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Ahtnad - TrrNieDt strbility rnrlysis (fSA) pleys rn
importrnt rolc for mrintiinitrg s.curity of powcr 3yst m
op€rrtion, This prp.r coyent the trrNi.nl st bility rtr.lysir
usi.g Dynamic Computrtion for Power Sysaems (DCPS)
software. The gercr.l purpGe of IrcPS is 13 simulstion
program of power systcm to implement thc rlgorithms
describcd. Immediracly rfter ! disturbroce, otrc is concemcd
with th. syrtcm's .bility to rcrch .n scccparblc stcrdy-stsJ.
operrting cotrdition. This is calkd trrnsi€ol stlbility.
Trrnshnt strbility occurs wheD thc poncr systcrn i! rble to
withstld th. trmsic conditiors followitrg t mrior
dfuturbrncc or fault rvhich rDly lcrd to h.rm lhc system.
Thercforc determinrtion of critictl cl.xring time (CCT) is
crucirl sincc such infoimstion cnablcs the s€ttirg of rehys to
clelr th. f.ult for thc prot ction. Defitrition for crilicll
cl.lritrg tim. i! i msrimrl frrlt durrtion for tryhich th.
system remsins trr[sicntly steble. This psp.r .ko snrJ]"ras
the CCT of frult occurrcncc bctweetr tr!trsmissiotr linc rerr
to thc rcfcftDca bus and frr from thc rcferEnce bus By
theory CCT should rppetrs to bc lcsler whcD frull occult .t
trsnsmission line nerr to thc rcfeieme bus. ln rdditio[' this
investigrtion is rlso to rnrlyze thc chmcteristics of trrNi€nl
stlbility whcn fsult occur rt swing bus. The strbility of the
system hr! bc.n obs.rv€d bNcd otr th€ simubtiotr gr.ph! of
temin.l volt ge of the mrchine, rotor.Dglg spced, rrrd
output electric.l powcr.

Ik!,r,o.ds-Trai4tie Srabilitf A,rotlsb; DCPS; Crttlcal
Cleqing nme

I, INTRODUCTION

Power system stability has been recognized as an

important problem for its secure operation and importance

issue to power industry. The stability of power system can

be defined as its ability to regain to an acceptable state of
equilibrium after a disturbance [5]. Power system stability
can be classified into three which are rotor angle stability,
ftequency stability and voltage sbbility. Rotor angle

stability can be divided inlo two such as small signal

stability and transient stability. Transient stability is

concemed with sudden change in the retwork condition
due to transmission system faults, loss of generating unit,
three-phase fault, and sudden load changes. AII these

disturbanc€s are termed as Faults. These distu.bances may

result in voltage or frequency fluctuation that may affect
the other pare of the interconnected power system [7]. lt
is widely accepted that bansient stability is an important

aspect in designing and upgrading electric power system.

As electric utilities have grown in size, and the numbers

of inlerconnections have increased, planning for future
expansion has become incressingly complex. When

disturbance occus, the system will be in unstable

condition due to the rotor angle of machine do€s not
swing together because of failure in magnetic coupling
between the rotor and lhe stator [4], The loss of
synchronism betweer rotor and stator magnetic fields
results in a large fluctuation voltage, current and power

output, This is shows that lhe system must have its own
protection or security in order to operate stable and

e{ficiently. Therefore, the main objective is to determined

critical clearing time for the circuit breakers and hence as

se{udty and protection to the systcm. The scope of this

uoject is to analyze the transient stability problem of
IEEE 39 Bus using DCPS in order to determine the CCT.
This system coosists of l0 generator, 29 load buq 12

transformers,34 transmission lines and 46 branches.

Critical clearing time is 0re principal criterion to transient
stability assessm€nt and every gcnerator connected to the

power system should have CCT longer than the
operational time or clearing time (CT) of circuit breaker in
power system [l]. The stability analysis of power syst€ms

may consider the determination of the system critical
clearing time, for a given fault in order to find the value of
critical clcaring time for which the system is still stablo. tf
the fault is cleared within this time the system will remain
stable and vise versa,

II. DYNAMIC COMPUTATION FOR POWER SYSTEMS

(DCPs)

DCPS is most promising method to achieve substantial

improvement in transient stability simulation speed. There

are two major features that incorporated. Firstly the
programme.rl able to manage the systcms up to 1000 buses

and 250 generators, and secondly the capability for easy

extension. In addition, there are three Program suites in
DCPS which are LF for load flow, CG for coherency
grouping and TS for transi€nt stability. The LF is

impoftant since it is used as pre-requisite before produce

transient stability. The CG program is used for coherency
grouping while the TS program is the core of this research

work. Many algorithms developed can be implementing in



TS program. In the DCPS environment, one can then
write a command word and in some cases followed by
several command parameters separated by commas fo.
perlbrming particular task. In DCPS, three load flow
calculation method are implemented such as Gauss-
Seidel, Decouple Newton and Fast Decouple method, But,
from experience in using the DCPS it is better use

Decouple Newton method because it has been found to
perform satisfactorily on all ranges of systan size l2l.

III. THE MODIFIED EULER MEIHOD FOR SOLVNG
DIFFERENTIAL A1CEBRAIC EQUATIONS (DAES)

The three most important dynamic devices are
machine or generator, exciter and turbine-governor. The
excit€r is use to control field current while govemor is use

to control buck opening and rotor angle. Figure I shovrs
tlle output of the excitation controller is the field voltage
(Efd), for example the voltage across the field winding of
the synchronous geneiator located in the rotor. Field
voltage and current will determine the reactive power
output of the machine and thus the level of the terminal
voltage.
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Figur€ 2. Graphical for Modified Euler Method: (a) Predictor and (b)
Corector

IV. TRANSIENT STABII ITY ANALYSIS
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Figure 3. Flowchart to det€rmined CCT

Figure 3 shows the overall process of p€rforminS TsA
in DCPS. As mention earlier, load flow is a pre-re4uisitc
b€fore perform TSA, tt is b€caus€ load flow analysis is
the most important of all network calculations since it
concems th9 network performance io its normal operating
conditions. Aller LF has converge or solve it will produce
output load flow. Then, to calculale the initial conditions
for dynamic models, all the values from that solution will
be used. Dynamic model are namely as synchronous
generators, excit€rs system and turbine govemors system.
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In this paper, the Modified Euler Mahod is used to
rcprcsent thc intcg.ation tcchnique developed in DCPS. In
transient stability studies, the only method that gives

satisfactory results is step by step integration method
which is a conventional method and the most reliable one.

The step by step integration method has the advantage

because during the disturbances voltages and currents at
various buscs could be monitored as a function of time.
Modified Euler's method is a mcthod that is able to
determine stability with explicitly int€grating differential
equations describing the post-fault system. Among many
stability analysis methods, the Modified Euler's method is

a Runge-Kutta based method is gain more popular
because of its simplicity, bstter and high accuracy [3].
Figure 2 shows that beft€r result aftel implement the

Modified Euler Method.
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Next, perform TSA and set the critical time for the bus
chosen. At this section, students need to choose the bus
and set CT. Then analyze the graph obtained u,hether the
system is stable or not. If the system is stable students
have to increas€ CT with 0.0lsec and repeat the same
procedure until the system become in unstable condition.
During the simulation, the system was inject by the fault
st t = ls€c. For example st perform TSA s€etion shldent
select bus 30 and s€t the CT with 0,10 sec. Then, analyze
the graph obtained- Let say the graph is stable so student
has to incease the CT with 0.01 sec. Therefore the CT
now will become 0.1I s€c. Rep€at the process again and
analyze the graph again. If the system is in unstable
condition so we can conclude that when fault occur at bus
30 the system is in stable condition when CT = 0.10 s€c
while the systern is in unstable when CT= 0.1I sec. One
of the most important psrts oftransient stability analysis is
to estimate the critical clearing time. In this case CCT can
be det€rmined manually from the DCPS by increase the
value of CT. Then, value between the time when the
system starts to be unstable and the time where the system
was last known in a stable state is the CCT for that
paiicular cas€.

Th€ simulation graphs obtained ftom this analysis is for
the case where the faults occur at swing bus which is bus
38 and being plotted as figure 5 until figure 12. All the
simulation result was obs€rved based on terminal voltage
of the machine, rotor angle, output electdcal power and
speed. By theory it was clearly state that ifthe (CT<CCT)
the system is in stable cordition while if (CDCCT) the
system is s&id to be in $steble condition. Result strcws
that CT for this case whoe faults occur at bus 38 is
0.07sec. Therefore for figure 5-E shows the system is in
stable condition because CCT at this cas€ is 0.074s€c
which is comply with (CT<CCT) requirement and yice

versa. For figure 5, we can see that the terminal voltage
was suddenly drop due to the fault occur at t=l sec and
the voltage was recovered after a few s€cond and finally
become to its steady state again. It is because the fault was
cleared within the CCT. As was mention earlier, the
system will be in unstable condition due to the rotor angle
of machine does not swing together such as the result in
Figure 10. From this analysis, the fastest CCT is 0.074 sec
when fault occurred exactly at the reference bus or swing
bus. While the longest CCT is 0.184 sec when fault occur
at bus ll which located far from swing bus. The same
analysis is applied for six other buses and the result of $is
analysis was recorded and shown in Tsble L

Figure 5. Plots oftqmiial voltage versus tim€ for machine ar all h$
(CT{.07} (sbble)
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Figure 4. IEEE 39-Bus Test Sy3ttm

V. REST,LTS AND DISCUSSION

The TSA was carried out on IEEE 39-bus tesl system
or well known as lGm.chine New England Power
System as shown in Figure 4, The lood flow data was
obtained from the intemet that addrcss al [9]. All the
machine data for parameter tlnt used in generator&
turbine-governors and exciters were given as in the
Appeodix section. Dwing tie simulation all data values
werc kept constant. The swing bus or reference bus for
this system is located at bus 38. In order !o determined the
critical clearing time, a tlree.phase fault has been applied
at six difference buses namely bus 3E(swing bus), bus 6,
bus 10, bus I l, bus 22 and bus 28. The shortesl rEactance
value from bus 38 us€d to describe the distanc€ between
each bus form swing bus. AII result obtained was rccord
in Table I.

Figure 6. Plds ofrdo( aEl€ verrus tint for matiine &t all bos
(CT{.07} (St!bl€)

FigurE 7. Ph of s@ vcrsra tinE for m.chi.E at all br6 (CT{.m)
(Stable)
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Figue 8. Plds ofousr electrical pow v€rsus lme for m,chiE ar all
bus (CT={.07). (Slable)
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Figure 9 Plots oflerminal voltag€ fol versus tim€ for machine atdl
bus (rd{.08). (unstable)

This pap€r has conEibuted to determine the critical
clearing time of TSA for the IEEE 3$bus test system. ln
this Fopos€d stlategy for the power systems is to s€tting
critical clearing time at the system liom load flow and

transient that being run in the DCPS program. In this
analysis, six different locatioos which experiencing fault
were chosen. This analysis allows to ass€s that the system

is stable, unstable and hence to determine the critical
clearing time of powq system with tluee-phase faults. In
addition, the Modified Euler Method is quite faster
because gives the accurate results of stability and the
c tical clearing time. Critical clearing time decreases as

the fault location becomes closer to the main generator.

From Table I it can be conclude that CCT decrease as the
fault location becomes closer !o the main generator or in
other word it can be said that when fault occus far from

Figuae I I - Plots ofQeed verst6 dnre for machine d all bus (CT{.08)
(Unstsble)

Figurc 10. Ptots ofrotor ange versus tirne for machine at all bus
(CT{.08). (Unstable)

Figure 12. Plols ofoutput el€clricrl pot\rEr versus tirne for machinc at all
bus (CT{.08) (Unstsble)

TABLE I. CCT ,ntren fault occurs at six different locations

VI. CONCLUSION

the swing bus the duration of CCT is geater. Therefore in
orde. to make the system op€rat€ in good safe and

efficient determination of CCT is crucial since such

information of time need to b€ used for setting the relay
time for breaker to clear the fault to protect tho system.
The requir€ment for estimation of critical clearing time
should be implement to avoid any cascading outages

which may lead to black out. Therefore, it can be

concluded that it is crucial to determine an accurate

critical clearing time for relays in order to remove the

contingencies in ordq to ensure reliable power system
operdtion. So, it is widely sccepted that tsansient stability
is an important aspect in designing and upgrading electric
power system. These results can be used effectively in
planning or operation ofpower systems.

No. Frultcd Bus Shortcst R.{ctrnce fmm Bur 3E CT (s) Atrrlysis grsph CCT (s)

I
38 (Reference

Bus)
0.0? Stable

0.08 Unstable

2 28 0.0307 p.u
0.10 Stable 0.lM
0. Unstable

3 22 0.1465 p.u
0.12 Stable 0.124
0.13 l.lnstable

4 t0 0.1645 p.u
0.14 Stable 0.144
0t5 Unstable

5 0.1784 p.u
0.15 Stable

0.154
0.16 Unstable

6 0.2472 p.o
0.18 Stable

0.1840.r9 Unstable
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APPENDIx

T BT.E II, MACTm{E DATA

PammeteN Generatol Turbine"Gov€mor Exciter

M 5

f 50 hz

X6 0.2

x; 0.033

x;
Too

rJo

xq 0.19

x;
x;
Too 0.4

Tqo

x, 0.022

0.6

Vurx -0.6

T1 0.0

R

Erouax 10.0

Enourx -t0.0

K1 30.0

TR 0.01

8.0

0.061

0.00028




