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Sensitivity analysis of relation between power control and output voltage of STATCOM

MA Xiaoran, WU Xinzhen, WANG Haifeng
(College of Automation and Electrical Engineering, Qingdao University, Qingdao 266071, China)

Abstract: To quantitatively study relationship between the transferred power and the AC output voltage of STATCOM,
the method based on the sensitivity analysis is utilized. The voltage phasor equation of STATCOM is established based
on the KVL, and two independent equations are acquired according to the real component and the imaginary
component, respectively. By calculating partial derivatives of the RMS value and the phase angle of STATCOM AC
output voltage to the active power and the reactive power, corresponding sensitivity results are obtained. It shows that
the influence of the reactive power on the RMS value and the phase angle of AC output voltage is much greater than
that of the active power. Moreover, the AC output voltages of STATCOM calculated by the direct method are

compared with those by the sensitivity method, verifying the correctness and accuracy of the presented sensitivity

method.
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Fig. 2 Equivalent circuit of STATCOM system

K, RGN A=A SUE N Uy, STATCOM
AT A A RE A E, WEAHEZEA R
iR Up.

i1 KVL 7%

I(R+jX)+E=U, (1)

FRARIRIL N, STATCOM ARt #8 4840 76 75 i #&
AP, PIAZ R4 H R S AR 2 900,
AL i P9 H T 5 STATCOM A2 3t 4 H i Hs AR AH
Mo (HEHTIEEBHMAAE, SHEN2E
&, X B ARG, KM s S
HLLAN T 2 90°, T2 Mg /T 90°, A4S HL W i [kt
STATCOM Azt fll4im th L R A7 AEARAL 22 60 BT
TRARAS B P PFE A 5 AT TR E A IE B BT g AL
L BELAG — 3840, 17 S B LI o A K AEAE A IR A
PSS, DRI A eI H PR 5 F I (R RIS, 22 2 s
F90°, M E KT UK, BB REHEE, Ik
if STATCOM [n] Hi 4 A& Y TG D B, AH O &R K0
Kl 3 Fr; M E/NF U, HREG TR,
STATCOM M HLMISE I Hi#%.. Joie STATCOM
] B R T T Th o, I M I K TG Th 2h K,
ST FEEEAAH R, R S8t STATCOM [n) HiL I
HH TG T Tl 3 5 M HL I W WA A ) 2R P T A s 1
B, RV H LR HT S L AT AT

I
i
i IR
I
i

3 STATCOM AR HIHEE KR (R
Fig. 3 Phasor relation of STATCOM system (current leaded)



- 80 - @A &R B R

76 FL ) L S R EFAAZ IS, T STATCOM A8 i
%6 s TR A S AR, ] ORI F T B
JE AT 40 FL R P AR AR AL, LI 3] STATCOM
& B MRSk T D) B H )

2 STATCOM #itH B EMINER REUE

T AESEFRigqT, STATCOM AZ i il i v
T DA sk 25 B AR A R T G, DA L
SEMEHEATIE ], AT 2 RGN DL M R
SHOIYAAGI, T A T A H R R T S
XS R, R SEIIOGT L ke TR TR
IHRITCThZh 2 il DRI A SO B 52 A8 VAL A
o RN DR () R, M R GO0 DA TR i
AT I8 e R s AORCHERS H AT L H F R A A
FIAH A PR AR AR, 3 3 2 ¥ SRS Pt R s
SEHLRGE K

xR A, PRk,
ZA 48 L HRN A i e b e S 43 0 P A RO RD A A
71N X . PR AH 2 SIS FR A U S5 A f AR 5% 2 B 2
SR AT R S AR B2 2 ARG B TR ZE %
WA DR R DR R s, XN RS A D)
HLIE, KB M TCIh . B0 RS0 a A AT
NS HEANL 0°, W] LR R A

U, =U, )
j=[COS(0+j]Sin(p=Ir+j]i 3)
E=E/S 4)

A L LR AT DR D R 0 i
ot AT Ao AU O H PR R R 5 R IR I AR
G I AT AR, A5 W E G

Q) — @A), 3B HSZES . HEH7>
5

{EcosdzUs—er+XIi 5)
Esind =—-RI, — X1
GanEsE
E*=(U, —RI, + XI,)" +(RI, + XI,)’ (6)
tan5:M (7)
U,-RI +XI,

BRI Y RGN L Uy ES 8 R, X AR
i}, STATCOM Az il th FL s A3 20 fE E AIAH A
0 ML STATCOM Z 405 Hi W 2 [R] ity 26 145 e
Ty IR S R 23 TR . R R A S 2R
RTCTh DA . A8 G i s AR D 21 1 R
Z )y O &R ] R B KSR R, PRI R SCH
S E. o XIAEIIR. IR R .

2.1 W BEENAN RN REUE
H FL I J B T 45 HL I 5 STATCOM 2 [A] A7 )
RSV
P=U]I ®)
W ARG e, DL L ST D
R RIARN SR BEURE L ) R PO A 2 LI AR ATDX SR

JE LR .
i VAT B0 E R ThIh 36 P ¥ R
OE  OE
== 9)
oP U,
L EENOTEE
QEZ—{QR+IJR +X7) (10)
oP U.E

#i P 5 E RIS AR R s, RN AR R B
J¥ Rep H
P oE -ULR+I}(R+X7)

EP _E’ap— o2 (11)
U RAR A o XA DhEhE P IR EE R
a5 06
—=— (12)
oP Ul
(7153
o5 [USX+1i(R2+X2)]cos2§ 13
oP U(U-RI+XL) (13)

1 P AR R R, o JHSEbr A o8
(rad)#o, RNV RIBE Rsp 1
65 (UX+I(R +X*)]-I cos’s

Ry =P-—= 5 (14)
opP (U, —RI, + XI,)
2.2 MM BEN TR REUS
H1 /) 5 SATACOM . [H D Yy h
Q:Usli (15)

(I, F OGS TE D Bl R KA R A0 L
HH RO G I FELIAT PR SR BB S M AT O
ot R A AU E X TETh AR O IR

OE _ O 16)
o0 Ul
MR (6) 1321
a_E:USX+Ii(R2+X2) 7
o0 UE

# 05 E ARG AR IR, %R A R A
J¥ Req
0 oE UILX+I(R+X°)
RTE 00 E

(18)



MR,

#7455 STATCOM it L s 5% 2 ) R BBURE 23 #r - 81 -

it U AR A 0 XTE AR O I R
o5 95

= 19)
00 Ul
a7 2
@:_[USR—IY(RZ + X )]-czoszé' 0
0 U, (U, —RI, + XI,)

O AR LB RIR, o P B I
Fom, X RBE Rsq N
UR-I(R*+X?)|I,cos’ S
RSQ:Q.@:_[ ( ) . 1)
0 (U,—RI + XI,)

Rk, ZETEThIR P FICThINE O i, &t
K E R0 AN AR o B2 P AR 5 A
AP, O HIHIXFHA R AQ, WL 1M (18)
G E X D3RR ARG B AEpg h

AE,, =Ry AP+ Ry, AQ (22)

[k, HRAER MR Q) ATS AR 6 T

(PR A Adpg M
AS,, = Ry AP+ Ry;AQ (23)

3 REEITEERA

WA 1 PR RS K], A ST A &
528 h: R=0.05Q, L=1mH, U, =600V,
U=220V, f=50Hz. L STATCOM %% a fH A4,
ARG M R . STATCOM  Hir H H IR AH 2
STATCOM HLyAH & 433l ok

{Q2m4wv

E =240.76£—-1°V
1=66.990/87.7° A = (2.6876 + j66.937) A
DRI A3 2145 D) Dh 2 AT D) 2853 3 A
P=0.5913 kW
{Q =14.73 kvar
HONTE IR P FICThINR O MRS E
5 6 R/ANKIEEm, MRS P Al @ Horh— A28
FRB IR AR ) RS, A DAL
FEL A0 A8 AL N H P s R A )5 i P P 2R BB o
g Rk 1,
R ERBINNRBETEER

Table 1 Results of sensitivity calculation when current leaded
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