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A Study on the Characteristics of Thyristor Controlled Shunt Compensator
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ABSTRACT

This paper studies the operational characteristics of thyristor controlled shunt compensator in a simple power
transmission system. With Fourier series representation of the thyristor switching action and the system parameters,
the thyristor current equations are derived, which transmit the required real power of the simple power transmission
system. Bisection algorithm is used to solve the thyristor current equations, which informs the thyristor firing angle,
the thyristor conduction angle, the power flows and the harmonic characteristics. The stability analysis is performed
with the theory of Poincare mapping for the nonlinear discrete periodic dynamic system. EMTP simulations at the
various operating points show the transient characteristics of the thyristor controlled shunt compensator and
correspond to the results calculated with Fourier series representation and the stability analysis.

Key Words: Thyristor controlled shunt compensator, Fourier series representation, Switching function, Bisection
algorithm, Poincare mapping, Stability, EMTP simulation
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Fig. 1 A simple power transmission system with thyristor
controlled shunt compensator
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A& Rog G d9EA Jgu WERAZ A5
ok BERY7)= 209 Aola)AE 23R A3, 9
e, AAE, 2F A3A2] 2 Holgl2F AoE A%
WA S 93 Ao 712 FAAHL
TR A 2R e 27)d= WEEAgvIglo] A% E o
¥ 0.455 (P.U] A7]9] &4 P& &7,
8.3(msec)ollX WHEA7F AR}, Aol e
o] A5 7t a gkS o] 83, B3] @9l p.U ot}
ad 32 2] Adee] AEh44 A A=) Blocked &
=o| WHRAE 8.3[msec)oll FUAIZ Fo} A2as S
Heolvh, AEA AJA'E 100(msec)E2] Alzke] A
ol M2E TP, =2.543) 02 ol e} o] FAAL
A EH Alzglo) T80 Aol WA R A 7))
AEl9] 7o) of8) A Er} A=A A F3e 3
FA A A1 341.05 (rad/sec)] AEF34-8 Helt}
a8 4= & 29] 0% HAel 74924 Vernier 2=

2
T

1000 \
H
800 |
o
600 {
400 / BN B [
!
| \/
200 ¢
§
o .
20 40 60 80
— (25 TACS -P1 t{ms]

a8 4 0% 24 Vernier 25 %ol K%Y P, 0¥
Fig. 4 The real power flow flowing into from the system
voltage E, after the 0% Vernier mode insertion

Current
2 - L
) J
o | -
a1 -
: Voltage ; :
-2 3 g
-3 )
| b | | !
65 70 75 80 85
{2)TCIA -TCBA (1) TCTA - TCBA t[ms]

03 5 WHRAT| TR HY V) of oluE| M |,
Fig. 5 Capacitor voltage V, and inductor current ("

EAA7E FAAR] T2 AEAE S 290 50(ms) A=
o) Alzto] At 3 Aj2w] A El1e) F3HE (P, =0.455)
< WEEAA BRlAn 2o} o] spole] AE]Ao] W
HAg71e] 294 B2l 93 Fol}. Mo|g]2Ele] 2913
A 1z A - ARE AT, 29 5= AN aAfE]
A4 Q9E HFe PU. 992 Z8Y #39E By,
HAAIE A% V9] THDE 4.82%0]9), A9 AF 1 9
2 Mol2l 89| 257} 09] FA7]7} 149.8° 9L Helnh
3 AAIE HSte] A7) 718t} vlSsskar, JIHE
e 71EAe] 3 Ee] A8 2t

RG] ARAE = HEE 4 $1M AAHo]
lemg 7IA1A 2920 o8] FUE & A A5E A
SAA BERA ) AARI 20 F718 2438 4 glc)
62 HHE9 AMAAEA FE 6.25%10° o7 Fo]
1, 0% 5732 Vernier R=& F9AI71 3 A2 P o] 33



Aol| 2| o] R/ 54 A 373

[m]

1000
800
600 ,\
\/\ /\ /"\,/ TN e
400
200
O el
7}7_#,,‘. . {v — ,‘,, ~_). . +.,, — ;,,.W + e
20 40 60 80 100 120 140 160 180
t[ms
— (25)TACS -P1 [ms]

a8 6 C,=0.00625 P.U. % 0% 24 Vernier 2= FF
o 7RH P, oty

Fig. 6 The real power flow flowing into from the system
voitage E, after the 0% Vernier mode insertion
(C,=0.00625P.U.)

2.0 Current
g
1.0
0.0 A e T
oA
-1.6 . yoltage
-2.0 -
| i i | t

165 170 175 180 185

(2)TCtA -TCBA t{ms]

7 7 HHEAT| FHEAE HY V) of oIHE MR
Fig. 7 Capacitor voltage V, and inductor current |,

() TCTA - TC8A

S HQoh HEEAVIE FY3H, MY $H Ala"e
140(ms) A 2] Ajzho] Al ol A ol mdahs, 43
L AEL a9 49 vmate 29 F & et oY 7
THD7} 16.2%1 AAAAE A5t V 9} =57t 6=1050l11,
A7l 71EA e 2008 =9 99E A 0l S Holh
a8 88 FUE AHAE ATE SUAA BEEA S
AR A S 25.0x10° 28 A stz, 0% HA
Vernier 2= F5417] $9] Ay Bct WHEY
719 F4F, Alz®l Ay E o2ty FgEE fFEdY
EAS oy} HARAY] B9 HEEg ANEe
g 40 A5t vuwd of oF 28 An AHFH AlxE]
60(ms) A =2] Alzte] At Fof| A ol =it 1
9€ THDE 0.83%<%1 AAMAE AtV o ©52 o=84.4°

o e W oro

[m]
1600
1400
1200
\Y,

1000

800

600
400 o~ o e

200

o] } } foes |
20 40 60 80

t [ms]

~—(23)TACS -P1

J8l8 C,=0.025 P.U. 4 0% & Vernier 22 £¢F 9|
FaH P, 1Y

Fig. 8 The real power flow flowing into from the system
voltage E, after the 0% Vernier mode insertion
(C,=0.025P.U)

[m]

1000
. Current

500 - i

0 7

" P ! .~

-500 ) FE Voltage

-1000
e e

65 70 75 80 85
(2TCIA -TCBA 1) TCTA -TC8A t{ms]

08 9 YR Al MoV, o olHE HEF |
Fig. 9 Capacitor voltage V, and inductor current |,

42 Hole A4E A5 19 #3E Bldh

2% 102 Vernier 2=9] Ao]2|AEo] WHR A7)
T8l A<t E o] Fadhs fago] 100% 71 74
A g Hlrh WHRAY] B Fo| 7] Ay
2 39 49 759 v)ssih, Ay Al 2= 60(ms)
=9 AlZto] Aagh Foll Mol 2B o] A4 FH ) o =
7] &2 0] obd A& A (P, =0.917) 2.2 o] F3I},

% 113 39 12& E o 2% 2FdE fadEe
50% S7A1717] A8l Role~ElAlo] BHEA7|E FYA
71 90 WERAA7 o] AHAE A9}, Ad9H AR 2 A
§ A E o2iE EelEojer 4848 P B3S B
et Aole) 28 AF 2} a= Fe]o Fholl A2 A4 Aol
1742 #9009, A8 60(ms) A5 ML 5

Lo

oX ox Ho

e}

>



374 WHETSE wGE £4 48 F49% 19994 8A

[m] [m]
&\ f\.
1000 1 \ ~ 1000 1 / \
R A e R
800 + 800 |
|
|
s00 600 \
| i
400 | 400 \ T/ T
1 Y /
YERY
200 200 v
[o) } + i ! o] } } } }
20 40 60 80 20 40 [5]e] 80
—(25) TACS -P1 t [ms] —(25)TACS -P1 t [ms]
a8 10 100% 24 Vernier 2E £% FAMY P, o+ 18 13 -10% 24 Vernier 25 E% SEHMe P, oY
Fig. 10 The real power flow flowing into from the system Fig. 13 The real power flow flowing into from the system
voltage E, after the 100% Vernier mode insertion voltage E, after the -10% Vernier mode insertion
3 . 3
2 - Current 2 . ~ Current
, ) « .
1 o 1
0 = ; e S 0 - e o s
K 77{
-1 4 . -1 Voltage
Voltage ;
-2 -2
-3 : -3
| —— from— b -
65 70 75 80 85 65 70 75 80 85
t
— (2T -Tom (@ TCTA -TC8A tims] (D TCIA -TCeA {20 TCTA - TC6A [me]

08 11 HHEBMT| AR TV, of AEE MR |, T8 14 HHEAT| FHEAE MYV, 9 oIYE R |,
Fig. 11 Capacitor voltage V, and inductor current |, Fig. 14 Capacitor voltage V, and inductor current |,

[m] [m]
i\ f
1000 \\ 1000 ;{ \\
P
800 \ ~ 800 ; \
\\// R ‘\
600 600 J !
— — A
400 400 1 A { N —
L/ (N . -
200 200 1 \/ \ /
o | ! | ! o ! bt e
20 40 &0 80 20 40 60 80
— (1) TACS -P1 tms] — (25) TACS -P1 tms]
a7 12 50%E4 Vernier 2= %28

£0l%0| K5M P, 0 a2 15 -20% 24 Vernier 2= £F REN P, OHy
Fig. 12 The real power flow flowing into from the system

Fig. 156 The real power flow flowing into from the system
voltage E, after the 50% Vernier mode insertion voltage E, after the -20% Vernier mode insertion



#ol2| 2 Alo] WH B Y7o B4 dF 375

800
600 ‘ I

Oy T
400 il R

200

-200 Lt e

— 23 TACS -Pt

18 16 Bypass 2= Rg%e RaM P, oty
Fig. 16 The real power flow flowing into from the system
voltage E, after the Bypass mode insertion

273 (P,=0.686) 2.2 |3ty ALl Fe 71539 3.5
WA S8

33 138 B ogRE 23YE &4
7171 98 Apole| AE{Alo] HHRA7|E FUA|
H78 S Holn 60(ms]H =9 Al7te] Azg &
E2PH (P, =0.406) 2.2 o] Fh}.

2% 149 29 15% B, o258 339 a49S 20%
HAA717] S8l Mol AEIAlo] WE A S BUA7] BS
o] HA B9 Hetut QIYE] AF U Ajxv] ML E o7y
B gEHE 55098 P o) 39 Aug e ualth

1% 162 Bypass BE9] #lolg]~EAo] HHARAIE
FAAN &, A28 A E o] Btk 84 Pl A&
& T2 (P, =0.340) 2.2 o]F3l= A HEAE Kol
230(ms) F5=9] ¥lwA 71 AIZFESH Al Eoot Aade
& g o, o]A-e& 18 39 Blocked 229 %9} w3}
A2 AHEA A 2vle] 742250 Ao WE B AL 9] 7)
HAJEI ] e o8] AR HEAEidl HEgEe
2] 34 A9 566.95 [rad/sec)?] A EFo=E Helr

Felol FA Aatd Aol ~E e HEg ALeg
EMTP Algdold Aite & 29 H42dd Az P &
gtk 19 394 19 167119 faAdE po 3ES
Hwste] B HHEEAY) Belo 98 grdatel Ay
89] Ar)= ANHAIE A7)0l o8] AR, MHEQ A&
AlZEE EHEE 9N AFHE & = Ik 283, B
3904 Vernier 25 264¢] Hrhgke C,=0,006259] %
ol 0.5580)3, U2 $A2ANE 0.339~0.357¢]
o} o] AL Vernier BTz HAMM|-go TAIQlo] A
T2 AHAT), 18 6(C,=0.006265)9] 140(ms) % $-2
A28k, 50-60(ms) A =2 A2 B|5:37} Axjgic)

o
48
o

6.4 E

= A7e, dESHA 2 A s B4 FACTS
717159 el Mole] 2EjAlo) HH 7| B4 §4S
g8kl Fejol FoiA el FAAE 814, Poincare
Mapping ©]&°l 2Jgt P = A8 EMTP Al &dlo]d S o]
&3 A 2F 9 oy SAYNMY HEgEdEA]
B DATE st

Felo FRbelAMe] e aiAE Y3l Mol 2E 9
On, Off 2& 2AA TGS o183l ndstn, FEAY
21E& WEsle Mol 28 AR §)lE Bisection
FAA S ol g3l] Ptk 1 AZke WF$A A
28lo] A 2R 9 A - AFe n2y A o] 8
H, gole] 28 H5 7t a%}t ©F 7t oo Ui JHE Fr}

Apolg] 2BiAlo] WEBA Al2Ele] EMTP Aol
Tt de Ay, A g AF 3L Feld) FhelA e
A3 siA Anpel A3} ak sjo|g AE Ao HE
HA7IE BUE W] udadel 27 © A&7k A9y
AlE 9] A7]9 AojRto] Jeke Wom Verner RE B
&9 Wshe Hedste] A EANY FHES Holn,
ol ifrA| fMZAe} dxjgtt azl, Mole] AEA|]
HE R A7 = spolel 2~ 290% 2o oste] AREHA|
28lof o] FHAANA AL fAsHA Ao E + UL
Bl

= A5 dAB A 837 HildM e AP S 5 A3
ol sy, AEAF] 54-& LT Simulatord] 7

A77} A% olof i},

ikal

|12

(1) N. G. Hingorani, "Power Electronics in Electric
Utilities: Role of Power Electronics in Future
Power System’, Proceedings of the IEEE, Vol. 76,
No. 4, April, 1988, pp.481~482.

(2) E.V. Larsen, et. al., "Characteristics and Rating
Considerations of Thyristor Controlled Series
Compensation”, IEEE PES Paper 93-SM-433-3-
PWRD. Vancouver, British Columbia, July 1993.

(3] J. Urbanek, R.J. Piowko, E.V. Larsen, et al,
“Thyristor Controlled Series Compensation
Prototype Installation at the Slatt 500kV
Substation”, IEEE PES paper 92-SM-467-1
PWRD, Seattle, July 1992.

(4) L. Gyugyi. “Solid-State Control of AC Power
Transmission”, EPRI workshop on the Future in



376 BHETEEG HIGE £448 F49 1999F 8A

High Voltage Transmission, Cincinnati, Ohio,
November 1990.

(5) T.J.E. Miller, "Reactive Power Control in Electric
Sysytems ., John Willey & Sons, 1982.

(6) IEEE Special Stability Working Group, “Static
Var Compensator Models for Power Flow and
Dynamic Performance Simulation”, IEEE Trans.
on Power Systems, Vol. 9, Feb. 1994,
Pp.229~240.

(7) S.G. Jalali and RH. lasseter, "Harmonic Instabilities in
Advanced Series Compensators ,EPRI FACTS
Conference, Boston, December, 1992, pp.14.3~14.28.

(8) G.B. Chung et. al., "Analysis of the Operation of
Thyristor Controlled Series Compensator
interacting with Power System Components , in
Proceeding of ITC_CSCC , pp.741~744. Seoul,
July 1996.

(9) F. Verhulst, “Nonlinear Differential Equations
and Dynamical Systems’, Springer-Verlag, Berlin,
1990.

TEN

03 129} W7 Teld Bas Felo] Gl FHA
o g R, B QHE2 L,o) o8 ez 9 7,8 TR
3 2},

=

(R — jnwl, - 0 0 0 0 —‘
0 oo R—jwl, 0 0 - 0
z= 0 - 0 R 0 0
0 0 R +jwL, - 0
L0 0 0 0 R+ jowl
752

AHE B, ARHE | 2 REAY Q-2 Thew 2t

El=|E,..... E... Eg E,, .... E, (AD

IITZ[I—In""’ Ly, Ly Ly oo I]n] (A2)
Q= [mk—Z E, -1 (A3)
223
AzdagE A AojsE B L Projection ¥E P oS3}
2t
- R _
_r 9 0 L
L, L,
0 _ﬁ 0 ___1_
A= b oo h (A4)
0 0o = —
1 1 1 L
-— — -—— 0
L ¢, G, r ]
r T
0, —L, 0, O
B= L 1 (AS5)
0, 0, —, 0
L L,
0 0 0 O
01 00
P= (A6)
0 010
0 0 0 1

(& 2 74)

Y (RB3HE)

195944 12% 20204 19834 MSo B A7 |
ZSp(SAD. 19854 S oistel M7 |Zsiak(A
AB, 199214 Univ. of Florida(8}Ab. 199214
~19934 Virginia Tech(Post Doc.). 1993
~1995i4 BHEFT|jeiRA Meloizel 19954

AR} - 57| - HREBER £0%



