Proc. EUROSIM 2007 (B. Zupancic, R. Karba, S. Blazic) 9-13 Sept. 2007, Ljubljana, Slovenia

TRANSIENT STABILITY SIMULATION OF
COMBINED POWER PLANT DURING FAULTS ON
400 AND 110 KV TRANSMISSION LINES

Srete Nikolovski, Predrag Mari¢!, Zoran Baus® Goran Slipac®

13.J.Strossmayer University of Osijek, Faculty afdfical Engineering
31000 Osijek, K. Trpimira 2B, Croatia
’SIEMENS d.d. 10000 Zagreb, Hainzeldi@a, Croatia
3HEP d.d. Sektor za razvoj
10000 Zagreb, Ul. Grada Vukovara 37, Croatia

pmaric@etfos.hr (Predrag Maf)
Abstract

The paper presents simulation of transient stgwlita 56.25 MVA generator and two
22.5 MVA generators in the combined steam-gas p@haart "TE-TO" Osijek synchronized
with a 110 kV transmission network. This power plarelectrically very close to the recently
reconstructed substation 400/110 kV Ernestinovore@hphase and single-line-to-ground
faults were simulated at 400 kV and 110 kV transiois lines using DIGSILENT software
for electromagnetic transients (EMT) to simulatensient stability during the fault and
switching process. All input data for transmissiiores, transformers, synchronous machines
and switching devices are obtained from HEP datxhakhe analysis of dynamic behavior of
generators during the single-line-to-ground fawdtsd three phase faults on the closest
associated 110 kV line to the power plant and460 kV line associated to TS 400/110 kV.
Operational variables such as generator speedyrietdcand mechanical power, excitation
voltage, frequency, currents and voltages in trassion lines were observed. Modeling of
the system components by considering a very langmber of relevant parameters and
constants, as well as using real operational valoegach model has enabled the relative
accuracy in representing of all the states. Funtioee, the control system together with the
protection system protects the plant from hazardates thus allowing safe, good and long-
life operation of all the plant components. Wavafsrof transients on the 400 kV and 110 kV
transmission lines, generator speeds and rotoreardgviation caused by faults have also
been presented.

Keywords: Transient stability, transmission network, synchronous generator, short
circuits, computer simulation.
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Model of a synchronous machine in TE-TO Osijek,
which considers both transient and subtransieptesf
in the generator, is presented in Fig.1. The synchronous machine is modeled by two circuits,
o the first is in the direct axes (main field andaaghed
}f“ \ langitudinal \ circuit) and the second circuit in the quadrilaterees,
i ale respecting the machine axis orientation convention
é that positive ,q” axis leads positive ,d” axis by 9

degrees.

2 Excitation System Model

The generator excitation system is derived with a
static thyristor system. The acquired values of the
excitation voltage and current are determined
automatically by a thyristor converter on the baxfis
the measured stator currents and voltages and the
generator  excitation current.  An  important
characteristic of this excitation system is thae th
maximum excitation control voltage is proportioihal
the synchronous machine voltage; therefore it is no
constant and is calculated as:

Vi mas=K pVa (12)

F'hﬁl'sec . The excitation system has an automatic voltage
Fig. 1 A three phase synchronous machine model regulation. During the fault on a power system
component, the generator voltage is decreasedhand t

. . excitation reacts to increase the excitation vatag
Mechanical behavior of the synchronous generator |S: b in turn increases the generator voltage

described by the following swing equations [1]: Excitation control is also important during normal

ransverse
axle

2 Hdfdt = Ty TeKp (w0 ad) 1) operation because the generator voltage and the
reactive power are related. Equations describing the
dldt=o(w awb) (2)  behavior of the excitation system are:
Electric power is calculated from the "d" and "g" V(KR TRV (1 TR) V1 (13)
component of the armature voltage and current as:
K&/ 72)Erp-(1/ 1)V 14
PValy+Vela - Y (Kl 70)Ero-(1/70)Vs (14)
IE):(KA/ TA)Ve'(l/TA) EFD (15)

The value of generator power is obtained from the
voltage and current axes. Because the transient antereVrmin<Erp <Virmay
subtransient effects within the machine are comsile

in the model, the voltages on axes consist of s¢ver FVrertVeVirVs (16)
components that need to be considered. The folpwin
equations represent the values of field d and g
components: 3 Turbine Model
7 4dE’¢/dt=E-E, (4) TE-TO Osijek has one steam turbine (ST) with
C o regulated steam reduction for purposes of heaéind,
&EE B (X ax)lg ®)  two gas turbines GT1 and GT2. It is possible to
B=E’ g+ 4B+ (XX )+ (XX a) (X o o)/ regulate the turbine mechanical power using thaenste
5 reduction control. During normal operation whendoa
06) "Eq2 (6) increases, the control of the turbine valve onsteam
I’ sdE” Jdt=Eq, @) input reacts to release more steam in order to
overcome the increased electrical torque and lifiag
M= (X" X)X %) E g (X X a) (X a-X) state to balance. When a fault occurs on the
EX dlg 8) transmission line, the electro-hydraulic contrcargity
decreases the steam input in order to decrease the
T qodE’d/dt=-E’ ¢+(X¢-X'g)lq (9) output turbine power due to decrease of electriegro

during a fault.After the fault is cleared, the turbine

7" qodE” Jdt=-E" ¢+ & (XXl (10) gradually returns to steady operational regime.
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4 Sample case Ukt el

Simulation is performed by DIgSILENT Power —
Factory 13.1 software [4]. The first simulation is'3-3024
performed for the three phase to ground fault an tt

400 kV transmission line Ernestinovo-Zerjavinec [2]13.3022
The fault is located at 10,2 km from the TS 400/11
kV Ernestinovo at time point t= 0.1 (s). The faiglt

successfully cleaned after t= 0.5 (s) 13.3020—--71
o B
e e s S B s i iy o M
8.00 -~~~ T et N N
: ; ; ! ! ! ! ; ! 13.3016 1 ! ! ! 1 1 1 ! ! !
A P T i A [ [ - T i 0.00 0.99 1.969 2.693 3.978 [s] 4.972
400 At T B T e
______ L Fig. 4 Generator rotor angle deviation for steam

0.00k ST ovmmgpmy 11T WA 11T o turbine during the 3FLG fault at the 400 kV line

,,,,,, i Due to complexity of the steam input control system
(time delay on electrical and mechanical partsg th
| reaction of this system at the moment when a fauilt
! transmission line appears is not possible. Decrefse
ffffff i electrical power with constant mechanical power
______ i results in generator speed and rotor angle increase
i presented in Fig. 4 and Fig. 5. Rotor angle oditilta
may cause serious generator stability problemsed hr
phase to ground fault on the 400 kV line Ernestirov
Fig. 2 RMS value of phase current at the 400 k¥ lin Zerjavinec is not critical for stability of generegain
during the 3FLG fault the power plant TE-TO Osijek because of the impact
of other 110 kV and 400 kV lines and components

The approximate value of 3FLG current is about 8 kaconnected to the TS 400/110 kV Ernestinovo.
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Fig. 5 Generator speed deviation for gas turbine
during the 3FLG fault at the 400 kV line

Fig. 3 Generator speed of steam turbine during the
3FLG fault at the 400 kV line The second simulation is performed for the three
phase to ground fault on the 110 kV line Osijek 2 -
Because of the unbalance of input mechanical powBfnestinovo, the line that connects power plant TE-TO
and output electrical power during the 3FLG fault ofsijek with the TS 400/110 kV Ernestinovo. The fault
the steam turbine driven generator, its synchronoi located at 2,3 km from the power plant TE-TO
speed increases [3]. Osijek at time point t= 0.1 (s). The fault is
successfully cleaned after t= 0.5 (s).
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9.00

The increases of generator speed and rotor angle
during the fault are significantly higher at the.®22
MVA generator due to smaller inertia of the 22.5
MVA generator than the 56.25 MVA generator
presented in Fig. 9 and Fig. 10.
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Fig. 6 RMS value of phase current at 110 kV line [ \ | I R VAN R N
during the 3FLG fault '"Z"'? ‘ | I N2 e e [
fibo b M A N
The highest RMS value of current during this faslt i 100 \ / ) / i i ’---r- i —
about 6 kA. The fault is electrically close to gexters BRI E ; ; L ; J
which results in voltage oscillations on generato | Y, A
terminals shown in Fig. 7 and Fig. 8. 0,688k \\ L SN O S S SO,
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Fig. 9 Speed of the 22.5 MVA generator durthg

4007 3FLG fault at the 110 kV line.
e
0.00 i i i i
(1] / ‘ﬁ/”\
| O A
B S et | 060 f---- / S S Y N O
b | Z\ / \ A
Y B ————— L ‘ AT /A
L T O T VO N S NN N - S A
S s A IV L [ O IV AN
e i 2w s 400 5 500 J/ : \ R  — \\ /M\\L/( ; : :
| L i \ \f Y 4
G S S Y O S SO 1 S ;
Fig. 7 Voltage at the 22.5 MVA generator terminals O'OOWQE 3 i 3// 3 V\ i’ ‘
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Fig. 10 Speed deviation of the 56.25 MVA generator
duringthe 3FLG fault at the 110 kV line.

Basically, the stability of generator is not comeg if

the rotor angle during the transient process teitidy

the fault on the transmission line does not exceed
180-6,, whered, is rotor angle at the moment of fault
beginning. Considering this criterion, the stabilitf
generators is maintained, although the rotor aagle
the 22.5 MVA generator almost reached the upper
angle limit which can be seen in Fig. 11 and F®. 1

| | |
L L L L L L 1 L 1
0.00 1.00 2.00 3.00 4.00 s] 5.00

Fig. 8 Voltage at the 56.25 MVA generator termgnal
during the 3FLG fault at the 110 kV line.
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Fig. 13 RMS valuef phase current at the 110 kV line
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ground fault, so the single phase to ground faalt i
more convenient for the generator stability. The

voltage oscillations on generator terminals are muc
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lower now, Fig. 14.
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Fig. 12 The rotor angle of the 56.25 MVA generator

duringthe 3FLG fault at the 110 kV line.

-12.00

The third simulation is performed for the single gha

to ground fault on the 110 kV line Osijek 2- Fig. 14 Voltage at the 22.5 MVA generator terminals

Ernestinovo, the line that connects power plant TE-TO
Osijek with the TS 400/110 kV Ernestinovo. The fault

during the SLG fault at the110 kV line.

is located at 2,3 km from the power plant TE-T

_Ol'ransferable electrical power greater than in theeca

Osijek at time point t= 0.1 (s). The fault i

successfully cleaned after t

Sof three phase to ground fault and smaller diffeeen

in generator electrical and mechanical power raault

0.5 (s)

smaller increase of generator speed and rotor angle

Fig. 15 and Fig 16.
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Fig. 15 Speed of the 22.5 MVA generator during
SLG fault at the 110 kV line.

Damped speed oscillations of the 22.5 MVA generatcrg]
imply that even electrically closer (compared with

three phase to ground fault on the 400 kV linejglsi

phase to ground fault is less hazardous for gemrerat

9-13 Sept. 2007, Ljubljana, Slovenia

and 110 kV transmission lines, generator speeds and
rotor angles deviation caused by faults are obthine
using the DIgSILENT EMT module. Simulations are
performed on the assumption that switching and
protective devices operate properly, and thataallt§
are cleaned within 0,5 seconds. Due to its owrtimer
the 56.25 MVA block exhibited very good transient
stability even in the worst case of a three phingetb
ground fault on the closest 110 kV transmissioe;lin
there were no electrical and mechanical effectthen
power plant components. The 22.5 MVA block also
exhibited good transient stability in all analyzsbes,
but in the case of three phase to ground faulthen t
closest 110 kV transmission line the rotor angle
deviation was very close to unstable limit andhi¢ t
fault clearing time had been greater than 0.5 s#xon
the unstable state would have been achieved.
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Fig. 16 Rotor angle deviation of the 22.5 MVA
generator duringhe SLG fault at the 110 kV line.

5 Conclusion

The paper presents an EMT simulation of transients
during the three phase to ground short circuit and
single phase to ground short circuit on the 400akd
110 kV transmission lines that are electricallyseldo

the power plant TE-TO Osijek. An analysis of
dynamic behavior was performed for the steam driven
generator of 56.25 MVA and the gas driven generator
of 22.5 MVA. Waveforms of transients on the 400 kV
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