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ABSTRACT

This research presents power compensation with D-STATCOM for three-phase power distribution
systems under faulted conditions. D-STATCOM 1is one of shut-type power compensators. Its main
function is to regulate voltage level of a given bus at a specified value in all operating conditions. Design
of power compensation with D-STATCOM for balanced three-phase power distribution systems is based
on a principle of state feedback while, for unbalanced three-phase systems, techniques of fast detection of
abnormal voltage and current waveforms are employed. In this research, three different detection methods
(sliding root-mean-squared method, park transformation and pqr transformation) are used for
benchmarking. Together with a proportional controller in order to accelerate voltage and current responses,
genetic algorithm (GA) is selected as the optimization tool for obtaining their optimally proportional gains.
2-bus, 4-bus systems and the 10" feeder circuit of PEA’s Nakhon Ratchasima 2 (NM2) distribution
network, having 131 buses, are used for evaluation. The tests were conducted by using programming codes
for the MATLAB environment developed by the author of this research. From which satisfactory results, a
well designed D-STATCOM is able to compensate voltage profiles of a given feeding portion under a
faulted condition to resume their pre-fault voltage level within a very short response time. In addition, this
research provides methodology framework of finding an appropriate rating of D-STATCOM for industrial
applications, In this research, design of D-STATCOM to regulate the voltage profile of the 6.6-kV electric

power distribution system of Padaeng Industry Public Company at Rayong plant was illustrated as a case

study.
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Compensating Voltage
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System quantities Values
Input Voltage 22 kV, 50 Hz
Line Impedance 0.83q,1.2mH
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Load 400 kW, 180 kVar
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System quantities Values
Input Voltage 22kV,50 Hz
Line Impedancel (.18 0, 0.4 mH
Line Impedance?2 0.83 0,1.2mH
Line Impedance3 0.50 o, 1.08 mH
Interface Impedance 30, 28.6 mi
Load 400 kW, 180 kVar
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Mm99 0.3 doyatimvesssuusesidalnih 22 AlaTead vosasaiinasmrdin 2 (s 10)

Magnitude voltage Angle (Degree) Generation
Bus code Bus type
A B C A B C MW | MVar
1 1.020 | 1.020 | 1.020 - -120 120 - - |Slack bus
2-allbus | 1000 | 1.000 | 1.000 - -120 120 - - PQ bus

M3197 .4 Yeyalvanvessyuusedida i 22 AlaTiad vosdofiunssiwdn 2

(W97 10)
Phase A Phase B Phase C
Bus code

P(kW) Q(kVar) P(kW) Q(kVar) P(kW) Q(kVar)
7 9.722 5.379 9.722 5.379 8.722 5.379
9 15.556 8.607 15.556 8.607 15.556 8.607
i2 24.306 13.448 24.306 13.448 24.306 13.448
14 9.722 5.379 9.722 5.379 9.722 5.379
17 4.861 2.6%90 4.861 2.650 4,861 2.650
22 24.306 13.448 24.306 13.448 24.306 13.448
25 15.556 8.607 15.556 8.607 15.556 8.607
26 15.556 8.607 15.556 8.607 15.556 8.607
27 24306 13.448 24306 13.448 24.306 13.448
29 24.306 13.448 24.306 13.448 24.306 13.448
30 0 0 0 0 8.750 4.841
32 24.306 13.448 24306 13.448 24.306 13.448
34 15.556 8.607 15.556 8.607 15.556 8.607
36 24.306 13.448 24.306 13.448 24.306 13.448
38 9.722 5.379 9.722 5.379 9.722 5.379
40 24.306 13.448 24306 13.448 24.306 13.448
42 9.722 5.379 9.722 5.379 9.722 5.379
43 15.556 8.607 15.556 8.607 15.556 8.607
46 9.722 5.379 9.722 5.379 9.722 5.379
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13197 n.4 doya Tnanvesszuudwidsivih 22 Alaliad vosamiiunssiain 2

(3999 10) (91B)

Phase A Phase B Phase C
Bus code
P(kW) QkVar) P(kW) QkVar) P(kW) Q(kVar)

48 4.861 2.690 4.861 2.690 4.861 2.690
50 9722 5.379 9.722 5.379 9.722 5.379
53 15.556 8.607 15.556 8.607 15.556 8.607
57 9.722 5.379 9.722 5.379 9.722 5.379
60 24.306 13.448 24.306 13.448 24.306 13.448
62 9.722 5.379 9.722 5.379 9.722 5.379
64 9722 5.379 9.722 5.379 9.722 5.379
66 9.722 5.379 9.722 5.379 9.722 5.379
68 64.167 35.502 64.167 35.502 64.167 35.502
72 24.306 13.448 24.306 13.448 24.306 13.448
73 4.861 2.690 4.861 2.690 4.861 2.6%0
75 24.306 13.448 24306 13.448 24.306 13.448
78 48.611 26.896 48.611 26.896 48.611 26.896
79 48.611 26.896 48.611 26.896 48.611 26.896
80 0 0 0 0 8.750 4.841
82 4.861 2.690 4.861 2.690 4.861 2.690
84 0 0 14.583 8.069 0 0
85 0 0 0 0 8.750 4.841
86 2.917 1.614 2.917 i.614 2.917 1.614
88 9.722 5.379 9722 5.379 9.722 5.379
9 9722 5.379 9.722 5.379 9.722 5.379
92 0 0 0 0 14.583 8.069
93 0 0 0 0 14.583 8.069
97 9.722 5.379 9.722 5.379 9.722 5.375
99 24.306 13.448 24.306 13.448 24.306 13.443
102 9.722 5.379 9.722 5.379 9.722 5.379
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(21995 10) (f1D)

Phase A Phase B Phase C
Bus code

P&kW) Q(kVar) P(EW) Q(kVar) P(kw) Q(kVar)
104 24,306 13.448 24,306 13.448 24.306 13,448
105 - 9.722 5.379 9.722 5.379 9.722 5.379
106 4.861 2.690 4.861 2.690 4.861 2.690
107 9.722 5.379 9.722 5.379 9.722 5.379
109 15.556 8.607 15.556 8.607 15.556 8.607
112 48.611 26.896 48.611 26.896 48.611 26.896
114 24.306 13.448 24.306 13.448 24.306 13.448
117 48.611 26.896 48.611 26.896 48.611 26.896
120 9.722 5.379 9.722 5.379 9.722 5.379
122 9.722 5.379 9.722 5.379 9.722 5379
127 194.444 107.583 194.444 107.583 194.444 107.583
i30 9.722 5.379 9.722 5.379 9.722 5.379

P Y ) 1 o w o o P ~
P3N 1.5 TeyamodaveszuuTedias Wi 22 AlaTad vesamifiunsswd 2

{3995 1 0)
Impedances (o /km)
From To Length
Positive-Negative Zeto Phasing
bus bus (km)
Resistance Reactance Resistance Reactance

81 80 0.17571 0.33444 0.32371 1.56125 ABC | 008334
80 77 0.17571 0.33444 0.32371 1.56125 ABC | 0.14916
77 78 0.6636 0.2682 0.8116 1.835 ABC | 0.05219
78 79 0.6636 0.2682 0.8116 1.835 ABC | 0.01388
77 76 0.17571 0.33444 0.32371 1.56125 ABC 0.09884
76 75 0.17571 0.33444 0.32371 1.56125 ABC 0.1128
75 74 0.17571 0.33444 0.32371 1.56125 ABC 0.1104




n-6

P 9 1 1 o o o o -1 =)
AN N.5 VoyamIwdavesszuunesiae Wi 22 AlaThed vesamilunsssdun 2

(73399 10) (MD)

Impedances { @ /km)
From To Length
Positive-Negative Zero Phasing
bus bus (km)
Resistance Reactance Resistance Reactance

74 73 0.17571 0.33444 0.32371 1.56125 ABC | 0.02838
73 72 0.17571 | 0.33444 0.32371 1.56125 ABC [ 0.07811
27 23 0.17571 0.33444 0.32371 1.56125 ABC | 0.02715
23 21 0.17571 0.33444 0.32371 1.56125 ABC | 0.12024
21 20 0.17571 0.33444 0.32371 1.56125 ABC | 0.05834
28 27 0.17571 0.33444 0.32371 1.56125 ABC | 0.16404
21 22 ‘0.66668 0.39134 0.96268 2.73072 ABC | 0.01504
30 28 0.17571 0.33444 0.32371 1.56125 ABC | 0.19536
3] 30 0.17571 0.33444 0.32371 1.56125 ABC | 0.07483
32 31 0.17571 0.33444 0.32371 1.56125 ABC | 0.14145
33 32 0.17571 0.33444 0.32371 1.56125 ABC | 0.09634
28 29 0.66668 0.39134 0.56268 2.73072 ABC | 0.03809

3 4 0.17571 0.33444 0.32371 1.56125 ABC | 0.23593
35 33 0.17571 0.33444 0.32371 1.56125 ABC | 0.34849
33 34 0.666638 0.39134 0.96268 2.73072 ABC | 0.02458
72 70 0.17571 0.33444 0.32371 1.56125 ABC | 0.14216
70 71 0.17571 0.33444 0.32371 1.56125 ABC | 0.03596
67 70 0.17571 0.33444 0.32371 1.56125 ABC | 0.00388
67 68 0.66668 0.39134 0.96268 2.73072 ABC | 0.30729
68 69 0.66668 0.39134 0.96268 2.73072 ABC | 0.02419
20 19 0.17571 0.33444 0.32371 1.56125 ABC | 0.11853
66 67 0.17571 0.33444 032371 1.56125 ABC | 0.09425
19 18 0.17571 0.33444 0.32371 1.56125 ABC | 0.05429
23 24 0.34059 0.35642 0.48559 1.58324 ABC 0.3338
24 25 0.26643 0.36147 0.44987 1.5378 ABC | 0.05113




n-7
M5 0.5 Yoynmodeesszunomds i 22 ATaloas vesanfiunss1sE 2
(2433 10) (719)
Impedances (g /km)
From To Length
Positive-Negative Zero Phasing
bus bus (km)
Resistance Reactance Resistance Reactance

3 36 0.64015 0.37985 0.78815 1.60667 ABC | 0.33675
24 26 | 0.340359 (.35642 0.48859 1.58324 ABC | 0.04412
41 42 0.64015 0.37985 0.78815 1.60667 ABC | 0.19186
40 41 0.64015 0.37985 0.78815 1.60667 ABC | 0.14987
36 37 0.64015 0.37985 0.78815 1.60667 ABC | 0.17699
41 43 0.66668 0.39134 0.96268 2.73072 ABC | 0.01342
37 40 0.64015 0.37985 0.78815 1.60667 ABC | 0.14729
65 66 0.17571 0.33444 0.32371 1.56125 ABC | 0.37765
38 39 0.26643 0.36147 0.44987 1.5378 ABC | 0.02013
37 38 0.26643 0.36147 0.44987 1.5378 ABC | 0.16652
16 17 0.66668 0.39134 0.96268 2.73072 ABC | 0.04122
18 16 0.17571 0.33444 0.32371 1.56125 ABC | 0.46519
65 64 0.17571 0.33444 0.32371 1.56125 ABC | 047344
11 13 0.66668 0.39134 0.96268 2.73072 ABC ] 0.17895
11 12 0.66668 0.39134 0.96268 2.73072 ABC | 0.00959
10 1t 0.66668 0.39134 0.96268 2.73072 ABC | 0.12958
16 10 0.17571 0.33444 0.32371 1.56125 ABC 0.0709
13 14 0.66668 0.39134 0.96268 2.73072 ABC | 0.10815
14 15 0.66668 0.39134 0.96268 2.73072 ABC | 0.02405
& 9 0.66668 0.39134 | 096268 2.73072 ABC | 0.02555
10 8 0.17571 (.33444 032371 1.56125 ABC | 0.11567
64 59 0.17571 033444 | - 032371 1.56125 ABC | 0.20514
6 7 0.66668 0.39134 0.96268 273072 ABC 0.0263
8 6 0.175371 0.33444 0.32371 1.56125 ABC | 0.05815
57 58 0.66668 0.39134 0.96268 273072 ABC | 0.00163




n-8

M3 0.5 doyaemodaveessuniomde i 22 flalias vosaafiunssigsun o

(1995 10) (A0)

| Impedances (o /km)
From To Length
Positive-Negative Zero Phasing
bus bus - {km)
Resistance Reactance Resistance Reactance

35 57 0.66668 0.39134 0.96268 273072 ABC | 0.03837
59 54 0.17571 0.33444 032371 1.56125 ABC | 0.07026
54 55 0.66668 0.39134 0.96268 2.73072 ABC  0.02631
60 59 0.66668 0.39134 0.96268 2.73072 ABC | 047101
6l 60 0.66668 0.39134 0.96268 2.73072 ABC | 0.00913
55 56 0.66668 0.39134 0.96268 2.73072 ABC | 0.04038

52 53 0.66668 0.39134 0.96268 2.73072 ABC 0.058
54 52 0.17571 0.33444 0.32371 1.56125 ABC | 0.09279
59 62 0.66668 0.39134 0.96268 2.73072 ABC | 0.40221
62 63 0.66668 0.39134 0.96268 2.73072 ABC | 0.02338
2 3 0.17571 0.33444 0.32371 1.56125 ABC | 345362
1 2 0.17571 0.33444 0.32371 1.56125 ABC | 0.17624
51 82 0.66668 0.39134 0.96268 2.73072 ABC | 0.04302
52 51 0.17571 0.33444 0.32371 1.56125 ABC | 0.24253
51 49 0.17571 0.33444 0.32371 1.56125 ABC 0.1599
49 50 0.66668 0.39134 0.96268 2.73072 ABC | 0.01613
49 47 0.17571 0.33444 0.32371 1.56125 ABC | 0.28781
47 48 0.66668 0.39134 0.96268 2.73072 ABC | 0.04957
47 46 0.17571 0.33444 0.32371 1.56125 ABC | 0.22873
6 5 0.17571 0.33444 0.32371 1.56125 ABC | 0.45756
3 5 0.34059 0.35642 0.48859 1.58324 ABC 1.7288
83 84 0.66668 0.39134 0.96268 2.73072 ABC ] 0.12124
51 83 0.17571 0.33444 0.32371 1.56125 ABC | 0.08854
46 45 0.17571 0.33444 0.32371 1.56125 ABC | 0.19556
45 44 0.17571 0.33444 0.32371 1.56125 ABC 0.0215




-9
A13199 1.5 Foynemudavaeszuutiondeinih 22 ATa e yosaafiuass i 2
(3997 10) (A1D)
Impedances (o /km)
From ; To Length
Positive-Negative Zero Phasing
bus bus (km)
Resistance Reactance Resistance Reactance
5 44 0.17571 0.33444 0.32371 1.56125 ABC 0.02253
83 85 0.17571 0.33444 0.32371 [.56125 ABC 0.18915
85 86 0.17571 0.33444 0.32371 1.56125 ABC | 0.04978
86 87 8.17571 0.33444 0.32371 1.56125 ABC | 0.03443
87 88 0.66668 0.39134 0.96268 2.73072 ABC | 0.02245
112 113 0.26643 0.36147 0.44987 1.5378 ABC | 0.02031 _
87 89 0.17571 0.33444 0.32371 1.56125 ABC 0.023
89 g5 0.66668 (0.39134 (.96268 2.73072 ABC | 012398
95 96 0.6636 0.2682 0.8116 1.835 ABC 0.11555
96 97 0.66668 - 0.39134 0.96268 _ 273072 ABC | 0.10244
114 115 0.66068 0.39134 0.96268 2.73072 ABC 0.0283
i11 114 0.66668 0.39134 0.96268 2.73072 ABC | 0.11661
111 112 0.26643 0.36147 0.44987 1.5378 ABC 0.08935
110 111 0.66668 0.39134 0.96268 273072 ABC 0.10871
44 110 0.17571 0.33444 0.32371 * ¢ 1.56125 ABC | 0.37043
89 90 0.66668 0.39134 0.96268 2.73072 ABC | 0.11888
90 91 0.66668 0.39134 0.96268 2.73072 ABC | 0.39863
117 118 0.66663 0.39134 0.96268 273072 ABC 0.0147
116 117 0.66668 0.39134 (1.96268 273072 ABC | 0.12055
110 116 0.17571 0.33444 0.32371 1.56125 ABC | 0.07757
95 98 0.66668 0.39134 0.96268 273072 ABC | 0.18384
98 99 0.66668 0.39134 0.96268 2.73072 ABC | 0.13116
99 100 0.66668 0.39134 0.96268 273072 ABC | 0.01769
90 92 0.66668 0.39134 0.96268 2.73072 CA 0.10417
92 93 0.66668 0.39134 0.96268 2.73072 CA 0.01521




fi-10

= 9 ' ' o ar =y o« 21 =
390 .5 Voyameaavessyuunemas il 22 AlaTiad vosamitiuassisdun 2

(29935 10) (w0)

Impedances { ¢ /km)
From To Length
Positive-Negative Zero Phasing
bus bus (km)
Resistance Reactance Resistance Reactance

93 94 0.66668 0.39134 0.96268 2.73072 CA 0.005905
98 101 0.66668 0.39134 0.96268 2.73072 ABC [ 0.16649
101 102 0.66668 0.39134 0.96268 273072 ABC | 0.16414
103 104 0.66668 0.39134 0.96268 2.73072 ABC | 0.06768
101 103 (.66668 0(.39134 0.96268 273072 ABC 0.0238
104 105 0.66668 0.39134 0.96268 2.73072 ABC | 0.17473
105 106 0.66668 0.39134 (0.96268 2.773672 ABC 0.15516
103 107 0.66668 0.39134 0.96268 2.73072 ABC | 0.08894
167 108 0.66668 0.39134 (.96268 2.73072 ABC | 0.02931
108 109 0.66668 0.39134 0.96268 2.73072 ABC | 0.20413
119 120 0.66668 0.39134 0.96268 273072 ABC | 0.00808
116 119 0.17571 0.33444 .32371 1.56125 ABC | 0.37349
127 128 (.34308 0.3475 0.49108 1.57431 ABC | 0.04632
121 122 0.66668 0.39134 0.96268 2.73072 ABC | 0.01194
119 121 0.17571 0.33444 0.32371 1.56125 ABC | 0.97947
121 123 0.17571 0.33444 0.32371 1.56125 ABC (.343
126 127 0.34308 0.3475 $.49108 1.57431 ABC | 2.80079
123 124 0.1805 0.2264 0.3285 1.7632 ABC | 1.26502
125 i26 (.34308 0.3475 0.49108 1.57431 ABC | 0.04221
124 125 0.17571 0.33444 0.32371 1.56125 ABC | 0.24582
129 130 0.66668 0.39134 0.96268 2.73072 ABC [ 0.01132
125 129 0.17571 0.33444 0.32371 1.56125 ABC [ 0.20851
129 131 0.17571 0.33444 0.32371 1.56125 ABC 0.146




MARNUHIN U

HaNanAINITIde

a = o 1

= dyd t:i‘
U Tnansa Aeae T

P A o

1. UNATBIIANUNHSUNS

1.1 dszgdnmssyivei

o

7w o’ o w [ 4 . = £l <
> duynt duntzedd uas siiady NRITNUFHIY (2550). “natiamsuilainnles

q

@

dmiumsinyiszduusedulnanlanld DsTaTcom” matszruirinisnig

¥ .
ananssu i afeh 30 (BECON3O) o Tssusudand Sie5un i dosn Sanse

MU U 25-26 aaau 2550: nih 77-80.

1.2 dszpfnmsseduunnna

> . Sumpavakup, T. Kulworawanichpong (2008), “Graphical Compensation Design of D-
P

STATCOM Using a SCICOS Simulator”, The JASTED International Conference on

Modelling, Identification and Control (MIC 2008). Innsbruck, Austria, 11-13 February

2008: pp.7-12.

> C Sumpavakup, T. Kulworawanichpong (2008), “Distribution Voltage Regulation Under

Single-Line-To-Ground Fault by Using D-STATCOM?”, The Fifth _International

Conference on_Electrical Engineering/Electronics, Computer. Telecommunications, and

Information Technology (ECTI 2008), Krabi, Thailand, 14-17 May 2008: pp. 1021-1024.

> C. Sumpavakup, T. Kulworawanichpong (2008), “Distribution Voltage Regulation Under

Three-Phase Fault by Using D-STATCOM?”, The International Conference on Electric

Power and Energy Systems (EPES 2008), Paris, France, 4-6 July 2008,




MANUIN A

o

sz 3R

=i

@ o = o o d =5 o 2 ¥ o o_o 9
BUAYBY NAITNUFNIY dudamsanuiszdulSyaneimedndmngsu ihéss de
= oY o [ A = @ - = =1 2 1 o gf =t
inesAusNEUAUMs nuMInedna TuTadasuis il w.e. 2540 Srequduadudil
@ [ o« o ar =3 o r r as <
fnonmiluernsduminedvvesnuiaminede doun 1d5unuianiensdannuas
o~ ar 4 \ s =3 P o o ar =
wnInnduiefinumoszduySaanIn uaglud) e, 2542 duinsAnuiszaudTam In
= o o 4 o s 3 ar 0w
nedm3mngsu s ds mingmasnsaluminerds smiy 1&suuendainamunas
o o § ] ar = o o Y
ulovendsan nsgnsrandenu efnyidessdulSyguen uardninsdnmsed
o = o o 5 o =
Pygenmedn ihddunsssuvnugudmivszsnuse Idihanumdqeszes lna 1n
T gy [ Ce= ar =t o e o o
unIngaeuianos ey Uszmadengy Tull we. 2546 mendaninduSonisdny 1dwns
ﬁ@mmwmmummﬂfmNﬂmmnmﬂwmzw“lwﬁwmm Biannseiindds szuunIuny n1s

mmmmma’ﬂ uazilyamlizAvg ednseiios




