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ABSTRACT:

Electrical generator are device that convert mechanical power to electrical power. The conversion depends on types of generator and its
parameters.it stability depends on the loads connected and the frequency of the system. When a system excited, some amount of energy
is being generated thereby causing the rotation on the system. The excitations on this machine is examine in this work. The Matlab
Simulink has been use to ascertain the effect of excitation on the machine. The excitation affect the system depending on its types. The
analysis on this paper has been done for the different types of excitation mode such as normal, under, over and critical excitation and
their effects on the machine. This effect causing the system in stability especially on critically excited mode which causes the system to
stabilized at a higher time than every others. This in stability effect can causes a damage to the system and the loads on which it is
feeding. The results from the simulations revealed that the critical excitation can affect both the machine and the loads connected to it.
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1.0 INTRODUCTION

Power system networks including generators are susceptible to disturbances occurring internally and externally. Severe range of
damages may result due to mix-operation in control and protective functions. The idea is to ensure that each power system equipment
failure does not affect other neighboring equipment. A part of ensuring the network’s safety, stability and reliability is by ensuring that
the stability control and protection of the system is adequate. With appropriate operation of power system controls such as circuit
breakers, generator excitation controls; the power can regain stability before any damage to the system. Generator protection services
employed in many utilities allows [13], Sufficient sensitivity and the timely tripping of the faulted portions of the network under fault
conditions, Prevention of tripping under no fault conditions, Discrimination and grading for backup functions during fault conditions
[12]. The protection functions are not only limited to the above mentioned but also include generator capability control. Within the
scope of generator excitation control and protection, it is very important that these two be coordinated adequately to provide full
protection. Detailed real-time models are developed to carry out hardware-in-loop studies for particular generator protection elements
related to the studies conducted. The phase-domain synchronous machine model is utilized for the simulation studies. The validity of
testing a commercial generator and its protection relay using the phase-domain synchronous machine model is established. With the
major focus on coordination of generator protective functions with respect to excitation limiters in the under excitation and over
excitation region. These coordination studies particularly help to provide generators with excitation control; capability limits control,
primary and backup protection enhancing the stability of the power system. To capture the behavior of synchronous machine accurately
in power system stability studies, it is essential that their excitation systems are modeled in sufficient detail. The models has to be
suitable in representing the actual excitation appliance performance for a big, severe interruption as well as for small perturbations. [8]
Based on excitation power source, excitation systems are categorized into three groups showing as follows, Type DC Excitation Systems
which utilized a direct current generator with a commutator as the source of excitation system power. [9]. Excitation control is of great
importance in terms of controlling generator excitation system parameters and with proper coordination with protection relays, overall
system protection is adequate. The idea behind coordination of controls with protection is to allow time between operation of excitation
limiters and protection. The governor main purpose is to control the speed of the generator. When a generator is connected to an
interconnected system, the governor plays an important role in controlling the synchronous speed of the network. When generators are
interconnected they rotate at a synchronous speed. Initially the power demand is distributed between the generators by the economic
dispatch. The additional power needed for each generator is controlled by the governor system of the generator. If a load is lost from a
system the generator will accelerate to a new steady state determined by all the steady state gain of the governor [8, 9, 10, 11,15].
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20 MATHEMATICAL MODEL OF EXCITATION SYSTEMS

A modeling of a synchronous generator can be written by mathematical model of second, third, fifth, or seventh order. Seventh-order
model describes synchronous generators most accurately and is the most complex [14]. It is used for analysis of dynamic behaviors in
normal conditions and in conditions of generator failure. Third-order model is crucial to studying the control systems of synchronous
generators as well as their synthesis. It neglects frequency deviations, high-order harmonics, and behavior in damped windings. Used
for its simplicity and good dynamic reversing process has the higher usage for analysis and its complex of control system. The simplest
model of synchronous generators is second-order model; it describes only the dynamics of a moving rotor [16,17]. Mathematically
describing for an excitation system. An exciter’s equations can be written as follows
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When combining linearized model of the generator/rectifier with the exciter’s DC load model will get:

Vede = Kizg Ve + KazoVig “4)
ted = Kyloge + K5 KgPeq + KsKtq (5
f‘.’q = Kfjidf + KTKQ‘}'E‘&' + Kng!;:eq (6)
Kyze = Ky + K3Kq (7)
Kzo = K; + K;Kq (8)
Now, the voltage equation of the main generator’s field can be written as:
— " dlgq dlapa lakd
Vafd = Rafdlc,fd = Loma o + (Laifd * Lamd) it + Lomg it ©9)
Now, the voltage equation of the main generator’s field can be written as:
Fopa = t.¥pec (10)
Similarly, for currents
fage = —Tpae (11)
‘s
Combining (9). (10), and (11) produces the following exciter load equation
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The mathematical expressions for ved and veq can be written by eliminating vedc as
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Where:
Kyer = K K;(K5Kyzg — KgKpzo) + K5 K(KgKpzg — KoKiy3g) (15)
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Similarity with the main generator’s field current (4]
lgfd = hoealeq + hasdlsq (24)
Where:
_ Hi3pRrRy—K39K Kz
hgea = . (25)
LR der
K339K5Kg—Ky35KsKy
R = RS (26)

Linear state-space representation can be get by substituted equations (14) and (15) with (1) and (2). The final description of the model
can be done by reduce the system order by one. [5]

MODELING OF SYNCHRONOUS MACHINE
Voltage Equations
The stator and rotor voltages can be expressed in vector-matrix form as: Vs = %slgpes + PAapes (i the stator frame)

(27)
Vagrr = Tslagrr + DAagpr (In the rotor frame). (28)
In these equations the operator p = d/dt and
Vas Var
Vabes = |Vbs | While qufr = l%r (29)
Vcs Vfr
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Similar definitions apply for current vectors laocs, ldgfr, and the flux linkages Aancs, and Aqgqrr. The resistance matrix appearing in (1) and
(2) may be defines as:

,e 0 O
=10 Ths 0 (30)
0 0 7y

However, since each of the resistances of the three phase stator windings is equal we may then say that, rs = diag[rsfsrs].
In general, the rotor is unsymmetrical so that the rotor resistances must now be defined by a matrix r,, where:

Tgr 0 0
= 0 Ydr 0 (31)
0 0 T'f-r-
Solving the first order differential equation (3.1), now we may rewrite as:
d
V=IR+ E(LI) (32)
L is a function of rotor position er which is also a function of time and | is only a time varying function so we may write:
dL(e
V=IR+%2 4 L(6) S (33)

This now implies a differential equation with time varying coefficient. But equation (33)can be rewritten as:

V=IR+150x Sy 1 0) S (34)

T
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But we know that —T is the derivative of position which means “speed”, or ;S0 (C) how becomes:

V=IR+wxI d“eR’ +L(6,) 5 (35)

Equation (3.9) may finally be written as:
di dL(6r
L=[v-1(R+wx™ ))] (L(6,))"" (36)

Equation (36) shows that the solution of current at every time step involves the computation of the derivative of the inductance matrix,
%:r) for the particular rotor position and the computation of the inverse of the inductance matrix, (L(9)))™.

3.0 MODELLING IN TERMS OF THE MACHINE PARTS
Electrical part
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Turbine and Governor System Model
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TERMINAL EQUATIONS

V,=E-RI-xl =-VYsmo+RI,+ 1],

Vo=E- Rl +xil;=Vcosd + RI, - x],

P=Ejl,+El

(42)

(43)

(44)

Fig.1.0 Simulink Model of the System

4.0 RESULT PRESENTATION/DISCUSSION

The simulation was done in four stages, these normal excitation, under excitation, over excitation and critical excitation. The

simulation emphasize on the current as shown in the results figures.
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Fig.2: Graph of currents /time normal Excitation
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Fig.3: Graph of currents /time under Excitation
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Fig.4: Graph of currents /time over Excitation
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Fig. 5: Graph of currents /time critical Excitation

DISCUSSION

Figure 2, 3,4, and 5 shows the machine outputs at normal, under, over and critically excitation at a constant load. At normal excitation
the machine operate at a standard rated parameters.(i.e current, voltage and speed). At this point the induce EMF is equal to the applied
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voltage. But for the case of under excitation the EMF is lesser than the applied voltage as shown in figure 3. Over excitation shown in
figure 4 reveals that the back EMF is higher than the applied voltage thus making the system stability very high in values. In figure 5 it
was discover that, the system stability takes more time to build up itself before it finally stabilizes and it stability is at a time higher

which can cause a damages to the load on the system.

5.0 CONCLUSION

The excitation effect on electric machine may be directly or indirectly depending the types of excitation. It affect the system in some
cases or it affect the loads connected to the machine. In this work it is revealed that the critical excitation can affect both the machine
and the loads connected to it. Although the effect might not be much when comparing it to the others effects of faults on the system
stability.
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