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STRACT

The amount of solar energy reaching the earth’s atmosphere is
enormous. In fact the amount‘ of energy depends on the
position of the sun. The sun-position is not fixed and vary
from time to time. So the collection of solar energy depends
on the position of collector with respect to the position of
the sun.

In this project solar tracking system is studied using two
photo cells to determine the relative position of the
collectors with respect to the sun position. The error
detector “two photo-cells" detects any deviation between the
position of thé sun and the position of the
collectors. It provides the induction motor firing circuit
with an electrical signal which activates this controlling
circuit. So, a set of thyristors will be triggered and flow
of electrical energy force the 3-Q induction motor to rotate

in a direction to minimize the position’s deviation.
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INTRODUCTION(1)

If all the world reserves of coal, oil, and gas were burned’
at a rate fast enough, to give us the same amount of heat:
we are accustomed to receive from the sun, the supply would

be entirely gone less than three days: The sun is a vast,

almost ever lasting source of energy that has never been
effectively utilized. Growing. industrial activity and
rising standard of: living throughout the world make: the
amount of an increased supply of energy to be essential up to
now the sun holds wore promise of fillin7 this nced than any

other: source.

The solar energy can be converted from being:just light: inta
heat anerlg'y in terms of hot water, space heating and cooling.
It' can also Pa directly converted to electrical ener-y using-
photo voltiac ;;ystem, or the light’ ‘ene:‘;y i3 convertzd into
heat ecnergy <through wirrors called hslioatats-that raflect:
tha 3un rays 1n£o a central receivez" mounted ' on tower, 1t
which. the concantrated solar energy is absorbed by a
circulating fluid, which vaporises-into steam used to drive a-
turbo-zenerator: to produce great electrical energy “heat:

enargy into electrical’ energy".

In order to increase the amount of used solar energy by the
collectors;the collectors should track the sun, 30 that the.
incidént: angle of sun rays make an angle of 900. with the.
colléctors:Sé- tracking. mechanism. to follow the sun is

requireda This: requires: to control the angular
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position of the driven shaft where the collectors are mounted.
Chapter one handles the definition of position control,
control system,open-loop system, closed-loop system.

Chapter two handles different types of servo amplifiers to

contrel the power flow to a servo system.

Chapter three handles different types of electrical drivers.
Induction motor and a circuit for phase control of three

phase induction motor is designed.
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CHAPTER 1
. POSITION CONTROL SYSTEM

The mpain function of using the position control system is just to
control the anguler position of an output shaft or drivers shaft such as
controlling the angular position of a tracking antemna to follow a
moving object, or controlling the angular position of a collector so

that the solar energy which is collected is maximum.

g In general, there are two types of control systems. 1) Open —Loop

Systems. 2) Closed-Loop Systems.

1 Open-Loop System (2)

In an open-loop system an input signal or command is applied, amplified
in a '"controller" and a power output is obtained from an output
element!. The location of the output element, is often remote from
input station. The input maybe applied manually. The expected output
is normally predetermined by calibration, and the input signal may be
accompanied by some sort of calibration chart. The actual output
obtained depends on the validity of the calibration chart. If at least
one component of the system were affected by time, temperature, humidity
and lubrication, the actual output may vary from the desired output.
Such systems are also affected by load variation. Figure 1.1 shows an

example of open-loop system.
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o e —



Power

LOW—PQ-“LQL Confro“.er
nput signal

Figure 1.1 Open Loop-System

Closed-Loop System

A§ shown in the block diagram of TFigure 1.2.a, closed-loop system
contains the following devices features: 1) a steady device giving an
input signal R, oil‘ten called the command or reference input, that sets
the desired level or pusi‘tion which asked to hold; 2) the controlled
quantity C, which is the resulting level or position, that is controlled
by this system; 3) feedback path or element H, to supply a feedback
signel B that truly indicetes the size or position; 4) &n error
detecting device that receives the feedback signal B and compare it with
the reference input signal R; any error or difference between B and R
produces an output or actuating signal E, so the large external power is

applied in order to restore C to the desired size or position.
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(3) The effects of feedback, which can also be classified as the

advantages of closed loop systems, cen be summarized as follows.

1. Inqreased accuracy:
Because the system continues to function until the error is

reduced to zero, the accuracy is paintained high in spite of

variation of load, intermediate component variation, temperature
variation, etc. Although the variation of elements within the loop
vary the system time response, feedback reduces the errors caused by

these variations.

2. Reduced effects and nonlinearities:

Feedback reduces the effects of distortion and nonlinearities
which occure within the loop. The dynamic performance is affected
by the nonlinearities; however, the effects of some nonlinearities,

such as amplifier saturation, are greatly reduced by feedback.

3. Increased bandwidth:
Feedback increases the band of frequencies over which the system
will responde (the bandwidth). At the same time, however, the gain

over this band of frequencies is reduced.

4. Increased or decreased impedance:
Depending upon the characteristics desired and the type of
feedback used, the impedance presented the load can be either

increased or decreased.
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1.2 Servomechanisms (4)

A servo mechanism is a closed loop-system that moves or changes the
position of the controlled object so that it "follows up" the position
of a control device. It includes a motor which causes, such mechanical
movement. The shorter term servo is commonly used to apply to any type

of closed loop systems.

In response to an input signal of low power level, servo controls much

greater amount of power. A good servo gives close "line up" or high
accuracy at stand still. It provides fast response when moving to a
new required position. It permits control of equipment from a remote

position. By the nature of its self-checking action, it decreases the
errors expected from any variation in the components of which 1s made.
It is smooth in its action. It reduces the effects of any disturbances
so it obtains high accuracy and fast response, servo requires careful
and precise design so as to prevent unstable operation, violent
oscillation and undesirable movement of the heavy controlled unit.
Since any servo continually is exposed to outside disturbance, it is
considered to be stable only if it is designed so that the effects of
such disturbance quickly disappear. Stability is the greatest problem

in the design of a modern closed-loop system.

As an example, Figure 1.3 shows a servomechanism system which is used to
direct a gun position. The gun director is pointed easily at the
desired target by the gunner, who may. be at some distance from the gun.

The pointing of this director delivers a command signal R. The actual
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gun position feeds back a sigﬁal B, which is proportional to the actual
gun position, an error or actusting signal E (when /R-B/ % 0) is
amplified so as to make a motor turn in a direction such that /R-B/ = O.
0f course the steady stste accuracy must be high, the servo must point

the gun in exactly the required direction.

To obtain fast response, so much power must be applied through the motor

that it may turn the heavy gun beyond the required direction.

(N E] Ampiter | St

motor

Feed back srgnal

Figure 1.3 Servomechanism for control of gun position
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Basic components of a servo are shown in Figure 1.2.a. In a good
servo, the control system G must include amplifiers, part of which
usually is electronic. Any device that controls large amount of power
in response to a small amount of power, is called a power amplifier.
vThis large amount of power, controlled by the amplifier, is applied to
an actuator device that corrects the system error by causing the right
change in the controlled quantity C. In a servomechanism the error
corrector must produce 'motion so as to change the position C;

therefors, some form of motor device is indicated.
1.2.2  Error Detectors (5)

The error detector produces a signal which is the difference between the
reference input and the feedback signal of the control system. In
design, the choice of the error detector is quite important and must be
carefully decided. This is because any imperfections in the error
detector will inevitably impair the performance of the entire system.
Figure 1.4, shows the block diagram representation of the error
detector. The circle with a cross is the symbol indicates & summing
operation. The plus or minus sign at each arrow head indicates the
signal to be added or substracted. It is important that the quantities
being added or substracted'have the same physical form, dimensions and

the same unit.
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ES) 3

cG)

Figure 1.4 Block diagram of an error detector

There are many examples of error detectors, such as, potentiometer
detectors. Figure 1.5, shows the d.c form of potentiometer detector.
A summing amplifier is used to add the voltage proportional to the input
shaft position to the voltage proportional to the output shaft

position. (6)

Synchro error detector which is another example of error detectors, is
an a.c position detector and utilizes two components, & control

transmitter (x) and & control transformer (t). Figure 1.6.a, shows ac

error detector.
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Figure 1.5 dc Error Detector

Typical referepce supp {—{1

volLts 50 Hy Vot 2 K Sin®

©;
Cx conlrol Eransmitter

CT contvol Eransmitter

Figure 1.6.a ac Synchro Error Detector
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For controlling the position of solar tracking energy in this study, a
two photocells are fixed on the tracking !:oll‘ect.ors. One cell serves
as an inference signal and the other as a feedback signal. The |
difference of the quantity of sun rays falling on these cells creates
different voltages on them. This causes an actuat signal to the firing
circuit which controls the flow of powser to the motor. Figure 1.6.b

shows the position of the two photocells.

Twe P‘noto cells

— o lactue f*[g__

Figure 1.6.b

SOnLro-_——

1.2.3 Controlled Quantity C

The controlled quantity is a motor which turns the load through a set of

gears, chapter 3 deals primarily with the servo motors.
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1.3 Solar Cell (7)

Figure 1.7 shows a schematic representation of a solar cell composed by
pn semiconductor junctions.  For single crystal P is obtained by doping
silicon with bomon and is typically 1u m thick, =n is obtained obtained
by doping silicon with arsenic and is typically 800 mm thick. This
film cells are composed of copper sulfide P, and cadmium sulfide forn,
the sun's photons strike the cell on the microthin P side and penetrate
to the junction. They generate electron-hole pairs. When the cell is
commected to a load as shown, the electrons will diffuse from n top.
The direction of current I is conventionally in the opposite direction

of the electrons.

Typical voltage current characteristics are shown in Figure 1.8 at two

different solar radiation level for each.

Vo = open circuit voltage

Io short-circuit current

[l

Pm = point of maximum power (VI) max.
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Figure 1.7 A Schematic Cross Section of a Solar Cell

T 1

Cuprent P
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>
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Figure 1.8 Typical Performance Characteristics of a Silicon

solar cell at two solar radiations
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Solar cells do not convert all solar radiation falling upon them to
electricity. Weak, low-frequency (long-wave llength) photons do not
possess sufficient energy to dislodge electrons. Strong, high-frequency
(short-wave length) photons are too emergetic and although they dislodge
electrons, some of their emergy is left over. The maximum theoretical
efficiency of solar cells, is around 10 percent. Bfficiency is defined
as the ratio of electric power output of the cell, module, or array to

the power content of sunlight over its total exposed area.

Actual efficiences are much lower,  however, because part of the solar
energy is reflected back to sky, absorbed by mon photovoltaic surfaces
or converted to heat. Cells are usually laboratory rated at 100 W/m
and 28' C but normally opsrated at 50,' 60 GC. This reduces the
efficiency by 1 or 2 percent. In arrays, there are additional losses
that result from the mismatch between individual cells in a module and

between modules in an &rrey.
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CHAPTER 2

. SERVO AMPLIFIER

2.1

In order to cocirol the power flow to a servo system, a component which
is called a power amplifier hes to be used. This means that a small
amount of input power controls a large amount of output powers So the
function of the amplifier shown in Figure 2.1 is to amplify the
deviation between the command signal and the controlled one, &nd to
produce a defined output which causes the motor to move the load

inertia, such that the error is reduced.

Rotary amplifiers, such devices as d.c generators, petadynes and
amplidynes often necessary in systems which require output powers above
500 W The fact that they rotate means that they require more
paintenance then electromic and magnetic amplifiers. They also nake

noise and reguire to be driven by a prime mover.

With the advent of the thyristor, power output stages of several MVA
capacity became feasible, and stages up to 10 EVA are now

commonplace.
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Figure 2.1 Servo Block Diagram

242 Magnetic Amplifiers (8)

A magnetic amplifier is a device employing saturable reactors, generally
in combination with dry-type rectifiers, to active power amplification.
The use of reactors for amplification purposes is not new. Recent
development of high permeability magnetic materials and gapless
construction of magnetic circuits have made the magnetic amplifier
entirely suitable for most applications. Magnetic amplifiers are often
preferred to the electronic type. Other characteristics which ravorl
magnetic amplifiers in many applications are low meintenance, complete

isolation of input and output’ signals, and inherently stable operation

'*j Digitized by Birzeit University Library
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when used as d.c. amplifier. They tend themselves to operation in
cascade so that multistage application is possible. However one
serious disadvantage in the use of reactors is their relatively sluggish
response, various feedback schemes have been developed and presently
employed to decrease the response time with excessive -reduction in

amplification.

'7'

conbrol wi mi_inas

Main wfno(inﬂs :

Ac - supp Lff Load

Figure 2.2 Basic Circuit of Saturable reactor

The basic circuit of & saturable reactor is shown in Figure 2.2, it
consists of an iron-cored reactor in series with an a.c supply and load.
A seperate winding on the iron is excited from a d.c source. When no
flows in the d.c coil the magnetic core is unsaturated and 8o

current

the reactance of the a.c coil is large,
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L =d®@ax = 2Tr3’Jm.
d i oL

Thus the a-c coil absorbs almost all the a-c supply voltage. .If a d-c
current is allowed to flow through the control winding the cofe tends to
become saturated -;%g% is decreasing —, x is decreasing -, decreasing
the effective inductance of the a.c winding so that more of the a-c
supply voltage appear across the load. When the direct current is
sufficient to saturate the core completely. géigi = zero .the reactance
of the a-c coil is negligible and essentially all the a-c voltage
appears at the load terminals. Thus controlling the flow of direct
current may be used to control the flow of power to the load by varying
the effective impedance into which the a-c supply circuit works.
Considerable power amplification may be obtained when the d.c. winding
is used as an input winding to control the power delivered to the load.
Since the d-c coil usually consists of many turns of small wire,
carries little current and so absorbs little power, the a-c coil,
however, consists of comparatively few turns of large cross section,
designed to carry high currents and allow the transfer’ of large
quantities of power to the load. MActually the simple saturable reactor
is not a good amplifier because it has relatively slow respense, due to
the existence of high dinductance in the contrel winding, the
shortcomings of the reactor are due largely to the fact that the d-c
coil must supply more ampere turns than the a.c coil in order to

maintain saturation. This can be shown from Figure 2.3 . Overall

response time for nagnetic amplifiers vary from 0.1 sec. to several

secondss Most of the delaying contributed by the control field

inductance to decrease the amplifier time lag, several feedback methods
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may be used, all of which allow the use of a d-c control winding - of
fewer turns, this cutting down the field time constant, and at the same

time reducing the input power requirements.

B= Flux O(ensitﬂ

Saturation Curve

NI R

Figure 2.3 Magnetic Requirements of a Saturable Reactor

2.3 Electronic Amplifiers (2)

It . is convenient to represent an electronic amplifier by an approximate
equivalent circuit as shown in figure 2.4. The representation is not
precise but is useful approximation when the input signals are small and
changes do mnot take place very quickly. It is less exact for
transistor circuits than it is for vacuum tube circuits. Vi is the
input voltage and Vo is the output voltage. It can be imagined that
the box has a generator with induced voltage equals to GVi, where G is
the open-circuit “gain' of the amplifier. The voltage GVi will only
output terminals when they are not conmnected to an

appear ab the
external load. When a load is connected a current Io will flow and the
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voltage Vo = GVi - Io Ro, usually Ri is designed to be as high as
;mssible in order not to absorb a significant -input current Ii from the
source. If Ri is very high compared with external resistances the
input can be regarded as an open circuit in order to simplify the
analysis. Electronic amplifiers may be designed with very high values

of G.

A Ro To b

+
'\hpulf ‘ oufpuf i
reference R terminal

Figure 2.4 Equivalent Circuit of Electronic Amplifier

2.4 Thyristor Applications (6)

2.4 Introduction

In order to fully understand the action of the thyristor as a power

amplifier, it must be appreciated how the amplification occurs. The
reference power source of the servo - which may be either d-c or a-c -

ljes outside the servo loop, therefore amplification occurs from the

fact that & low level error signal, is used to trigger or turn on a
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thyristor or bank of thyristor, by which a large power is controlled. .
Since a thyristor is in effect an .electronic switch, so the energy
source is connected to the motor. By switching the voltage across the
motor armature, the desired mean voltage can be generated across the
motor armature terminals. It follows that a low power signal has
allowed a much larger power which is only limited by the current and
voltage ratings of the thyristors to be applied to the motor armature.
Consequently large power amplification has occured. The thyristor,
therefore, is a mean of switching large currents electronically with a

low power signal without having any moving contacts.

2.4.2 Construction and Operation of the Thyristor

A typical comstruction of a thyristor is illustrated in Figure 2.5, It
is seen that the unit is made up of alternate wafers of pand n type
silicon. ' Thus the device may be thought of consisting of a cascaded

pair of pnp and npn transistors with & common collector junction.

The operation of the thyristor may be explained by refering to Figure

2.6, if a positive voltage is applied between anode and cathode, then in

the
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gilver Connec l:’\rﬁ wire

,CY”staILBeJ M- regiom. ﬁol.ﬂ bdenum e'.ecl'mig

Trigqer Connection

Aluminiwm

W

Holybdemom base Contact (ancde)

Figure 2.5 Cross Section of a Thyristor

absence of any current in the gate a very spall leakage current flows

until the anode voltage reaches a critical value called the break over,'
Vbo, when the applied voltage is equal or greater than Vbo, at this
point the anode to cathode volt.age drops to approximately 0.7 V, but the
anode current is only limited by the external load. Thus the thyristor
has been turned on by breaking it over, i.e. by increasing the anode
voltage above Vbo in the forward or positive direction with mo trigger

current being supplied..
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Figure 2.6 Anode Current Voltage Characteristic of a Thyristor

When a smell control current Ig is applied to the pgate, the
corresponding value of the bresk over voltage Vbo will be reduced from
that needed to produce breakover vith gero control current. In general
the higher the control current applied to the gate lead the lower anode
voltage at which breakover occurs. If the trigger current is
sufficiently large, the breakover voltage is reduced virtually to zero
end the thyristor current-voltage characteristic will be that of an
o-dinary diode. The major problem associated with the application of
the thyristor is that once the anode current is dinitiated it will

continue to flow even after the trigger signal has been removed,
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provided the current passing through the thyristor is not less than the
specified minimum current called holding current. When a thyristor is
used in a-c circuits it is eutomatically turned off when the flowing
current becomes zero. In d-c operated circuits, turn off is achieved
by either reducing the thyristor anode current btelow the holding current

for a short time or by applying & reversing voltage to it, usually from

changed capacitor. These two methods are shown in Figures 2.7.a and
2.7.b.
+
b.c [:] Load
f:auaer
Source
SCR{ Sy

Figure 2.7.a Turn off by reducing thyristor holding current
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Figure 2.7.b Turn off by applying severe voltage to the

thyristor

2.4.3 Trigger Requirements

The firing requirements of thyristors vary depending on type, rating and
temperature of operation. But for the majority of units the firing
voltage and current are approximately 3V and 100 mA respectively.
Figure 2.8 shows & typical firing characteristies, which indicates the
range of trizger currents and voltages required to fire a thyristor.
Further it also shows the pexinum trigger voltage and current that may
be applied to the thyristor. It will be noticed thet, as the junction
temperature of the device increases the necessary current to "fire" or
turn on the device, decreas;s. For reliable firing, under all
temperature conditions, the trigger signal source should be designed to

produce voltages and currents in excess of the value indicated in the
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shaded area, without exceeding peak voltages, current and wattege

ratings of the thyristor trigger circuit.

V

tantenous 4
i39er V 3
2
1

mA

50 50 250
Tunstantenous l:vfg«]evl

Thstantenous tw‘tﬁer Cuyken-t
Peak trigev current

s 2 16 20
Trstanteneus 'tyigﬂer cuyrent » 2MPS

Figure 2.8 Typical Trigger Cheracteristics for Thyristors

in the range 10-150 Amp

2.5 Typical Firing Circuits (9)

Figure 2.9.2 shows a circuit firing arrangement, the object of which is
to control the load voltage to the wave form shape in 2.9.b. The gate

current Ig zVs , and as the sinusoidal voltage rises from zero, the gate
R
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Figure 2.10.c
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A typical firing circuit made in the lab shown in Figure 2.11.a

+I8V

bierr oo

Figure 2.11.a Typical Firing Circuit in the Lab.

Figure 2.11.b
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2.5.1 Unijunction Tramsistor UJT (10)

The UJT is a three-terminal device having the basic construction of
Figure 2.12.a. A stab of lightly doped (increased resistance
characteristic) n-type silicon material has two base contacts attached
to both ends of one surface and an aluminum rod alloyed to the opposite
surface. The p-n junction of the deviee is formed at the boundary of
the aluminum rod and the n-type silicon slab. Note in Figure 2.12.a
that the aluminum rod is alloyed to the silicon slab at a point closer
to the base 2 contact than the base 1 contact and that the base 2

terminal is made positive with respect to the base 1 terminal by VBB

volts. E

p-h junction

3 __Bl =
- 1
[ Iy
\ '
S |
AL ummuin ohmie _L Va3
base ==
contack |

n-bgpe  pipire 2.12.a
igh rewstiity
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Figure 2.12.b

The symbol for the unijunction transistor is provided in Figure 2.12.b.c
The arrowhead is pointing in the direction of conventional current
(hole) flow when the device is in the forward based, active or
conducting state. The peak point voltage of UJT varies in proportion
to the interbase voltage VBB according to the equation Vp = VBB + VD,
the parameter is called the intrinsic stand off ratio. The value of

lies between 0.51 to 0.82.

(¢
- Ba
B 1
1E v | ‘es
: & .
@ @Ree=Rs +Rs:
VE R8, Ie=0
1v88| <o 8
= = - Te S

Figure 2.12.c
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CHAPTER 3

ELECTRICAL DRIVERS 2

3l Introduction (8)

The motoring component in an automatic-control system is generally
considered to be the device which supplies power to the load. However
the motoring device is a specific piece of equipment such as an
electric, hydraulic, or penumatic motor. Electric motors are generally
rotational devices, but can be used to produce linear motions by means
of proper linkages. Hydraulic motors and penumatic motors are
available in rotational types and in cylindrical types, which produce

linear displacements directly.

In many control systems, the physical nature of the servo motor is set
by the nature of the application, the type of power available, or by
weight and space limitation. “ In other servo systems the selection of
the servomotor is based primarily upon its performance requirements.
Choice of a power-supply system may be determined by the type of motor.

However, the basic performance requirements of any servo motor will be:

1) It must be able to supply the steady-state power requirements of the

load, plus any losses in gearing or other requirements.

2) It  must be able to accelerate itself and the connected load in

accordance with given acceleration specifications.
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3) It must be able to supply the peak power demand during possible

transient conditions.

4) It must operate at a given velocity or over a given range of

velocities.
Both ac and de control motors are panufactured. Speed-torque

characteristics of both types, to a first approximation, are represented

ideal curves shown in Figure 3.1 .

SPEED

TORQUE

Figure 3.1 Linearized Speed-Torque characteristics for a k:ﬂ

Control Motor
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3.2 Servo Motors (5)
The servomotors which are considered here are classified into
a. Two-phase servo motors
b. DC servo motors which can be divided into
1. Armature control

2. Field control

3.2.1 Two-Phase Servo Motors

A two-phase servomotor, commonly used for instrument servo mechanisms,
is similar to a conventional two phase induction motor. It uses &
squirrel-cage rotor. The rotor has a small diameter - to — length ratio
to ninimize the moment of inertia and to obtain a good accelerating
characteristics. The two-phase servomotor is very rugged and reliable.
In many practical applications, the power range for which two-phase

servo motors are used is in terms of watts.

A schematic diagram of two-phase servomotor is shown in Figure 3.2.8.
The reference winding is continuously excited from the reference
voltage, the frequency of which is usually 60, 400 or 1000 cycles. The
control winding is driven with the control voltage (a suppressed carrier
signal) which is 90 phase—shifted in time with respect to the reference
voltage. (The control voltage is of variable magnitude and polari- .ty).
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Reference wino{inﬁ

Figure 3.2.a Schematic diagram of a two-phase servometer

The +two stator windings are normally excited by a two-phase power
supply. If a two-phase power supply is mot available. Then the fixed
phase winding may be connected to a single phase power supply through a
capacitor, which will provide the 90 phase shift, In the two-phase
servo motor, the polarity of the control voltage determines the
direction of rotation. The instantaneous control voltage ec(t) is of

the form

ec(t) = Ec(t) sinwt for Ec(t)> 0

|

= \Ec(t)\ sin(wt +17 )for Ee(t)< O

This means that a change in the sign of Ec(t) shifts the phase by Tl
radians. Thus, & change in the sign of the control voltage Ee(t)

reverse the direction of rotation of the motor. Since the reference
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voltage is constant the torque T and angular speed Pare also functions
of control voltage Ec(t). If variations in Ec(t) are slow compared
with 'the ac supply frequency, the torque developed by the motor is

proportional to the magnitude of Ec(t).

Figure 3.2.b shows the curves ec(t) versus t, Ee(t) versus T, and
torque T(t) versus t. The angular speed at steady state is

proportional to the control voltage Ec(t)-

The transfer function of two-phase servo motor may be obtained from
torgque-speed curves, if they are parallel and equidistant straight
lines, generally, the torque-speed curves are parallel for a relatively

wide speed range but they are not equidistant.
Figure 3.2.c shows a set of torgue-speed curves for various values of

control voltages. The torgue-speed curve corresponding to zero control

voltage passes through the origin.
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ew

Tie)

Figure 3.2.b Ourves showing ec(t) versus (t)
Ec(t) versus (t) and

T(t) versus t

Since the slope of this curve is normally negative, if the control phase
{c]

1tage becomes equal to zero, the motor develops that torque necessary
VO.
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to stop the rotation. Figure 3.2.c shows that the torque T generated
is a function of the motor shaft angular speed and the control volatge

Ee. The transfer function of the system is given by

B _ Re ~ _Km e 31
E.(s) J 5**[5} k,,)s 3(T5%1)

Figure 3.2.d, shows & block diagram for this system. The transfer
function given by "3-1" 1is based on the assumption that the servomotor
is linear in practice, however, it is not so. And the values of Km, Tm

are also not constant, they vary with the control voltage.

ce

E =
3 7Ec,> E‘>

Figure 3.2.¢ Torque speed curves
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Figure 3.2.d Block diagram of a two-phase servomotor

3.2.2 Armature Controlled dc Motors

A dc motor is often employed in a control system where an appreciable
amount of shaft power is required. The dc motors are more efficient

than two-phase ac gervomotor.

The de motors have separately excited fields. They are either armature—

controlled with fixed field or field control with fixed armature

current.

The performance characteristics of the armature controlled de motor

resemble the idealized characteristics of the two-phase ac mOtOT.

Consider the armature controlled de motor shown in Figure 3.3.2 the

transfer function of this aystsm is obtained as in figure 3.3.b (5)

ees 32

sl =
B0 s[Lrs+( wfr RT)IRE KICY
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The inductance La in the armature circuit is usually small and may be
neglected. If La is neglected, then the transfer function given by (8=

2) reduces to

Bs) = K vee 3-3
. Eal®) (.S +1)

In equation 3-3, the motor time constant is small for small Ra and
smalle J with small J, as the resistance Ra is reduces, the motor time

constant approaches zero, and the motor acts as an ideal integrator.

Field-Controlled dc Motor

Figure 3.4.a is a schemetic diagram of a field-controlled dec motor. In
this system, the field voltage ef is the control input. It is the
output of an amplifier. The armature current Ia is maintained constant,
this may be accomplished by applying a constant voltage source to the
armature and inserting a very large resistance in series . with the
armature. If the voltage drop in this resistance is large compared
with the maximum back enf induced by the rotation of the armature
windings in the magmetic field, the effect of the back emf 1s made
spall. Then the armature current ia can be kept approximately constant.
The efficiency of the motor in such an operation is low. But such a

field-controlled de motor may be used for a speed control system.
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e'e L f> Ls

Figure 3.4.a Schematic diagram of a field-controlled de motor

Note that maintaining a constant armature current ia is more difficult
than mainteining a constant field current if, because of the back enf in

the armature circuit.

Considering Ef(s) "as the input and B3 (s) as the output, the block
diagram is shown in Figure 3.4.D. From this block diagram the transfer

function of this system is obtained as

Bi) K2 i )
BG)  s[ys+Ry s} S[s+ fTs+
where Km = (k2/R £) = motor gain constant
Tg, = Lf/RE - time constant of field circuit
Tn = J/f - time constant of inertia-friction
element
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Since the field inductance Lf is not negligible, the transfer function

of a field-controlled dc motor is of the third order.

B(s)

1 3[(5} 7 Ke
LS+ RF S(JS+F)

-

Figure 3.4.b Block Diagram

3.3 Comparison of the Performance of the Armature-Controlled

dc Motor with the Field-Controlled de Motor

An advantage of the field control of a dc motor is that the reguired
amplifier can be simplified of the low power requirement in the field
eircuit. The requirement of a constant armsture current source is,
however, a serious disadvantage of field-controlled operations providing
a constant current source is much more difficult than providing a
constant voltage source. The field controlled operation has a few more
disadvantages over the armature controlled operation of the dc motor.
In the armature-controlled dc motor, the back emf acts as a damping,
this is not the case in the field control, and necessary damping must be

provided by the motor and load. Because of the low efficiency of

field-controlled operations, the heat generated in the armature may

cause & problem.
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The time constan?s of the-field-controlled dc motor are generally large
compared with the time constant of a-comparable armature- controlled
motor. In making a comparison of time constants between field-
controlled operations and armature operations; the time constant of the

power amplifier is considered.

3.4 Poly Phase Induction Motors (11)

The poly phase induction motors used in industrial applications are
practically without exception three phase. In conventional induction
motors the stator windings are connected to the source and the Totor
winding is short-circuited for many applications, or it may be closed
through external resistance - wound-round roter -. The poly phase
induction motor, however requires no means for its excitation other than
the ac line. It is economical to build. The wound-rotor motor type,
lends itself to a fair degree of speed control. The induction motor
runs below synchronous speed and is known as an asynchronous machine.
As the load increases the motor speed decreases. The full-load speed
of poly-phase induction motor is, in most cases within 90% of
synchronous speed. Since the induction motor has no inherent means for
producing its excitation, it requires reactive power and draws a lagging
current. While the power factor at rated load is generally above 80%,
it 4is low at light loads, which has the disadvantages of incurring a
Jess favorable price rate for electric power when the power factor
(current lagging) fails below a certain value in commercial and
industriel insulation.. The stator windings of poly phase induction

motors. are fundamentally, the same.as the stator windings of poly phase
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synchronous machines. However,. poly phase induction motor fall into
two general catagories, depending on the kind of rotor used - the wound-
rotor and the squirrel cage rotor. The stator iron as well as the
rotor iron is laminated and slotted to contain the windings. The
wound-rotor has three phase winding similar to that in the stator and is
wound for the same number of poles as the stator winding. The rotor
winding terminals are connected to slip rings which are mounted on the
rotor shaft. Brushes ride on the slip rings of the wound-rotor motor.
At starting, they are connected externally to three equal resistances
one in each phase, comnected in Y that are short-circuited
simultaneously in one or more steps as the motor comes up to speed.
Instead of containing a winding, the slots in the squirrel-cage rotor
occupied by bars of copper or of aluminum, known as rotor bars, short=
circuited by rings of the same material as the rotor bars. The
rotating magnetic field produced by the poly phase voltages applied to
the stator winding induces currents in the squirrel-cage rotor cireuit
that develop the same number of rotor poles as stator poles. The rotor
poles react upon the stator flux, thus davelcping torque in the same
direction of rotation as that of the stator flux. As long as the rotor
rotates below or above synchronous speed, there is relative motion
between it and the rotating stator flux, and voltage is induced in the
rotor circuits. At synchronous speed there is no relative motion
between Totating field and the rotor, so the induced voltage in the

rotor = zero. At this case the developed torque equal to zero.
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3.4.1 Induction Motor Slip

Suppose that the rotor circuit is open and that the rotor is made .to
rotate at a speed n r.p.m. by some external means in the direction of
roteting flux @I"\ , if ns is the synchronous speed in r.p.z. (i.e. the
rotational speed of qi), the slip is defined by

e s
when the rotor is rotating at a slip s; the speed of the stator flux
relative to the rotor is no longer equals the synchronous speed but is

the slip speed sns. The rotor frequency must therefore be

;r- =5 fs vee 3-6
3.4.2 Equivalent Circuit of the Polyphase Induction Motor

At stand still, S =1, the developed mechanical power is zero and all
the real power transferred across the air gap from the stator to Totor
is converted to heat. At zero slip the rotor represents an open
cirecuit, because the induced voltage in the rotor circuit is = zero, so
the rotor current equals zero, s = 0. r2/s is infinite - when the
effects of harmonics are neglected whether the rotor is actually open
eircuited or whether it is short circuited and running at zero slip,

part of the voltage applied to the stator winding, E2, produces tha‘
mutual flux that requires an exciting current. The magnetizing

component of the current is given by Ie =_;%m. The core loss component

of the exciting current or iron loss current Ife. The exciting current
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IM is the sum of these components.
In = Te + Ife.
Figure 3.5.a shows the equivalent circuit and Figure 3.5.b the

approximate equivalent circuit of the poly phase induction motor. In

both circuits the noninductive resistance K\—S},\{L represents  the
s

mechanical load.

{1-SIR;
= 22

Figure 3.5.a Fquivalent Circuit
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Figure 3.5.b Approximate Equivalent Circuit

3.4.3 Mechanical Power and Torque

The developed mechanical power in an m-phase induction motor is found to

be pem = =ul I%L"i
cop E1l)

The developed torque is the developed mechanical power divided by the

pechanical angular velocity of the rotor.

I __&_m_ ... 3-8

e — Wi,
where Wm = %L — g‘l%ém

torque is expressed in terms of slip and rotor current

2
Tt méo Lrs- — v 329
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b
The quantity m I (r2/S) is the real power input to the rotor (i.e., the

power transferred across the air gap into robor winding).

335 Induction Motor-Speed Control (12)

Power control is obtained by varying the firing angle, and this is knows
as phase control. Phase control can be very conveniently for the speed
of AC motors. This achieved by applying a variable voltage to the
motor. As the speed of synchronous motors does not change when the
input voltage is varied. This method is useful only for commutator or
induction motors. Figure 3.6.a shows the schematic arrangement for the
speed control of three-phase induction motors. By controlling the

firing angle, the RMS input voltage can be changed.

Two SCRS connected in antiparallel are prefered to one triac since the
motor is an inductive load. The input current wave form is shown ~ in
Figure 3.7.2 - The motor winding will experience open-circuits in any
half cycle if the angle of conducting B is less than=i . During this

period, the rotor currents will induce a voltage in the stator phase

winding.
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Figure 3.6.a Phase control of an AC motor

As the firing angle increases, the RMS value of this voltage decreases.
The characteristics of an induction motor with variable applied voltage
are shown in Figure 3.7.b. This method of control is very simple and
economical. It provides a wide range of speed control. The points
indicated by circles on Figure 3.7.b show several speeds that are
possible by varying the voltage. If the load torque is constant, the
speed deviation is very much limited as shown by curve 2. Another
drawback of this method of control is that efficiency falls off with
decrease in speed. For an induction motor, the power output is given by

mechanical power output = power input to Totor x (1 - 8)
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therefore

efficiency = 1 -8 ater 3210

cxﬁpiiad[ Vo Ltage

orq ue ,

—speed

Figure 3.7.b Speed-Torque Characteristic
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3.5.1 Phase Control of three-phase Induction Motors

The schematic diagram of phase-control circuit for controlling the speed
of a three-phase induction motor is in Figure 3.6.a. The speed torque
characteristics and the oversll perrformance are similar to those for a
phase-controlled single-phase motor. The SCRS have to be triggered in
a sequence to obtain balanced phase currents. The firing angles must be
the same for all the phases whaen the conduction angle is more than A
the number of SCRS conducting at any time will be either 3 or 2. 'Ii]is
is called 3/2 mode, if it is between T7/3 and 277 /3, the number of SCRS
that conduct at any time will be 2 or 1. This is 2/1 mode.. When it is
less than 41 /3, only SCR or mon will be conduct. This is the 1/0 mode.
As long as the SCRS conduct, the corresponding phase voltage will be
known. When the phase gets open-circuit the corresponding voltage
across the phase will be the induced voltage due to current flowing in
the other stator and rotor windings. The procedure for obtaining the
steady-state current waveforns requires the solution of the motor
differential equations; such equations are not the same for every mode
of operation (12-1). Numerical techniques can be used for studying the
steady state or dynamic performance of three motors. The firing
sequence of SCRS for all modes of operation will be, 1,3',2,1' 3 and 2'.
The interval between successive firing will be /3, and the firing
frequency will be six times the input frequency. The designed control

cirecuit, which provide the firing signal is shown in figure 3.8.
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3.5.2  Firing Gircuit Description
The circuit consists of 4 sections,

1) 1line frequency synchronizer

2) clock generator

3) triggering pulses gemerator

4) the enable triggering section.

The clock generator consists of a free running square wave generator of
frequency 300 Hz. The clock has an enable input which controls its
operation, when this control input is low the Flccking is inhibited (no
" clocking occurs),and when it is high, the clock operates normally.
This control input is controlled by the synchronization part of the
circuit. The synchronization circuit consists of a schmitt inverter
with 5.0 volts (peak) from one of the phases as its i/p when the ac
signal goes higher than 0.45 volts, the output of schmitt inverter goes
low and sets a D flip-flop. The non inverted output of the D-FF (Q) is
fed to control of the clock so that clocking begins. The clock drives
a universal 4-bit counter (74 LS/69), whit;h is connected to count from
10 to 15 (A to F hexadecimal). The counter has a carry up output which
goes low as the count reaches 15. This carry output is used to reload
the counter with 10 for the next cycle to reset the D-FF and so the
clock is inhibited, while the counter remains at count 15. When the ac
signal reaches 0.45 V on the rising phases later, the D-FF is set again,

the clock operates and reloads the counter with 10.

The counter outputs are connected to 3 to 8 line decoder (74 LS 138)
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which generates a sequence of low pulses on the outputs 12 to E;
sequantially with each clock cyele. These low pulses are inv‘erted by
an octal inverter (74 LS 240) to drive the six SCR's connected to the 3-
phase - 335 resistors are connected to the actual inverter outputs to

mininize the negative overshoot on the gates of the SCR's.

Figure 3.9 shows the various signals of the circuit. The control signal
of the firing ecircuit is provided by the last part of the circuit.
This part consists of a comparator which compares between the voltages
of two identical solar cells fitted on the tracking table. One cell
serves as a reference signal and the other as a feedback signal. The
reference cell is connecting to the non-inverting input of the
comparator and the feedback one is connected to the inverting input.
The difference of the gquantity of sun rays falling on these two cells
creates diffa'rent voltage on them. If the voltage on the reference cell
is greater than that on the feedback one, the comparator saturates and
produces about on its output. If the voltage on the reference is less
than the feedback then the output of the comparator will be about (0).
This output is used to control the firing of the SCR's. It is comnected
to thc gate inputs of the actual buffer inverter. So that when the
comparators output is high (+5) the firing signals are blocked and when

it is low {0 ), the firing signals are enabled to fire the SCR's.
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The two solar cells are positioned on the tracking collectors. One of
the solar cells will be su‘bjecte;i to sun light more than the other..
This causes an actuation signal to the firing circuit, which rotates the
motor and hence the tracking collectors until the actuating signal be
oinimum (as shown at Figure 3.10). After a while due to the movement
of the sun the first case is repeated and the motor moves the table
again. This operation goes as long as the sun is rising and there is a

difference between the reference and feedback cells.

Photocells

Mooy

2

arip
P

Figure 3.10
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CONCLUSION
The problem of.energy is subjected to supply and demand.
Every year there is an increased demand for energy to satisfy
“the needs of growing industry, household needs, traffic and

other electrical categories.

Sun is an unlimited source of energy. So, wutilizing this
energy might solve a lot of problems facing us every day. To
collect a large amount of light energy, collectors should be
mounted to track the sun movements. This is done through a
position control system using two photo cells that track the
relative position between sun and collectors. In other words
these photo cells are to minimize the deviation in relative
position so that the sun ray will be perpendicular on ths

collector surface.

The choice was to use an induction motor as the duive aystam
. for some gears that will in turn corrocs thu 2oszition of the

sun tracker.

To control the motor movement, 3CR’s are suggested.

E‘xperimental work included building and successfully testing

a t'.riggering circuit to fire one SCR thyristor. Another set

of SCR's was designed and implemented to control the

operation of the 3-phase induction motor, but unfortunately,

it was. not practically applied or tested on. the motor,

although it was theoritically proved to operate well.
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In fact, a lot of tests should be carried out to achieve a
‘proper performance and arrive at an efficient and relatively

economical system.
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