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This paper proposes a DSP based simulator for development and ienghgion of control algorithms. The
simulator is used to control a synchronous aggregate model in realTimeesimulator consists of a PC (on which
a synchronous generator connected to AC network is simulated) dedrtacough a communication channel to a
DSP (on which the control algorithm is implemented). The simulator makelgemgnmtation of a control algorithm
faster and easier. It also enables verification of a control algorithrrairtilee. Simulation results show that there
are no significant differences between non-real time simulations (db)afd real time simulations (on a DSP
based simulator). This paper also presents design and implementatiaroofi@ear control algorithm for exci-
tation control system based on the Lyapunov’s direct method. Botheational excitation control algorithm and
proposed nonlinear excitation control algorithm were implemented anditestthe real time simulator. The ob-
tained simulation results show that proposed nonlinear excitation contorltalp better damps electromechanical
oscillations than conventional excitation control algorithm.

Key words: Dynamic simulator, Excitation control, Real time system, Synchronousrgear

Razvoj i implementacija upravljackih algoritama za sinkroni generator. U radu je prezentirana upotreba
simulatora za rad u stvarnom vremenu za razvoj i implementaciju upt&iijalgoritama. Simulator je koriSten za
upravljanje modelom sinkronog agregata u realnom vremenu. Simu&agsas$oji od osobnoganala (na kojem
se simulira model generatora spojen na elektroenergetski sustay kojeko komunikacijskog kanala spojen na
DSP (na koji je implenetiran upraviai algoritam). Simulator omogwje brzu i jednostavniju implementaciju
upravljatkog algoritma. Isto tako omoguje verifikaciju upravljgkog algoritma u realnom vremenu. Isto tako,
u ovom radu dana je izvedba i implementacija nelinearnog algoritma uprg/liabudom zasnovana na direktnoj
teoriji Ljapunova. | klagtan i predloZeni nelinearni algoritam upravljanja uzbudom su implenagtitestirani na
simulatoru za rad u stvarnom vremenu. Rezultati simulacije pokazujustavssipredioZzenim nelinearnim algorit-
mom upravljanja uzbudom bolje prigusSuje elektromékaioscilacije u odnosu na sustav s ktagin algoritmom
upravljanja uzbudom.

Klju €ne rijeci: dinamiki simulator, regulacija uzbude generatora, sustavi za rad u stwavremenu, sinkroni
generator

1 INTRODUCTION Control algorithms implementation and their testing on

the dynamic simulator for a synchronous generator exci-

Testing a controller for complex control systems de-tation control system are presented in this paper. A syn-
mands a real control system or an adequate laboratoighronous generator is simulated in real time using a Mat-
model. After engineering the necessary electronic cisguit lab/Simulink program package. Control algorithms were
simulating and implementing the control algorithm, con-implemented on a TMS320F28335 digital signal proces-
troller operation should be verified on a real system. Withsor (DSP) of Texas Instruments. The dynamic simulator
complex systems, such as the power system, engineerirf§ig. 1) consists of a PC (simulating a synchronous gen-
an adequate laboratory model is difficult and expensiveerator) connected by a communication channel (through a
and the real operating systems are rarely put to a stop so &SB port) to a DSP (on which the control algorithm has
to examine the operation of a controller. It is desirable, fo been implemented).
technical and economic reasons, to have a dynamic simu- The data exchange between PC and DSP is carried out
lator which would simulate the physical behaviors of realby a JTAG (Join Test Action Group) emulator through the
complex systems [1-3]. Real Time Data eXchange interface (RTDX). This kind
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two line voltages, generator field current, rotor speed and
load angle, while the system output signal is a PWM sig-
nal for an AD/DC converter. The power system stabilizer
(PSS) output signal is an input signal in a summation point
before voltage controller in the excitation control system
The structure of PSS type PSS1A is shown in Fig. 4 [4].
Commonly used input signals of PSS are rotor speed, ac-
tive power or terminal frequency [4]. In this paper active
power is used as an input of the PSS. PSS1A stabilizer pa-
rameters, given in AppendixA.4, were experimentally de-
termined using the phase compensation technique with a
generator voltage of 1.0 p.u. and an active power of 1.0

p.u. [6]. .
o o
s S
X X
Fig. 1: DSP based platform Voltage Field current
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controller is less technically and economically demanding
than if the testing was conducted on an adequate labora-

| [}
tory model or on a real system. With an adequate math- g el @@ ,,,,,,,,,, 5
ematical and simulation model different control systems; 3w lta -
can also be simulated on the dynamic simulator. Also, PSS~ ég s a
input/output signals of a real system can be connected to Excitation control system e ]

the dynamic simulator to test the operation of an imple-

mented controller (processor/hardware in the loop simula-Fig. 3: Conventional generator excitation control system
tions). The dynamic simulator contains commercial elec-

tronic components that are easily accessible and economi-

cally acceptable. Usmaz
H H H H 5Ty sT
This paper presents design and implementation of a con* -1 e Kstay B Ustab
ventional and nonlinear control algorithm based on the Usmin

Lyapunov’s direct method for synchronous generator exci-
tation control system. Simulation model of a synchronous
generator connected to infinite bus through a step-up trans- . ) .
former and transmission lines (reactance of transmission, The paper is organized as follows. Description of the

line is 0.2: Fig. 2) was used for testing excitation control SiN9!e machine infinite bus model is given in Section 2.
algorithms. Simulation model of a conventional excitation control sys-

tem is described in Section 3. Design and implementation
It Ty of a conventional excitation controller is given in Section
3@—@ Ly2 4. Design of a nonlinear excitation control algorithm is
ey oun given in Section 5. Simulation results are given in Section

Cv1tTuz 6. Concluding remarks are given in Section 7.
Fig. 2: Synchronous generator connection to the AC net-

work 2 SIMULATION MODEL OF THE SYN-
CHRONOUS GENERATOR

Fig. 4: Structure of IEEE-type PSS1A stabilizer

Te =zt +

Fig. 3 shows conventional generator excitation control
system structure. Generator excitation control syster con Before implementing and testing a control algorithm on
sists of a proportional field current controller and a Plvolt a real system, it is necessary to make an adequate mathe-
age controller which is super-ordinate to it [4,5]. The con-matical and simulation model of a real system. The math-
trol system input signals are two measured phase currentsmatical two axes model of a symmetrically loaded syn-
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chronous generator (machine) is described by the followpower system was simulated in Matlab/Simulink (Fig. 5).

ing differential equations [7]:

Ug = — IRy — wipy + izgdt [p.u]

Uy =—I,Rs +wipg + jsﬁqt [p.u]
Uo=— IR, + j:ﬁft pul @)

Upa =IyaRya + i:’bﬁ [p.u]

0 =IxgRpa + i:ﬁci [p.u]

0 =IpgRig + iwg‘; [p.u]

Flux linkage/current relationships are defined by:

Vg =—Xaqlg+ Xmalta + Xmalkd

Vg = —Xglg + Xmglrq
Vg = —Xmala + Xralra + Xmalkd (2
Yra = —Xmala + Xmalra + Xialka
Vrq = —Xmqlq + Xiqlrq

o = —Xislo

The aggregate motion equations are:

dw

Ty~ = M,, — M,

M dt m e (3)
do
_— = —1

The electromagnetic torque of the generator is dete

mined by equation:

M. = (@/’djq - q/’qjd) (%)

Simulation model includes a proportionally integral (PI)
voltage controller and a proportional (P) generator field
current controller. After performing simulations on a de-
sighed model it is necessary to implement the control algo-
rithms no an existing control excitation system. Nowadays,
digital signal processors (DSP) are often used as control
units in an excitation control system of a synchronous gen-
erator. DSPs are used due to the large quantities of data
that need to be processed in a short amount of time. Until
recently, a DSP could only be programmed in a high-level
languages (C/C++, Java, etc.) or in an assembler. This
demands additional knowledge of DSP programming.

Controller operation must be verified after implementa-
tion of the control algorithm on a DSP. A laboratory model
of a generator excitation control system is complex and
may not be profitable. Also, it is rarely possible to perform
excitation control system tests on the real power plant, be-
cause it demands that the power plant operation be stopped.

3 SIMULATION MODEL OF AN EXCITATION
CONTROL SYSTEM

The simulation model of a synchronous generator, with
a conventional excitation control system, connected to a
power system (Fig. 5) describes physical behavior of the
system well. Various excitation control algorithms can be
tested on this model. The given simulation model does
not operate in real time and the limits of actuating units
within the control system have been ignored, such as pro-
cessor type (32-bit, 16-bit, fixed-point or floating-pojnt)
data processing speed, date transfer speed, signaldittrati
in cases of analog-digital conversion, etc. Besides, this
|J_nodel is not suitable for the direct implementation of the
control algorithm on a DSP, because it is simulated using
the variable-step method (ode45; Dormand-Prince). Also,
it's not possible to know the exact state of the simulated
physical variables in an exact moment.

Connection between the synchronous generator and AC The Pl voltage controller and the P field current con-

network is determined by the following equations:

X, dI
Ug=Usa+ == —wI,X,+I;R.  (6)

ws dt

X, dI,
Uq _USq—’_IW +CL}IdXe+IqRe (7)
Usqg = Ussiné (8
Usq = Uscosé ©)

troller from the synchronous simulation model must be re-
alized in the discrete domain (Fig. 6), so the algorithm can
be implemented on a DSP. The voltage reference signal,
as well as the measured voltage and measured field current
signals, have to be discrete. This is done using the Zero-
Order Hold function.

4 USING DSP PLATFORM FOR IMPLEMENTING
AND TASTING OF ALGORITHMS

where equivalent AC network voltage, transmission line  The gynamic simulator works with a 32-bit floating-

reactance and resistance are considered congfant (1
p.u.).

Simulation model of a synchronous generator, with éased dynamic simulator.

point TMS320F28335 DSP. Fig. 7 shows the synchronous
generator control algorithm implemented on the DSP
Control algorithm is block-

conventional excitation control system, connected to grogrammed, translated to a high-level language (C/C++)
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Fig. 5: Simulation model of synchronous generator exatationtrol system

time simulation model simulated on a PC (Fig. 9). The
simulator delay is caused because of the data exchange de-
lay between the DSP and PC.

KTS[
z4

Integrator

ZOH Saturation Saturatuon 1

b 1

ZOH1L Kpl Saturation 1

VoltageU [p.u.]

Fig. 6: Pl voltage controller and P field current controller 0.998;
in discrete form — Smuated

0.996¢

and downloaded on a DSP using Matlab/Simulink (with

TC2 Target Support Package) [8—11]. 0.295 0.3 0.305 0.31 0.315

t[s]

Fig. 9: Time delay between simulation performed on a PC
and on a DSP based dynamic simulator

From RTDX

- 5 DESIGN OF THE NONLINEAR ALGORITHM

Fig. 7: Synchronous generator excitation control alganith ~ The parameters and characteristics of a conventional

on a DSP based dynamic simulator voltage controller are determined based on a linearized
synchronous generator model operating at a specific op-
erating point. This kind of a controller is not robust to

4.1 Testing of conventional algorithm generator operating point changes and to system structure

The generator excitation control system operation wa§hanges (transmission line fall outs, short circuits on a
tested for the cases of voltage reference step change aHgnsmission lines, etc.). The power system keeps mak-

for the three-phase short circuit disturbance on one of thi'd bigger demands to the power units and thereby to the
transmission lines (Fig. 2). Fig. 8 show the generator regenerator excitation control system. This imposes the need

sponses for the case of a three-phase short circuit whidl@ €xplore other types of synchronous generator excitation
happened at 0.3 seconds and lasted 100 ms, and for vofyStem control algorithms.

age reference step change from the initial value of 1 p.u. The mathematical two axes model of a symmetrically
to the value of 0.8 p.u. Comparison of the simulation redoaded synchronous generator (1) is highly nonlinear and
sults between non-real time simulation (performed only orcomplex. Such a complex model is very difficult to deal

a PC) and real time simulation (performed on a DSP basedith, in the controller design and implementation, unless
dynamic simulator) show no significant differences. Thesome simplifications are made [12]. The simplified third
real time simulation model controlled by the DSP dynamicorder mathematical model of a hydrogenerator (resistances
simulator has an 0.8 ms delay compared to the non-realf the stator coils and transient processes in damping coils
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VoltageU [p.u.]

VoltageU [p.u.]

1.1
— Simulated 1
— DSP l . . — giggjlated
0.9t ]
1 0.8f ]
0 0.5 1 1.5 2 0 0.5 1 1.5 2
tfs] tfs]

Active powerP, [p.u.] Active powerP, [p.u.]

0 0.5 1 15 2 0 0.5 1 15 2

t[s] t[s]

Load angle) [p.u.] Load angle [p.u.]

0 0.5 1 15 2 0 0.5 1 15 2
t[s] t[s]
Fig. 8: Simulation results for a three-phase short cirdaft)and for a voltage reference step change (right) usingra

real time simulation (performed on a PC - red) and a real timelation (performed on a DSP based dynamic simulator
- blue)

are neglected), which is connected to an AC network viachronous generator connected to AC network is given by
step-up transformer and transmission lines (Fig. 2), wafl4, 15]:
used to develop the nonlinear excitation control algorithm

based on the Lyapunov’s direct method [13-15]. This do = wAw (10)
kind of a simplification assumes very small speed devia- dt

tion (Aw =~ 0). So, instead using mechanical and electri- deAJ =P, —P, (11)
cal torque, motion equation (5) can be written using me- dt,

chanical and electrical power (11).Vectqr diagram of a hy- Téo% = By — I1aXoma (12)
drogenerator connected to AC network is presented on the dt

Fig. 10.

whereé [rad] is the load anglelAw [p.u.] is speed devia-
The simplified third order mathematical model of syn-tion andE;, [p.u.] is the g axis component of the voltage
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! From the generator vector diagram (Fig. 10), voltages
JiXqlq Uq i U, can be calculated as follows:
E=F .
4 jXala
Us=U, sin(d)i a7
d — Us Xe T+ Xq
X X!
E ¢ §)—d_— 18
U, = X7+ X, +Ucos()Xél+X6 (18)
respectively:
dUy Xy
L O —— - 0)wsA 19
7 U X, + X, cos(d)wsAw (29)
Fig. 10: Vector diagram of hydro generator connected to du, 1 5 Iox X,
AC network a f’lo( fd = 1fd md)iXé TX,
/
_[J.—d g
behind transient reactaci&,. P, [p.u.] denotes generator Us X+ Xe sin(9)ws A (20)

active power which comes to:
Adding the equations (19) and (20) to the equation (15)
sin 26 leads to:

dv e Xy
Lyapunov’s direct method is an effective tool for the sta- 7 =7 mU cos(d)wsAw+

bility of nonlinear systems. For autonomous differentabl

EUs U2 X, — X,
e = v v sind + —= 7
Xg+ Xe 2 (Xe + X3 (Xe + Xy)

systems, Lyapunqv func_ti_on is a C(_)nvi_nient tool_t_o ana- Uy~ = Ede/X * + U, (_Tlllfd
lyze the asymptotic stability properties if the equilibriu do do
points [16]. One notably successful use of the Lyapunov Xe X}

methodology is its generalization to control system dgsign Xma X, +X., X,+X. Us sin(d)ws Aw

known as the control Lyapunov function (CLF). The exis- (22)
tence of the CLF is also a necessity and sufficient condi-

tion for the stability of nonlinear systems with inputs. By  Let the control rule have the following form:

using a CLF, many control algorithms can be calculated ,

which globally asymptotically stabilize the system. The Epg=—T Xg+Xe 1 (K e+

main drawback of the CLF concept, as a design tool, is that Xe Uq

h temati ffindi trol L Xy
there are no systematic ways of finding a control Lyapunov KUy —T 1, cos()weAwt

function for the general nonlinear systems [16-21]. X.+X,
Further on, by using control Lyapunov function a non- 1 X, (22)
linear excitation control algorithm was developed. +K3U, < T L rdXmad X +4X -
Assuming Lyapunov’s function: 40 ¢
X4 Us sin(d)w Aw)}
1 T N7 v S S
V=58>0  Ve#0 (13) Xi+Xe
e=U—Upes (14) Where Ky, K, and K5 are parameters which force Lya-

punov'’s function derivation to be negative at every genera-
wheree is the error between the terminal voltage value angor operating point.

voltage reference value. Implementing the control rule (22) into the equation
Adding (14) into (13) and differentiating the equation (21) leads to:

(13) leads to:

av e? e X
av dU dU A N L 5
g = U= Unep) —=e (15) dt TT UdXe + X, Us cos(?) (23)
wsAw(l — Ky) + UY (1 — K3)]
Substitution of generator voltagé = /U7 + U2 in !
the equation (15) gives: where:

X, X/,
X+ X X)+Xe

vV _ e dUs o dU,

ey o Yd M Uy sin(d)ws Aw
a ~ Wiy TV

16) Y =—71riXma
) (16) Téo
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In order for the system to be stable according to Lya-system (Fig. 11, Fig. 12 and Fig. 13). Simulation results
punov, the following must be valid at every generator op-for mechanical power change from 0.5 to 0.8 and again to
erating point:% < 0. It is obvious from the first part of 0.5 p.u. at generator voltage 0.9 p.u. are shown in Fig.
equation (23) thaPK1§ < 0is valid for anyk; > 0  11. Fig. 12 shows simulation results for a generator volt-
(generator V0|tagé] > (0 at every generator Operating age reference Change from the |n|t|al Value Of 1 p.u. to the
point), Whereas the Second part depend&m 5, Ud and Value of 0.8 p.u. and baCk tol p.u. at generator meChan—

negative, the following inequality must hold: for a three-phase short circuit (that lasted 100ms) on one

of the transmission lines. Presented results show that the
e X4 proposed nonlinear excitation control algorithm achieves
— Ki1— + = |Ug——"Us cos(9) : -
U ' U X+ X, better performance than conventional excitation control a

wsAw(l — K2) + U, Y (1 — K3)] <0 gorithms.

2 e

During smaller disturbances synchronous generator spedd CONCLUSION
is approximately equal to synchronous speed Age.~ 0,

and with the selected(s — 1 this means: Real time DSP based dynamic simulator enables faster

processes of engineering, implementing and verifying con-
dv €2 trol algorithms not only for excitation control system of a
at ~ _Klﬁ <0 synchronous generator, but also for other systems able of
having an adequate mathematical and simulation model.
Although it has been assumed thaw ~ 0, the simula-  programming of control algorithms is block based and a
tion results stated in the foIIOWing section show that th%rogram code is automatica”y generated’ translated and
proposed nonlinear excitation control algorithm gives satdownloaded on the DSP using Matlab/Simulink. The sim-
isfactory results even in cases of larger disturbances. Th@ator verifies control algorithm by a simulation in real
nonlinear excitation control algorithm has three adjustab time, where the simulated model of the controlled system
parameters K, K> and K3). The adjustment has been js performed on a PC. Comparison of the simulation re-
made by identifying the optimal generator’s active powersylts between non-real time simulation (performed only on
response to the voltage reference change fiomu. to 3 PC) and real time simulation (performed on a DSP based
0.95 p.u. with active powerl p.u. The performance of dynamic simulator) show no significant differences. The
the proposed nonlinear control algorithm has been evakea| time simulation model controlled by the DSP dynamic
uated by te discrete time quadratic performance index simulator has an 0.8 ms delay compared to the non-real

expressed as: time simulation model simulated on a PC.
n Also, design and implementation of a nonlinear control
J = Z (AP (k) kAT)? algorithm for excitation control system based on the Lya-
k=0 punov’s direct method is given. Both conventional excita-

hereAP is th ) atighis th | tion control algorithms and proposed nonlinear excitation
whereA P is the generator active deviatidnis the sample control algorithm were implemented and tested on the real

number fro]rcnr(])tm andAZd” IS thr_" sampling tllmel. Thr—;}pa- time simulator. Presented results show that the proposed
rgmetgrs of t edpropose hnon |n|gar CO”“Q a_gont m alr?]onlinear excitation control algorithm not only keeps gen-
given in Appendix A.3. The nonlinear excitation control o o4\ terminal voltage equal to the reference voltage, but

algorithm not only keeps generator terminal voltage equal o petter damps generator electromechanical osciikatio
to the reference voltage, but also damps generator elegs. conventional excitation control algorithms.
tromechanical oscillations. ) ) )

Extensions to the work presented in this paper are
planned in several directions. Implementation and verifi-
6 COMPARISON OF THE CONVENTIONAL AND cation of a proposed nonlinear excitation control algonith

NONLINEAR CONTROL ALGORITHM on an adequate synchronous generator laboratory model.
Real time DSP based dynamic simulator was used foFurther investigation of designing a nonlinear excitation
evaluation of the proposed nonlinear excitation control al@lgorithm by using a more detailed mathematical model of
gorithm. Also, conventional excitation control algoritam @ synchronous generator and different Lyapunov function
(with and without PSS) were simulated using the real timecandidates.
DSP based dynamic simulator. The simulation results were
used for the comparison of the conventional (with and
without PSS) and proposed nonlinear excitation control
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Voltageu, [p.u.] Active powerp, [p.u.]

oosth )
0.9~

— D]

— PSS

0.85} -

s Nonlinear

0.8}

t[s]
Speedv [p.u.]

totff

0.99}-

t[s] t[s]

Fig. 11: Simulation results for a mechanical power gate ghdar the conventional excitation system without PSS (red)
for the conventional excitation system with PSS (blue) amdte proposed nonlinear excitation system (green)
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Voltageu, [p.u.] Active powerp, [p.u.]

09p

s Nonlinear

0.8}~
0 1 2 3 4 5 6 0 1 2 3 4 5 6
t[s] t[s]

Reactive powet). [p.u.] Load angle) [°]

t[s] t[s]

Speedv [p.u.]
1.01- : : .

Field voltageE 4 [p.u.]

0.99¢-

t[s] t[s]

Fig. 12: Simulation results for a voltage reference gatenghdor the conventional excitation system without PSS)(red
for the conventional excitation system with PSS (blue) amdtfe proposed nonlinear excitation system (green)
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Active powerp, [p.u.]

\oltageu, [p.u.]

— P

s NONlinear
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t[s]

Reactive powe€). [p.u.]

t[s]

Field voltageEs4 [p.u.]
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0.99}
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Fig. 13: Simulation results for a three-phase short cimdistiurbance on one of the transmission lines for the corweait
excitation system without PSS (red), for the conventioreitation system with PSS (blue) and for the proposed nealin
excitation system (green)
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APPENDIX A

A.1 List of symbols

Table 2: The synchronous generators rated parameters

\oltage 400V
The list of symbols is given in table 1. gurrent égokCA
ower
Frequency 50 Hz
Table 1: List of symbols Speedf 600 r/min
Power factor 0.8
Excitation voltage 100V
Uq d-axis component of the generator terminal voltagge.{j Excitation current  11.8 A
U, g-axis component of the generator terminal voltgge.|
Upa  excitation voltage.u.) A.3 Controllers parameters
Us infinite busbar voltagep(u.) . .
U.  d-axis component of the infinite busbar voltagex() The controllers parameters are given in table 3.
Usq g-axis component of the infinite busbar voltageu()
14 d-axis component of the generator stator currgnt.j Table 3: The controllers parameters
I g-axis component of the generator stator currgnt.j
Ita field current p.u.) \oltage controller
Tka d-axis field damper currenp(u.) Kp 10
I1q g-axis field damper currenp(u.) Ki o 15
R. generator stator resistange«.) Excitation current controller
Ryq  excitation resistance(u.) Kp . 10
Rrq  d-axis damper resistancg.(.) Nonlinear controller
Riqy  Q-axis damper resistancg.{.) Ky 50
w generator rotor speeg..) K -7
Ws synchronous speeddd/ s) K 1
U, d-axis flux linkage $.u.)
U, g-axis flux linkage §.u.) A.4 PSS parameters
Ysa f'eld.ﬂu?( linkage p.v.) . The power system stabilizer parameters are given in ta-
U,q  d-axis field damper flux linkagey (u.) ble 4
Vi,  g-axis field damper flux linkagep(u.) '
Xa d-axis synchronous reactangeu(.) N
X, g-axis synchronous reactangex(.) Table 4: The power system stabilizer parameters
Xyq  field reactancey u.) ﬁ
Xra  d-axis damper reactance.(.) Kw . 2
Xk,  g-axis damper reactance.(.) T““ 001s
X} d-axis transient reactance.(.) Tl 0.1 S
Xma d-axis armature reaction reactanpeu() u2 0'1
Xmq Q-axis armature reaction reactanpeu() u”’“_” O 1
X, transformer and transmission line reactance. s i
R. transformer and transmission line resistance.
1) rotor angle fad) REFERENCES
M, mechanical torquep(u.) [1] P. Dobra, R. Duma, D. Moga, and M. Trusca, “Digital con-
M. electromagnetic torque(u.) trol applications using Tl digital signal controlleM/SEAS
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A.2 Generator parameters

The synchronous generators rated parameters are given
in table 2.

AUTOMATIKA 52(2011) 2, 95-106

tems and Contral, vol. 3, no. 6, pp. 607-616, 2008.

I. Dumitru, |. Fagarasan, S. lliescu, G. Stamatescu,
N. Arghira, and V. Barbulea, “A modular process sim-
ulator with PLC,” in Proceedings of the 9th WSEAS in-
ternational conference on Smulation, modelling and opti-
mization, pp. 391-394, World Scientific and Engineering
Academy and Society (WSEAS), 2009.

105



Development and Implementation of Control Algorithms for Sywclous Generator

I. Erceg, G. Erceg, D. Sumina

(4]

(5]

(6]

(7]

(8]
9]
(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

106

P. Kundur, N. Balu, and M. LaubyRower system stability
and control, vol. 19. McGraw-Hill New York, 1994.

P. Anderson and A. Foua&pwer System Control and Sta-
bility. IEEE Press, IEEE Power System Engineering Series
2002.

D. Sumina, “Fuzzy control of synchronous generator exci-
tation control,” Master’s thesis, FER Zagreb, 2005.

P. Sauer and M. PaRower system dynamics and stability.
Stipes Publishing L.L.C., 1998 (updated 2006).

S. Matlab, “Real Time Workshop User’s Guide,” 2008.
S. Matlab, “Embedded IDE Link CC 3 User’s Guide,” 2008.

S. Matlab, “Target Support Package TC2 3 User's Guide,”
2008.

T. Instruments, “TMS320F2810, TMS320F2811,
TMS320F2812, TMS320C2810, TMS320C2811,

Igor Erceg received his Ph.D.E.E. in 2010 and
B.S.E.E. in 2004 at the Faculty of Electrical En-
gineering and Computing, University of Zagreb.
From 2004 he has been working as an assistant at
the Faculty of Electrical Engineering and Com-
puting (Department of electrical machines, drives
and automation). His fields of interests are power
system stability analyses, power system opera-
tion and control and excitation control of syn-
chronous generators. He authored many papers
published in journals and presented at national

and international conferences.

Gorislav Erceg received his BSEE, MSEE and
PhD degrees from University of Zagreb, Fac-
ulty of Electrical Engineering and Computing in
1964, 1975 and 1996, respectively. In 1966 at
the Faculty of Electrical Engineering and Com-
puting, Zagreb, Croatia he started as an assistant
of Fundamentals of Electrical Engineering. He

works today at Faculty of Electrical Engineering
(Department of Industrial Plants and Automa-
tion), Osijek, Croatia. Also, he is a project leader
N. Yadaiah and N. Venkata Ramana, “Linearisation of of several industrial and government projects. He
multi-machine power system: Modeling and control-A sur- authpred numerous papers published in journals and prekatmeational
vey,” International Journal of Electrical Power & Energy ~ 2nd interational conferences.

Systems, vol. 29, no. 4, pp. 297-311, 2007.

TMS320C2812, Digital Signal Processors, Data Man-
ual,” Literature Number: SPRSL74L, April, 2001.

A. Kazemi and F. Mahamnia, “Improving of Transient Sta-
bility of Power Systems by Supplementary Controllers of
UPFC using different Fault Conditions\WSEAS Transac-
tion on Power Systems, vol. 7, pp. 547-556, 2008.

J. Machowski, J. Bialek, J. Bumby, and |. NetLibrary,
Power System Dynamics: Sability and Control, vol. 12.
Wiley, 2008.

Damir Sumina received his Ph.D.E.E. in 2009,
M.S.E.E. in 2005 and B.S.E.E. in 2001 at the
University of Zagreb, Croatia. From 2001 he has
been working as assistant at the Faculty of Elec-
trical Engineering and Computing (Department
of electrical machines, drives and automation).
His fields of interests are power system stabil-
ity analyses, power system operation and control

= and excitation control of synchronous generators.

He has been author of many papers published in

journals and presented at national and international cenées.

Q. Lu, Y. Sun, and S. MeiNonlinear control systems and
power systemdynamics. Springer Netherlands, 2001.

A. Shahmansoorian, “Inverse optimal control and construc-
tion of control Lyapunov functionsJournal of Mathemat-

ical Sciences, vol. 161, no. 2, pp. 297-307, 2009. AUTHORS’ ADDRESSES

Igor Erceg, Ph.D.

Prof. Gorislav Erceg, Ph.D.

Damir Sumina, Ph.D.

M. Krstic, |. Kanellakopoulos, and P. Kokotovispnlinear Department of Electric Machines, Drives and Automation,
and adaptive control design. John Wiley & Sons New York, Faculty of Electrical Engineering and Computing,

1995. University of Zagreb,

Unska 3, HR-10000 Zagreb, Croatia

email: igor.erceg@fer.hr, gorislav.erceg@fer.hr,
damir.sumina@fer.hr

R. Freeman and P. KokotdyiRobust nonlinear control de-
sign: state-space and Lyapunov techniques. Springer, 1996.

E. Sontag, “A universal construction of Artstein’s theo-
rem on nonlinear stabilization3ystems & control letters,
vol. 13, no. 2, pp. 117-123, 1989.

R. Freeman and J. Primbs, “Control Lyapunov functions:
new ideas from an old source,” iDecision and Control,
1996., Proceedings of the 35th |EEE, vol. 4, pp. 3926-3931,
IEEE, 2002.

J. Machowski, S. Robak, J. Bialek, and J. Bumby, “De-
centralised Lyapunov-based power system stabiliser,” in
Electric Utility Deregulation and Restructuring and Power
Technologies, 2000. Proceedings. DRPT 2000. Interna-
tional Conference on, pp. 431-436, IEEE, 2002.

Received: 2010-07-01
Accepted: 2011-02-14

AUTOMATIKA 52(2011) 2, 95-106



