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ABSTRACT 

This project is based on the design and~onstruction of a D.C motor speed 

control using thyristors at different firing angles is carried out to provide an efficient and 

effective control of D.C motor. The circuit contains the power supply unit which supply 

controllable 9V de source to the motor, the second stage of the circuit is the Astable 

mullivibrator which generates waves or pulses that is used for triggering of the thyristor 

gates and the third stage is the commutation circuit. 
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CHAPTER ONE 

1.0: INTRODUCTION 

Generally, a machine is a device that can convert energy from one form to 

another. A machine is capablc of performing useful work. A machine varies widely in 

appearance, function!>, construction and operational principles. 

Thus, electric machines can be classified into two main categories; 

I. Generator 

11. Molor 

These two categories of machines operate on the fundamental principles of magnetic 

and electromagnetic induction of devices which arc capable of converting energy 

from one fonn to hltother, i.e. electrical and mechanical which appear in either input 

or output. 

The generator converts mechanical energy to electrical energy by the 

inlcrnction of moving condudors culling across in magnetic lidd in the air gap to 

produce all induced emt: While motor converts electrical energy to mechanical energy 

111 reverse process. 

Due to its advantages. the electric motor has largely replaced other power both in 

industries, transport, business firms, and homes. Elecuic motors arc convenient, 

economical to operate, safe, free from smoke and odour, comparatively silent. 

They operate in wide range of applications such as starting, accelerating, and 

running, breaking, hollling and slopping a load. They are <llso available in variety of 

sizes from small fraction of horse power to many thousand of horse power and in a 



wide range of speed. The speed may be fixed (synchronous) consumt for even load 

conJiliol1s, adjustable or vmiable .. 

For wliformity and interchangeability motors are standardized in size, types, speed. 

Electric motors can operate be in alternating current CA.C) or direct current (D.C). 

There are many types of eaeh, although Ac motors are more common, dc motors are 

preferred for applications requiring simpk, inexpensive, speed control or sustained 

high torque under low voltage conditions. 

1.0.1: THYRISTORS: A thytristor is a PNPN 4 layer semi-conductor device. It 

is widely used as a switching device. It can control load by switching current OFF and 

ON up to many thousand times, there by delivering selected amount of power to the 

load, compared to the transistor, it has a very fast response, vcry high efficiency, very 

high reliability and very long life. 

The applications of thyristors are found in the following; 

);> Phase control 

);. Inverter 

).> Relay control 

)0> Battery charge,~ 

~ Heater control and also most importantly, 

).;> D.C motor speed control 

In motor speed control, thc thyristors controls the energizing of the motor. 
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1.1: AIMS AND OBJECTIVES 

• Also the aim or this projed is provide motor control system whidl 

exhibits small velocity variation as a result of variation of power 

supply and frequency. 

• Also to provide a motor speeo control system having a fast response 

time. 

1.2: SCOPE OF PROJECT 

The project covered the construction of D.·: motor speed control usmg 

thyristors at different angles of firing from the powcr supply unit to thc commutation 

unit. 
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1.3: METllOnOLOGY 

Recti lier] Astable 
-.. -- multivibrator L--____ --' 

Transformer --.. 

'.f 

Pulse transformer 
and thyristors ----T------

Commutation 
circuit and 
motor 

Fig 1 block diagram of D.C motor speed control using thyristors at different firing 

:.lIlgles 

i"ig. I above gives the block diagram of this project (D.C motor speed control using 
. 

thyristors at different tiring angles.) A regulated D.C supply is obtained from an A.C 

source via transformer T 1. 

The Astable multi vibrator generates the pulses to trigger the thyristors. It 

oscillates and produces pulses of certain mark-to-space ratio. Moreover the outputs of 

the transistors of the Astable multi vibrator are 180· out of phase with each other. The 

chare lli1d discharge of the capacitors C 1 and C2 in !he Astable multivibrator 

determines the wavciorm. 

The output of transistor Ql drives the pnmary windings of the pulse 

transformer T3 and the output of 02 drives the primary windings of pulse transformer 

T2. 

The pulse transformers transmit pulses that have quick rise and fall time at 

constant amplitude to me thyristors through their secondm), windings (i.e. firing the 

thyristors). As a result the pulse transformers deliver pulse signals generated by the 

astable multivibrator to the thyristors. The thyristors which arc now triggered into 
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conduction by the pulse transformers now con:::ol the speed of the motor. The pulse 

transformers also provide isolation between their input and output. 

The commutation circuitry is used for switching OFF due to the fact that 

thyristors arc semi-controllable devices i.e. their ON state can be controllable but the 

OFF state is uncontrollable. Therefore the commutation circuit now comes in handy. 

1.5: SOURCES OF MATERIALS 

The sources of the materials for this project are as follows; 

.:. Electrical laboratory (FUTMINNA) 

.:. School Library 

.:. !vIr. Kasim Idris (staff PC&M department of shiroro hydro power station) 

.:. Mrs. Caroline(ECE 514 lecturer) 

.:. ECE 514 lecture note 

.:. Internet. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1: HISTORICAL BACKGROUND 

Thc D.C motor is bill)cd 011 thc Mich<!d faraday's electromagnet theory. 

Faraday used Ostend's discovery, that electricity could be used to produce 

motion, to build the world's first e1cctric motor. In 1921, faraday demonstrated a 

uevicc in which a conductor carrying D.C rotates arowld a magnet, in fact his device 

Will) a primitive homopolar machine. In the years that followed, several more devices 

capable of converting electrical cncrgy to mechanical encrgy wcre made [6] [7]. 

In 1824, Barlow uescribeu a uevice resembling a homopolar machine, in which a 

copper disc is placed wiUlin the 1ield of a permanent magnet would rotate when 

supplied with current. In 1833, Ritchie described the first working model of a 

heteropoJar commutator motor. In his device, the field was excited by horse-shoe 

magnet between U~~ poles !Cd wiili D.C via Ule commutator. A unidirectional torque 

was produced by the interaction of the pennanent magnet and the elcctromagnet in 

which the direction of cur,rcnt flow was reversed in a periodic fashion [7]. 

In 1834, Jacobi built an electromagnetically excited D,C motor which could be 

used as a drive for various machines: "it has two groups of u-shape magnets, with 

four magnets per group. One group was mountcd on a rota-~ing disc, so that the two 

groups faced each other. The coils of all the magnets were connection (today we 

could call it "series excited" or ··series wound) Direct ClETent was supplied by a 

battery of primary cells. The polarity of the rotating magnet was periodically changed 

by a commutator". In 18.38, Jacobi built a bctter and larger lTlotor which could propel 

a small boat. In fact, it was a combination of 40 small units each of which differed 
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from the machine of the cotating and stationary magnets were arranged radially and 

on the same plane. A major limitation or Jacobi motor was the pulsating torque, 

salient pole core l7 j. 

In lK59, Pacinolti built an electric motor which had a non-salient pole, 

distributed winding armature and produced a practically constant torque. The 

armature torque was u toothed steel ~ing mounted on a shan by means of brass spokes. 

The slot receives coils brought out to conunutator bars. The commutator has as many 

bars as there were armature coils. Current was conveyed to the commutator bars by 

contact rolls placed across the armature lecth where two electromagnets of oppositc 

polmity litted WiUl pole-pieces. The electromagnet was connected in series with the 

armature winding and took a small current for excitation (owing to the teeth on the 

armature core). For all of its advantages Pacinolti"s motor failed to become a practical 

machine because like Jacobi motor, it required an economical D.C source which was 

non- existent at that time [71[8]. 

John Lincoln, an engineer that founded variable speed in 1905. 

Alex Me Cutdleon, of the ::tame reliance company in 1913 dcsigned a new motor 

for steel rolling mills which require more power. 

In 1920, Jim Coo'ey, a sales man with reliance engineering, despite his limited 

engineering inclination invented the first adjustable voltHf,e multi-mok'r control for 

paper and textile indusLries. After this improvements' wen;: carried out intermittently 

till mow [8]. 
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2.2: THEORITICAL BACKGROUND 

The speed charactcristic of a 1llotor usually represents the variation of speed 

with input current or input power. The speed of a D.C motor can be altered by 

varying either the flux or annature voltage or both. The methods which arc 

commonly employed include: 

• Variable Resistors 

• Resistance 

• Thyristor control [2]. 

2.2.1: V ARIAHLl~ RI~SlSTORS 

A variable resistor called a field regulator is connected in series with the shunt 

winding in shunt and compound motors. When the resist4Ulce is increased, the 

fidd current und the nux gencrated arc reduccd. CUllscljucntly, mon.: currcnts nuw 

through the armature and the increased torque enables the armature to accelerate 

until the generated EMF is again nearly equal to applied voltage. 

With this methoq it is possible to increase the speed lhree or four times than at 

full excitation, but it is not possible to reduce the speed helow the value. Also with 

any given setting of the regulator, the speed remains approximately constant 

between no-load [2][9]. 

2.2.2: RESISTIVI~ C()NTROLLI~R 

Thi:: method of controlling the speed of D.C motor involves the use of resistor 

called controller which is usually connected in series with the annature. The 
, 

electrical connections for the controller arc exactly the same as [or a starter, the 



only difference being that in a controller, the resistor clements are designed to 

carry Lhe armaLure clirrenL indeliniLcly where as in a starter Lhey can only do so 

for a comparatively short time without getting excessively hot. 

For a given armature current, the larger the controller resistance in the circuit, 

the smaller the potential difference across the armature and lower the speed [10]. 

2.2.3: ADVANTAGES Ol~' RESISTIVE CONTROLLER METHOD }i~OR 

SPEED CONTROL 

I. Speeds from zero upwards are easily obtainable by Ulis method. 

2. The method is majorly used for controlling the speed cranes, hoists, 

trains etc. where the motor are frey' uently startl.:d and stopped and where 

cfliciency is of secondary importance [2 j. 

2.2.4 OIS-ADVANTAGl~S OF RESISTIVI~ CONTROLLI~R METHOD 

1. lligh cost or cOlltroller. 

2. High per.,;enlage of input energy may be diSSipated in the controller and 

the overall efficiency of the motor reduced. 

3. The speed may vary with variation of load due to change in the potential 

difference across the controller l13 J 
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2.2.5: THYRISTOR CONTROLLER 

This mclhod illvolvl:s illl: application 01" thl: availabk I\.C supply 10 till: 

thyristor which controls the voltage arplied the armature of the motor. The 

thyristor is a solid state rectifier which is normally non-conducting in the 

forward and reverse directions. It is provided with an extra electrode, called 

the gate such that when a pulse current is applied to the gate circuit, thc 

thyristor begin to conduct in the forward direction. Once the thyristor is fired, 

it continues to conduct until the current falls below the holding value of the 

current. 

As compared to oUler methods of controlling the speed of a motor, the 

thyristor method of controlling motor speed have higher accuracy, greater 

reliability, quick response and also higher efficiency, as there arc no IR losses 

in moving parts. 

Thyristor control speed of motor can be achieved by adjusting either; 

1. The v')Jtage applied to the motor amlaturc. 

2. The lielo current. 

3. lly vary! ,lg the 1iring angle of the thyristor. 

As stated above, the average output a iliyristor controlled rectifier ean be changed 

by varying its firing angle and hence the armature voltuge of the D.C motor can be 

adjusted to control its speed. 

10 



CHAPTER THREE 

DESIGN AND IMPLEMENTATION 

The design and construction of this project is llil imporl.ant ;.c;pect that 

requires a very high level of skill and absolute carefulness. 

In the construction, a bread board was initially used and after a 

demonstration test, it was then transferred to the V ceo board. 

On lhe far end horizontal line was chosen as the ground terminal (-Vee) 

and the other end as the power supply or array terminal (+9 Vee). The mounting of 

the components started with the hridge recti fier, which serves as a reference for the 

incoming A.C and outgoing D.C supply, followed by the two transistors Tl and T2 

whose emitter ends arc connected to the ground terminal, while the collectors were 

connected to the (+ Vee) through the collector resistors Rc1 and Re2 with the 

collector of Tl connected to the base of T2 and vice versa With these cOIIDections , 

these complete the Astable Multivibrator. 

The next stage is the connection of the pulse transformers. One of the 

outp,Uts of the Astable" Mubltivibrator is connected to lhe primary of the pulse 

trllilslormer through a capacitor. And also the other output is also connected to the 

primary of the other pulse transformer. Their correspor:ding secondary winding is 

connected to the gat{:s of the thyristors Th I and Th2 ~'ith their cathode tenninals 

connected to the ground. 

Also the gates of the thyristors Th I and Th2 4Ie connected to the cathodes 

of diodes D5 and D6 while their anode terminals are connected to the ground. 

The anode of thyristor Th2 is connected to ibe motor with respect to + Vee 

while the anode of the thyristor Th 1 is ~onnected a resistor with respect to + V cc. The 

1 I 



commutation capacitor is connected in series with the free-wheeling diode D7, which 

is connected in parallcl to the motor and to the thyristors anodes to complete 

commutation. 

The Im;t stage wm; the cOIUlecl.ion of the potentiometer to vary the duty 

cycles of the astable multivibrator, which in tum vary the triggering angle of the 

. thyristors. 

Fig 3.1: circuit diagnup of D.C motor spced wntmi usillg thyristors at ditlcrcnt !iring 

angles 

3.2: STAGES OF THE CIRCIUT 

The design mId construction of a D.C motor spc::d control using thyristors 

at diilcrent tiring angles involves the following stages; 

o The construction of the power supply 

o The construction of the astable ll1ultivirator 

o The con.struction of the cOlllmutation circuit amlthl! mOWlting of the motor 

12 
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-

SIGNAL 
f-+ 

PULSE 
~ 

'IHYIUS'I'ORS 
RECTIFIER 

~ INPUT TRANSFORMERS 

~ 
MOTOR 

Fig.3.2. block diagram of D.C motor speed control circuit. 

3.2.1: CONSTRUCTION OI~' THE l)OWER SUPl)LT UNIT 

As stated earlier, rectifier is used for an A.C to D.C conversion that is when 

the supply is ulternating hut the motor to h e controlled is a D.C machine. 

A transionncr of 240V ac is uscd to step down the input voltage to the 

required out put voltage value, the single phase, full-wave rectifier (four semi-

conductor diodes) are connected across the output of the transformer. 

Ie 1 

T1 
11 

(-/\, l' --
-

~ -<! 
) 

C2 

-! ( 
) ( C1 

--
J (-') 

-~ ~ 
(-

) 

Fig3.3. Power supply unit 
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During the positive half cycles, thc diodes D I and D2 conducts where as 

during the negative half cycles the diodes D3 and D4 conducls. 

The average V de across the load during half cycles is given as; 

V= £ V mlS = 0.45 V ffilS (half cycle) 
IT 

V max for full cycle = 2 * 0.45 = 0.9 Vrms• 

VJ~= 0.636 V. 

3.2.2: DESIGN O}' THE ASTABLE MULTIVIBRATOR 

The astable multi vibrator is used to generate pulse of variable width to 

trigger the thyristors. The astable multi vibrator starts oscillating due to the slight 

dilTerence between the conduction of transistors Tl and T2 that is due to mis-match. 

When the collector supply is switched "ON" both transistors will start to conduct as 

base currenls now via their respective base resistors. The D.C current gain and 

switching time of t.he two transistors will not be identical and so one wil1 surely 

conduct greater than the other. 

Suppose transistor TI starts to conduct more than transistor T2 when 

+ Vee is applied, the conduction of Tl causes longer voltage drop across ReI and 

consequently a less positive voltage at the collector ofTl. lhis negative going signal 

is coupled through capilci tance C 1 to the base 0 f T2 which decrease the forward bias 

or T2 .uu.l '1'2 is driven to cut orr. A decreasing current in '1'2 causes its collector to 

become positive going voltage coupled to the base of TI quickly drives it into 

saturation. 

14 



At this time, capacitor C2 charges to the collector voltage of '1'2 and C2 

discharges to the collector voltage of transistor Tl accn.ding to the time constant. 

Alter an interval, the base end or T2 becomes negative and the base or T I becomes 

positive and tillS decrease the lorward bias of T I and decrease the conduction of T 1. 

Also the positive voltage at the bao.;e of T2 increase the forward bias and T2 is driven 

into conduction. 

Thus, the alternate cut 0[[ and saturation periods produce a square wave, 

the frequency depends on the time constant of the circuit (Re), and this can be varied 

hy the use of potentiometer. 

O.SK 

TIC4 
1(~ 

R[50K]/50% R[50K]l50% 

Fig 3.3: circuit of Astable multivibratcr 
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3.2.3: MARK-TO-SPACE RATIO OF AN OSCILLATOR 

TON TOFF 

I 
I 

Variation of 
collector ofT2 

I 
Voltage 

Variation of 
collector ofTl 

Time 

Fig. 3.4: show the wave form of an astable multivibrator 

For a circuit where Cl=C2 and Rl=R2, the "ON" and "OFF" times for each transistor 

will be equal. 

I.e. T=T on + T 01T where Ton =TofT 

Then; 

The duration of the input or delay time of the astable multi vibrator circuit is 

termed the Pulse Repetition Frequency. 

1 
Frequcncy= -

Ton +ToO" 

16 



Where 

"Ton"'-' time for which transistor T2 is ON and T I is OFF per total cycle time of 

Ton + ToIT. 

"1'011'''= time for which transistor "1'2 is ON and 1'1 is OFF per total cycle time of 

Ton + TofT. 

The fre4.uency uomain to timc-uomain transformation can bc proof 

mathematically bdow; 

R 

Vee 

T 
T 

I 

c 

- Vee 

Fig. 3.6 ireq domain to time-domain trans1onnation circuit. 

Using Nodal Analysis, 

Vb (l/R + Sc) -I- V(s)/R+,Ysc =0 

Therefore, 

Vb = V (IIR - Se) 

IIR + Se 

Then; 

Vb= V 

Rse (lfR +S) 

Therefore, 

but V = Vs / S 

V 

lfRe + S 
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Thus thc relaxation cquation ror each base or the transistors is, 

Vb1 (t) = Vcc (1- 2 C-tl/RICl) and 

-t2!IUC2 Vb2(t)=Vcc(1-2e ). 

For symmetrical multivibrator, the tirr.e required each base voltage to rise 

from - Vcc to zero is given by; 

1. 0 = V cc - 2 V cc-tl/RICI 

For the circuit where Cl=C2 and Rl=R2, the ON and OFF times for each of 

the transistors will be equal. 

i.e. T = TON + TOFF 

Where TON = T OFF 

Therefore, duty cycle 0 = = 1 

TON + TOFF 2 

= 50 % (giving low speed) 

From the circuit diagram, 

11: 

Rl=2Kn R2=2KO 

~=Ok.n 

Cl = 0.33fl F C2 = 0.33 flF 

TON = 0.693 * Cl * (R2 + Rb) 

=,0.693 * 0.33 * 10-6 * (2+0) * 103 

= 0.693 * 0.33 * lO-6 * 3 * 2 * 10J 

= 4.57 * 104 

TOFF = 0.693 * C2 * (R2 + Rl) 

18 



= 0.693 ... 0.33 * I O-b ... (2+2) * 10.1 

-" OH)3 >Ie o.:n .. 10-6 ... 4 ... 10] 

= 9.l5 ... 1O~1 

Therefore, 

Duty cycle 0 = 4.57'" 10-4 

9.15'" 10-4 

* 100 (Yo 49.9 % ~ 50 % 

If Ru and Rh arc varied and where Rb is the variable resistance for the ON 

period and Ra is the variable resistance lur the 01'"1'" period. 

When, 

Ra=.O kO 

lU = 2 k.U 

TON = 0.693 ... C2 ... (Rb + R2) 

=0.693 ... 0.33 ... 1 0-6 '" (50+2) '" 10 3 

= 0.(,!)3 >Ie 0.33 ... 10-() ... 52 >Ie 101 

= O.001S9 

Tof[=0.693 ... C2 '" (Ra+RI) + (Rb + R2» oj< I 03 

= 0.<>93 '" 0.33 * I 0-6 
... (52 ·1· 2) * 10J 

= 0.01235 

Duty cycle 0 = 0.01189 

0.012.35 

'" 100 % 

" 9(1)/;, (giving u very high speed) 
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.-------------
\ 
i 

I 

Ra= 10 ill 

Rl = 2 ko. 

TON = 0.693'" C2 '" (R.h + R2) 

=0.693'" 0.33 * 10-6 * (40+2) * 103 

= 0.0960 

Toff= 0.693 * C2 * «Ra+Rl) + (Rb + R2)) * 103 

= 0.693 * 0.33 *10-6 * «10 + 2) + (40+2)) '" i 03 

= 0.0125 

Duty cycle = 0.00960 * 100 % 

0.0125 

=76.8 % 

Rb= 40 ill 

R2 = 2 ko. 

C2 = 0.33J.lF 

It is observed that speed is reducing as the Rb is reducing. 

Lastly, 

When, 

Ra= 50 ill 

Rl =2kn 

Cl = 0.33 J.lF 

TON = 0.693 * C2 * (Rb + R2) 

= 0.693 * 0.33 * 10-6
", (0+2) '" 103 

= 0.000457 

Toff= 0,693'" C2 '" «Ra+RI) + (Rb + R2)) *103 

= 0.693 '" 0.33 '" 1O.{i '" «50+ 2) + (0+2)) * 103 

= 0.01235 
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; 

Duty cycle 0 = 0.000457 

0.001235 

* 100 % 

= 37 (Yo (giving very low speed) 

. The duration of the input pulse or the delay time of the astable multivibrator circuit 

is obtaincd as follows; 

PRF= = 

Ton + Torr 2CR Loge2 

= where CR = C 1 R 2 = C 1 R2 

1.4 CR 

3.2.4: CONSTRUCTION OF PULSE TRANSFORMERS 

. The pulse transfonncrs are constructed in such a v .. ay that the input and the 

output of the pulse transformer are made of secondary winilings giving the turn ratio 

to bc 1: 1. The construction of the pulse transformer involves getting two 6V powcr 

transfonners, the primary windings of the two transformers were removed and the 

secondary winding of one of the transfomlers is coiled to L.lc primary of the other 

transfonner to give a secondary input and a secondary output. Thus making the turn 

ratio to be 1: 1. 
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3.2.5: THE CONSTRUCTION OI~' Tl-n~ COMMUTATION 

CIRCILJT 

When a thyristor is fired into conduction, the gate loses control and the 

thyristor continue to conduct. The commutation circuit is used for switching OFF. 

Thus, enabling it to perfonn ON-OFF switching function. From the diagram below, 

when thyristor Th. is fired into conduction by the control circuit (which is not shown 

in the diagram helow), current is set up hetween the load .. md the commutatioll 

capacitor gel dmrg<.:d via the resistor R wilh the polarity during the ON period of 

thyristor Th2• 

For switching OFF, the second thyristor Th2 is triggered into conduction 

allowing commutation capacitor C lo dischargc through it (since it act like a shunt 

circuit while conducting) which reverse- bias thyristor Th. thus turning it OFF. The 

discharge from Cleaves Th2 with reverse polarity so that it is turned OFF where as 

1'h, triggered into conduction again. 

Note: R, Th2 and C are used lor the commutation purpose. 
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R 
Commutation 
capacitor 

Thl 

Fig: 3.7 commutation circuit 
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3.2.6: PACKAGING 

Produdion process is considered a....; b\::ing completed only when the produCL is 

made readily available for the consumers usc. This rcquirc a very good handy and 

safe finishing of the product, thereforc there is a very high need to provide a 

qualitative and protecting packaging [or lhe project. 
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CHAPTER FOUR 

4.1: CONSTRUCTION 

The semi conductor devices such as the capacitors, resistors, diodes, 

transistors, thyristors ad the D.C motor was mounted on the breadboard. The input 

tenninal was placed on the panel inside the casing. 

4.2: TESTING 

After carrying out all the paper design and analysis, the project was tested to 

ensure its working ability, and was finally constructed to meet desired specification. 

The process of testing involves usc of a digital multimeter. 

Also the following tests were conducted, giving results as stated below; 

1. Visual inspection and checks for dry joints and shorts. 

2. Measurement of practical values of voltages at various stages of the circuit. 

4.2.1: Visual inspection of dry joints 

Aller the circuit construction, it was visually il),spected llild continuously 

checked for defective !;oldering such as unsoldered leads of components and short

circuiting between leads and wrong connection of components. From the checks all 

board links that require opening were broken to avoid short circuits. 

4.2.2: measurement of practical values of voltages 

Measurement of practical values of voltages wa .. (,;onductcd uSlllg a digital 

muitimcter for bctter reliability. 
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4.3: RESULTS 

At the end of the construction and testing, the following results were obtained; 

1. The output voltage from the rectiiier circuit was 9V dc and output current was 

25mA. 

2. The oscillator voltage from the multivibrator varies between 2.74V ae to 

1.5Vac. 

3. The output voltage and current from the chopper drive circuit which is the 

input to the motor was found to vary between O.8Vac to 3V ac. 

(a) Wave form of the rectifier circuit 

(b) wave form from the oscillator output 
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(c) Wavci(lI"Ill for high spccd 

(d) Wavc10rm lor low :-;pced 

4.4 DISCUSSIONS 

Though lhe project was cOlllpkteJ aJlJ testeJ suece~srully, some precautionary 

lllClliiW'CS were adoptl:d from the start to thc end. Mcan~res such as using fewer 

components in order to reduce the cost of the project, careful selection of the 

components look simple anJ easy to hanJle in ease of trouble shooting or 

replacement. Also some components used in this project Wl~r\.! not actually equal to the 

values of the components obtained during design arc nG~ standard values, so standard 

values close to the calculated ones were chosen. 
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CHAPTER FIVE 

5.1: CONCLUSION 

Speed eOlltrol of'motors is celltral to the IWIIIUIl experiellce. It is nil esselltilll 

clement in ollr society due to the ever increasing demand fix it thcrc10rc working 011 

Ihill proi~d WIIH dllllkn~in~. hilt it tllrned Ollt to he inlcrcstinR and very enliRhtening. 

The ol~jcdivc of thiN pn~kd WIIN 10 (kNign II Nilllplf.~ cif{~tlil thllt l~1I1l IK~ used 10 

control the speed of a D.C motor and Ulis aim was uduully w.:hieved. 

The various IInits that constituted the whole system were individually tested and 

colllirlllcLi okuy. They were thell coupk~d together to form the whole system. This was 

tested and the results were nol Jur from lhe Je:;igllcJ vulue::;. 

5.1.1: PROBLEMS ENCOIJNTERED 

While carrying out this project work, seveml constraints were encountered. 

Amongst these dif1icullics arc: 

• Difficulty encountered while sourcing for components especially the pulse 

truns {()fillerS, 

• Irregular power supply during constru(;tion. 

• Wastage of resources, time and energy resulting to damage of some 

components during soldering. 
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5.2: RECOMMENDATION 

The project was designed and constructed using two (2) NPN transistors of 

the same values for the construction of the Astable multivibrator circuit. In this case a 

single integrated circuit (Ie) can be used to give the same output signal. Therefore it 

is recommended for use. 

The circuit is not designed to perfection, it is therefore recommended for 

improvement and development to compensate for load variation and protection 

against over heating of power supply unit. Further improvement can be made in the 

design by using a micro-controller to control the speed of the D.C motor. 
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