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STABILITY ANALYSIS OF POWER SYSTEM USING DSM
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ABSTRACTS 1y ‘thite paper, the Domain of Sepafation Method (DSM) is de-

veloped for studying stability of power system.Suitable algorithms of
DSM for single and multi-machine power systems are proposed. The me~
thod and algorithms are used to investigate stability of the 3500 Kv
portion of the Egyption grid in the case of using series capasitor
compensation under different system parameter wvariations and also
under system planning conditions. The main goal of this study is to
determine the limitations of stability zones of the system under stu-
dy without risking subsynchronous oscillations (550).

INTRODUCTION

Improving of large scale power sysiem steady-state stability has
received a great attention in recent years. Methods used to improve
the stability conditions of the system include the addition of series
or shunt compensation with the transimission lines [l]1.At some levels
series compensation, the system will suffer a risk to subsynchronous
resonance ( SSR ), which leads to SS0 [2].

Therefore, a balance condition between series compensation level
and other system parameters is required for system stability.

Many techniques are used to investigate system stability. Common
techniques are i frequency scanning technique; eigenvalue technique
and Myguest technique [2%3].

The DSM , which is developed in this paper, is very simple,
less expensive and has less computer memory compared with other tech-
nigues. The DSM depends on seperating two variables of system parame-
ters while others taken fixed (4&45).Each of these variables is consi-
dered function aof frequency. The obtained values are plotted in S or
complex plane.

Stability of the system is determined from these plots, when the
curves pathes in anticlockwise direction n quadrants of the complex
plane being from the first quadrant [4&35]. The sides of the D-sepera-
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tien curve is shaded depending on the sign of the principal determi-
nant (D).

The method is used directly to determine the overall system sta-
bility and alsc the optimal parameters for stability can be achieved.
The method is used for simple and large scale power systems through
algorithms, which are also presented in this work.

BSM FORMULATION

This method depends on the transformation of system variables
into 5 plane as follow:

DiS) = R{S) + X (8) + X (5) (D
Where: ke e

R, ¥ & X _are resistance, inductive and capacitive reactance
respeckivily.

The abave eguation can be alsa put in the following faorm:

D(S}) = RIS} + X(5) (2}
Where: X(9) = XLtSl + IGIS).

Equation (2) takes a generalized form and may contain all tran-
simission line nodes and therefore it is formulated in a matrix form,
which is reduced by any technique, like Gauss elemination technique
to obtain a reduced matrix at buses of the generators of the system
under study.

The variables in concern must be seperated.in the form of real
and imaginary parts, which represent the first and the second variab-
les.Stability can be determined by changing S and plot the two values
in complex plane,this is possible by transforming from G-plane to
complex plane by substituting S=jw and w varies from -w to +w . Stab-
ility are determined when the plots of imaginary and real part of
D{jw! pathes in anticlockwise direction n quadrant of the complex
plane being from the frist guadrant.The regions of steady state sta-
bility are found by dashing the curve at left hand side when |[D] > O
and at right hand side when [D| < O.

PROFOSED ALGORITHMS FOR THE METHOD

In this paper, two algorithms are proposed,the first algorithm
for simple power system, while the other for large scale power system
Algorithm for simple power systlem

{-Transform transmission line parameters from phase nuantity to
direct and quadrant quantities, this is available using the following
relations [&, 7&B81:

0 |
(R} = |-——==|~====1] .n (3
<q 1 0
s | -1
th ), = |- X ()
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-1

1% ) = f=eeedesnes -X (3}

Equations 3,4%5 can be grouped in one equation representing
the transmission impedance in S-plane as follows:

i [ X T b T
c b
R+S |X 4 ———— === =|X + s==erem—mmm
g% L (5241
(2 3% 1 t “““““““““ R B 14)
X X
= c
R R+G [X # =—mmm————m
T - B (g +1)7° J

2- The synchronous generator in the case of frequency variations s
modeled by its induction machine equivalent. This model, however, is
dependent on frequency [9410). Therefore this model after its trans-
formation to S-plane becomes:

R + 5 X (3% -% (S¥
g d q
2, = i7)
o ag X (8) R +5X (5)
L d I g g
Where R = R + R / Sy
g a r
and the values of X(S) are obtained for d and q axes from the fol-
lowing equation [(7kB81:
v - OIS T WX X )
(1+5 To X fX 1+5 o /
£(5) = X : = (8.
t 1+8.7 ¥ { 1+S5.7 1
] o

3- Compute the total impedance of the system by adding Eqns (&) & (7)

Z2i8) = (Z {8}) +(2 (31 19

N dg a dg

4- Calculated the determinant of 2 (S}

Des) =} 2 (5 | {10}
5- Then the wvalues of k,‘ 3 ﬁz are calculated from the following

1

relations:

Ku. = lmag.(D{S) tir. 1)

K. = ReallDi(S}} t11.2)

L% 3

&- fiepeat all the abgve steps for different values af 5 {7).
The curve can be also plotted in a complex piane by substituting
5 = jw in the above steps, where w changes from - to +o.
7- Plat D5 curves.
PROPOSED ALGORITHM FOR LARGE SCALE POWER SYSTEM

{- Construct ZNfsl using equation (2} for esach node of the network.
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2- Transfaorm ZN(!} into YN{S}.
3- Append YUIS){adnittance matrix)for the overall system using any

technique. _
4- Construct the ZatSl matrix for all generators (71, .

5- Transform 20(5) into Y&S) except the generator under study 2851.

&- Construct the all system admittance matrix from the following
equations:

Y (8) =¥ (§) « ¥ (G}

T o N

7- Invert and eliminate the total matrix by Gauss elemination
technique to obtain a reduced impedance matrix at the bus of the
generator under study.
8- The 0SM function is obtained from the sum of the reduced impe- -
dance matrix and that of the generator under study.
DiJw) = ZT(Jm) + anJm}

F- The two seperated values Ku,Kuare pbtained using relationtiiy},

10— Repeat all steps with w changes from -~ to w .
11- Plot DS curves.
STUDY SYSTEM

In this paper a 500 Kv &&4 Km partion of the Egyptian electric
network is investigated comprehensively using the DSM,the selection
of this partion is due to its long length, high voltage and the
possibility of introducing series capacitor in the future.The single
line diagram of this portion is shown in Fig.l while the data
necessary are listed in tables 1,2,3&%4 [111.

The rest of the system outside this portion is represented hy
constant loads having impedances of infinite values connected to
ground.

The flowchart in Fig. 2 shaws the main steps for the FORTRAN IV
program developed to cover this study. The program is simple and easy
to be extended to more complicated power systems.

RESULTS AND DISCUSSION

a- Series capacitor variations
The system is firstly considered without series compensation

i 4 7 g 5 2
> ik l T
} TS5 T4 } 2 L,
I L, T3
L4 L 3

3 ;
Fig.l Single Line Diagram of the Study System. ~} 3 l
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Table.! Generators data in p.u.
G.N X xq X, X xaq 8 xq "
i 1.53 | 0.97 1.68 1.35 | 0.79 1.79 L.L7 9.5
2 .08 | t.88 | 1.92 1.24 1.24 |1.15 | 0.92 | &.7
3 1.86 | 1.88 | 1.92 1.26 | 1.26 |1.15 | 0.92 | 5.2
Table.2 Transmission line data in p.u.
BUS — BUS LENGTH KV R 3 Y
G4 7 234 500 0.1018 1.403 | 5.283
7 8 343 500 0. 147 Z,0595 3.614
8 & 204 500 0.080 1,097 &.776
3 5 184 500 0.036 0. 505 14,70
5 8 85 500 0,090 1.2424 5.970
Table 3 Load data in p.u.
LOAD NO. R X
by 1.328 0.823
bsy 15.737 9.753
be 24.313 15.068
L 1,747 1.083

{Fig.3),the loci of

Table 4 Transformer data in P.U.

TRANSFORMER NO.

b

1

0.138

0.117

0.234

2
3
4
5

0.0%90

0.090Q

this fi

gure

indicate that the system is stable,

this is true because the system has no resonance canditions.

The ser ies capacitor is then taken as 0.2 P.U.,the loci of Fig.4
bounderies
form ,but this reveals a stable system.In the shaded areas the system
resistance,this means that the system may suffer torsi-

illustr

has negative

ate

this case ,the loci are changed to

onal interaction instability.

syme frical
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Fig.2 Flowchart of DHM5S
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Then the value of series compensation is taken 0.4 ;?.u: ti?e ioc
drawn in Fig.5 shew , that ibe trajectory closes a circle in  the
clockwise direction and this means that the system still t.stabl_e. The
loci reveals also that negative resistance appears in this case. .

Fig.b shows the same result for a valug of 0.6 p.u. sSEries
capacitor.The system is still stable in this case, also the system
will reveal a negative resistance. . _

Figures 7& B8 are curves for 0.8 p.u.and 1.0 p.u.serles capacitor
values, which reveals that the system is still stable. ‘

Fig.9 illustrates the DS curves for 1.5 and 2 p.,u. series capa-
sitor values. From this figure, the system is unstable in both cases.

From the above results,it may be concluded that the long trans-
mission line of the Egyptian network can be compensated wp to |. p.u.
(22% series compensation level) without risking the S60.

b- Effect of rotor resistance CRI_)

in the case of frequency dependent analysis, the synthronous ma-
chine is represented by its inductien eguivalent model 1m which the
rotor resistance is a function of frequency [(B]. Therefore, the value
of this resistance is considered variable to show its effect on over-
all system stability. The values of this resistances are taken 0.0 ,
0.028, 0,2 and 0.5 individually.

Fig.l0Q shaws the curves in domain of seperation.Curve | i2 drawn
for the value of R = 0.0, In this case, the system is stable and
has no negative reéistance, which means that there is no risk to SSR.
In curve.2, the trajectory crosses the vertical axis which reveals
that the system will contain negative resistance, but is stable.
Curve.3 shows that, when the roror resistance is raised to 0.2 p.u.
the system is pulled towards instability and thevalue of negative re-
sistance is increased.

Finally the rotor resistance is increased to 0.3 p.u. which push
the system towards instabilibty and because the value of negative re-
sistance is more increased.

The critical value can be obtained when the trajectory of the 0S5
crosses the origin., In this system, a 0.5 p.u. roter resistance is
critical and any increase over than this value leads the system to
instability.

c— Effect of connecting parallel lines

In the real power systems, the system may be subjected to faults
which require to connect or disconnect parallel lines. Therefore,the
effect of connecting the two lines 1s considered in two series com-
pensation values, 1.5 P,U.and 2.0 P.U., which are the highest values
considered in the recent study,

Fig.1! shows the plots of curves,when one line is considered
alone and when the two lines operates in parallel for X = 1.5.1n tkis
figure, the negative resistance, in the case of using one circuit,has
higher value than in two circuits. Therefore, the system is stable in
the second case,but in one circuit is unstable.

Fig.12 illustrates the case when the series compensation Iis
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taken 2.0 p.u.. In this figure the above resulis is also
satisfied.
g- Effect of iloads

In this study two cases are considered when the series
compensation i5 taken 1.3 p.u.and at 2.0 p.u. Fig.!3 shows the effect
of the leoads on the stability in the cases of full-load and 1.3 load.
From these curves of this figure, it is obvious, that the system is
stable in both cases. This is because the load effect as positive re-
sistanse connected in series with the transmission line ( more stable
system). Fig. l4 as Flg.13 but in the case of using 2.0 p,u. series
compansation (44% of series compensation level withaut risking S8D.
CONCLUSIONS

fram the obtained results, the following conclusions may be
cansidered:
1- Algorithms are propesed and Fortran pregram is developed for DSM
as a methad of predicting stabillty.
2- The 300 KV transmission system of the Egyptian network can be
compensated tv 22% when one line operates and to 44% with twe lines
cperate without risking SSR.
3d- The rotor resistance of the study machine affects system stabi-
{ity. Therefore, the rotor resistance must be taken as small as pos-
sible in the case of designed machine to aviod instability.
4-Connecting parallel lines may lead to more increasing in the series
compensation Jlevels.
5- The system operates more stable at full load and 1.3 full Iload
under S5SR candition.
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