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The research Werk contging 8L analytical part gs
well as an experimental one, 4 small power 8ystem hgg
been chosen for study. Thig System ig tomposed of g
turbo~alternator connected to the bus bars of a8 large
Power system through twe parallel short transmigsion
lines. The generator ig equipped with &n automgtie vol-

The €xperimentg] set-up ig composed of g mode] fly-
wheel turbo—alternator driven by a d.c. motor and g model
of two parslilel short transmission lines. 7The generstor
1s equipped with gn automgtic Voltage regulator designed
and built in laboratory. Thig ig g power-transistor
based Proportiongl type regulator, It controls the

bower of the mgchine,

The driving d.c, motor wgs made to simulate g steam
turbine. Tpe Speed governor was designed using gn eampli-
dyne. The control winding of the amplidyne ig fed through
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This contrecller has been designed angd built so as to have
the flexibility of working. The proportionagl component
either slone or ip conjunction with the other two compo-
nents supplies the control wWinding of the amplidyne to
obtain different cases of controller. The system is
equipped with g bower angle device designed ang built ip
the laboratory. This gives g signal Proportionagl to the
angle between termingl vVoltage and the internel induceg
eé.m+f. of the machine. This signal may be used for meg-
surements and for control purposes.

Results gre Commented upon andg discussed. Recommended
controller types are suggested.,
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LIST OF SYMBOLS

The coefficient matrix of the state-apace mode]
of the synchronmous machines.

The coefficient matrix to be multiplied of the
driving function of state-gpace equation.

the dinduced €.m.f. of the alternator at ne load
prefault,

the e.m. 7. induced in the armature coils of the
synchronous machinesg due to fielg system flux
linkage,

4.C. r.m.s. voltage before short circuit, PslU.
the e.m.f. behing transient reactance in g-agxig
of synchronous machine,

the inertig constant,

alternating current, root Mean-square ghort
circuit current, p.u.

the armature current, root-mean—square,

the inetial valuse of the ermature current of the
d.c. motor,

the average value of the current,

the armature current, root-mean-square, in d-agxis
cf synchronousjmachine,

the incremental Change in the direct current,

the armature current, Teles., In g-axig of synch-
Tonous machine,

the incrementa]l change in the gquadrature current,
the fiela current of the amplidyne,

the current of the emplidyne ip 9-axis winding,
the matrixz of armature currents in the g, b, ¢
frame,

the matrix of rotor currents,

the matrix of armature currents in the o,d,q frame
the moment of inertia of the rotating parts
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Ke : the overall gain of the exciter,

Kd i the gain of the derivative component of the
controller,

Kg ¢ the governor gain,

Ki : the gain of the integral component of the
controller

KMF,KMD,KMQ: factors used for referring rotor values to

stator in synchronous machineg

Kp : the gain of the Proportional component of the
controller,

Kpot : the attenuation factor of the potentiometer,

(1] ¢ ‘the symmetric matrix of constant inductances,

Ld ¢ 3self inductance ip d-axis,

the inductance of d-axis damper winding

g

Lf : the fiela inductance,

Lo : the inductance of Z8ro sequence,

Ln ¢ the inductance connected in the neutral line

LQ ¢ the inductance of the gq-axis damper winding

Lq ! the inductance of the armature in the g-axis

MR ¢ mutual inductance between rotor and stator coils,
b : the matrix of speed voltage inductance

>
L i )
e

the matrix of Speed voltage inductances with
transmisgion lines

[no dq]: the voltage matrix of thne neutral in o,d,q-frame
of axes,

n,, ¢ the reference speed,
ng ¢ the synchronoug speed,
(B] : Parkts transformation matrix,
Pd * Dbowmer dissipated as heat due to logges.,
Pe ¢ the electrical power
Pi $  the input power,
Pm ¢ mechanicgl power,
R ¢ resistance matrix,
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resistance mgtirix of the stater coils,

~—
o
o
o
At

Re ¢ the transmission line regsistance,
Rf : the field windirg resistance,

[RFDd]= resistance matrix of the rotor coils,
Rq : the resistance of armature windirg per prhase,
Sbase’SB: the base KVai.

Te : the electrical torque,

Tg ¢ &overmor response time,

?m ¢ mechanical torque,

U] i the system driving functions,

U3 ! unit matrix 3 x 3

v ¢ the generator armature voltage,

[?ab&] : R.M.S. voltage of phase a, b and ¢ in matrix
¢ terminal voltege of the exciter,
[?0 d q]= voltage matrix of the armature coils in the odq
rs
frame

Vq ¢ Voltage in g-axig
VqA ? Voltage in g-axis of the anplidyme
Vr : reference voltiage

Wke ¢ the kinetie energy stored in the rotating partg,
[x] : a vector of the state varigbles,
Ex]t ? transposed matrix,

xﬁ ¢ the direct-agxisg reactance of Synchronous machine

X& ¢ the direct-axig transient reactance of synchronoug
machine,

Xg ¢ the direct~agxig Subtransient reactance of synch-

Tonous machine,

ol ¢ relative angular displacement between the machine
shaft and the standard vector,

S ¢ the power angla,

the flux linkage matrix of the amature coils in

the abc frame

the flux linkage matrix of the armature colls in

the odgq frame,
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vii

the flux linkage,

angular speed of the rotating parts rad/sec

the reference angular speed

the angular displacemernt of the rotor in radians

8 constaent depending on the inertia constant

the d-axis open circuit transient time constant

the d-axis short circuilt transient time constant
the d-axis short circuit subtransient time constant
the exciter time constant
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CHAPTER 1

INTRODUCTION

l.1 IYPES OF CONTROLS APPLIED TO & SYNCHRONQUS
GENERATOR

There are three types of controls usually applied
to synchronous generator units. These are the mega watt
frequency control, Mega VAR voltage control and super-
visory control.

1.1.1 Megg watt/frequency

The objective of this process is to exert control
of fregquency and simultaneously of the real power exchange
via outgoing lines. The frequency or 8peed 18 gensed gng
compared with a reference value. The difference signals
are amplified, mixed, and transferred into a real-power
command signal which ig sent to the prime-mover to call
for an in~rement in the torque @tL

lels.2 Mega VAR, Yoltage

The objective of thig process is to exert control
of the voltage gtate [Vt * 4n important characteristic
of an exciter control system ig its ebility to respond
rapl ly to voltage conditions during both normal and
emercency system operation. The voltage error C:'th is
sensed, and transferred inte a reactive bPower commsand
signal A Q, which is fed to the excitation source. The
result is a change in the rotor field current, and thus
in the generstor electromotive force (eem.f.), which
finally adds up to an incrementgl Change in the reactive
power of the generator [1].
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1.1.3 Load Pispatching Control

The objective of this process ig to control the
output of each unit within a plant and each plant within
a large power system. This is achieved by continuglly
monitering all bPlant outputs and interchanges of power
with other system components. This control gives the
system the ability to face changes in logd and keeps
the system stable [i].

1.2 THE IMPORTANCE OF A S PEED -GOVERNOR

The prime movers of a modern electricgl power system
may be steam, hydraulic or gas turbines, reciprocating
steam or interngl combustion engines, or wing turbines.
Only the first two types are considered in the present
regsegrch since they are normally used for driving generg-
tors in large bower systemg.

An engineer who designs or operates a power Systen,
often needs to know the general Characteristics of a
turboalternstor or hydro-generator under different
operating conditions, and in many cases the hydrgulic and
steam turbines can be congsidered to have similar proper-
ties. The main characteristics, that we are interested
in, are the speed-load curves. These curves usually have
a drop in speed as load is increased. This drop in Speed
or change in frequency must not exceed a certain value.
Speed governors gre needed to obtain thig specification.

main requirement from the Speed governor is to keep the
speed constant at 11 load values. On the other hand,
when a generstor is connected to the bug bars of g large
System, the effect of the speed governor decregges
because tne large-system forces the speed of the smgll
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