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Abstract High-powered wind turbines in the slectic powsr systam load

aa@rﬁcum chalfenge i1 batsncing produchon powerand slectrical power

roRSUMon caused by f s mrfermdtent. In ihis stiefy, assessing the Beady siate stabilty kmit (SS5L] m South Sulawesi system when wind
turbmes is pengtrated rap bus ysing the RELDime method. The method developsd by Paul Dimo was later inown as the Radial Equivatent

fndepandent (REN-Dimo to determine the stability of the system, the conditzon of the generator which is 54 stable
changes occur, REI-Dmo serves to geltarmmne iha Z equivaient to the generator 5o thot & state of stabifty can be known.

disturbance or load
gy is conducied o

detemine the stabiify of the steady state generator m South Sulawes: sysiem wilt) 15 generalors, 44 buses on fe 750KV inferconnection system.
T?Jemmmn results show thal the normal condition is 5.0323°, the Crtical clearing angle s 111,903 and the cordiion of the 160% ading of the

al clearing angle te 90007,

Sir ie. W adyh Y fiemit | stanu ‘stabinosti SSSL w. systemin w p i South Sulawesi Wykotzystans metode
mmmmmmmno 2 jako Radiai Enuivalem !ﬂdaoend!nt(ﬂfﬂ-{kmdu ia stabifnasel systemu kiedy warunki pracy
gmwmsqmmmmbmmn;m Zaloienie stalego limity stanu stabil iw unkach ofzczenia turbin wiatrowych do
¥ pray wykorzy metody

Reywords: sleady slale stability lmit. wind twrbine, penetration, RE1-Dimo, CCA,

Stowa kiuczowe: limit stanu stablinosa S8S5L.

Introduction

in ihe past decade, lhe increase in eleciricity ads has
risen sharply, so that the extensive use of fossil fuel power
planis produces a lot of gas so that air pollution, global
wamming, and climate change become problems in various
countries. For this reason researchers are developing
renewable energy sources (RES) lo save and reduce the
affects of global warming to reduce fossil fuels by 30% of
the fotal energy generation. From various RES sources,
varous regions that have the potential of wid furbines
hawe been developed. The South Sulswesi electricity
system has installed wind turbines in the Sidrap area of
7SMW which are conncoted 1o 2 1508V ransmission line.
Wind lwrbines are the most environmentally Triendiy type of
generator and the most promising resouwrce 2s a source of
eneigy, economically this pianl is very profiabie because i
does not reqmm produchion  costs, buf stabiiity can
potentially bring negative impact to the eleclricily systom.
The penefration of intermittent power outpul § d
turbines due lo uncertainly in wind speed which has a
negative impact on the stabiily of the elecinc power system
in South Sulawesi [1,2]

Installing the wind turbme on a 150kV {ransmission line
on the South Sulawesi system can have an ncrease in
slability when the power supply does not fluctuate, but this
can result in a decrease in system stability when the
fluctuations in changes in weather conditions and wind
speed. The peneliation of wind turbing necds lo be
considered because it can reduce the critical clearing angle
{CCA) when the interference, rotor angle stabidily, distance,
frequency, conirol beiween the generalor occurs and he
control mode of the system is biiefly interrupted [3-5)

in general it has been [lided info two categories the
WTG have been they are, fixed speed and variable speed.
The fixed speed of WTG generally uses a squirel cage
generator (SCIG) to convert mechanical enargy from a wind
turbine fo elechical energy. Then the mulliple-generator
input induction and direct synchronous generator (DDSG)
are popular lypes of variable speed WTG (6,71

Steady Stale Stability is a system state of operating
conditinns where the svstem i sfill in a condition after a
change in foad or interference {8.9)

RE-DNmD, trurbiny wiatrowe

In the ref {10] It is defined that the system stability in the
load change candition can change the podilon of the rotor.
To solve the stability problem, there are several methods
that have been pr mprove system performance

in the ref {11} using viftual inertia and frequency control
parameters © maintain frequency stability on a grid with
high penetraied renewable energy. besides contributing to
the frequency of virtual inertia also participating in reactive
power conirol.

I the el [12] tn improve lransient stability in trans-
missions by using SVC auxiliary equipment with TID (TiL
Integral  derivatives} convollers based on fuzzy Logic
cortofiers. To increase stabifty by using this method is
faster by injecting reaclive power lo the load because SVC
15 a3 transmission adjacent to the load. Using this simu-
labon there s less processing fime and can suppress
oscillations in the system.

There have been many methods lo determine steady state
stability, in the ref [13] algonthm 1o determine the siability of
fhe system under Penetrated high renaab!e energy, the
resuits show that wind power plants are greater than 2,300-
2 A00MW of stability cateria are met for N configurations,
but can cause instability or high risk of iERability for N-1
configurations o the ref [14 15] validating the evaluation of
steady state stabifity using Dimo Approximation.

In ref [16,17] reguiates the scheduling of power plants to
increase the stabilty Imit on interfflinecting 500KV
systems. The results of this method are the highest leval of
steady stale stabilty compared o the maximum
optimization meihod is when the peak load at night.
Therefore, in (his paper # is intended lo conduct a sludy of
the stability steady-state fimil in south Sulawesi system that
has nstalied 75MW wind turbines o area by
implementing the RE|-Dimo Methodology. This paper is
organized as follows. In the fst parl, explain the
background, in pard 2, the study of sysiem power model,
then study of the methodology applied to section 3. For parl
4 describes the analysis and purpose. The last pant
describes the conclusion

Pawer system madel

The South Sulawesi power system model discussed in
this paper is showri 1 Figure 1 which consists of a 44-bus
mam system and 15 generalors,
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Fig. 1. South Sulawesi system

Determination and Stability of Stable Conditions

Several methods have been developed in analyzing elechric
EBler systems, to determine the conditions of transient and
steady siate stability. the first method is the same criteria as
Equal Area Criterion or (EAC). This mefhod directly
determines the crtical fime in the Critical Cleasng Time
{CCT) machine, to determine the condifion of a mult-
maching or large-scale system, this syslem cannot be used.
The second method is, the flow of power {CPF) is widely
used 1o delermine the loading paramelers connected to the
bus voltage. The CPF methaod is used o formulale load fiow
power i foad paemelers. To determine & can be

essed through the following equation:

(1) (AV)= AR

where:

A = load parameter, & = bus vollage angle vecior, V=
bus voltage vector; K = vector which describes the change
in the percantage of load on each bus

Third, load flow is used to determine the total ioad on
each bus, but when a load flow is added, the lpad flow
method does not converge so that system condiions
cannot be ascertamed. This method uses the Newlon
Raphson method which is an upgrade to Gauss-Seidel. The
basis used in the calculation is matrix admittance (¥ ium

Of the three methods, in this study applied a steady
state stability analysis on the South Sulawes: syslem using
the Independent Equivalen! Radial methcd. This method
was introduced by Paul Dimo so it is known as the REI-
DIMO method. This method can sherten storage tme fo
reduce the system.

Equal Area Criterion

System stabil n be mproved using ihe same broad
criteria method. This method is based on a graphical
interpretation of energy use and eserves. This method can

22

be applied to a system of twe engines or a single machine
connected to a bus without imits. The swing equation en
the machine is represented as follows:

(2) o+ Fom = Pan
with
(3 By = Proyax Sind

Eqguation {3} s a form of eguation of the siate of
osciliaion. For one swing on the generator. In this sondition
the syslem is considered sleble. So the first maximum
equation 15 as follows:d reach maximum and can be
reduced:

(#) -9
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Fig. 2. The same width critena when changing the load

Figure 2 55 a piclure of machine operation H’ﬂnalchas
the mechanical input strength Pmi = Pel The mcrease in
input power is repr by a horizontal line Pm1. If
P> Pel there will ba anc'maa&e-in the fotor angle.

H Pyy> Pay  there will be an increase in the totor angle & |

5 f P, d & =Extentalabodd
(8) [ P. dd =sizeofdbecd
Energy Dmvi;:led by rotor rolalion

(3} ]' P, d &8 = Sizeof0becd

The resuft of the rotor swing a2t point b and the angle is area
a-b-0 = area bc-e.

Wind turbine modet el

The model equation for mechanical power output from
wind turbines oblained from wind power can be calculated
as follows:
(8) B, = 0.5 paf®¥3 T A B

Wind power autpul {Pw), rolor Blade radius (R), wind speed
{(Vw).

) G =, (E-cfi-c)et +eui
with

1 thR
(10) =
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Wind power oufput (Pwt) Rotor blade radius (R) Wind
speed (Vw) The power coefficient depsnds on the tip
ralia). ) calculates based on air density {p) power coefficient
{Cp) blade piich angle (fias stated in (8), (2) and (10) here
¢t to ¢6 is the coefficient of wind lurbine charactanstics and
1 i5 the wand lurbine rofational speed.

Fig. 3. Characteristics of Wind Turbine

Rei-Dimo

The prominent concept of the very unigue REIDimo
methad of the same type of lingariing mection replaces the
transmission network with constant admission, the complex
AT network  wath  constant  reception,  then
connzcle the fictiticus load bus lgad. The network is
colled a zero power balance network which is the main
concapt of REI-Dime.

¥ a1 2
S8 ) <&

Fig. 4 Thevenin Ciresst

In Figure 5, addressing the numerical step of the process
builds a zero power LAN nstwork. RELDimo, introduces
zera power balance o classify a single load system to a
load center. which is a ficitious load along with maintaining
the nalure and balance of the basic power of the system

in the radial system from REL one of the rules app!
steady state stability reactive power (voltage stability). In a
systemof 1 .. .. i .., G Generalor, synchronous condenser

Table 1. Operating System actial confiilns
3 :

and aclive injectors on DC ties or AC fies. connecled
radially 1o the sysism, on one of the buses tha load is

fictitious or frcugh admitlance Y1, ... Yi, ... ... YG. Soths
equalion can be built as foliows:
{11) T =T 8 25 Vi 4 YoV

ﬁ. = Intemal tension of the engine; & = internal angle
of the machine with reference to V voltage on the load bus
{fctitous and actusl)

20
For the real part represented by the MW value, for the
reachive load to vary with the square of the voltage in the
following equation:

(12) Vioaa = S5

remains, lor the crileria equation developed from equation
(12} as follows:aThe Qload value is recalculated at each
slep by considering the constant load structure, cos

d A2 ) i

dv = cos(dyy,, )

—2 (Z Y €055, + Yipau + 'f] v
m r

Fry. & Zero power balance natwork

oitage
[ NoBus | Mag.
1 103
. Desr
3 0.988
4 0981
5 | ¢
& 0.996
i 3
8 0.974
9 1
10 | 0.953
11| 084
12 | 0947
i3 0.9i8
14 | 0351
0.953
i
17 0.98
BT 0.581
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Discussion and analysis

in Table 1, the impiemantation of the Rai-Dimo mathod
in the South Sulawesi system produces load flow. in Table
2, it shows thal steady siate stability as descnbed by the
criteria is as wide as using Equaton 4. Running simulaton
1o see the stability index when a load changes.

Table 2 Steady index State slatiity when changes » laad

% Agddion rolor angle Index Stability Critical
cClearing

g

hommal 0.0323 -3 7841 111803

10%, 0.0323 87841 | w7131

26 % G.0282 93778 59.134
40% 0.0260 B 5665 88173
502, 0.0226 -8.5472 78.918
8% | 0018l -3.8833 71863
W% | 00153 -7.6035 68650

00more | 00152 -7.6035 e0.000 |

Each load change occurs at an angle of nomal
condition 00323, for lhe stabifly index -9.7841 which is in
the form of a curve as iflustrated in Figure 6. For the
addition of load 10 angle values and siabibly ndex is the
same as nommal, bul for the Critical deanng anagle
decreases represented in Figure 7.

BOIR I O SOUS B LARSAN 15 8 GTRaEaRy Chpaed s
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Fig 6. the criterda curve js the same under normal load condtions.

Frp. 7. the crtana curve is the samo al the sondition that the lpad
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Fig. . the cntena curve 1S broad at the condibion that the load
increases by 80%

The angle of 00323 when expenencing an additional
foad of 20% makes 0.0292, with the stability index -9.3778,
for the Crlicai cleanng angie represented with an angle
value of 99.134° for the addition of 40% the load value of
the angle s 0.0260, the slability index is -8 9665 which has
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a decrease of -0.4113, for Calical clearing angle worth
BH, 773 in load 40 is representad in Figure 7. The addition of
40% of load makes the Critical clearing angle decrease by
50% more so this is very dangerous 1o the syslem
condition. then for the addition of 60%, the value of the
Criicai cleating angle 78.918 is represented, has 2 stability
index of -B.5422 with an angle of 0.0226. in this condition
the operation of the eleclric power system muslt be vigilant,
because if i 5 stilt expenencing addtionat oscillation loads
it can increass shamply. In Figure 8 is the same bioad
critenion for the addition of 80% losd with a Crilical clearing
angle of 71.863, so thal the Stability Index is -8.0933 and
the angie becomes narrower with a value of 00191 in this
simulation for the addition of 100% ioad with an angle value
of 0.0153 and the stability index -7.6035 with a Critical
cleanng angle worlh 68 680 represented in Figure 9. For
the steady state stabiity the generator angle should be less
than 90o if more than that then the system (s loose and
angular becomes { as in Figure 10,
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Fig. 9. the chitena curve is the same in the condition of the load
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Fig 10 the crilenia curve ig egual v ares uiider the condition of
incaasing 100% more

Conclusions

Using REI-DIMC (o analyze the stabiity of the steady
state electric power system of South Sulawesi by reducing
the fransmission transmission which is 44 buses to 18
buses. Analysis of generator stabiily imils can be seen
using the same broad criteria curve for each generator, The
generator angie 15 cul of sync when passing the maximum
limit of 900, The load condition is very influeptial on the
Critical dlearing angle so that each change n oad s
followed by changes in the rotor angle and the Stability
index. The resulls of the South Sulawesi system simulation
can be seen thal the normal condition is 0.03230, Crilical

ciearing angle 111,903 steady state generator, safe
cendifion even though it has increased load. Whereas when
given a load of 100% the angle changes to D.9153a, the
stabiity index -7 60350 and Critical clearing angle 68,6600,
st when there Is an additional 100% load, the Citical
clearing angle vaiue becomes 90.000. the system will come
out Black out
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