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1.0 ABSTRACT

The performance of an electric system is charagdrby the stability 9.1‘ the” frequency and
voltage. To sustain electric performance, a goveisaised to maintain the speed (and hence
frequency) of the generator at its nominal valueother important fastor in stability is the
excitation control. In this paper, a study of tife@ of excitation and, overnor on the stability
of electric machines is presented. In particulanadel of a sync ous machine (in generator
mode) connected to a hydraulic turbine Proportidnedgral-Refvative (PID) governor with
excitation system is analyzed. A three phase fiaulised present system disturbance. All
simulations were performed in simulink. Simulatiesu tained shows that excitation and
governor control stabilizes the output terminaltageé(of the synchronous electrical machine
within three seconds in the presence of a faulis s that excitation and governor control
play a vital role in the dynamic stability of elﬁgc@@hines.

KEYWORDS: Electric system, Gove@’é‘}s Excitation, Synchronomschine, Stability,
Generator. ‘Q

Of

1. INTRODUCTION Q

An electric governor is a control @evice that colsthe speed of a generator. Its task is to keep
the speed of the engine ¢ ﬁgfant - to keep thedspkéhe engine at a predetermined speed
without being affected b anges in the load (@jzeand Theraja, 1983). In a machine that
uses field coils — for example, in most large gatws, a field has to be established by a current,
for electricity to be produced by the generator.géoerate the field, a current has to flow in the
coil; or else there is no power transfer to or fribra rotor. Excitation is the process of generating
a magnetic field by means of an electric currenis important to be able to control this field
because t%i\s' \gill in turn sustain the system vataga nominal value.

There have been several studies on power systdmtitgtaMany of the important contributions
mad%‘h’ave been in the area of analyzing the dysaatfistability. These contributions are also
cg};ﬁerned with improvements in the transmissionesys stability (Sharmat. al., 2007;
Hiyama et. al.,, 1997; Ukoima and Ekwe, 2019). Among the techniquikzed, generator
control is the most extensively applied (Hiyama92Q Typically, this includes excitation and
governing control. The majority of the attentionn®stly towards excitation control. Many of
which are the single input single output — promordl differential integral based control,
multiple input multiple output linear control, ndinear control, optimal linear and intelligent
control. Examples of such applications are theyuagic, neural network and a combination of
both (hybrid) that is to say neuro-fuzzy systemagiiet. al., 1998).
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Caused by large disturbances, transient instatstityremains one of the major issues of power
systems stability. Power oscillations that smalvaiue and low in frequency usually continue
for a lengthy duration. This in turn, limits thepedility of the system to transfer power. This
problem is usually curbed using power system stadtd. The PSS adds damping to the rotor of
the generator. The voltage modes however, cannstabdized by the use of a PSS (Hossin
al., 2013; Hossairet. al., 2010). An automatic voltage regulator (AVR) togethwth a PSE can

be used to enhance power systems voltage anderaussability. O)\)

The stability of electrical machines can be attdibg either the inclusion of flexi QI ernating
current devices that control the flow of power aegdulate the level of voltage m controlling
the excitation of synchronous generators (Hossaial., 2013; Leonaet. al., . The use of
excitation controller is proven to be more econahithan governor. H\‘S)ydéver, to improve
overall performances of electrical machines, therdimation betwéen the governor and
excitation controllers is essential. Extensive msmf excitation conforhave been reported in
(Bevrani and Hiyama, 2006; Bevrani and Hiyama, 2Q@uvt et. al. 109 ; Saidy, 1997). Many

of the methods are based on linearizing the powstesn maodel while others are based on
simulation of complex nonlinear models. The desfmxcit controllers that are based on
linearizing non-linear models have a major limdaati Thi f&/because such models depend on
sets of operating conditions. Hence, they are rkeIléQo work properly if and when the
operating conditions vary (Cat al., 1994). Q)

In this paper, we aim to complement the vatri ®Iin the literature by studying the effects
of governor and excitation on electrical maQ inesparticular, we focus on the generator in
conjunction with a hydraulic turbine go@‘%or. Raulthree phase) were introduced into the
system and the stabilizing effects of: govemnwi excitation control is shown. This rest of
this paper is arranged in the followi rder. 8ec® describes models of the governor, exciter
and turbines. The methodolo%U in this wonlrésented in section 3. Section 4 presents the

results of the simulation. Secti discussesdhalts and finally section 6 draws conclusions.

2. POWER SYSTEM M% LS
In this section, we pre%n the models of the syormabus generator, exciter and governor.

S

2.1 SYNCHROQ/ S MACHINE
e

et
m ¥ Vi
»Pm * " -
JL o L4
A o = N
3 W e Vi
1]
Figure 1: Simulink FiguteElectric model of synchronous machine
synchronous machine block Source: [@a2019)

Source: (Matlab, 2019)
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The synchronous machine in simulink can operathergenerator or motor modes. The mode of
operation is determined by the mechanical powaer. 3ighen the sign is positive, it operates in
the generator mode. A negative sign implies motodenof operation. The mathematical model
of the machine is represented by the following &igna (Matlab, 2019):

. da . .y . -
Va = Rgig + 2 ¥Pd — WrPq  Pa = Laig + Ling(i'sq +1'ka) (1) )\9\)
. d . iy
Vg = Rsig + P T WrPa Qg = Lgiq + Lingi'kq (2) q;\":)
! 14 .7 d ’ 1; /] .y . .y
Viia =Ryral'rat 0 ¢4 @ g = L'ral'sa + Lma(lg +1'ka) (3)$
! ! 0! d 4 / 14 ./ . Iy
Vika = R'kal'ka + ;9 'y ®'vg = L'kal'ka + Lma(ia + i'5q) Ké}g
! 14 ./ d ! ’ ’ Y . -
4 kqr = R kq1l kq1 + EQD kq1 @ kql — L kq1l kq1 + Lmqlq ‘\\/QXS)
! 14 .7 d ! ! ’ .y . >
4 kq2 = R kq2l kq2 +E§0 kq2 @ kq2 — =L kq2l kqz + Lmq q <& (6)
The subscripts d and q are used to represent e dy axis ity. R and s represents the
rotor and stator quantity. | and m represents Igakand netizing inductance. f and k

represents field and damper winding quantity.

2.2 GOVERNOR 0
The implementation of a combination of goyéeornor amgtraulic turbine in simulink is
represented by the block in fig. 2.

=
wrat o
Pret Am wwereT PW PIW] - h"'drz_""“': _>®
rmotor . Loar koirie =
we . frermanent
o cr oo i -
Pel gate [ Pfef f|_ 'g%}
dw + = s
a -+
Pe
Figure 2: Simulink hydr FigureABhydraulic turbine and PID governor model
turbine and governor Seu(Hydraulic turbine dynamics, 1992)
Source: (Matlab, ZQ‘Q(?

O—»f=

beta

=

(O o [ Nl e
° <Tv | o

Figure 4: Nonlinear model of a hydraulic turbineu&e: (Hydraulic turbine dynamics, 1992)

M

2.3 EXCITER
Fig. 5 shows the synchronous machine excitatiookoldhe excitation system regulates the
terminal voltage of the synchronous machine ingiieerator mode.
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Figure 5: Simulink excitation system. Source: (Mh{l2019)
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Figure 6: Internal configuration of the excitatis»@%}ﬁ. Source: (Matlab, 2019)

3. METHODOLOGY Q)O
In this section, we present the model used in § e effects of the governor and excitation

system. This is shown in Fig. 7. The mo sNWwas bpes in simulink. The model shows a
synchronous machine connected in ge {fator modeused in conjunction with a hydraulic
turbine governor and an excitation iem. The lsyorous machine is connected to a 210kV
network through a 210MVAtransfo@ The resultshaf simulation is presented in section IV.

Table"1: Generator parameters

S/No ngscription Values

1. > Nominakper 200KV

2. Q> Rated mhasltage 440V

3. Qﬁ Initial oteanical power 48.9kW

4. ‘Q\J Nominatduency 50Hz

2. b'\ gotor type Sal%dfl(l Lamb)
: tator graeters : 14m

QQ Lmd(13.7mH), Lmqg(11mH)

7 QJ(, Field paeters RIA), LF(2.1mH)

6¢3 Fricticactor 0

9. Inertia 24.9

10. Pole pairs 2

11. Preset nlode No preset model
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4. RESULTS <

&
Case 1: Single fault for d@)n t = 0.1s (startat 0.2s and ends 0.3s)

Figure 7: Simulation model to study e@y of gone and excitation control
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Figure 8: Rotor speed for case 1 Figure 9: Field voltage tase 1



10

10

N
»

opd

Time

95
AN
@%urrent, Id fase 1
O
[

S

5
Time (Seconds)

Figure 11: S

T— T : °

L
o~ 0 ~ 0 o 0 -
2 .

(nd) pi

25
0
-0.
\
\

IECON, 2019

Seconds)

N2
(b)
6@"‘6 12: Mechanical power for case 1
»\
I

@

(

L I L 1
o 0 - © o 0

Time
Figure 10: Stator current, Iq for case 1
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Case 2: Single fault for duration t = 0.3s

10

5
3
a2k

Speed (pu)

M1 2 3 4 5 6 7 8 9 w0 VA C
Time (Seconds) T‘me‘}&)
N\
A d
Figure 14: Rotor speed for case 2 Figure 15: F@d voltage for c@se
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Figure 16: SEQ urrent, Id for case 2 Figure 17: Stator current, Iq fase 2
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Figure 18: Mechanical power for case 2
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Power (pu)

vl

o 1 2 3 4 5 6 7 8 A% 10

Time (Seconds) \.,)
Figure 24: Mechanical power for case 3 ‘Q)

Va,b,c (pu)
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Flgureﬂé. erminal voltages, Va,b,c for case 3

Q¥
5. DISCUSSION »QQ
The effects of faults &electric machines candensn figures 8 — 25. The stabilizing effects of
the governor w citation systems are also shdmwrcase one, a three phase fault was
introduced intg system at 0.2 seconds aftemihehine starts. The fault lasts for 0.1 seconds.
In figure 8,1Q‘ststem starts at a speed of 1 Phe. introduction of the fault at 0.2 seconds
causes o%uations in the speed. The oscillatemescleared and finally stabilized back to the
nomin ’%Iue. Figures 9-13 shows the oscillaticaussed by the faults to the field voltage, stator
curre& mechanical power and output terminalagatof the generator. Similarly, the governor

xcitation dampens these oscillations to algtstate in 8 seconds. In particular, we focused
on“the generator output terminal voltages (Va, Wil ¥c) in figure 13. As can be seen in the
plot, the oscillations caused by the fault causettog in the voltage. This is however cleared
immediately by the governor and excitation contnoR seconds after the fault was introduced
and restores stability to the terminal voltages.

In case two, the duration of the faults was extdnd@ese are shown in figures 14 — 19. A three
phase fault was introduced at 0.2 seconds aftesytstem starts. The fault lasts for 0.3 seconds.

9



2"° International Engineering Conference
I[ECON, 2019

As observed, the longer the duration of the faiig higher the amplitude of the oscillation

caused. The duration of the fault however, didaitgct the damping and settling time caused by
the stabilizing effect of the governor and excdatisystem. The settling time in case one for
figures 9 — 13 was identical to that of case twofigures 14 — 18. Again in particular, special

attention is given to the generator terminal vatagAs seen in figure 19, the duration of the
fault first causes a drop in the output termindtage and then followed by extended oscillations
when compared to that of case one (figure 13). Ehisowever cleared and restored 0 steady
state by the governor and excitation system incorsds after the fault was intr(q\dsgg d. The

extended settling time is caused by the extendeatidu of the fault. q;\)
In case three, multiple faults were introducedwai tlifferent times. Each faults was for
duration of 0.1 seconds. The first fault was introedd at 0.2 seconds aft system starts and

the second fault was introduced at 1.2 secondsilé@ito case one an@m, the oscillations in
the field voltage, stator currents, mechanical poavel output terminS(goltage of the generator
caused by the fault is damped and cleared. Thesshamwn in fiqugIZ — 25. Also in focus in
this case is the generator terminal voltage as shaviigure 25 Wo drops in voltages can be
seen in the plot. This is caused by the two fanlt®duced at0.2' seconds and 1.2 seconds. This
is however cleared immediately by the stabilizifige of&% governor and excitation control
system in 1 second after the second fault. QS

6. CONCLUSION Q)

This paper studied the effect of excitation a Qgr on the stability of electric machines. The
generator terminal voltage was restored baﬁk taatwinal value within 2 seconds after a fault
which lasts for 0.1seconds occurs. FoQ,&tendett thuration of 0.3 seconds, the terminal

voltage was stabilized within 5 seconds” Otheresysparameters such as the rotor speed, field
voltages, stator currents and the anical ipputer were all restored back to their steady
state values within 8 seconds he fault acclinese results show that the use of governors

and excitation control can im&ve significantlye thlectromechanical oscillations, damping and
the voltage stability of eIecQT{s achines.

v
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