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VS| FACTS Modeling Using Newton—-Type Current Injection Method
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Abstract - Advanced controllers among Flexible AC Transmission System(FACTS) devices employ self-commutated
switching converters, VSI (Voltage Sourced Inverters), as the synchronous voltage source. Such controllers are SSSC
(Static Synchronous Series Compensator), STATCOM (Static Synchronous Compensator) and UPFC (Unified Power Flow
Controller). UPFC is series-shunt combined controller. Its series and shunt inverters can be modeled as SSSC and
STATCOM, but the dependant relation between the inverters is very complex. For that reason, the complexity makes it
difficult to develop the UPFC model by simply combining the SSSC and STATOM models when we apply the model for
conventional power system dynamic simulation algorithm. Therefore, we need each relevant models of VSI type FACTS
devices for power system analysis. This paper proposes a modeling approach which can be applied to modeling of VSI
type FACTS devices. The proposed method using Newton-type current injection method can be used to make UPFC,
SSSC, and STATCOM models. The proposed models are used for 2-area test system simulation, and the results verify

their effectiveness.
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24 A o) 71 (Damping Controller)E AX 3. 29 102
Aol717F AX ¥ SSSCe UPFCY ¥ £ AYS uvield
agolrt. 1Y 87 viwstd ®ok& =) SSSCst UPFC &%
0oz F£H3e £x71 WS webAct

olg]l 29 113 2 12 SSSCe UPFC7F AXH A%
o A 7k AFE 72 Aoy AX AR} FE nvjstd o}
el age|t} Aoyl Mxz dFd SSSCe AFH 3
E 74 9o % FAESlen UPFCY A$ dWH 3
o Az ez Qs 24T AAFHAMY 7Y FH
A7t ANE BE5E & 4 Ak
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Fig. 10 The series inverter injected voltage V, with damping

controller
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Fig. 11 The inter-area oscillations &, with SSSC
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Fig. 12 The inter-area oscillations 4;, with UPFC
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o] =22 VSI delo] FACTS 2250 dg we I
9 AF FEF 2L Adsidd. AgE RddN
FACTS 717159 98 AEoz FYH= AYE 74 9%
rEqAM S713 @ #HE 7Y AFE ZEH] 92 H3E
Feje] STATCOM 28 Peje) SSSC, zelx 3 #H3
¥ g9 UPFCAE £4A4 HEo] 71538l B oy
2 UPFC2 ¥ QIHEHE 2 o] Fsle duARE 9% »
o 3% AFdez Esy) dEd J1E9 A9 A%
NEH)A gaIZd HA HE) NAEdd EF AU
24 Fe ez TS wE £ SA4E AT o7
o] AF4EE AZu|ete FACTSY o] wha} bas] Wy
He] 49 £ gk

=89 ¥4 dFdAME o Y FACTS 717189
g ez AXNY AT 4 daF: AL aial
3 RE BY To] gHuogel & Aejrh FACTS 7]71&
o] g3t AT MAEE FAAIY AME AP 4A
Ax 2 xd MAe] HRFH o]F o]k rlge
FACTS 7]1715€ o2& H=Z Ao} 9 AF 8§ A
7tsd Aot £ 53 1Y 90A B & UE AT 2ol
258 JAIGuHE Ageto FYFedAe AFH AFH
#E FARL dodA 7] HHAAE PANE AR B
AL B3 A5 H4A¥ &4 FACTS R2E9 Ay 534
gt g5 Ao o]FoIF ok Frh

5
1. d8o| 2485

1.1 L2l 4
Lg=— E‘:i - [V¥sin(6? —0) + Viginb? — Vysin (6 — 0)leos6} (Al)
5= E.Vi S{VI“S“I("'I' —85) + Vgin} — V'sin(6; —65)lsinf} (A2)
ZI;’?‘? = El:i —sin(0} —05)oost] (A3)
ZII’/’; = E;:;Ssin(eg‘ —85)oos b} (A4)
661(;-;1‘3 _ E::Sts[ Vicos (0¥ —85) + Voos6 leos8? + 1,  (A5)
—‘Z’%R= %ws (6; — 6 5)oos b} (A6)
:I;l‘f = E:is sin(6% — 0 g)sind? (A7)
ij;' — E‘f_z;sm(e; 0 )sind? (A8)
%: E‘:i - [Vicos (6% —0g) + Vieost} |siné} — Ipp (A9)
Z‘;’ = %w& (63 —05)siné} (A10)
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12 12 $4
V.
Ion = ;c_SSi”(gs+9'1‘) (ALD)
s
VS
Ig=— 2.8 (05+06%) (A12)
s
al,
6;:2 —_ ]SI (A13)
1
al,
W]I= I (A14)
gy olgy 0l  0ly  oly dly (A15)
avy avy ey aVy vy of;
13 Lol +4
Iop =Ising! (A16)
Loy =— Ipost (A17)
a1,
6;'1‘3 =1, (A18)
al,
Qr
=7
- ler (A19)
al, al, al, al, al, al,
oer_ Tor _Tor_ Tor_ T _Tol_g (A20)
oV aVy  a8:  oVP oV} o

1.4 STATCOMo| M X8 H<ol J P8 245

%%l_= leflf — ¥ oo (%, +6%) (A20)
Eg?—z E;L;-i- Y Visin(g}, +67) (A21)
% _ Z?}I_ Yy sin(g?, +6%) (A22)
ZZI = %T’_ Yy Vicos (4%, +67) (A23)

1.5 SSSC#2 UPFC7I %8 A= J #H 245

SSSCe Afee 2(A29)~-A @D HBE([ ) X9 F
€°] 0°] ¥t}

0Fy, oDy 0l 0lg
= - — Y} cos (g7, + 6 A24
v gy oy gy Yo (@ o) (A24)
OFp 0Ly 0lgn. 0l
=Ry QR R yu Visin(gl, +6 A2
o0" [60’1‘ a6 ] agr M in{gf, +67) (A25)
oFy 8lp;  0ly, by
A R A Iy sin(gl, +6Y) A26
Ve ave Ty gy TSt (A26)
oF% oI, oI, o,
D= [ - L Y Vicos (6}, +61) (A27)
.+
oFy, ol oly, ol
= — ] = Voo (4, +65) (A28)

avy avy  8ly avy
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% [%’u 33170;1_ ZS:M Yy, Visin(gY, +65) (A29)
%= %}g% - :fj?; — Vysin(dt, +63) (A30)
%=[%+%?]_%§’— ¥, Vicos (90, +065) (A31)
ZFE; = Zﬁf — Y7 cos (g, +6%) (A32)
3%: ZI;; + Y3 Visin(gy, +6%) (A33)
‘Z‘;’% = :ff;f — Yy sin(gy, +6Y) (A34)
:’;? - ZZ’- Y3 Vicos (g8, +67) (A35)
%%: ZI;; — Y2 cos (42, +62) (A36)
%: ‘Z;; + Y3, Visin(gy, +62) (A37)
ZFI:f" = :I[/us: — Y;ysin{¢}, +63) (A38)
S 1 Vel + ) (A39)
2. A& uajolglE
Z+ ¥y ¥4 7)(step-up transformer)E 900MVA$
20/230kVel A j0.15 pud} ATD2 ke sHAh £ AZY

Hte 230kvelw Azl stepnEE 100MVA, 230kVelA
r=0.0001pw/km, z,=0.001pu/km, b,=0.0175pu/kme]ck.

Z 2A7lE OOMVASH 20kVelA oh23 e mng
#2 et H=585(Gl, G2), 55.58(G3, G4), D=0, T';,=8.,
T,=04, X,=02, X,=0.033, X,=0.18, X,=0.033. z} 2A7]9|
14 QA7 E o 2 ey ge #E K,=200,
T,=0.02.

SSSC =& UPFCe AE IWE Al~="93 STATCOM
& UPFCe #3 AvHY men e gL 100MVAYA o
&3 e @e 2T Kp=05 Kpp=Kpp=00, 005,
Vsaax=0.05, K=250, £,=0.1, Ipuax=I1214x=0.5, Droop=0.0. 4]
GBDY #Z AAA7Ie G 2L Hetvly gEg Zedh
K,=015, T,,=20, T,=1.0, T,=45.

VT
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