81

(92 -81) (2016) (4) 23 Lpssigh aslall oy <3 Alae

ISSN: 1813-162X
Lpaaigh) o glall oy <5 dlaa

S Al e dalil http://lwww.tj-es.com

Bakl) daghiia )i o ghal) Aal ) Y gaag M gill Cilaaia ABL) il

253991 pa S any (g L sl & ae o dana
Gad) cJiasall (Jm sall dnala (il oSl digh) and !

ismaelmosa83@yahoo.com

Gl (68 S g gall ) agrall 2

parween@alhawejainst.org

dadal)
3L 30 M\dmy\w@uﬁwxﬁ@\aﬂwuhﬂﬂ\@w\ww.ﬁn:\.«p;\j D ad ey
aal ) A snag ‘_,,J\j.d\ Q-Ila.ua.\Ae‘.\A.h.u\ Gash oo Akl 1 ‘)J‘)a_lju.\.um‘;‘ Q\AJ\ Caal) Cang g Al
&Jh‘ju‘&@yb&@.\ﬂb&\eﬂ“} A slaidll .m)s.ma‘)_,.a.a.!\héc)su.ub‘}(\ odla JWa) aie skl
Al Al o Gl %25 J\Mqu\dA;‘_gaqb)\Ju}Mwu\ﬂdA;m} (aa Al (pliaiia (phad
é\}ﬂ\ Glaia (e PLEAES Al Al uJQ_L:\ 7.6 Jaay! (Matlab) C.ALUJ E\A;.u.u\_a L\M).\ A.A}Lu.d\ 3 3 yadll
u\&@ymujm,\uw\ ".ad‘)s.maJHL\s:\m‘ G‘yh&l\@lﬁmuﬂu&d&)#\%‘)!ﬁ—l‘}{#)
0.4084 sl 1-5 haall 2 9053.15 & il dauiia 25a 5 2ie Jadll dlant Gpueat] dpui ST ilS M5 caal
Aul Al @yelal LS5 11-5 Laall & A paddl 25a 5 232 0.2716 p.U | % 53.25 cuilSs 4 saall il Ll p.u
c\d\ u.\u;.q_,})a_quﬁacbs).\s\ U‘BS.LNM}L.\A.“&h‘}u‘&MJ}H‘%‘JY‘M‘PJJ\}.\MMMM‘ u\
20}14A}A9 14&.\\J|EEE MJL\.\;\J\M}M\L;Q‘L\S\A.“ M\J.ﬂ\&_ﬂ.\k aJJmaJMLA@AﬁLa\wMJM\

o A

33l A shaia ¢ shall da) 31 @Y e ¢ sl Cilaiia AN CiLall)

The Effect of Adding Series Capacitor and Phase Shifting Transformer on
Power System Performance

Abstract

Promoting power system performance is regarded as one of the essential issues for a
sustainable customer service, alongside with the expansion of the inductive loads and
population increase. The study aims to improve and promot power system performance by
using series capacitors and phase — shifting transformers. The capacitors and transformers are
used separately in the system, then they are used together in two separate lines for two load
cases: the base load and the increasing the base load 25%. The system power flow has been
examined by utilizing Matlab version 7.6. The study shows that the efficiency of both series
capacitors and phase — shifting transformers in improving line loadability, whether used together
or separately. The highest rate for improving line loadability was 53.15% when using series
capacitor in the line 1 — 5. As for the transformer, the highest rate was 53.25% in the line 11-5.
The study has also shown that adding series capacitor and phase-shifting transformer
simultaneously to the system is more efficient in promoting and improving system performance
than adding them separately. The current study has been applied on the test system IEEE with
14 buses and 20 transmission lines.

Key words: Series Capacitor, Phase Shifting Transformer, Power System.
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11-4 | 0.7269 - 0.1184i 0.8232 - 0.1293i T To000 15802 [ Toooo | io5er
1-5 0.8723 +0.1130i 0.9244 + 0.1160i , -
11-5 0.5636 - 0.1602i 0.6378 - 0.1695i Lo shadl) %125 Jaall
12-4 -0.1314+0.0832i -0.0858 +0.0682i 1 1.0600 0 1.0600
4-5 -0.8326+0.1197i -0.9396 +0.1670i 2 0.9695 -20.427 0.9693 | -16.47
513 | 0.4607 +0.0080i 0.4674 + 0.0055i 3 0.9776 | -21.101 | 0.9776 | -17.05
47 0.2703 +0.0535i 0.2662 + 0.0518i 4 0.9807 | -13557 | 0.9814 | -9.927
7-14 | 0.0000 - 0.1141 0.0000 - 0.1164i 5 0.9885 | -11.585 | 0.9890 | -7.330
4-9 0.1538 +0.0535i 0.1514 + 0.0529i 6 0.9689 | -21.147 | 0.9688 | -17.11
7-9 0.2703 +0.1514i 0.2662 + 0.1525j 7 0.9713 -17.924 | 0.9714 | -14.18
9-10 | 0.0429 +0.0021i 0.0388 + 0.0028i 8 0.9336 | -22.187 | 0.9334 | -18.29
13-2 | 0.0839 +0.0778i 0.0880 + 0.0773i 9 0.9507 | -20.292 | 0.9505 | -16.49
13-3 | 0.0806 +0.0305i 0.0811 + 0.0304i 10 0.9491 | -20.635 | 0.9489 | -16.79
13-6 0.1841 +0.0947i 0.1862 + 0.0945i 11 1.0000 -6.1847 1.0000 | -4.419
9-8 0.0863 +0.0107i 0.0837 + 0.0112i 12 1.0000 | -17.271 | 1.0000 | -14.53
10-2 | -0.0472 -0.0561i -0.0512 - 0.0554i 13 1.0000 | -19.882 | 1.0000 | -15.81
36 0.0187 +0.0126i 0.0192 + 0.0125i 14 1.0000 | -17.924 | 1.0000 | -14.18
6-8 0.0649 +0.0437i 0.0674 + 0.0432i
Lo yhaall %125 Jasl) 63 4l 5 gy yghal) Aa) ) U gaa d8L/
6 4, 9 4l , . . .
111 | 2.0350 + 0.44661 | 1.9510 +0.4651i 4-11 L3 4 sbl) 4a)j) Usae L)
11-12 | 0.9935 - 0.1746i 1.0926 - 0.1765i dalal ie 5,8l Aplaus) 205 () Jsaall s
11-4 1.9911 +O.4563! 0.9562 - 0.1032! B—“:’j”} L)‘“L“‘\J‘ . J X\ e 4_1 1 L;_“ Lﬁ :d};‘d‘
15 1.0426 - 0.1758i 1.1464 +0.1494i A i o g
115 | 0.8601-0.09451 | _ 0.7380 - 0.1416i 9 56 Lea Asnall Gibasl3ls Jesll B %25 Jlaiey
12-4 | 1.0947 +0.1442i -0.1418 +0.1415i 5,8l ) (bl Jaall) Jsaall (e BaaBhy | da 0
45 0.6640 - 0.1343i -1.0897 +0.2267i Zusl) e o (4-11) hall 8 algid) dleld)
513 | -0.1868+0.1573i 0.5856 - 0.0111] . T 7, ..
4.7 -0.9855+0.1757i 0.3342 + 0.0560i Gl B g2y Al gl// S i
7-14 0.5790 - 0.0075i 0.0000 - 0.1614i il A daghidl B s Al baghd & Jaeadl
4-9 0.3383 + 0.0577i 0.1894 + 0.0643i Uleille ol all ad oy RIET P
7-9 0.0000 - 0.1593i 0.3342 + 0.1924i ;{inj; :b"jd 9 Zﬁ \;3)\&1;;(7:)“ d.’l " at_\.; gasl
9-10 | 0.1918 + 0.0649i 0.0497 - 0.0024i > 2 i .J‘L"“l. >
132 | 0.3383 + 0.1914i | _ 0.1097 + 0.1043i %125 Jaally bl Jaall) Lo shaiall Jaa Allad
133 | 0.0536 - 0.0032i 0.1021 + 0.0397i pll QB8 Liga Jsas Jeall e Ladys (U
136 | 0.1057 + 0.1048i 0.2338 + 0.1230] ol sanll 3 %01 (y5S agan alael 5 il il
9.8 0.1016 + 0.0398i 0.1052 + 0.0111 o oL A L et Al T Lt 1 125 Jaall x
102 | -0.0551- 0.0770i -0.0629 - 0.0752i Slaa genll 25180 L5 5 2 Lain %125 e
3-6__ | 0.0234+0.0170i | __0.0243 + 0.0166i Led 3l alae) 32,867 Hslat ¥ Dl o gy
6-8 0.0797 + 0.0598i 0.0846 + 0.0587i

5-11 L3V 4 UYgaal) diLs)
S el A o3 gl (8) Jsaall sy
dashidl 8 Aelad) 50l 5 4w 4 kil led
Lghall 8 i send) Aleliiall 5 ul paly ) Jaadlin Lls
Aeliial 5380 5 Ulaliy 11 esenll go ddasisall
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255005 511 (2016) (4) 23 Amsaigh aslall cyy 5 Alae

G Cloall il sanll Ul 555 il 6 (7)) Jgadl
35as die Algaall Q Ayl 3l die (%125 Jaall
4-11 1l i sadll

1-11 2.0185 +0.4504i 1.9562 + 0.4640i
11-12 0.9787 - 0.1742i 1.0152 - 0.1752i
11-4 0.7678 - 0.0900i 0.8412 - 0.0999i
1-5 1.0622 +0.1367i 1.1304 + 0.1370i
11-5 0.5905 - 0.1217i 0.6856 - 0.1376i
12-4 -0.2446+0.1836i -0.2115 +0.1714i
4-5 -0.6654+0.0187i -0.5700 - 0.0194i
5-13 0.5596 - 0.0037i 0.5541 - 0.0054i
4-7 0.3505 +0.0574i 0.3540 + 0.0561i
7-14 0.0000 - 0.1581i 0.0000 - 0.1588i
4-9 0.1987 +0.0644i 0.2007 + 0.0638i
7-9 0.3505 +0.1880i 0.3540 + 0.1869i
9-10 0.0654 - 0.0070i 0.0687 - 0.0085i
13-2 0.0938 +0.1083i 0.0904 + 0.1097i
13-3 0.1001 +0.0404i 0.0997 + 0.0407i
13-6 0.2257 +0.1257i 0.2240 + 0.1263i
9-8 0.1151 +0.0082i 0.1172 + 0.0073i
10-2 -0.0473 -0.0799i -0.0439 - 0.0814i
3-6 0.0224 +0.0175i 0.0220 + 0.0177i
6-8 0.0748 +0.0618i 0.0727 + 0.0628i

b)) Oaleall Ca sanll L s 55 <l b (9) Jgaad

5-11 hall 3 il saal

o shiall Y1 Jeall
. Q9 pde e . 0+ .
Lo glal) i Uymall 90 4y 30
Al 54l Ayl | Adal | A0

1 1.0600 0 1.0600 0

2 0.9769 -15.7678 0.9763 -18.176
3 0.9824 -16.2966 0.9824 -18.57
4 0.9892 -10.3525 0.9884 -13.221
5 0.9966 -8.8332 0.9943 -10.773
6 0.9758 -16.3350 0.9755 -18.63
7 0.9797 -13.8028 0.9791 -16.520
8 0.9492 -17.1420 0.9484 -19.63
9 0.9635 -15.6655 0.9624 -18.30
10 0.9619 -15.9327 0.9609 -18.499
11 1.0000 -4.3971 1.0000 -3.9183
12 1.0000 -13.1926 1.0000 -14.472
13 1.0000 -15.3304 1.0000 -17.579
14 1.0000 -13.8028 1.0000 -16.520

L glaill %125 Jaall

1 1.0600 0 1.0600

2 0.9695 -20.4273 0.9689 -22.86
3 0.9776 -21.1010 0.9775 -23.40
4 0.9807 -13.5577 0.9800 -16.45
5 0.9885 -11.5859 0.9859 -13.54
6 0.9689 -21.1472 0.9686 -23.47
7 0.9713 -17.9243 0.9707 -20.67
8 0.9336 -22.1876 0.9329 -24.70
9 0.9507 -20.2925 0.9497 -22.96
10 0.9491 -20.6352 0.9482 -23.23
11 1.0000 -6.1847 1.0000 -5.702
12 1.0000 -17.2719 1.0000 -18.56
13 1.0000 -19.8824 1.0000 -22.15
14 1.0000 -17.9243 1.0000 -20.67

@MM\JP}LQ

8l a5 (8) Jgand)

o ghaiall LY Jaal)
.Ln}}:\;.“ M);A\a};jem.\:m :\JMGO 213‘3\)5\
Al | AN ) Aaldl | &5

1 1.0600 0 1.0600 0
2 0.9769 -15.7678 0.9771 -17.237
3 0.9824 | -16.2966 | 0.9824 | -17.847
4 0.9892 -10.3525 | 0.9888 | -11.541
5 0.9966 -8.8332 0.9967 | -10.571
6 0.9758 -16.3350 | 0.9758 | -17.869
7 0.9797 -13.8028 | 0.9797 | -15.085
8 0.9492 -17.1420 | 0.9494 | -18.562
9 0.9635 -15.6655 | 0.9637 | -16.997
10 0.9619 -15.9327 | 0.9621 | -17.306
11 1.0000 -4.3971 1.0000 | -3.9370
12 1.0000 -13.1926 | 1.0000 | -13.597
13 1.0000 -15.3304 | 1.0000 | -16.897
14 1.0000 -13.8028 | 1.0000 | -15.085

Lo shasll %125 Jeall
1 1.0600 0 1.0600 0
2 0.9695 -20.427 0.9696 -21.91
3 0.9776 -21.101 0.9776 -22.67
4 0.9807 -13.557 0.9802 -14.75
5 0.9885 -11.585 0.9886 -13.34
6 0.9689 -21.147 0.9690 -22.70
7 0.9713 -17.924 0.9712 -19.22
8 0.9336 -22.187 0.9337 -23.62
9 0.9507 -20.292 0.9509 -21.63
10 0.9491 -20.635 0.9494 -22.02
11 1.0000 -6.1847 1.0000 -5.720
12 1.0000 -17.271 1.0000 -17.68
13 1.0000 -19.882 1.0000 -21.46
14 1.0000 -17.924 1.0000 -19.22

= ss=hall Al 3 Ad gaa g (A gl daiiia ABlia)
Al ol b A ghaial)

il 9-8 aal) 8 Myl Aauiia caday

elal s Ads ol 12-11 k) 3 4 skl 4al 3Y)
Aashaidl ool 3 3at Cum (e Gaila¥) (il A slaidl)

5-11 Lall
b ghasll 5 )0l (e
Lyl ! Janl
3 A, 6 4N
1-11 1.5027 +0.5703i 1.4407 + 0.5859i
11-12 0.7818 - 0.1639i 0.8181 - 0.1664i
11-4 0.6291 - 0.1104i 0.7027 - 0.1223i
1-5 0.8393 +0.1089i 0.9077 + 0.1060i
11-5 0.4946 - 0.1459i 0.5900 - 0.1635i
12-4 -0.1896+0.108i -0.1561 +0.0960i
4-5 -0.5094 -0.028i -0.4127 - 0.0649i
5-13 0.4411 +0.0127i 0.4356 + 0.0110i
4-7 0.2826 +0.0531i 0.2862 + 0.0518i
7-14 0.0000 - 0.1124i 0.0000 - 0.1130i
4-9 0.1608 +0.0529i 0.1628 + 0.0522i
7-9 0.2826 +0.1478i 0.2862 + 0.1467i
9-10 0.0547 - 0.0016i 0.0581 - 0.0030i
13-2 0.0720 +0.0812i 0.0686 + 0.0826i
13-3 0.0792 +0.0312i 0.0788 + 0.0314i
13-6 0.1780 +0.0963i 0.1763 + 0.0970i
9-8 0.0937 +0.0083i 0.0959 + 0.0074i
10-2 -0.0354 -0.059i -0.0320 - 0.0613i
3-6 0.0173 +0.0134i 0.0169 + 0.0136i
6-8 0.0575 +0.0462i 0.0553 + 0.0472i
o)
Lyl _ 6125&63" .
ET 6 s
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IR FH IR A RPTCH EPROA - EEN i PH g e
Al 0588 Sy A Shasee (B JEs Glbages
A pansal) Al Holati Y las Alia sl i il 3l
Ay Al ) ia gy (11) dsaad) %5 25 !
Al Hall AT o361 U 511 bl gal)

rleall Ssa gaall Ll 555 il 8 (11) Jgaad)
v ‘; OEIY) 3 5a g Yo (0/0125 Jaall wb‘}’\)

(Ks=60%) _lis) ot laiy ¢12-11 Lasll jlaal o5
Jsaall (e 9-8 Ladll b oy A I 5il) Al
Jaaall 5 Gulal1) Gleall die 5 jall dlaus) il (10)
A ghidl 125%

Jsaall & g yeal) i) DA (g Jaadl
Opha A shiall 8 deiall g A sad) 3525 0 (10)
sale) JYA (e dashaiall elal 3u3ad ) sal Caliadia
Aashiall 8 A sl 508l daa i g 1) 58

b ) asa g die 58 Ayl =il (10) Jsaadl
9-8 Laall 8 dewiall 91 2-11 Lall

JA‘}
Jashaiall by Jaall
K 2o die <
L ghal) P‘,j ;M” Ol Jlay) any
Al | A0 | Al | A5
1 1.0600 0 1.0600 0
2 0.9769 | -15.7678 | 0.9769 | -16.186
3 0.9824 | -16.2966 | 0.9824 | -16.535
4 0.9892 | -10.3525 [ 0.9886 | -10.894
5 0.9966 -8.8332 [ 0.9960 | -9.1874
6 0.9758 | -16.3350 [ 0.9760 | -16.521
7 0.9797 | -13.8028 | 0.9796 | -14.385
8 0.9492 | -17.1420 | 0.9496 | -16.968
9 0.9635 | -15.6655 | 0.9636 | -16.268
10 0.9619 | -15.9327 [ 0.9619 | -16.479
11 1.0000 -4.3971 | 1.0000 | -4.3190
12 1.0000 | -13.1926 | 1.0000 | -15.055
13 1.0000 | -15.3304 | 1.0000 | -15.618
14 1.0000 | -13.8028 | 1.0000 | -14.384
%125 Jeall
L gladl Upnall 3ga g are Ol i) aey
LA [ Gy | Rda | Gy
1 1.0600 0 1.0600 0
2 0.9695 | -20.4273 | 0.9694 | -20.86
3 0.9776 -21.1010 | 0.9775 -21.31
4 0.9807 -13.5577 [ 0.9799 -14.13
5 0.9885 | -11.5859 | 0.9877 | -11.95
6 0.9689 -21.1472 | 0.9691 -21.29
7 0.9713 -17.9243 [ 0.9711 -18.55
8 0.9336 | -22.1876 | 0.9338 | -21.87
9 0.9507 | -20.2925 [ 0.9509 | -20.95
10 0.9491 -20.6352 | 0.9492 -21.22
11 1.0000 -6.1847 [ 1.0000 | -6.108
12 1.0000 | -17.2719 | 1.0000 | -19.20
13 1.0000 | -19.8824 | 1.0000 | -20.16
14 1.0000 | -17.9243 | 1.0000 | -18.55

bl ) Lbadl mas (3) JSal

Jicé (14) 5 (13) 5 (12) Jslaadl Wl aodivud)

OlaY) Aila) s die Aagliall 3 ) ddshias
sl e

Lyl uni.u‘)!\. %La;.“ Ay aﬁs}\ 4.\4\.\...»4\
A ghaiall Olayt Jiy)
1-11 1.5733 + 0.5529i 1.5508 + 0.5584i
11-12 0.7441 - 0.1611i 0.8703 - 0.1564i
11-4 0.5520 - 0.0943i 0.6090 - 0.1032i
1-5 0.7684 + 0.1161i 0.7970 + 0.1163i
11-5 0.4110 - 0.1318i 0.4517 - 0.1385i
12-4 -0.2245 +0.1234i -0.3357 + 0.178i
4-5 -0.6112 +0.0167i -0.6796 + 0.039i
5-13 0.4472 + 0.0119i 0.4425 + 0.0092i
4-7 0.2788 + 0.0534i 0.2818 + 0.0513i
7-14 0.0000 - 0.1128i 0.0000 - 0.1134i
4-9 0.1586 + 0.0531i 0.1603 + 0.0520i
7-9 0.2788 + 0.1490i 0.2818 + 0.1472i
9-10 0.0510 - 0.0004i 0.0418 + 0.0038i
13-2 0.0757 + 0.0801i 0.0849 + 0.0760i
13-3 0.0796 + 0.0310i 0.0770 + 0.0325i
13-6 0.1799 + 0.0958i 0.1686 + 0.0998i
9-8 0.0914 + 0.0091i 0.1053 + 0.0016i
10-2 -0.0391 - 0.0586i -0.0482 - 0.0543i
3-6 0.0177 + 0.0131i 0.0151 + 0.0147i
6-8 0.0598 + 0.0454i 0.0461 + 0.0514i
. . PPN
Lsbdll | %125 Jesl S e
1-11 2.0909 +0.4349i 2.0687 +0.4396i
11-12 0.9403 - 0.1728i 1.0635 - 0.1592i
11-4 0.6897 - 0.0759i 0.7492 - 0.0823i
1-5 0.9904 +0.14083i 1.0201 +0.1429i
11-5 0.5101 - 0.1096i 0.5522 - 0.1146i
12-4 -0.2796 + 0.199i -0.3916+0.2588i
4-5 -0.7674 + 0.064i -0.8387+0.0882i
5-13 0.5657 - 0.0042i 0.5591 - 0.0081.i
4-7 0.3467 +0.0576i 0.3509 +0.0546i
7-14 0.0000 - 0.1583i 0.0000 - 0.1591i
4-9 0.1965 +0.0646i 0.1989 +0.0630i
7-9 0.3467 +0.1891i 0.3509 +0.1862i
9-10 0.0617 - 0.0058i 0.0509 - 0.0006i
13-2 0.0975 +0.1072i 0.1084 +0.1022i
13-3 0.1006 +0.0402i 0.0972 +0.0422i
13-6 0.2276 +0.1251i 0.2134 +0.1305i
9-8 0.1127 +0.0090i 0.1302 - 0.0014i
10-2 -0.0510 -0.0786i -0.0617 -0.0734i
3-6 0.0229 +0.0172i 0.0196 +0.0193i
6-8 0.0771 +0.0609i 0.0600 +0.0690i
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