 
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Equation Answer 
V, KMTYY, } DK _ WA 20mm s 0.77 
WA 25.75mm 
G 1.5mm 
rs-in, rs-OU! 21.5mm, 47.25mm 
W FXw"N 20.75mm 
7A bYTr } De _ ° 
Am r b. __ 
<P, 0.239e-3 Wb 
( @ 432.064e-3 (Wb/At) 
nA 2246 } De _ 
8A 0.53 e6At/Wb 
( A 475.27 e-3Wb/At 
Fm 9.5 e-10 At 
c'<P 0.07 
f A 0.69T 
gA 0.0015598 Wb 
z 3 84 conductors 
C 61.14 s/Wb 
l "@ 0.056 V.s 

Table (4.1): Motor design 
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MTK : =} Converter: 

: =} converter used in our project consists of a DC supply and an inverter. 

MTKTr 9J� } W~} W0 

The inverter provides the required sequence of the phase voltages that operates 
the motor in both directions. In our project we mean by the inverter, the electronic 

. . 
power circuit which gives us the required DC pulses for the motor 

This inverter consists of 6 transistors as shown in fig ( 4.6). 

R 

Micro 
processor 

Tl , J 
UU s 

: S 

______ J 
I 

} } } } 

TS 
, j 

: M 

GTY 

Fig (4.6): Inverter circuit. 

A B C 

Typically, a Brushless de motor is driven by a three-phase inverter with, what 
Y 

· II d · t commutation The conducting interval for each phase is 120 by IS ca e ' SIX-S ep . 
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XX 

electrical angle. The commutation phase sequence is like AB-AC-BC-BA-CA-CB. 

Each conducting stage is called one step. Therefore, only two phases conduct current 
w~ wJ! ~\_ } A [} w� \JX ~=} ~=\W# " =wQ} €J} ; j \~} #T 

: =} \J� } W~} W Q=@€[# z} j @_ _ €~w~} # } � } W! eYY Q@ ~=w~ j €WW} J~ \Q \J " =wQ} &\~= 
the back EMF. The commutation timing is determined by the rotor position, which. 

can be detected by Hall sensors or estimated from motor parameters, i.e., the back 

u-+ @J ~=} €J} ; j \~} # j @\[ @» ~=} _ @~@W \» \~ \Q Q} JQ@W[} QQ Q! Q~} _ T 

In brushless de motor, only two out of three phases are excited at one time, 

leaving the third winding unexcited. The back EMF voltage in the unexcited winding 

can be measured to establish a switching sequence for commutation of power devices 
in the three-phase inverter. 

These transistors receive their gate pulses from the microprocessor that 

provides the suitable signals for the transistors for both directions. 

The microprocessor changes these Q\XJw[Q »W@_ @J} phase to another when it 
receives a changing phase signals from the photo cell which senses the rotor position, 

or from sensorless control circuit. 

MTKT. g l supply: 

We used this changing DC power supply to feed the motor through the 

inverter. 
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MTe 9J� } W~} W Signals Isolation. 

Our inverter consists of 6 transistors for operating the designed brushless motor 

bidirectional rotation. 2 transistors for each phase are required .The transistors 

require signals to turn it on to conduct the current of each phase of the motor. 

These signals come from the microprocessor system. They must be isolated 

from the power circuit (the inverter). : =} PDj =wJJ} [ - h v +u: J} } #Q a positive gate 
voltage applied between the gate and the source of the MOSFET without existing 

wJ! W} Q\Q~wJj } z} ~&} } J the source and the ground of the gate voltage supply. So the 
load that is driven must be on the drain side of the MOSFET. 

v7 
C0 K7 7} j [ 

7j j M QQ@ r 2. QA « 

J 
OOk OOk 

3 
DoD 9 

phase A 

" =wQ} f 

phase c K7 K7 K7 7} j a 7j j a 7} j S 
Z 

OOk OOk OOk 

Fig (4.7): Isolation of power circuit 
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• When the power supply is disconnected from the motor, it works as a 

generator and it reverse the current. This reverse current may destroy the 

MOSFETs; we have connected for } wj = - h v +u: w reversing diode to pass 
the reverse current without letting it to pass through the MOSFETs. 

• The inputs of the optocouplers come from the microprocessor system through 
a current-limiting resistor. 

MTb Special Components. 

4. 7.1 Photocell: 

We used this photocell in our project to detect the rotor position relative to 

each phase, so we can give the suitable pulses for the appropriate phase in the 
suitable time. 

We found that this sensor is an efficient sensor for detecting the position rotor, 

because it gives suitable pulse when the rotor crosses this light, with a high accuracy 

and a very high speed. 

When the rotor crosses this light, then the photo sensor gives a signal to 

microprocessor, which changes its output from phase to phase as mentioned 

previously. Fig ( 4.8) shows the encoder construction. 
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Fig (4.8): Encoder construction 

MTbT. h " ~@D\Q@[w~@WQ0 

An opt-coupler (also called an opt-isolator) combines an LED and a 

photodiode in a single package. Fig (4.9) shows an opt coupler. It has an LED on the 

input side and a photodiode on the output side. The left source voltage and the series 

resistor set up a current through the LED. Then the light from the LED hits the 

photodiode, and this sets up a reverse current in the output circuit. This reverse 

current produces a voltage across the output resistor. The output voltage then equals 

the output supply voltage minus the voltage across the resistor. 
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"X 

3ug ® ]»XD TTT • PHOTODIOD 

Fig FMT2N0 h " ~@Dj @€" [} W 

When the input voltage is varying, the amount of light is fluctuating. This 
_ } wJQ ~=w~ ~=} @€~" €~ � @[~wX} \Q � wW!\JX \J Q~} " &\~= ~=} \J" €~ � @[~wX} T := \Q \Q &=! 
the combination of an LED and a photodiode is called an opto coupler The device 
can couple an input signal to the output circuit. 

The key advantage of an opto coupler is the electrical isolation between the 
input and output circuits. With an opto coupler, the only contact between the in put 

and the output is a beam of light. Because of this, it is possible to have an insulation 
resistance between the two circuits in the thousands of Meg ohms. Isolation like this 

is useful in high-voltage applications in which the potentials of the two circuits may 
differ by several thousand volts. 

The aim function of it is connection between the microprocessor-based 
components and power circuit. 

MTbTS - \j W@" W@j } QQ@W0 

The microprocessor is a multipurpose, programmable logic device reads binary 

instructions from an EPROM memory as a program and processes data according to 

those instructions and provides results as output. The 8085 microprocessor has its 

low order address bus multiplexed with ~=} , Dz\~ #w~w bus. They are demultiplexed by 
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using a compatible octal transparent [w~j = F~W\DQ~w~} [w~j =N that save the low order 
address to be used for device selection. 

The 8085 microprocessor puts the PC (program counter) contents into ~=} r e­ 
bit address bus for a small duration. At the same time it sends a high signal on the 

ALE (Address Latch Enable) line of the microprocessor. Then, it reads or writes 

from or into the data bus. ALE signal indicates that the data exists on the 
address/data bus is an address now. We take the ALE signal to enable the latch to 
store the low order address bus as shown in fig (4.10). 

eTY - 4 / 

kA 
Xl ; . 

A 
uv u: IN Al5 

n, 
DD TRAP n3A 

Latch s WoAkbaKSbM -- RST7.5 @u + ng b g b ) b 
D6 Q -- RST6.5 OS Q 
g M Q4 
D3 Q3 - 8 v : KTK 
D2 Q2 
D1 Ql ADO DO ) @ 

8085 

IO/M 
RD 
c 8 

RESET OUT 

8 
r K 

AO 

r 
DO 

Fig (4.10): demultiplexing address/data bus 
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MTbTM ( l F(} WQ@Jw[ l @_ " €~} WN 

The controller of the invert h 
. er or t e pulse generator device to the switching 

#} � \j } F- h v +u: QN \Q w " } WQ w[ 
ona computer, and the software that used for this job is 

VISUAL C++ LANGUAGE and th 
, e controller has the following characteristics at 

least: 

• ( } J~\€_ G9 j @_ " €~} W r ee-4® 
• 8n - _ } _ @W! S. 1f T 
• Contain parallel port (printer " @W~NT 

• Windows 95 or above to operate visual C language. 

4.8 Parallel Port 

MT, Tr 9J~W@#€j ~\@J to Parallel Port 

The Parallel Port is the most commonly used port for interfacing home made 

projects. This port will allow the input of up to 9 bits or the output of 12 bits at any 

one given time, thus requiring minimal external circuitry to implement many simpler 

tasks. The port is composed of 4 control lines, 5 status lines and 8 data lines. It's 

found commonly on the back of your PC as a D-Type 25 Pin female connector. 

There may also be a g D: !" } . K " \J male connector. This will be a serial RS-232 port 

and thus, is a totally incompatible port. 
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MT, T. ( wWw[[} [ Port Hardware Properties 

Below is a table of the "Pin Outs" of ~=} g D: ! " } . K Pin connector and the 
Centronics 34 Pin connector. : =} g D: !" } . K pin connector is the most common 

connector found on the Parallel Port of the computer, while the Centronics Connector 
is commonly found on printers. 

\ ± [V [ 

Fig ( 4.11 ): Parallel Port Pins 

Table (4.2): Pin Assignments of ~=} g D: ! " } . K pin Parallel Port Connector. 
D· D· • · · DD· ·----- TTT ,·- . 9P nPP [- P-[ [-c®c n» n _ ••- :-~••--• • • . • --• ,---•••• • ••--••-•-••••••• -••OOHO ~ 

DUDU» 4 wW#&wW} 9 Pin No : p· N , 'Direction, R . t 
5 (\ JTP@ v ( ( v \XJw[ G E}X\Q~} r ! } W~} # FgD: ! ° Fl } J~W@J\j QN 9JH@€~ T 
i 25) ! . 

r 
D D l y .... 

r r Jr v ~W@z} 9JHh €~ l @J~W@[ G} Q 
Data 

- --- -- ---­ s " X ) Ms€ ' - --i-- 
3 

4 
5 

e 
,- ·- ------- 

b 
8 

2 
3 
M 
5 

··- D· · · · · · · 
6 
b 
8 

9 

Data0 
g w~w r 

Data2 
Data3 
Data4 
Data5 

Out ----··------ ··-- __ ,... ··--- .... ------! 
Data_ _ _ _ ---------!. [-c -c Pc9= Xs[[ -P ssX-sLs@ 

G g w~w 
Data 

. ----: 
A g w~wA 

____ G ------- ·------: 
g w~wG · TTT A TTTTTT \ 

Out 
Out 
Out 
Out 

sX [9 n 

: Out 

2 
r Y 9h 

X s9»[ " sssss&9® 

J J Z f €Q! 

Data 
Data 

v~w~€Q G 

UUUU ] 
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9 
I 12 9 12 

13 13 

14 14 

15 S. 
16 Sr 

· · · · · · · · · · · · · · · DD· D X X nX XZ XU 

17 36 

( w" } WDh €~ H 
In Paper-End Status 

[s w_ 

Select In Status 
J n€~@­ 
Linefeed In/Out Control 

JuWW@W H J+w€[~ \J 
J[J\~\w[\®} 9JHh €~ 

Jv } [}j ~D( W\J~}Wt 
: I nSelect-In · In/Out 

r Q D. Q r 2TSY V@w 

Yes 

Status 
Control 

Control Yes 

VJ# 

The above table uses "n" in front of the signal name to denote that the signal is 
active low. E.g. Error. 9» the printer has occurred an error then this line is low. This 

[\J} J@W_w[[! is high, should the printer be functioning correctly. The "Hardware 

Inverted" means the signal is inverted by the Parallel card's hardware. Such an 

example is the busy line. 9» +5v (Logic 1) was applied to this pin and the status 

register read, it would return back a O in Bit 7 of the Status Register. 

The output of the Parallel Port is normally TTL logic levels. The voltage levels 

are the easy part. The current you can sink and source varies from port to port. Most 

Parallel Ports implemented in ASIC, can sink and source around 12mA. However 

these are just some of the figures taken from Data sheets, Sink/Source 6mA, Source 

12mA/Sink 20mA, Sink 16mA/Source 4mA, and Sink/Source 12mA. As you can see 

they vary quite a bit. The best bet is to use a buffer, so the least current is drawn from 

the Parallel Port. 

4.8.3 Port Addresses 

The Parallel Port has three commonly used base addresses. These are listed in 

bl (4 3) b I := } Sf l = zwQ} address was originally introduced used for Parallel ta e . , e ow. 

P l V.d j ds This address then disappeared for a while, when Parallel orts on ear y 1 eo ar . 
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Ports were later removed from Video Cards. They have now reappeared as an option 

for Parallel Ports integrated onto motherboards, upon which there configuration can 
be changed using BIOS. 

3(: 9 \Q nonnally assigned base address 378h, while LPT2 is assigned 278h. 
However this _ w! J@~ w[&w! Q is the case as explained later. 378h & 278h have 

always been commonly used for Parallel Ports. The lower case h denotes that it is in 
hexadecimal. These addresses may change »W@_ _ wj =\J} ~@ machine. 

Address 
[ X &} i s Cs€XX\JX U 

38Ch- 3BFh 

Table ( 4.3): Port Addresses 

Notes: 
6 Q} # »@W ( wWw[[}[ ( @W~Q &=\j = &} W} 

incorporated on to Video Cards - Doesn't 
support ECP addresses 

Sb, = DSb+= 6 Q€w[ n##W} QQ +@W 3(: r 
. b, = D . b+=A 6 Q€w[ n##W} QQ +@W 3( : . 

4.8.4 How to Connect Circuits to Parallel Port 

PC parallel port is 25-pin D-shaped female connector in the back of the 

I : #[! €Q} # for connecting computer to printer, but many other j @_ " €~} WT '~ \Q J@W_w 

types of hardware for that port are available today. 

25 ded always Usually you can easily do with only 8 output Not all are nee · 
. 1 d I have presented those pins in the table below. " \JQ F#w~w [\J} QN wJ# Q\XJw[ XW@€JwT 

Those output pins are adequate for many purposes. 

Pin 

2 

3 

4 

function 

DO 

DI 

D2 

K2 



5 D3 

e g M 
7 D5 

, g e 
9 D7 

Pins 18, r 2A. YA. r A. . A. SA. M and 25 are all ground pins. 

: =@Q} #w~w " \JQ wW} :: 3 [} � } [ @€~"€~ " \JQT : =\Q _ } wJQ ~=w~ ~=} ! " €~ @€~ \#} w[[! 
OV when they are in low logic level (0) and +5V when they are in high logic level 

Fr NT In real world the voltages can be something different from ideal when the circuit 

is loaded. The output current capacity of the parallel port is limited to only few mill 
amperes. 

4.8.5 How ~@ l w[j €[w~} d@€W Own Values to Send To Program 

You have to think the value you give to the program as a binary number. Every 

bit of the binary number control one output bit. The following table describes the 

relation of the bits, parallel port output pins and the value of those bits. 

Pin 1 2 3 4 5 6 7 8 9 14 

Bit Cl DO DI D2 D3 D4 D5 D6 D7 C2 

Value I 1 2 4 8 16 32 64 128 2 

F 1 · W ant to set pins 2 and 3 to logic 1 then you have to output or examp e 1 you w 
value 1 +2=3. If you want to set on pins 3,5 and 6 then you need to output value 

• alculate the value for any bit combination you . R, Rr eo. eT 9J ~=\Q &w! ! @€ j wJ j 

want to output. 
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l 4 n( : u8 +97u 

v h +: c n8u v dv : u- g uv9VP 

KTr 9J\~\w[\®w~\@JQ 

KT. g } ~} W_ \J\JX the pins which we used as input and output 
KTS l w[j €[w~\JX ~=} hex j @#} Q W} ­ €\W} # »@W each phase for both directions 
KTM +[@& Chart of the System 
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l 4n ( : u8 +97u 

v h +: c n8u vdv : u- g uv9VP 

KTr 9J\~\w[\®w~\@JQ0 

: =W} } D( =wQ} f W€Q=[} QQ g l - @~@W \J @€W " W@]} j ~ \Q j @J~W@[[} # \J Q\; Q~} " Q @» 
inverter as we mentioned previously in chapter three, this inverter feeds the motor 

phases in j [@j ?&\Q} wJ# counter clockwise directions operation. This inverter 
receives its signals from the parallel port of the microprocessor. 

The microprocessor interchanges these signals from one step to another when it 

receives signal from the back EMF sensing circuit or from encoder of the sensor 

which senses the rotor position, and here, when the rotor is in the first phase region, 

then it outputs a hexadecimal code used to operate the first phase for a period of time 

until the back EMF signal or sensor signal received. Here the microprocessor 

changes its output to another code that operates the second phase until the other back 

EMF or sensor signal is received. Here the microprocessor changes its output to 

another code that operates the third phase until the other back EMF or sensor signal 

is received. And this operation is recurrence. 

As we mentioned in the chapter four we used the parallel port to interfacing the 

power circuit of this project with microprocessor, and we know that the parallel port 

contains input and output pins. ( \J F. D2N €Q} # as output of parallel port, and pin Fr Y­ 

13& 15) used as input of parallel port. 
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In our project we used six output of parallel port to feed six transistors of the 
\J� } W~} W &\~= Q€\~wz[} Q\XJw[QA wJ# &} €Q} # »\� } \J" €~ @» " wWw[[} [ " @W~ ~@ »} } # ~=} 
microprocessor with suitable signals »W@_ Q} JQ@W[} QQ j \Wj €\~ or from sensor. 

KT. g } ~} W_ \J\JX the pins of parallel port which we used as input and output: 

: wz[} FKTr N Q=@&Q ~=} " \JQ &=\j = &} €Q} # \J @€W " W@]} j ~ wJ# \~Q €QwX} A 

Table (5.1) the pins of parallel port which we used 
Pin No Direction usage 
2 OUT To feed transistor #1 
S OUT To feed transistor #3 
M OUT To feed ~WwJQ\Q~@W CK 
5 OUT To feed transistor #6 
6 OUT To feed transistor #4 
b OUT To feed ~WwJQ\Q~@W C. 
10 9P Switch for reverse direction 

11 9P Sensor signal 

12 9P Back EMF A zero cross detect 

13 9P Back EMF B zero cross detect 

15 9P Back EMF j zero cross detect 
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KTS j w[j €[w~\JX the hex codes required for each phase for both directions: 

Table (5.2) explains sequence for rotating the motor in clockwise direction 

Table (5.2) sequence of operation in clockwise direction 
Sequence n j ~\� } ( c- Q Phase current 

C A B C 
r TI : e DC+ h ++ DC- 

- 2 :[ T4 DC+ DC- h ++ 
3 : K T4 h ++ DC- DC+ 
4 : Q T2 g l ­ h ++ DC+ 
K T3 :. DC- DC+ h ++ 
6 T3 T6 h ++ DC+ DC- 

: wz[} FKTSN } ; " [w\JQ Q} ­ €} Jj } »@W W@~w~\JX ~=} _ @~@W \J j @€J~} WDj [@j ?&\Q} 
direction. 

f operation in counter-clockwise direction T bl (5 3) sequence o a e 
ActivePWMs Phase current Sequence 

A B C C 

DC- h ++ DC+ : K T4 1 
h ++ g l ­ DC+ :[ T4 . 

h ++ DC+ Tl : e g l ­ 3 
g l ­ DC+ T3 : e h ++ 4 
g l ­ h ++ : S T2 DC+ K 
h ++ DC- :. DC+ 6 : K 

eM 

_\ 



As we see in ~wz[} Q FKT. N wJ# (5.3) there are six sequences of inverter for both 
directions and each sequence has especial code in programming of microprocessor. 

Table (5.4) explains these sequences and their codes in binary and hex, for 
clockwise direction. 

: wz[} FKTMN j @#} Q @» j [@j ?&\Q} #\W} j ~\@J 
Sequence# n j ~\� } ( c-Q binary hex 

1 :[ : e YYYY r YYr 09 
2 :[ T4 YYYr YYYr 11 

: K T4 0001 0100 14 
3 

: K T2 0010 0100 24 
4 

T3 T2 YYr Y YYr Y 22 K 

T6 YYYY r Yr Y OA 6 T3 

d h · d s in binary and hex, for nJ # ~wz[} FKTKN } ; " [w\JQ ~=} Q} Q} ­ €} Jj } Q wJ ~=} \W j @#} 
counter clockwise direction. 

Table (5.5) codes of counter clockwise direction 

ActivePWMs binary Sequence# 
0001 0100 I : K T4 

0001 0001 . Tl T4 

0000 1001 3 Tl : e 
0000 1010 4 T3 : e 
0010 0010 T2 K T3 
0010 0100 T2 e : v 

hex 
14 

11 

09 

OA 

22 

24 
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5.4 Flow chart of the system: 

START 

H} @« 
g }~} j~ 

In " \J lO=switch 
Pin 11= sensor 

No No « 

yes 

Out 
to 378H 

[ 
1o?R9 Import from 

9»?ooeN «» 379H intoj 
1oY5 

No 

ee 



l 4n ( : u8 v9m 

RESULTS 

6.1 Motor Characteristics 
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eTr - @~@W Characteristics. 

This chapter shows the motor characteristics, we applied variable annuture 

voltage for the motor at 12 V,15V,24V. And we recorded the readings of the motor 

current (Ia), speed (w), and the input power (Pin) ,at different annature voltages. 

6.1.1 Motor Curves: 

We plotted the mechanical characteristics, the efficiency-torque curve, speed­ 

torque curve, and Efficiency-output power curve, for the motor. These curves are 
shown in the following figures : 

u++9l uP5d ° +F[N 

. M¥ g l 

w r ZK7 g l 

± "}Xi"W}Q»»A 

17 ," ... · ,.. ... : : . · 

YS YSK YM r K' Yr K Y. Y.K ■ l 2VOC ll.05 O.I . € r ll.m 

es at different voltages Fig. FeTr N0 - @~@W efficiency-torque curv 

JL o F(@€~H ( \JNr YYL 

where Pout = T. ro 
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tWW ttX&@&AA 

• 24VDC 

w r K7 g l 

■ 12VDC 

. 
T · @ w wA Q S 

Fig. ( 6.2): Motor speed-torque curves at different voltages 

Va= C¢mr+la.Ra 

and 

7w 8 wT: 
mr = ( C¢) - Fj ¢ N. 

Where: 

C: is the motor constant and its unit is (V.s / Wb) 

B9p0 is the air gap magnetic flux (Wb ). 

0 : =} angular velocity of the Rotor. 
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CHAPTER SEVEN 

l h Pl 36 v9h P nP g 8u l h -- uPg n: 9h Pv 

bTr l @Jj [€Q\@J 
7.2 Recommendation 



l 4n ( : u8 v u7uP 

CONCLUSIONS AN 
D RECOMMENDATIONS 

bTr l @Jj [€Q\@JQ 

In this chapter we will· r = 0 epresent t e conclusion and summary of our project, 
the applications of brushless g l Ff 3g l N T motors and drives have grown significantly 
in recent years in the appliance industry and the automotive industry. 

We designed this brushless DC motor with a permanent magnet rotor design. 

This design eliminates the rotor excitation losses and minimizes the rotor volume. 

Sensorless operation method is a very efficient method for detecting the rotor 

" @Q\~\@JT : =} zW€Q=[} QQ DC motor needs a position sensor which detects the rotor 

angular position. So, we designed and constructed a sensorless circuit to avoid using 

sensor and to get a great accuracy in determining the rotor position. We operated the 

project by the two methods, using the sensor and the sensorless circuit. 

The inverter which we used in our project provides the required sequence of 

the phase voltages that operates the motor in both directions. This inverter consists of 

six transistors, and these transistors receive its pulses from the microprocessor that 

provides the suitable signals for these transistors for both directions. We designed 

th. · ·th peci·a1 1·solation circuits that first isolate the signals from the r Q \J� } W~} W &\~ w � } W! Q 
· d d avoid using multiple power supplies for the _ \j W@" W@j } QQ@W Q! Q~} _ A wJ Q} j @J€A 

transistors gates of the inverter. 
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The microprocessor-based system 
provides digital communication for the 

Q\XJw[Q ~=w~ j @J~W@[ ~=} " W@]} j ~GQ wJw[@X j \Wj €\~QT : =wW5L w~T@»Q W A 
· ~w~ r Q w XW} w~ Q@[€~\@J »@W } 

limitations of the time response of the speed and current control systems. 

Through our project we find that ~=} zW€Q=[} QQ g l motors are widely used in 

much application such as Hard disk drives wJ# l g Hg7g #W\� } A heating, ventilation 
and air conditioning, Refrigerators, Medical equipment, Robotics, Fans and Pumps. 

This widely used is referred to the many advantages that it have, such as low 
cost, simplicity, reliability, good performance, high speed. 

We used the microprocessor which is a very efficient controller, in this 

system because it replaces instead of a very complex control circuit and also it saves 

a lot of money by reducing a number of hardware devices. 

We will focus in our project how back EMF detecting the rotor " @Q\~\@J 
Of Usl·ng this method such as reduce cost and increase the and the advantages 

reliability. 

bT. 8 } j @_ _ } J#w~\@JQT 

cher generations the following. Finally, we recommend the next resear 

r t. to sensorless operation. Some 0 wJ w[~} WJw~} Q@[€~\@J 
[T P} & _ wj =\J} #} Q\XJ r Q DMw[ }J Q\JX &\J#\JX ~@ ~=} _ wj =\J} ~@ 

. to add the specia se 
research \Q X@\JX @J Hall-type sensors; therefore the 

· · There are no \J#\j w~} ~=} W@~@W " @Q\~\@JT 

system is robust. 
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The microprocessor-based system 
provides digital communication for the 

signals that control the project's analog j \Wj €\~QT : = t · l t· ~ th 
· ~w~ r Q w XW} w~ Q@[€~\@J »@W } 

limitations of the time response of the speed and current control systems. 

Through our project we find that ~=} zW€Q=[} QQ g l motors are widely used in 

much application such as Hard disk drives wJ# l g Hg 7g #W\� } A heating, ventilation 
and air conditioning, Refrigerators, Medical equipment, Robotics, Fans and Pumps. 

This widely used is referred to the many advantages that it have, such as low 
cost, simplicity, reliability, good performance, high speed. 

We used the microprocessor which is a very efficient controller, in this 

system because it replaces instead of a very complex control j \Wj €\~ wJ# w[Q@ it saves 
a lot of money by reducing a number of hardware devices. 

We will focus in our project how back EMF detecting the rotor " @Q\~\@J 
Of Usl·ng this method such as reduce cost and increase the and the advantages 

reliability. 

bT. 8 } j @_ _ } J#w~\@JQT 

archer generations the following. Finally, we recommend the next rese 

l t. to sensorless operation. Some . . an alternate so u ion 
[T P} & _ wj =\J} #} Q\XJ r Q D\w[ }J Q\JX &\J#\JX ~@ ~=} _ wj =\J} ~@ 

0T ~@ w## ~=} Q" } j \w[ Q} 
research \Q X@\JX @J H II-type sensors; therefore the 

. . There are no a \J#\j w~} ~=} W@~@W " @Q\~\@JT 

Q! Q~} _ \Q W@z€Q~T 
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. T : =} #} Q\XJ @» f 3g l _ @~@W \Q J@~ Q~wJ#wW#\®} # ! } ~T h " ~\_ \®} # #} Q\XJ @» ~=} 
BLOC motor that achieves higher efficiency with lower cost is desirable. 

Continuing the studies of ~=} SD" =wQ} zW€Q=[} QQ g l motors for improving the 
3. 

values of the torque, speed and motor volume. 
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1. APPENDIX A: SOFTWARE PROGRAMS. 

. T n( ( uPg 9m B: MAGNET PROPERTIES. 

3. APPENDIX C: MOTOR AND CONTROLLER FIGURES. 
MT n( ( uPg 9m g 0 l 4 9(v g n: n v 4u u: v 

bK 



DDDDDDDDDDDD 
APPENDIX A 

v h +: c n8u ( 8 h V8n- v 

1. Sensorless control method 
2. · sensor control method 

be 



D 
l. Sensorless control method : 

B\Jj [€#} B#@QT= 
B\Jj [€#} BQ~#\@T=C 
B\Jj [€#} Bj @J\@T=[· 
B\Jj [€#} B_ w~=T=C 
B\Jj [€#} B#@QT=C 
define b Ox378# 
define \J h ; Sb2C 

()main 
· 
;_int i=OxOO ,k=O ,x=OxOO 
(;;) for 
· 

;(i=inport(in 
;x=i&Ox08 
switch(x) 
· 
case OxOO: //CW 
(if (x!=i&OxOB 
;k=O 
(swi·tch (k 
· 
;case O:outport(b,Ox09);break 
;case 1:outport(b,Oxll);break 
;case 2:outport(b,Ox14);break 
;case 3:outport(b,Ox24);break 
;case 4:outport(b,Ox22);break 
;case 5:outport(b,OxOA);break 

HH( \J r Yov &\~j = 

;k++ 
(if(k=6 
;k=O 
5zW} w? 
case Ox08: 
(if (x!=i&OxOB 
5?oh 
(switch(k 
· 
;case 3:outport(b,OxOA);break 
;case 4:outport(b,Ox22);break 
;case 5:outport(b,Ox24);break 
;case O:outport(b,Oxl4);break 
;case 1:outport(b,Oxll);break 
;case 2:outport(b,Ox09);break 

H Hl l& 

5 ?RR 
F\» F?ooe 
5 ?oh 

bb 



D 
;break 
Z 
5 F#} [w! FeYYY 

5 F@€~" @W~ FzAY; h h 
Z 

b, 



D 
. T Q} JQ@W j @J~W@[ _ } ~=@#0 

C\Jj [€#} B#@QT=p 
C\Jj [€#} BQ~#\@T=p 
C\Jj [€#} Bj @J\@T=p 
C\Jj [€#} B_ w~=T=p 
#define b Ox378 
#define \J Y; Sb2 

main{) 
Z 

\J~ \oY; YYA]oY; YYA?oYA; oY; YY0 
for { _;;) _ ' 

Z 

i=inport{in); 
; o\EY; Y, 5 
switch{x) 

Z HH( \J r Yov &\~j =A( \J r r ov } JQ@W 
case OxOO: //CW 
if {x!=i&Ox08) 
k=O; 

switch{k) 
Z 
j wQ} h 0@€~" @W~FzAY; Y2N 5zW} w?5 
case 1:outport{b,Oxll);break; 
case 2:outport{b,Ox14);break; 
case 3:outport{b,Ox24) ;break; 
case M0@€~" @W~FzAY; . . N 5zW} w?5 
case 5:outport{b,OxOA);break; 
· 

j=inport{in); 
if{i!=j) 

Z 
++k; 
if{k=6) 
k=O; 

· 
break; 

case Y; Y, 0 HHl lc 
if {x!=i&Ox08) 
k=O; 

Q&\~j =F?N 
Z 
case 
case 
case 
case 
case 
case 

3:outport{b,OxOA);break; 
{b Ox22) •break; 4:outport , ' . 

5·outport(b,Ox24);break, 
· z w?0 Y0@€~" @W~FzAY; r MN 5HW}L ·K 

(b O 11) •break, 1:outport , x ' . 
0 09) •break, 2:outport(b, x ' 

· 
]o\J" @W~F\JN 5 
\»F\'o]N 
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F 
++k; 
\» F?ooeN 
?oh 5 

· 
break; 

· 

· 
outport(b,OxOO); 

, Y 



Matlab simulation: 
( W@XWw_0 o»F:N0 

- r oF. YA. eT, ASr TSASSTMASeTSASbT2r A 
- . or 2T. A. bTr ASYTeASSTMASbT. ASbTr NA 
- SoFr eTbA. MTKA. , AS. TSASSTKAMYTM]AG 
: oFYTYKAYTr AYTr KAYT. AYTSAYTSKr A 
polyfit(T,Ml,l) 
polyfit(T,M2,l) 
polyfit(T,M3,l) 

fl=(-220.6190*Q+l43.6119*T+l3.9957); 
£ . oFD. Kr Tr M. 2YRr KbTSYYYr Rr . TeKr MNA 
f3=(-148.857l*Q+l27.8429*T+ll.B629); 
plot(T,fl,T,f2,T,f3,T,Ml, 'bo',T,M2,'go', 

T,M3, 'ro');grid; 

( W@XWw_ 0 o»F:N0 
wl=[225.1,209.4,200,189.5,180.l,176.9]; 

&. okr , , TKAr b2Tr Ar e2TeAr eMTMAr K. T2Ar MeTe«5 
w3=[139.3,136.l,125.6,123.6,lll,105.8J; 
T=[0.05,0.1,0.15,0.2,0.3,0.35]; 
polyfit(T,wl,1) 
Polyfi t (T, w2, 1) 
polyfit(T,w3,l) 
f3=(-0.0087 *w3+1.2611); 
f2=(-0.0073*w2+1.4113); 
fl=(-0.006l*wl+l.3877); 
plot(fl,wl,f2,w2,f3,w3,T,wl, 'bo',T,w2, 'go', 

: A&SAGW@GN 5XW\#5 
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MAGNET PROPERTIES 
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T 
· The B-H hysteresis loop of a hard permanent magnet material: 

J. 

T:thlc .1.1. Magnet properties 

Alnico 
Ceramic v _Al @AA NdFcB Units KDb 

1.12 

Property 

0.405 1.06 
1.06 

T I.JS 
0.37 0.94 

30.0 
0.074 

26.0 

fl, 
T 

7.5 ST, M 
1.03 I. I 

M[ 
MGOc 

I.I 
7.4 

Ff \JAA 
rT2 

MT, , T. 
150 

7.31 
86 

c} 
47 pr Y 

v " } j \»\j XWw� \~! 
]. j _ 

2 3.4 
Resistivity 

11.3 r S 
-0.025 -0.1 

Thermal cxpan- 
9@D! l 

YT. sion 
« Hl -0.02 

pSY 
f A ~} _ " } Ww~€W} 

14.0 p MY coenicicnt 
kOc 3.5 v w~€Ww~\@J 99 
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Motor and Control System Figures: 
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Three phase inverter 

Sensorless circuit 
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Three phase BLOC motor 
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Photo cell sensor 
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System over all 

Box of the project 
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