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Abstract: The main objective of this paper is to perform siant stability analysis using the electrical powgstem
design and analysis software namely E-Tap. The gaapf performing transient stability on the powgstem is to
study the stability of a system under various disnces. The stability of the power system is thiéita of generators
to remain in synchronization even when subjectedisturbance. In this paper a 9-bus test systeconsidered fig.(1).
Improvement of transient stability by coordinatiafi PSS (Power System Stabilizer) and increasingtimeof

synchronous machine has been observed.
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1. Introduction 1.1. Transient Stability

The power system stability is an electromechanical A synchronous power system has transient stahility
phenomenon, it is thus defined as the ability offter a large sudden disturbance; it can regainnaaiditain
designated synchronous machine in the system 8&ynchronism. A sudden large disturbance includes
remain in synchronism with one another followingapplication of fault, clearing of fault, switchiran and off
disturbance such as fault and fault removal atowsgi the system element (transmission line, transformers
locations in the system. It also indicates theigbibf  generator, loads, bus etc.)
induction motors in the system to maintain torqoe t ) . )
carry load following there disturbances. 1.2. Transient Stability Analysis

Power system stability is the property of & power rangient stability is the ability of the power &m to
system that insures the system remains ifaintain synchronism when subjected to a seversigat
electromechanical equnlbrlum_throughout any normaljisturbance. The resulting system response invdaes
and abnormal operating condition. _ excursions of generator rotor angle and is infleenisy the

The term stability can be interpreted as mainteeanG,gnjinear power-angle relationship. Stability deggron
of synchronism. The_ transient d|stl_era}nces are m?husboth the initial operation state of the system ahe
by the changes in loads, switching operationsgeyerity of the disturbance. Usually, the systemitisred so

particularly faults and loos of excitation. Thus,ihat the post disturbance steady-state operatitersiirom
maintenance of synchronism during steady state That prior to the disturbance.[1]

condition and regaining of synchronism or equilibmi

after a disturbance are prime importance 10 thg,achine will fall out of synchronism. If the systeran't

electrical utilities.[1]. . sustain till the fault is cleared, then the whoystem will
The stability of an interconnected power systemss o iy sapilized. During the instability not onlyet

ability to return to normal or stable operationeaft ,qgjjation in rotor angle around the final positigoes on

having been subjected to some form of disturbancg, reasing but also the change in angular speedu¢h a
Conversely, instability means a condition denotioss iy ation the system will never come to its finaisjtion.

of synchronism or falling out of step. The unbalanced condition or transient condition nesgs
to instability where the machines in the power eysfall

A fault in the system will lead to instability arttie
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out of synchronism.

The system is subjected to a large variety of distuces.
The switching on and off of an appliance in the d®is
also a disturbance depending upon the size anditizapa
of interconnected system. Large disturbarsteh as
lightning strokes, loss of transmission line cargyibulk
power do occur in the system. Therefore transitattilgty
is defined as the ability of the power system tovise the
transition following the large disturbance and ¢@ach an
acceptable operating condition.

The physical phenomenon that occurs during a large

disturbance is that there will be an imbalance betwthe
mechanical power input and the electrical powempuott
This will tend to run the generator at high spegtk result
will be the loss of synchronism of the generatod dme

shedding.

E-TAP software easily create and edit graphicallore
diagrams (OLD) underground cable raceway system
(UGS) ,three-dimensional cable system , advanaee-ti
current coordination and selectivity plots, geogjiap
information system schematics (GIS) , as well ageh
dimensional ground grid system (GPS) the progranirasr
been designed to incorporate to three key concepts.

2.1. Power System Stabilizer

The power system stabilizer (PSS) uses auxiliary
stabilizing signal to control the excitation system as to
improve power system dynamic performance commonly
use input signal to the power system stabilizer sraft
speed, terminal frequency and power. Power system

machine will be disconnected from the system. Thiﬂynamic performance is improved by the damping of

phenomenon is referred to as a generator goingobut
step.[1].

2. Software Used

The simulation software used here is E-Tap or Edt

system oscillations. This is a very effective meithof
enhancing small signal stability performance. P&§eH on
shaft speed signal has been used successfully dnauiic
units since the mid-1960s. A technique developedetive
a stabilizing signal from measurement of shaft dpeka
hydraulic unit. The application of shaft speed-blase

Transient Stability Analysis Program by Operationgpilizers to thermal units requires a carefulsieration

Technology. There are different analyses that can
performed on a bus system using this software. Lftwad
analysis, short Circuit Analysis, Arc Flash anaysi
Harmonic Analysis, Transient stability analysis.

E-TAP is a fully graphical enterprise package thats

on Microsoft windows 2003,2008, XP, vista, and

f the effects on torsional oscillations. The diaéi, while
damping the rotor oscillation, can cause instabitif the
torsional modes.[2-3]

Thermal frequency has been used as the stabitityaki
several (PSS) power system stabilizer application.

7Norma||y, the terminal frequency signal is usecedily as

operating system. E-TAP s the post comprehensivge giapilizer input signal. In some cases, terminéage

analysis tool for the design and testing of powgstem
available. Using its standard offline simulationdutes, E-

and current are used to derive the frequency oblage
behind a simulated machine reactance so as to ipmate

TAP com utilize real time operating data for adnc e machine rotor speed.[3].

monitoring, real time simulation, optimization, ege
management system, and high-speed

intelligent load
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Fig (1) IEEE Type-2 PSS(PSS2A).

2.2. Exciter

The based function of exciter system is to prowddect

current to the synchronous machine field windindne T
excitation system performs control and protectigseatial
to the satisfactory performance of the power systsm
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controlling the field voltage and the field currenEEE

DC1 type exciter are used in this model.

a7

The test system that has been considered here i8-th
bus multi- machine system. Three generators, three
transformers, three statics load and six cableise€elin this

3. Test System system.
Bus7 Bus3d T3 Bu=3
BusZ T2 zap v Busd . olez 230 RV 200 MWA  13.8 RV
GenZ 18 kY 250 MVA Cablel 230 kV Gend
163.2 MW - | @ 108.8 MW
® I 35 R ; 3 |
Load2
105948 My
Cable3d Cahled
Buss Busg
230 k¥ 230 kV
Loadl Loadz
134 623 ML 94268 MVAL
Cablek
Eusd
230 BV
Tl
100 MVA
Eusl
165 EV _
Fenl @
247 5 MU
Fig (2)Test system.
3.1. Input Data
Table 1. Synchronous machine parameter input data.
Machine Rating Positive sequence impedance (%) Zero seq. Z(%)
ID Type Model MVA KV R, Xd" Xd' Xd Xq Xq Xq X1 X/IR R Xo
GEN1  Generator ~ SubWansient 59147 165 1 19 28 155 19 65 115 15 7 1 7
Round-Rotor
GEN2  Generator ~ Subtransient g, 18 1 19 28 155 19 65 115 15 7 1 7
Round-Rotor
GEN3  Generator ~ OUPWanSeNnt o5 438 1 19 28 155 19 65 115 15 7 1 7
Round-Rotor
Table 2. dynamic parameters of synchronous machine input data.
Machine GeirEzizd Time constant (sec.) H(sec.),D(MWpu/Hz) & Generqtor or Grounding
Bus Saturation loading
ID ID Tao’ Tao T’ To H %D S100 S120 Sbreak MW MVar Conn. Type
GEN1 BUS1 0.035 65 003 125 3 0 1.07 1.18 0.8 0 0 wye solid
GEN2 BUS2 0.035 65 003 125 3 0 1.07 1.18 0.8 0 0 wye solid
GEN3 BUS3 0.035 65 003 125 3 0 1.07 1.18 0.8 0 0 wye solid
Table 3. Mechanical parameters of synchronous machine input data.
Machine Generator/Motor Coupling Prime mover/load Equivalent Total
ID Type RPM WR? H RPM WR> H RPM WR? H RPM WR? H
GEN1 GEN 1500 1680671.88 3 1800 0 0 1800 0 0 1500 1680671.88 3
GEN2 GEN 1500 1108225 3 1800 0 0 1800 0 0 1500 1108225 3
GEN3 GEN 1500 738817 3 1800 0 0 1800 0 0 1500 738817 3

WR2: kg-m2 H: MW-Sec/MVA
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Table 4. Power system stabilizer input data (Type- PSS2A).

Gen. ID VSI1 VSI2 KS1 KS2 KS3 VSTMax VSTMin VTMin VDR Twl Tw2 Tw3 Tw4
N M T1 T2 T3 T4 TS5 T6 T7 T8
GEN1 Elec.power Speed 20 0.001 1 0.2 -0.066 0 0.2 10 10 10 10
4 2 0.16 0.02 0.16 0.02 0 0 0.3 0.15
GEN2 Elec.power Speed 20 0.001 1 0.2 -0.066 0 0.2 10 10 10 10
4 2 0.16 0.02 0.16 0.02 0 0 0.3 0.15
GEN3 Elec.power Speed 20 0.001 1 0.2 -0.066 0 0.2 10 10 10 10

Table 5. Exciter input data (Type-DC1).

Machine Control KA
I P Efd,o KE KF TA TB TC TE TF TR  VRux VRmx SEmx SET5
Genl Busl 46 005 01 006 O O 046 1 0.005 1 -0.9 0.33 0.1
2.63
Gen2 Bus2 46 005 01 006 O O 046 1 0.005 1 -0.9 0.33 0.1
2.63
Gen3 Bus3 46 005 01 006 O O 046 1 0.005 1 -0.9 0.33 0.1
2.63
current of synchronous machine.
4. Simulation Result and Discussion 100000 7 .
——ELECTRICAL POWER
. - . . iy 80.000 (MW) INITIAL
Transient stability study is essentially an actiniven -
time-domain simulation. Actions should be specifiad s  ELECTRICALbOVER
different time instants (events).When to simulatee t 40.000 (VW) WITHINERTIA
system response for existing events, such as adeto = 20000
fault in the system, we use this type of actiorcause the 0.000 | | |
recorded fault occurring time and duration are know 0000 2000 4000 6000 8000 10000 12000

In this paper we discuss the transient stability TIMESEC)

performance with PSS (Power system stabilizer) lapd Fig (3) Electrical power (mw) initial & Electrical power (mw) with inertia.
increasing inertia of synchronous machine. In gyistem
any one method of improving stability may not beuahte.
So combinations of two methods are used in thisesys
Here we use accelerated gauss-seidel for inited lthow
calculation. In which maximum number of iteratien2000
and Solution Precision for the Initial LF is 0.0000000 0000 , , , ,
And Time Increment for Integration Stepg)is 0.0100and 0000 2000 4000 6000 8000 10000 12.000
acceleration factor for the initial load flow is45. Initial TRIECES)
inertia of the installed machine was 3 MW-Sec/MMda Fig (4) Electrical power (mw) initial & Electrical power (mw) with PSS2A,
after increasing its inertia is 7 MW-Sec/MVA. Theegall '"e"t&
performance of the power system, Solutions to thkilgty 140000 =
problem of one category should not be affectedhat t o T T
expense of another category. So inertia of the macis $000.0
not so much increased because after increasingainer e
machine rotor will be heavier. 2000.0
The different plot for Gen-1. When a three phasst fan 0o -
bus-5 at 0.350 sec and cleared at 0.600 sec amensho e o
below in fig. comparisons each-other. Fig (5) Terminal current (Amp) initial & Terminal current (Amp) with
Electrical powers of gen-1, fig.(3) and fig.(4) sw inertia
Electrical power (MW) Vs. time(sec.).Electrical pemwith

——ELECTRICALPOWER
VW) INITIAL

——ELECTRICALPOWER
MW WITH
PSS2A INERTIA

ELECTIRICAL POWETR

— TERMINAL CURRENT
(Amp) WITH INEETIA

10.000 13.000
TIME(SEC)

. . . . . .. . 130000 + — TERMINAL
inertia and Electrical power with PSS2A, increasimgrtia = CURRENT amg)
. . . = 2 100000 INITIAL
are Comparison with initial electrical power. ==
. . . == — TERMINAL
The electromechanical oscillation for generatocteieal ZE 50000 CURRENT (Amp)
power is reduced and steady state power is improxegh 0o | PSS A INER TIA

used PSS2A and increasing inertia of synchronowhime 0.000 . 15.000

seen in fig.(4). Terminal current of gen-1, fig.(8hd _ _ _ _
fig.(6)Terminal current (Amp)Vs time(sec.). Termina E'S%é?rfminsj current (Amp) initial & Terminal current (Amp) with
current with inertia and terminal current with P3S2 ’ '

increasing inertia are comparison with initial térai
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The oscillation in terminal current is reduced whesed
PSS2A and increasing inertia of synchronous mactees
in fig.(6).

Field current of gen-1, fig. (7)and fig.(8) Fieldiroent
(P.U) Vs time (sec.). Field current with inertiadaRield
current with PSS2A, increasing inertia are compariwith
initial field current of synchronous machine.

— FIELD CURRENT (R.U)
INITIAL

—— FIELD CURRENT (E.U)
WITHINERTIA

3.000 10.000
TIME(SEC)

Fig(7) Fidd current (P.U) initial &Field current (P.U) with inertia.

13.000

300 £ —FIELD CURERENT (P.1}

f 250 INITIAL

; 2.00

Z 130 ——FIELD CURRENT (P.U}
= 100 INITIALWITH

=y 050 PS$2A, INERTIA

0.00 -
0.000

3.000 10.000
TIME(SEC.)

Fig (8) Field current (P.U) initial & Field current (P.U) with PS2A,
inertia.

15.000

Oscillation of Field current
increasing inertia. Field current are not changemwkve
increasing inertia and PSS2A, increasing inertidign(7)
and fig.(8).

Field voltage of gen-1, fig.(9) Field voltage (P.Uk
time (sec.).Field voltage(P.U) with initial andlflevoltage
with PSS2A, increasing inertia of synchronous naetire

Comparison. Field voltage are constant in initiadd a

oscillated initially when used PSS2A, increasingriia but
after some time it is constant and within limitsk®wn in

fig.(9).

200 &

— ———FIELD VOLTAGE (P.U)
= . INITIAL

= 130 LA N

&l Vv

Z 100 + ——FIELD VOLTAGE (P.U)
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= 0350
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Fig (9) Field voltage (P.U) initial & Field voltage (P.U) with PSS2A,
inertia.

5. Conclusion

Transient stability Performances of the multi maehi
system by using (PSS) power system stabilizer ahdro

method has been compared. When we used (PSS)power

is also reduced when

49

systemstabilizer and increasing inertia then
electromechanical oscillation has been achievedetbet
response. The transient stability improvement ig no
sufficient by using one method. So here we useetles
combined method for improving stability. E-Tap pBs
transient stability study results at all differémtel of detail,
depending on our requirement.
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