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ABSTRACT

This report proposes a particle swarm optimization (PSO) algorithm for optimal
placement of distributed generated (DG) in primary distribution systems for minimizing the total
real power loss. The proposed PSO algorithm is used to determine optimal sizes and locations of
multi-DGs. Four types of DG are considered and the distribution load flow is used to calculate the
exact loss. Test results indicate that PSO method can obtain better results than the simple
heuristic search method and genetic algorithms (GA) on the 33-bus and 69-bus radial distribution
systems. The PSO can obtain maximum loss reductions for each of four types of optimally placed

multi-DGs. Moreover, voltage profile improvement and branch current reduction are obtained.

Keywords: Distributed Generation, DG types, Particle Swarm Optimization, Genetic Algorithm
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Current limits: ‘I i ‘ < ‘I i ‘max

Lﬁ"ﬁ'] P, = Net real power injection in bus 7’.
0O, = Netreactive power injection in bus 7.
R, = The line resistance between bus 7’ and j.
V. = The voltage at bus i".

5,- = The angle at bus 7.

Loss, = Distribution loss at section 4.

P, = The real power loss in the system.

P, . = The real power generation DG at bus i.

DGi

P

» = The power demand at bus i.
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1ile s" = Current searching point.

S = Modified searching point.

7 = Current velocity of agent 7.

7' = Modified velocity of agent i.

Ve = Velocity based on pbest.

Ve — Yelocity based on gbest.

N = Number of particles in a group.

m- = Number of members in a particle.

pbest, = pbest of agent i.

gbest, = gbest of the group.

@), = Weight function for velocity of agent i.
c. = Weight coefficients for each term.

@ . = The minimum weights.



= The maximum weights.

= The current iteration.

The maximum iteration
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3.1 MINIKANIBIUMIMNAINBY (Problem Formulation)
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MAAFAVDY P,= 3 Loss, » (3.1)

k=1
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> B=> By+h (3.2)
=1 i=1
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™ <pl<pl™, (33)
7, <|,[™ 3.4
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Py =Py = (4,5=B,Q,) (3.5)
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J#i
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uuviiees 1w DG Ransenelammeida il ueanyl (Reactive power) 134

a o J % o a 4
F9IATHaADUAUIYOS (Synchronous condenser) FeluuusaeanNatamaas Ao

N

1
Opei = O _A_Z(AUQJ' + Bq‘ij) (3.6)
i J=1
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maﬂuuwawman (Wind turbine) TagluyuTaoInNadamans adil

0.0032 A4, P%, + P, [1.0044, +0.084,0,, —0.08Y]+ (X, - 4,P,)=0 (3.7)
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Pf:PDGi_PDi:__Z(Ai/Pj_B’ij) o

A7'i J=1

J#i

n

Wil p -3 4, (PP, +0,0,)+B,(QF, - PO)

P. = Net real power injection in bus 7.

1

Q. = Netreactive power injection in bus 7.

R, = The line resistance between bus 7’ and j’.
V. = The voltage at bus 7".
éi = The angle at bus 7.

Loss, = Distribution loss at section £.
P, = The real power loss in the system.
P, = The real power generation DG at bus i.

P, = The power demand at bus i.

3.2 NIZUIUMIAMUIN (Computational Procedure)
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pbest = [ pbest,, pbest ..., pbest ;1" (3.10)
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Input system data

1)

v

Calculate the original loss
using Bw-Fw Sweep (2)

r—— — y A=

Initialize particle
population (3)

v

Update particle
position and velocity (7)

< Record Pbest (5),Gbest(6) <

= Calculate the total loss (4) I

I No Check the stopping

criterion (8)
Particle Swarml— _———— — I
Optimization

Print out location and
size of DG (9)
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A1519N 4.2 Optimal DG Placement for DG Type 1

System

Method

33 bus

Load flow
analysis

Heuristic search 1

DG

a0 ©
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Loss Reduction
%

(kvar)

221.4346

150.1784
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A1519N 4.3 Optimal DG Placement for DG Type 2

System

Method

Load flow
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%
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A15197N 4.4 Optimal DG Placement for DG Type 3

DG Loss Reduction
S):rs]te Method Ploss Qloss %R :
( (kW) (kvar) Real eic“v
;r?:;j :.ISW \ 221.4346 | 150.1784
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69 bus GA 42 | 0.7419 16.9934 | 12.2539 | 92.61 | 88.26
o Basllizso ] 5o | o5 DR 7ocie [ozise | ooo | 5o
56 | 1.7448 | 4 0.23 : 7.3433 8.1907 | 96.81| 92.15

A 1
MENAININMIAANT DG Tudumiaazvnafimimnzaundy wiliguanyuzaod

[ d‘ o 1w 1 dng 4 d! (4 Y
Lli\1ﬂuhlwﬂWﬂlfJ\ii%UUﬂﬁWllﬁu\‘]UﬁﬁNc] Avu asuaaslumnidsznou 4.5 G]N%%ﬁ\ilﬂﬂhlﬂ’ﬂ

Y @ A o A A A a 05/}
01151910 DG Llﬁ\‘]ﬂu"lwﬁ']ﬂﬂﬁ' 64 EANUINNYA 11iad 0.8891 p.u. LASINDAAAN DG LUY

= o A o Y @ S v A o [
14 31U 31509 e vusauananas Taglaussaund Wu 0.9772 p-u.



0.98 e

097

0.96

2
s}
i

=
[in]
=

=
[iu]
(%)
T
1

——Base Case Woltage
—+— One DG Installtion
—#—Two DGs Installtion
031 H —&—Three DGs Instaltion

o

fia]

[
T

Voltage in p.u.

Dg ................................................................... ..........

I 1 T L A T

0.88

Bus No

v Y
aalszneu 4.5 ussau Iihnd e foutazudinsfaga DGs

S o A
HYUN 4 UIU 3 ATV

o % 1 H 1 1 I~} 1 o
Tuiuesderiu wu nazua liihnlualumetleunaazdru Aliaanasdae i ld

i
%

Tomandnihwesaetleuudazaiu vz Inaa Ifudud) anas daaasluninilsznou 4.6

] '

£ A a A = =)
Favzmiu nszua ihlueedloun 1 91nANA1 0.5008 p.u. AAAUNAD 0.2516 p.u. 1130

1 Y 1 1 1
0.1963 p.u. 30 0.1427 p.u. tOAAATI DG 311U 1 1AT04 1130 2 1ATBI 130 3 1ATB9 MUAIAY

07 T T T T T T
Base Case Branch Current
—=—0ne DG Installation

B s s BT RS BERRRSS BATEY —=—Twao DGs Installation
—+—— Three DGs Installation

. 05 ................................................................................... -
i

=
: D_d ool o icome s s mesconm v gt om0 0 S0 s e R S ) eSS R 0 S £ S B eSS L B S e -
=

o
5
= 03 o | | | R | T | B R R E e SR RN -
[X]

=

)
T 0 |7 MR R NN AP R AR Cup (R PRSP S B e

0.

—-

=

0 10 20 30 40 50 G0 70
Branch No.

1 [ a QSJ‘ ~ o A
nmilseneu 4.6 ﬂizuaulv\l“ﬁﬂumﬂ'ﬂauﬂ@uuawmmmﬂm DG HUUN 4 97UIU 3 1ATDY



=
UnNn s
Y
ﬁ‘gﬂﬂﬁ!!ﬁ%ﬂlﬂlﬁﬂﬂ!lﬂ%

4
Auv A

@ a P o a,
Tuaddeil TawannTsunsuaeuiumes nl¥lumsmaineuves OPDG #8353
d' [ A d' o (% o 1 = &£ Y
inaeudveIeUMANINZauiga (PSO) dmsuszuudmiie lvihuuwsdea aldtng
nageufuanlSouieunuisnszuiumsnadonneRugnssu (GA) Tagldszulddh
WIAIFIU 33 179 uag 69 1a ¥ed IEEE
! o Y ax Y o Aa 1 Aax
ANANINATOUNUI ATLUIUMTAINOUALIT PSO  1HHamsfMuIuNanNIIG
[ @ o o <
GA liinmznageunusyuliihunasgiu 33 U 13 69 e ved IEEE na1y Taga1usn
] ° "V w A ~ A ya o Y o Yo o a
AumAuadd taguuaves DG Mmanzauiiga Negldaaas udrihlds s vihgande
' v v v v
159 wagdas lihgodeiuenil iadinge melunadudu Tuvaziuseauliihnda
1 % 4 [ [ 1 < @ 4
a9 gnuSuigaldaau Taedinwssduan aatosas ograiuldde wonvndl nszualiih

A ]

d’ % ) 1 1 [ o 9 1 [ ==
m"lwaiumuwmmﬂ‘ﬂammazmu YIUANIANAINY wﬂwawﬂammazmu yaen

9
=<

anuannsosunszua liihuealviaa lamuau
1 I Y a A 9 1 A o A 3
261915001 eunna15az 1dumsnasan matdenls DG anyiaiy aadaluszuy

S luns Ry uaznage U UTTUUTMINBIDUD U F98



Udnenaansunu
SRIPATUM UNIVERSITY



VITMIUNTN

Thomas Ackermann, GOran Andersson and Lennart SOder, “Distributed generation: a definition,”
Electric Power Systems Research. 57: 195-204; 2001.

W.El-Khattam, M.M.A.Salama, “Distributed generation technologies, definitions and benefits,”
Electric Power Systems Research. 71: 119-128; 2004.

G.Pepermans, J.Driesen, D.Haeseldonckx, R.Belmans, and W.D’haeseleer, “Distributed
generation: definitions, benefits and issues,” Energy Policy. 33: 787-798; 2005.

William Rosehart and Ed Nowicki, “Optimal Placement of Distributed Generation,” 14" PSCC,
Sevilla, 24-28 June 2002.

Caisheng Wang and M. Hashem Nehrir, “Analytical Approaches for Optimal Placement of
Distributed Generation Sources in Power Systems,” IEEE Transactions on Power Systems.
19(4): 2068-2076; 2004.

Naresh Acharya, Pukar Mahat, and N. Mithulanathan, “An analytical approach for DG allocation
in primary distribution network,” International Journal of Electrical Power & Energy
System. to be published.

N.S. Row, Y.-H Wan. “Optimum location of resources in distributed planning,” IEEE Trans.
PWRS. 2014-2020;1994.

J.0. K, S.W. Nam, S.K. Park, C. Singh. “Dispersed generation using improved Hereford ranch
algorithm,” Electric Power System Research. 47-55;1998.

Andrew Keane and Mark O’Malley, “Optimal Allocation of Embedded Generation on
Distribution Networks,” IEEE Transactions on Power System. 20(3): 1640-1646;August
2005.

K.-H. Kim, Y.-J. Lee, S.-B. Rhee, S.-K. Lee, S.-K. You. “Dispersed generator placement using
fuzzy-GA 'in distribution systems,” Proc. 2002 IEEE Power Engineering Soc. Summer
Meeting, Chicago, IL, 1148-1153; July, 2002.

A. Silvestri, A. Berizzi, S. Buonanno. “Distributed generation planning using genetic algorithms,”
Proc. Int. Conf. on Electric Power Engineering, Power Tech Budapest 99. 1999.

G. Carpinelli, G. Celli, A. Russo. “Distributed generation siting and sizing under uncertainity”

Proc. IEEE Porto Power Tech.2001.



Wichit Krueasuk and Weerakron Ongsakul, “Optimal Placement of Distributed Generation Using
Particle Swarm Optimization,” Proc. AUPEC 2006 . 2006.

1.O. Elgerd. Electric Energy System Theory: an Introduction. McGraw Hill ,1971.

M. Ermis, H. B. Eratn, M. Demirekler, B. M. Saribatir, Y. Uctung, M. E. Sezer etal, “Various
Induction Generator Scheme for Wind Power Electricity Generation,” Electric Power
Systems Research. 23: 71-83; 1992.

DTI, “Network Performance Benefits of Energy Storage for a  Large

WindFarm,”http://www.dti.gov.uk/renewables/publications/pdfs/kel002460000.pdf/.2004.

Emad Elbeltagi, Tarek Hegazy and Donald Grierson, “Comparison among five evolutionary-
based optimization algorithms,” Advanced Engineering Informatics. 19: 43-53; 2005.

Goldberg DE.Genetic algorithms in search, optimization and machine learning. Addison-
Wesley Publishing Co, 1989.

Al-Tabtabai H, Alex PA, “Using genetic algorithms to solve optimization problems in
construction,” Eng Constr Archit Manage. 121-32;1999.

Kennedy J and Eberhart R, “Particle Swarm Optimizer,” IEEE International Conference on
Neural Networks (Perth, Australia), IEEE Service Center Piscataway, NJ, IV. 1942-
1948;1995.

Eberhart, R.C. and Shi, Y, “Comparing inertial weights and Constriction factor in particle Swarm
optimization,” proceeding of the 2000 International Congress on Evaluationing
Computation, San Diego, California, IEEE Service Center, Piscataway, NJ.84-88;2000.

M.A. Kashem, V. Ganapathy, G.B. Jasmon and M.l. Buhari, “A Novel Method for Loss
Minimization in Distribution Networks,” proceeding of International Conference on
Electric Utility Deregulation and Restructuring and Power Technologies. 251-255;2000.

M.E. Baran and F.F. Wu, “Optimal Sizing of Capacitor Placed on Radial Distribution Systems,”
IEEE Trans,Vol. PWRD. 2: 735-743; 1989.

Zwe-Lee G., “Particle Swarm Optimization to Solving the Economic Dispatch Considering the
Generator Constraints”, IEEE Trans. Power Syst.18(3): 1187-1195; August 2003.

Victoirea T. A. A. and Jeyakumarb A. E., “Hybrid PSO-SQP for Economic Dispatch with Valve-
Point Effect”, Electric Power System Research.71:51-59; 2004.

Victoirea T. A. A. and Jeyakumarb A. E., “Deterministically Guided PSO for Dynamic Dispatch

Considering Valve-Point Effect”, Electric Power System Research.73: 313-322; 2005.



Udnenaansunu
SRIPATUM UNIVERSITY



Branch Data of the 33 Bus Radial Distribution Test System

From | To R X B Rating
Bus | Bus | (p.u.) | (p.u.) | (p.u) | (MVA)
1 2 |0.0058 | 0.003 0 10
2 4 10.0308 | 0.0157| O 10
2 3 [0.0102 | 0.0098| O 10
3 5 ]10.0939|0.0846| O 10
4 6 |0.0228 0.0116| O 10
4 7 10.0282|0.0192| O 10
5 8 10.0255]0.0298| O 10
6 9 [0.0238|0.0121| O 10
7 10 | 0.056 | 0.0442| O 10
8 11 [ 0.0442|10.0585| O 10
9 12 1 0.0511 | 0.0441| O 10
10 13 | 0.0559 |1 0.0437| 0 10
12 15 [ 0.0117 | 0.0386 | O 10
12 14 10.0127 | 0.0065| O 10
14 16 | 0.0177 | 0.009 0 10
15 17 1 0.1068 | 0.0771| O 10
16 18 | 0.0661 | 0.0583 | 0 10
17 19 [ 0.0643 | 0.0462 | O 10
18 20 | 0.0502 | 0.0437| O 10
19 21 [ 0.0649 | 0.0462| O 10
20 22 10.0317 (0.0161| O 10
21 23 10.0123 (0.0041| O 10
22 24 |10.0608 | 0.0601 | O 10
23 25 |0.0234 | 0.0077| O 10
24 26 |0.0194 (0.0226 | 0 10
25 27 10.0916 | 0.0721| O 10
26 28 [0.02130.0331| O 10
27 29 10.03380.0445| O 10
29 30 |0.0369 | 0.0328 | O 10
30 31 [0.0466 | 0.034 0 10
31 32 10.0804|0.1074| O 10
32 33 10.0457 10.0358 | O 10




Bus Data of the 33 Bus Radial Distribution Test System

Bus No | Type | Pload | Qload F?lj ij Area | Vm | Va I?;gs/e Area
1 3 0 0 0 0 1 1 |0 |1266| 1
2 1 0.1 006 | O 0 1 1 |0 |1266| 1
3 1 009 | 004 | O 0 1 1 ] 0 |1266| 1
4 1 009 | 004 | O 0 1 1 |0 |1266| 1
S 1 009 | 004 | O 0 1 1 |0 |1266| 1
6 1 012 | 008 | O 0 1 1 |0 |1266| 1
7 1 009 | 005 | O 0 1 1 |0 |1266| 1
8 1 0.09 | 004 | O 0 1 1 |0 |1266| 1
9 1 0.06 | 003 | O 0 1 1 |0 |1266| 1
10 1 0.42 0.2 0 0 1 1] 0 |1266| 1
11 1 009 | 004 | O 0 1 1 |0 |1266| 1
12 1 0.06 | 0.02 0 0 il 1 |0 |1266| 1
13 1 0.42 0.2 0 0 1 1 |0 |1266| 1
14 1 006 | 0.025 | O 0 1 1 0 | 12.66 1
15 1 0.2 0.1 0 0 1 1 |0 |1266| 1
16 1 0.06 | 0025 | O 0 1 1 |0 |1266| 1
17 1 0.2 0.1 0 0 1 1 |0 |1266| 1
18 1 0.06 0.02 0 0 1 1 0 | 12.66 1
19 1 0.06 | 0.02 0 0 1 1 |0 |1266| 1
20 1 0.12 | 0.07 0 0 1 1 |0 |1266| 1
21 1 0.06 | 0.02 0 0 1 1 |0 |1266| 1
22 1 0.2 0.6 0 0 1 1 |10 |1266| 1
23 1 ]0045| 003 | O 0 1 1 |0 |1266| 1
24 1 0.15 | 0.07 0 0 1 1 |0 |1266| 1
25 1 0.06 | 0035 | O 0 1 1 |0 |1266| 1
26 1 0.21 0.1 0 0 1 1 10 |1266| 1
27 1 0.06 | 0035 | O 0 1 1 10 |1266| 1
28 1 0.06 | 004 | O 0 1 1|0 |1266| 1
29 1 012 | 008 | O 0 1 1 |0 |1266| 1
30 1 0.06 | 0.01 0 0 1 1 |0 1266 1
31 1 0.06 | 0.02 0 0 1 1 | 0 |1266| 1
32 1 0.06 | 0.02 0 0 1 1] 0 |1266| 1
33 1 0.09 | 004 | O 0 1 1 |0 |1266| 1
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Branch Data of the 69 Bus Radial Distribution Test System

From | To R X B Rating
Bus | Bus | (p.u.) | (p.u.) | (p.u) | (MVA)
1 2 0 0.0001| O 10
2 3 0 0.0001| O 10
3 5 ]0.0001|0.0002| O 10
3 6 |0.0003|0.0007| O 10
3 4 10.0003]|0.0007| O 10
4 7 10.0039 |0.0096| O 10
5 9 10.0015|0.0018| O 10
5 8 ]0.0002|0.0005| O 10
6 10 | 0.0039 | 0.0096 | O 10
7 11 | 0.0064 | 0.0075| O 10
8 12 | 0.0052 | 0.0127| O 10
9 13 10.0223 |1 0.0114| 0 10
10 14 |0.0243 | 0.008 0 10
11 15 | 0.0019 | 0.0022 | © 10
12 16 | 0.0177 |1 0.0433| 0 10
13 17 10.0233 | 0.0118| 0 10
14 18 [ 0.0043 | 0.0014| O 10
15 19 [ 0.0001 | 0.0001| O 10
16 20 | 0.005 [0.0123| O 10
17 21 [ 0.0056 | 0.0029 | O 10
18 22 10.02140.0071| O 10
19 23 [0.0445|0.0519| O 10
21 25 | 0.003 [0.0015] O 10
21 24 10.0057 | 0.0029 | O 10
22 26 |0.0512 [ 0.0172| O 10
23 27 10.0189 [ 0.0221| O 10
24 28 |0.0203 | 0.0068 | O 10
25 29 | 0.05 [0.0165| O 10
25 30 | 0.0106 | 0.0054 | O 10
26 31 [0.1042 | 0.0345| O 10
27 32 10.0025]0.0029| O 10
29 33 10.0114 | 0.0038| O 10
30 34 10.0124 1 0.0063| O 10
31 35 | 0.09 ]0.0297{ O 10
32 36 | 0.0006 | 0.0007| O 10
33 38 10.043410.0143| 0 10
33 37 10.012310.0037| O 10
34 39 [0.0173]0.0088| O 10
36 40 | 0.0066 | 0.0084| O 10
37 41 10.0003|0.0001| O 10
38 42 |0.0629 | 0.0208| O 10
38 43 10.0451|0.0149| O 10
39 44 10.01720.0087| O 10
40 45 10.0001 | 0.0001| O 10




From | To R X B Rating

Bus | Bus | (p.u.) | (p.u.) | (p.u) | (MVA)

42 46 |0.0637 | 0.0211| O 10

43 47 10.0003|0.0001| O 10

44 48 | 0.097 | 0.0326| O 10

46 49 |0.0646 | 0.0213| O 10

48 50 [0.0481]0.0161| O 10

49 51 | 0.012 | 0.004 0 10

50 52 10.0186 | 0.0061| O 10

51 53 10.0229 | 0.0076 | O 10

52 54 10.0236 | 0.0072| O 10

53 55 [0.0003 |0.0001| O 10

54 56 | 0.031 | 0.0158| O 10

55 57 | 0.02 |0.0066| O 10

56 58 | 0.0059 | 0.003 0 10

57 59 [0.0129 | 0.0042| O 10

58 60 | 0.0089 [ 0.0045| O 10

59 61 | 0.0208 | 0.0069 | O 10

60 62 |0.0434 0.0221| O 10

61 63 | 0.0009 | 0.0003| O 10

62 64 | 0.0635|0.0324| O 10

63 65 | 0.0097 [ 0.0032| O 10

65 66 | 0.0211 | 0.007 0 10

66 67 |0.0457 [0.0151| O 10

67 68 | 0.0189 | 0.0062 | O 10

68 69 |0.0106 | 0.0035| O 10

Bus Data of the 69 Bus Radial Distribution Test System

Gs | Bs Base
Bus No | Type | Pload | Qload o.u. | p.u. Area | Vm | Va KV
1 3 0 0 0 0 1 1 |0 |128
2 1 0 0 0 0 1 1|0 (128
3 1 0 0 0 0 1 1 |10 |128
4 1 0.026 | 0.0186| O 0 1 1 |0 1]128
5 1 0 0 0 0 1 1101128
6 1 0.026 | 0.0186| O 0 1 1 |0 ]128
7 1 0.026 | 0.0186 | O 0 1 1 | 0 |128
8 1 0 0 0 0 1 1 |0 |128
9 1 0 0 0 0 1 1 |0 |128
10 1 0.026 | 0.0186| O 0 1 1 | 0128
11 1 0 0 0 0 1 1 |0 ]128
12 1 0.079 | 0.0564 | O 0 1 1 | 0128
13 1 10.0026 | 0.0022 | 0O 0 1 1 |0 ]128
14 1 0 0 0 0 1 1 |0 ]128
15 1 0.024 | 0.017 | O 0 1 1 | 0128
16 1 10.3847 | 0.2745| 0O 0 1 1 | 0128
17 1 10.0404| 0.03 0 0 1 1 |0 |128




Gs | Bs Base

Bus No | Type | Pload | Qload o.u. | p.u. Area | Vm | Va KV
18 1 0 0 0 0 1 1 | 0128
19 1 0.024 | 0.017 | O 0 1 1 | 0128
20 1 10.3847 |0.2745| 0O 0 1 1 | 0128
21 1 0.075 | 0.054 | O 0 1 1 |0 |128
22 1 0 0 0 0 1 1 |0 ]128
23 1 ]0.0012| 0.001 | O 0 1 1 | 0128
24 1 10.0405]0.0283| 0O 0 1 1 |0 ]128
25 1 0.03 | 0.022 | O 0 1 1 | 0128
26 1 0.014 | 0.01 0 0 1 1 | 0128
27 1 0 0 0 0 1 1 | 0128
28 1 ]0.0036 | 0.0027 | O 0 1 1 |0 |128
29 1 0.028 | 0.019 | O 0 1 1 | 0128
30 1 10.0043]0.0035| O 0 1 1 | 0128
31 1 [0.0195| 0.014 | O 0 il 1 | 0128
32 1 0.006 | 0.0043| O 0 1 1 |0 ]128
33 1 0.145 | 0.104 | O 0 1 1 ] 01]128
34 1 10.0264| 0.019 | O 0 1 1 ] 0 |128
35 1 0.006 | 0.004 | O 0 1 1 |0 |128
36 1 0 0 0 0 1 1 ] 0128
37 1 0.018 | 0.013 | O 0 1 1 | 0128
38 1 0.145 | 0.104 | O 0 1 1 |0 |128
39 1 0.024 1 0.0172| O 0 il 1 | 0128
40 1 ]0.0392 | 0.0263| 0O 0 1 1 | 0128
41 1 0.018 | 0.013 | O 0 1 1 |0 ]128
42 1 0.008 | 0.005 | O 0 1 1 | 0128
43 1 0.028 | 0.02 0 0 1 1 | 0128
44 1 0 0 0 0 i 1 | 0128
45 1 10.0392 |0.0263| O 0 1 1 | 0128
46 1 0.008 | 0.0055| O 0 1 1 |0 ]128
47 1 0.028 | 0.02 0 0 1 1 | 0 |128
48 1 0 0 0 0 1 1 | 0128
49 1 0 0 0 0 1 1 |0 |128
50 1 0 0 0 0 1 1 |0 ]128
51 1 10.0455| 0.03 0 0 1 1101128
52 1 0.1 0072 | O 0 1 1 | 0128
53 1 0.06 | 0.035 | O 0 1 1 | 0 |128
54 1 0 0 0 0 1 1 | 0 |128
55 1 006 | 0.035 | O 0 1 1 |0 |128
56 1 1.244 | 0.888 | 0 0 1 1 | 0128
57 1 0 0 0 0 1 1 | 0128
58 1 0.032 | 0.023 | O 0 1 1 |0 ]128
59 1 0.001 0 0 0 1 1 | 0128
60 1 0 0 0 0 1 1 |0 ]128
61 1 0.114 | 0.081 | O 0 1 1 | 0128
62 1 0.227 | 0.162 | O 0 1 1 | 0128
63 1 0.005 | 0.0035| 0O 0 1 1 | 0128




Gs | Bs Base

Bus No | Type | Pload | Qload o.u. | p.u. Area | Vm | Va KV
64 1 0.059 | 0.042 | O 0 1 1 | 0128
65 1 0 0 0 0 1 1 | 0128
66 1 0.028 | 0.02 0 0 1 1 | 0128
67 1 0 0 0 0 1 1 |0 |128
68 1 0.014 | 0.01 0 0 1 1 |0 ]128
69 1 0.014 | 0.01 0 0 1 1 |0 |128




¥o WeITa  1n50q

o =~ Y a o A v J

v heu ina TUN 2 AUAIWUE 2519

auNing sunovamm  seniamyIysel
a v Y 9) A 1A

agunegfagiiu e 502/289 1N 3 A.9AN

81n0a1IgnNT I IalnuEIl 12130
v‘iumﬁmﬁﬁﬁmsamﬂ%@ﬁ’u psdlszdimadndanssu il
aamﬁﬁmuﬂﬂgﬁu AMZAMNTIUAMENT UMAINADSE NN
UszIAnmsfn

WAL 2542 IR 910 WKIINedenIlny

N.f. 2549 M.Eng 910 Asian Institute of Technology



	00_ปก คำนำ กิตติกรรม.pdf
	01_บทคัดย่อ.pdf
	02_สารบัญ.pdf
	03_บทที่ 1.pdf
	04_บทที่ 2.pdf
	05_บทที่ 3.pdf
	06_บทที่ 4.pdf
	07_บทที่ 5.pdf
	08_บรรณานุกรม.pdf
	09_ภาคผนวก ก ข้อมูลระบบไฟฟ้า IEEE 33 บัส.pdf
	10_ภาคผนวก ข ข้อมูลระบบไฟฟ้า IEEE 69 บัส.pdf
	11_ประวัติผู้วิจัย.pdf



