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‘Mathematical Model -2
( )
‘Linear Load flow -1-2
Pi 61 ( ) XU
ji T
(1 )
( )
Yy = ~Ibjj =
(C/2 ) Zijo :+jbij0
o ij

* * . * * . *
Sij =V, (V; —Vj )(—Jbij) + ViV, (Jbijo) (H

—1—1

Pij = RG/SIJ /ZVIVJ blj sin(ei — 6])
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sin(6; —0;)~0; —6; Radian
Vi ZVk zVO =1 pu
:(2)
P;j =b;;(6; —6;) (3a)
0, — Gj
Py = (3b)
Lij
Bus i Bus j &
_ Y=V
v [y L
lijo yi_
§ij =4
Xijo ino
T 11
i
i1
P =Y P = > bij(6; - 6;) 4)
J J
n-1 ( n ) P=1(0) n 4)
Or = reference bus
.0
4)
P=[B] 6 (5)
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0=[X]P (6)
Bj; :ZL, for i#ref (72)
i =]
ij = Xi
B; =0 for i=ref (7b)
Bj; _! , for i#ref, j#ref (7¢)
Lij
Bj; =0 , for i=ref or j=ref (7d)
B
X
B B
)
) 6 Qi V; P;
(
:Sensitivity Factors -2-2
Overloads
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:Generation outage factors -1-2-2
gij,m
AP;;
j
L= 8
glj,m APm ( )
ij = AP
AP, m
m = AP,
AP,
ij gij,m
.m
1d
Pi?ew = Plj) + gij,m X APm (9)
ij - Pi;_)ld
ij = Pi?ew
‘m
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APm = _PGm
.m = PGm
.Overloaded
m K ( )
Pmax
_ k
Fieam " (11)
m
_ phax
K =P/
:9)
1d
PRV = PO + gy X APy = D" (g4ik X Fm X AP)
K#m
m
1d
Piljlew = Pij') + APy, [gij,m - Z(gij,k xFm) (12)
K#m
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:Line outage Sensitivity Factors

6 )
AB =[X]AP (13)
Ipu m
I pu
Xim — Xjm
ijm = ———— (14
i
g = %
[X] = ij Xim
X
-2-2-2
ity
. _ﬁ i1 (15)
ijoij = Py > J#FI1]
ij = Lijif
1_] :APij
] = Py
l
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1d
Pij-lew = Pl_(l) + gij,i/j/ X Pi'j' (16)
NES
(13)
i AP, iy
i’ APy
tiis _ iy Xy =Xy =Xy +Xj7) a7
e X Xy — Ky + Xy —2Xy)
= Xirjr
[X] =
(1- ) % -
:Hybrid Sensitivity factors -3-2-2
Superposition
i | -
i m ij
APij = gij,m X APm + Eij,i'j' X APi'j' (18)
APy =gy m APy (19)
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APjj = gijm X APy + Ly X 8ij m X APy

(20)
= (8ij,m * Lijiy X &if,m APy
Hijmi7 = 8ijm + Cijiy X 8if,m (21)
2 -
1_] i!/j " , i/j!

APy = iy < APy + Uy APyryr (22)
APyrjr = Ly iy x APy (23)
APy = (L + Lijirp x Liryr iy JA Py (24)
Hij,i(j’,i”j” =/ ij,i'j' +/ ij,i"j" x { iv!jn’i/j/ (25)
-3-2

Maximum Loading of a transmission line:

Steady- Current-Carrying Capacity
state stability limit
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:The Line Thermal Limit -1-3-2
Sth = \/g Viated Irated (26)
( ) = Vrated
( ) = lrated
Irated
Iratred
:The Steady-State Stability limit -2-3-2
Z=(R'+ X'/ 4
AV/ cos @r
AVY
I =
3 (R’ cos ¢, + X' sin @,)
V2 100
VvV 100
VZ
S¢ = - — “AV,; % (27a)
100/(R"cos ¢ + X'sin @)
‘R’
V2
Ses =——————AV,% (27b)
100-X. sin@
(MVA) =S
kV) =V
=X
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Security 1

Input Data Linear Load Flow
Factors of Sensitivity Security
Line Data Bus Data

New Network ~ View  New Network ~ View
Modification Chang Modification Change

Help
Exit

Help
Input Data
Main Menu

Load Flow  Simu. Outage(Line/Generator) Help-Function Main Menu

5 3
230 kV 100 MVA
0.85 7%
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100
—_.— —\
10.05
20 L Vgl = LO
J0.0625
j0.04 7
1o @
-
o e e

——t—
10

j0.08

J0.05

® 15# lﬁo

Slack 174.9982
vl - L.O@_— — 5
& = 0° _/ o o Q

Line Data for Network No.5 6 Lines Bus Data for Network No. 5 S base = 100 MVA
B L L ek Rk Rk ke kR R R kR R Ak kR kR R AR KR KRRk ARk
_No.| from to X (pu) |Sthermal(pu) Bus No. P GEN P LOAD

1 1 2 0.100 3.590 1 175.0

2 1 4 0.050 3.590 2 -140.0

3 2 3 0.063 3.59%0 3 -100.0

4 2 5 0.040 3.590 4 -80.0

5 3 5 0.050 3.590 5 145.0

6 4 5 0.080 3.5%0

178% 2 1 5
AV, % 31% 1 2
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32 (

Line | AC Load Flow MW | DC Load Flow MW
1 83.95 83.97
2 91.05 91.03
3 18.11 18.03
4 74.16 74.06
5 81.89 81.97
6 11.05 11.03
230 kV -6
230 kV
21 5 ) 26
7 6
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Matrix X for Network No. 5
e e ok ok e o e ok ok ok oot ek ok ek ok ok ok ok et ek e

0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0615
0.0551
0.0193
0.0501

0.0000
0.0551
0.0848
0.0224
0.0583

Reference Bus 1

0.0000
0.0193
0.0224
0.0404
0.0250

0.0000
0.0501
0.0583
0.0250
0.0649

Generation Sensitivity Factors for Network 5

Reference at Bus 1
ek ek ek kR ok Rk kR kK kR R R Rk R R R KRR R R

Busl Bus2 Bus3 Bus4 Bus5
Line(1-2) 0.000 -0.615 =0.551 =-0.193 -0.501
Line(1-4) 0.000 -0.385 -0.449 -0.807 -0.499
Line(2-3) 0.000 0.101 -0.471 =-0.050 -0.131
Line(2-5) 0.000 0.285 -0.080 -0.142 -0.370
Line(3-5) 0.000 0.101 0.529 -0.050 -0.131
Line(4-5) 0.000 -0.385 -0.449 0.193 -0.499

Line Outage Distribution Factors for Network5S
ek e ok ok ek ok e ok o ok sk ok ok e ok ok sk ok o ok ok o o e e ok ok ok o ok ok e o e e e e e e

K1 K2 K3 X4 K5 K6
(Line 1-2) 1.00 -0.15 -0.33 -0.15 1.00
(Line 1-4) 1.00 0.15 0.33 0.15 -1.00
(Line 2-3) =-0.26 0.26 0.67 =1.00 0.26
(Line 2-5) =-0.74 0.74 0.85 0.85 0.74
(Line 3-5) =-0.26 0.26 -1.00 0.67 0.26
(Line 4-5) 1.00 -1.00 0.15 0.33 0.15

Network No.5 Number of Buses: 5 Number of Lines:

Permissible Veltage Drop % = 7.00

DC Load Flow for Base Case

3

Power Factor: 0.85

Line No from to Flow[MW] Stab.Limit Pth([MW]

1 1 2 83.97 132.88 305.15

2 1 4 91.03 265.76 305.15

3 2 3 18.03 210.92 305.15

4 2 5 -74.06 332.21 305.15

5 3 5 -81.97 265.76 305.15

6 4 5 11.03 166.10 305.15
Network No.5 Number of Buses: 5 Number of Lines: 6
Permissible Voltage Drop % = 7.00 Power Factor: 0.85

Overloaded Lines for Line Outage Cases

Line No from to Flow[MW])

Line 2 is opened
e

1 1 2

132.88

175.00

Number of Lines:

Network No.5 Number of Buses: 5
Power Factor: 0

Permissible Voltage Drop % = 7.00

Overloaded Lines for Generator Outage Cases
KRR R R kKR ko kR kR KRR

Stab.Limit

Line No Pth[MW]

from to Flow[MW]

Outage of Generator on Bus 5

1 1 2 156.60 132.88

305.15 Overloade

6
.85

305.15 Overloaded

d  31.7%

17.8%

' 5
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(9 )
0.85
%7.6 %55.6 %55.4 -
%10
2 - 2 -
10
%18 7 ) -
_ 2 _ _
( )2 -
9122

%15

%15

%10

%7
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ALEPPO-B 19

LATAKIA 15
BANIAS 3

ALEPPO-F 18

MASKANEHIT 20

MASKANEH 121

HAMAH 4

H ol

Fig. 6: A Part of Syrian 230 kV network

TARTOUS 13 KATTINEH 12
LEBANON 14
KABOUNII 11 ADERA I L
MIDANIT7
KABOUNT 10
CH. MESKIN 8

e |DBED 9

SWEDIEH 25

HASSAKEH 24 :

AQOQA 22

DER ALZOR 23

FEROUZEH 5

Fig. 6: A Part of Syrian 230 kV network
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e Detn s i e RS
“wo. ] from to i ..............;.;5;6......uu
1 1 4 0.148 1.
2 1 5 0.016 3,
3 } ;‘; 0.122 3.
0.068 .
s| 1 22 0.041 EN gt
[} 2 4 0.9007 3. -80.0
s 5 [l o
13 4 5 0.0644 ;.' e
4 12 0.04% .
11 4 17 0.091 N ZSE_‘S
12 42 0.002 3.
13 3 6 - . =
9| s a2 alors | 30 100:2
15 3 7 0.027 | 3. =120.0
16 7 8 0,057 3. —go.0
17 7 1 0.011 3 —ate
18 [ 9 0.043 3. ~60.0
19 [ 10 11 0.002 3. -80.0
20 | 11 12 0.106 i, -20.0
21 | 12 13 0.062 3.8 -20.0
22 | 13 14 0.003 . —sa.0
23 [ 15 16 0.086 3. —50.0
2¢ | 18 17 0,041 3. -50.0
25 | 17 18 0,013 3.
26 18 19 0.011 3. -20.0
27 | 18 20 0.077 3.
28 | 20 21 ©.000 3.
29 | 22 23 0.114 3.
30 [ 22 24 0.134 1.
31| 23 24 0.104 3.
32|24 2 0,108 3.
Network No.20 Number of Buses: 26 Humber of Lines: 32
Permissible Voltage Drop % = 15.00 Power Factor: 0.85
DC Load Flow for Base Case
Line No from to Flow[MW] Stab.Limit Pth[MW]
1 1 4 17.62 192.40 305,15
2 1 5 281.64 1779.67 305.15
3 1 17 88.28 233.40 305.15
4 1 20 102.47 418.75 305.15
5 1 22 70.00 694.51 305.15
6 2 4 299.99 3863.60 305.15
7 3 13 150.45 2033.91 305.15
8 3 15 149,54 730.12 305.15
9 4 5 43.16 647.15 305.15
10 4 12 64.75 581.12 305.15
11 4 17 89.70 312.91 305.15
12 4 26 20.00 14237.37 305.15
13 5 6 195.19 273.80 305.15
14 5 12 79.61 1779.67 305.15
15 6 7 115.19 1054.62 305.15
16 7 B 80.00 499.56 305.15
17 7 11 -44.81 2588.61 305.15
18 8 9 -0.00 662.20 305.15
19 10 11 -80.00 15997.05 305.15
20 11 12 -204.81 269.47 305.15
21 12 13 =0.45 459.27 305.15
22 13 14 50.00 9491.58 305.15
23 15 16 29.55 331.10 305.15
24 16 17 =30.45 694.51 305.15
25 17 18 77.53 2190.36 305.15
26 18 19 80.00 2588.61 305.15
27 18 20 -62.47 369.80 305.15
28 20 21 20.00 59076.23 305.15
29 22 23 22.39 249.78 305.15
30 22 24 -2.39 212.50 305.15
31 23 24 -27.61 273.80 305.15
32 24 25 -80.00 263.66 305.15

8
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Network No.20 Number of Buses: 26 Number of Lines: 32
Permissible Voltage Drop % = 15.00 Power Factor: 0,85

Overloaded Lines for Generator Outage Cases
S ke R e

Line No from to Flow[MW] Stab.Limit  Pth[MW]

Outage of Generator on Bus 2

2 1 5 474.10 1779.67 305.15

Outage of Generator on Bus 3

2 1 5 474.91 1779.67 305.15

Outage of Generatoer on Bus 12

Overloaded

Overloaded

2 1 5 328.47 1779.67 305.15 Overlocaded
Network No.20 Number of Buses: 26 Number of Lines: 32
Permissible Voltage Drop % = 10.00 Power Factor: 0.85

Overloaded Lines for Generator Outage Cases
e e o b e R R R R R o o o o e e e e ke ok e

Line No from to Flow[MW] Stab.Limit Pth[MW]

Outage of Generator on Bus 2

2 1 5 474.10 1186.45 305.15
13 5 6 199.87 182.53 305.15
20 11 1z =200.13 179.65 305.15

Outage of Generator on Bus 3

2 1 =1 474.91 1186.45 305.15
13 5 6 205.60 182.53 305.15
20 11 12 -194.40 179.65 305.1%

Qutage of Generator on Bus 12

2 1 5 328.47 1186.45 305.15
13 5 6 197.89 182.53 305.15
20 11 12 =202.11 179.65 305.15

Outage of Generator on Bus 25

13 5 6 195.19 182.53 305.15
20 11 12 -204.81 179.65 305.15

Overloaded
Overloaded
Overloaded

oOverloaded
Overloaded
Overloaded

Overloaded
Overloaded
Overloaded

Overloaded
Overloaded

55.4%

55.6%

55.6%
12.6%
8.2%

7.6%
8.4%
12.5%

6.9%
14.0%




SECURITY 1

Network No.20 Number of Buses: 26
Permissible Voltage Drop % = 15.00

Awarlnadad Lines for Line Outage Cases

Number of Lines: 32
Power Factor: 0.85

Line No from to Flow[MW] Stab.Limit Pth[MW]
Line 3 is opened
2 1 5 326.82 1779.67 305.15 Overloaded 7.1%
Line 4 is opened
2 1 5 328.96 1779.67 305.15 Overloaded 7.8%
Line 7 is opened
2 1 5 362.11 1779.67 305.15 Overloaded 18.7%
Line 13 is opened
20 11 12 -400.00 269.47 305.15 Overloaded 48.4%
Line 15 is opened
20 11 12 =320.01 269.47 305.15 Overloaded 18.8%
Line 20 is opened
13 5 6 400.00 273.80 305.15 Overloaded 46.1%
15 6 7 320.00 1054.862 305.15 Overloaded 4.9%
Line 27 is opened
2 1 5 310.47 1779.67 305.15 Overloaded 1.7%
15% :-10
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Hetwork No.20 Humber of Buses: 26 Humber of Lines: 32
Permissible Voltage Drop % = 10.00 Power Factor: 0.83

overlcaded Lines for Line Outage Casos

Line Ho from te Flow[MW] Stab.Limit Prh MW

Line 1 is opened

13 k) & 195.52 182.53 305.15 Overloaded
20 11 1z -204.48 179.65% 105,15 Overloaded
Line 3 is openms

1 1186.45 305.15 Ovarleaded
13 5 6 196.76 182.53 30%.15 Overleaded
20 11 12 =203.24  179.65 305.15 Overloaded
Line 4 is opened
1 5 328.96  1186.45 305.15 Overloadsd
Ll & 196. 84 182.53 30%5.15 Ovarleaded
11 12 -203.17 179.63 305.15 Overloaded
362.11 1186.4% 305.15
13 5 & 201.31  182.53 305.15 Ov
20 11 12 -198.6%  179.65 305.15 Overloaded
Line & is opened
5 6 109.09 182.53 305.15 Overloaded
20 11 12 -210.91  179.65 305.15 Overloaded
Line 9 is opened
13 5 3 193.58 182,53 305.1% Overloaded
20 11 12 -206.42  179.6% 305.15 Overloaded
Line 10 is cpenad
13 s [ 1968.72 182,53 305.15 Overloaded
20 11 12 -201.28  179.6% 305.15 Overloaded
Line 11 is opened
5 8 194.5%  102.53 305.15 Overloaded
11 12 =20 1 179.65 305.15 Overloaded
Line 13 is openad
11 12 -400.00 179,63 305.1% Overloaded
apans
13 El & 212.10 182.53 305.15 Overloaded
kL 11 12 -187.02 179.65 305.15 Overloaded
Line 15 is opened
20 11 12 -320.01 179.6% 30%.15 Overloaded
Line 17 is opened
- T ]
23%.90 182,53 305,15 Overloaded
400.00  182.53 305,15 Overloaded
7 320.00 703.08 305.15 Overloaded
Line 21 is cpened
13 s 6 198,20  182.53 308,15 Overloaded
20 11 12 -204.80  179.65 305.15 Overloaded
Line 23 is opened
H [ 193.98 182.53 305%.15 Overloaded
11 12 -206.02  179.8% 305,15 Overloaded
is cpened
£l & 196.43 102,53 305.15% Ovarloaded
11 12 =203.57 179.65 305.1% Overloaded
iw opened
A
L] 3 193.94 182.53 305.15 Overloaded
11 12 =206.06 179.65 305.15 Overloaded
» opened
1 3 310.47 1186.45 305.15 Overloaded
5 & 196.1%  182.53 305.1% Overloaded
11 12 =203.81 179.65 305.15 Overloaded
Line 29 is opened
13 5 [ 195,19  182.53 305,15 Overloadad
20 11 12 -204.81 179.65 30%.15 Overloaded
Line 30 is opened
19%.19 182.33 30%.15 Overloaded
20 =-204.81 179.65 30%.1% Overloaded
Line 31 is opened
13 5 6 195,19  182.53 305.15 Overloaded
20 11 12 -204.81  179.65 305.15 Overloaded

18.7%
10.6%

3.6%
17.4%

£.1%
14.9%

B.0%
12.0%

6.6%
14.3%

122.7%

16.2%
4.6%

TH.1N
31.5%

119.1%
4.9%

6.9%
4.0%

6.3%
14.7%

T.6%
13.3%

6.3%
14.7%

6.9%
14.0%
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Design And Implementation Of Program Package
Security 1 For Power System Security Analysis Using
Linear Models

Ali Hamzeh Nabil Fakih
Department of Electrical Engineering
Damascus University

Abstract

The paper begins with an introduction that describes the concept and
importance of power system security. The mathematical model is built
depending on both the linear load flow technique and the sensitivity
factors for line and generation outages. The algorithm has been designed
so that a power system of arbitrary bus number and voltage levels can be
studied. This algorithm has been programmed in Borland Pascal in
interactive mode, and the developed program has been tested on several
test systems. The Program has been used for security assessment of a part
of the Syrian 230 kV network. The obtained results have shown the
validity and effectiveness of the program in spite of using linear models.
It is worth saying that the developed program is the first one for security
assessment in Syria so far

‘For the paper in Arabic Language see the pages ().
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