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Damascus University, Department of Electrical Engineering

Example 1 Date:01.04.2001
Input Data
Integration Step = .0001 sec Maximum Integration Period = .1 sec
F Pm Pemax-Onfault Pemax-Postfault H-inertia 99
60 Ipu 0 pu 1.1024 pu 3.5 sec 0.73 rad
Results
8 = 9551504 rad
V= .1650779
t 1) o V3, ®)

[sec] [Rad] [Rad/sec] [pu]

0.0000 0.7300 0.0000 .........
0.0001 0.7300 0.0048 0.0178
0.0002 0.7300 0.0097 0.0178
0.0003 0.7300 0.0145 0.0178
0.0004 0.7300 0.0194 0.0178
0.0005 0.7300 0.0242 0.0178
0.0006 0.7300 0.0291 0.0178
0.0007 0.7300 0.0339 0.0178
0.0008 0.7300 0.0388 0.0178
0.0009 0.7300 0.0436 0.0178
0.0010 0.7300 0.0485 0.0178
0.0011 0.7300 0.0533 0.0178

0.0863 0.9105 4.1830 0.1631
0.0864 09109 4.1878 0.1635 t.. = 0.0868 sec
0.0865 09113 4.1927 0.1638
0.0866 09118 4.1975 0.1642
0.0867 09122 4.2024 0.1646
0.0868 09126 4.2072 0.1649
0.0869 0.9130 4.2121 0.1653

4, JL5AY) AAU STABILITY3 geebill g A ¢ 7 JSid
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TETAQO = |ll?3 rad
Do You Want To Change The VYalues ? _choose One Method
Yes |  Step By Step Method
- I | ® Runge Kutta Method
Continue 1
— ¢ Euler Method
1l Close |

@) Jall i ) ) gad) 33806 ;8 JS&
9 JSal A A a5l Juad e 31 A B 5 o gualalls & gnal) e S Cilginie

118



el -5 jaa 2002 - Ss¥ 23 . jde Gpalil) alaall . Guiad daala Ao

140

Tc = 0.087 sec
130 -
120 |-

110 L Tc = 0.086 sec |
100 4
Tcc = 0.086 sec
90 E

60

50

40 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

L0848y phal) o 4 JLEAY) AL e ) ciliada ; 9 JSA
45 aal
w&y\;@\ah&‘&)ﬂbm\ L.A‘ J_,...a_;j\ u\‘y\ ‘u\.\bLA.\.AQA.\;.u.\X\ u‘u—ﬂeﬂﬂ\&:
M\@gﬁ,ﬂ@&\é\uh‘h{b‘d}k\ chmwljmﬂ|mu\ 3 Al dgy
ab;ﬂ\w#\wd.ﬂ a\).u\.m@A\.\\)ﬂ\d.ﬂune\ J&u}mamwlu_\sm.aM\wJH\ LA‘

u‘n‘)j\ %60 M\J&a ad.mal\ M)u ul.ua.“J ).\...a;.d\ L)AJ JJSJJ D]rect meth()d a)uha Ma)]a
Al a5, Ll

1Ay gl AN e Bk 2 - 6
bl Jae Jsaan Al 8 (10 JSall) Aoy sl Adane <l gal el 1501 Al 5 o lhadl)
(Gsle cliie) ddie ol pe 5 Aasall 5 gt ASuall — Gy gl bad f LialE Gy ) Tad e

C RS, O e 5

Sn=37.5MVA, V,=10.5kV, X’ =0.246 pu, H=3.7 sec : A5 JS Clical 50
Sa=42MVA, 10.5/230 kV, X; = 6.84% : 4 sae IS Clinal 5

1= 136 48wl — & 9udl bad 1= 89.9 km, X = 0.413 Ohm/km : oLl — Ly sud) Jad
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km, X = 0.413 Ohm/km

G gl (il
APLELTEON dodsa WA
PR TH—
O—D e
[ ——1]

dsual) - Al - 4y gud) Allaia B 4l <)) AUAD aa) gl Jadd) Jakadia 110 JS&

O¥ 1ok 5 Jad b sdas dilaie (3 230 KV bl 53555100 MVA - (el Aol jlass
ran ) Gl 4 gt 43us) go (81K 2 oy Lg81S8 Las e {5 puedl) AL )
.X’4=0.1312pu, H="7.77 sec, E'=1.1, 8, = 15.47 deg
¢ X =0.07 pu: GLildll Jaa « X, =0.163 pu : A8 Jsaall
X =0.106 pu :4Suall la
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La i A iledy A8y By L Saldll Gl e A el A SN AS, SN A6 (o (gt
= S Qam el el il AUt A1V Lgted crai Ao lie Call Jiadng 1V =]
+ AR
X.am= 1.1x 230%/S”} gam = 0.09 pu
L V=1 e is Ay Ay ASual) by (e 450 el A HA A A A6y (0 Gations LS
Alelia il jia
DA e SV rpg ASenl Gl el Aol AV L s
Xam= 1.1x 230%/S”} j10s = 0.07 pu
Jllae Y1 il el Adand 5y Gl 5all U8 (o o AIS 2y gl 202 il ol e Ui
 pliaY) ga se il 4l CulS 5 ¢ agli (g paraal
Sk gam = 1241 MVA, S’ j1as = 1669.944 MVA.
il 8y Janll (8 il Cdlelie Crns 5 Ll Jad Canaina 3 lliial) Jhaedl J gean i i
o g
X, = 0.2442 pu, X, = 1.066 pu, X5 = 0.3402 pu.
120 MW 18 laie lad e Uil a6 dasdl) o i jii s

:3aal) 48, jhll STABILITY3 geebisl) aladialy Jad)

= Al el A S A e lad) T g By sl A3 il aes JRa
12 sl

o (30 (sl Uluand ladl G5 Q& (0.05) Tass 3 508 Ao Jal5 5 shad bl (8 Lisaiid
o el G gnlal) i e 5 ¢(0.01) aeal 3 5bad Cluall L) 25 (0.500) Al 7o
DS ) il (s 352 ) i Aagill eda s 520 ms sa gl daadll a5 o (13 JSA)
U S adally a0 138 5 ¢ Al e 520 (e ST a5 o (e Jlaadl & 3 ¢ gy pudl il sl
Al Aot (g ) Ay sed) 3K 8 d sl cillea Alanin (5 ) Gl e SRV e i ye
LV kol gl et Al g Alsall s pal) Alatind Ll ) gond) AN 8 Jasl) Al
(30 e 150 3438
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- V = p.u f Prefault Pemax : - [4.5045 p.u
X |ll 2442 p-u : Onfault Pemax : |1-U319 p-u
: X2 =[1.066 p.u : Postfault Pemax : [3.2334 p.u

5X3—|03402 p.u: Sl S

~ . DT = [oos sec |smm .................. 2
Tend = T8 seciliiii: LS L

Deltad =' [027 _ rad" ~Transient Energy Function Method —
o Change Input Da’ra"? . . & Compute Energy Function
Yes | " Compute Critical Energy
< No | o Call Runge-Kutta Method
.......... Connnue P | :
flooso | i

(G gl 4 gead) A JaY L) ) ol AL 112 Jsi
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Program STABILITY3
Transient Stability Analysis by Transient Energy Function (TEF) Method
Designed by Prof. Dr.-Ing. Ali Hamzeh, Dipl.Eng. Ammar Saati
é\.cl.m JLAQAAM'? E)'A;‘“;.c.d.i
Damascus University, Department of Electrical Engineering

A part of Syrian Network Date:03.04.2001
Input Data
Integration Step = .05 sec, Maximum Integration Period = 1.0 sec
F Pm Pemax-Onfault Pemax-Postfault H-inertia 09
50Hz 12pu 1.0319 pu 3.2334 pu 7.77sec  0.27 rad
Results

8, = 3802218 rad
V= 3.147575 pu

t 1) ) V(5, o)
[Sec] [Rad] [Rad/sec] [pu]

0.0000 0.2700 0.0000 .........

0.0500 0.2933 0.9273 0.0325

0.1000 0.3620 1.8087 0.0810

0.1500 0.4727 2.6026 0.1796

0.2000 0.6202 3.2768 0.3479

0.2500 0.7980 3.8134 0.6022

0.3000 0.9992 4.2128 0.9480

0.3500 1.2174 4.4948 1.3768 tee = 0.500 sec
0.4000 1.4474 4.6967 1.8681

0.4500 1.6865 4.8692 2.3937

0.5000 1.9348 5.0715 2.9237

0.5500 2.1953 5.3683 3.4274

The calculation is continued with an integration step = .01 sec
0.5000 1.9348 5.0715 2.9241

0.5100 1.9858 5.1212 3.0278 Exact result: t.. = 0.520 sec
0.5200 2.0373 5.1751 3.1303

0.5300 2.0893 5.2339 3.2313

4 suadl A0l JaY STABILITY3 gabill oA 113 S
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520 La) 4 7 sal) duadll e of griind, (Undl 5 2y il 48 yla) fise yu& cnie Jl 5 fiase

Sl 35, 8 LS (14 JSall) 465 e

180
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160 |
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Tc = 0.520 sec
120 + B
100 | E

80 Tcc = 0.520 sec 4
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40
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0 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
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s A A<l ¢ il saie (G Gl jeadl) deUain
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Apm je 540 ya 5 (5 sianall Aille A5 oo 53 )y Liall Delphi 4k 558 Jaiall maliyll -
Aagl

sl U aUaill es S Aalae ALalSa) Runge-Kutta 48 sk malipll p2die

QL»;J’L;.‘!}.{MLMMJ\GAUJJ\B&UJMQAMHMMQ&QM\B# "
8yhady clua Iy Gl g, oo Al 588 ans (Glaad) o) paulill) 3 S5 glady
Ao A 3 Aa aa ) Ciagy

ey JalSin s JS U SV (5,0) 5 5 o b dsin 8 gl 2 4
Agsthaall o, dad sl

o el B A5 ey cCanll ¢ g g A el ARl i Jf Liale Gaua A 484l o2n
ol A 58 e Y

8 plall AUl s 4y play el ) N Al 50 e Touls o Sl Wil bl 2 il
il il Y dastia sy Hlail
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e | el

g0 oo 3Y sl Delphi 33L STABILITY 1 gebix : e dans (el o 63 Jen -]
Al el 3,8 olas d Jdae ) Juadl
2000 plad 27 232l — s Daals gay Al
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Computer Program STABILITY3 in Delphi

for Transient Stability Analysis of Power Systems
Using Transient Energy Function Method

Ali Hamzeh M. Ammar Saati
Department of Electrical Engineering
FMEE
Damascus University

Abstract

Transient stability studies are vital for operational planning of power systems. In
transient stability, we are interested in computing the critical clearing time t.. of a
fault occurring on the power systems. The graphical analysis methods have failed to
compute t.. Therefore the numerical analysis is used to solve the swing equations of
generators. However, one disadvantage is that, depending on the size, complex and
modeling refinement of the system, it may require huge computational effort.

This paper introduces an unconventional analytical method, namely Transient
Energy Function (TEF) method, and proves the capacity of the method. The
significant advantage of the used approach is that, integration of the swing equations
is in principle limited only to the fault-on period.

The paper presents the mathematical model, the algorithm and the design and
implementation of the developed Computer Program STABILITY3 in Delphi. The
program has been tested successfully through many typical network, and used to
study the transient stability of a part of the Syrian high voltage grid.

As for as our knowledge is concerned, the paper is considered as the first text in
Arabic in this research area, and the developed program is also of the same order.
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