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HC-SVG phase-to-phase voltage balance control and DC voltage value analysis to
compensate for unbalanced loads
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Abstract: A hybrid cascade static var generator (HC-SVG) composed of neutral-point clamped (NPC) and cascade
H-bridge (CHB) power units produces phase-to-phase voltage imbalance when compensating for unbalanced loads. To
address this, a phase-to-phase voltage balance control method for the CHB power unit is established based on zero
sequence voltage feedforward. The DC side voltage value of HC-SVG after zero sequence voltage injection is analyzed.
First, the relationship between the fundamental voltage component of the CHB power unit and the output fundamental
voltage of the HC-SVG is analyzed. The zero-sequence voltage required by the phase-to-phase voltage balance of the
CHB power unit when the HC-SVG compensates for unbalanced loads is deduced and zero sequence voltage feedforward
control is established. Secondly, the constraint relationship between the degree of compensation current imbalance and the
HC-SVG DC side voltage is discussed based on the analytical relationship between zero sequence voltage and
compensation current. Taking a 6 kV/3 Mvar device as an example, the value of the DC side voltage is analyzed and
compared with the star CHB-SVG. It reveals the characteristics of low DC voltage required by the HC-SVG when
compensating unbalanced loads. Simulation results show the effectiveness of clustered voltage balance control and DC
side voltage value analysis.
This work is supported by the National Natural Science Foundation of China (No. 52267018).
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3.2 EHIKkE
i B % HC-SVG ELAL M o R 8 Al HEAT 1
5, H5E8 CHB-SVG #HTXTEL, FHIFEASH
mE 1 s
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Table 1 Example parameter

ZH A
FL Y 28 R RUE KV 6
FME 25 B /Mvar 3
E AMEE FLIR I B/ A 408
JEI FL AR A5 R R /mH 3.05
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N[-90°,30°], K, IEUE N[O, 0.6]i, HC-SVG Ff
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Fig. 5 Relationship between the minimum DC voltage of
HC-SVG and K, and ¢

EWET 1, Bly=90°, H4&0020)M(21), AT
3 2#% CHB-SVG I ZH K uy,, N
u,,. =U, cos(at)+ Ll cos(mt)+
wLK I, cos(wt +¢—90°)+U, cos(wt + ¢,)
Uy, =U,, cos(wt —120°) + wLl, cos(ewt —120°) +
wLK I, cos(wt + ¢ +30°)+U, cos(wt+@,)

Uy, =U,, cos(wt +120°) + @Ll, cos(at +120°) +

wLK.I, cos(wt+¢@—210°)+U_ cos(wt+@,)
(35)
AT DL =AM FL R A /N T30 € FRLIR IR AE 1,
RNLREAE, R, B3z CHB-SVG —AHFME
TEVEB T L P AEREREBIRNT oLl , Fik
S8 CHB-SVG B M A EBUE U sy 9 AE 2
Utisvose SNZ2+U+2ZU,cosp,  (36)
oy,

U - -U,,K;cosp
" sing, +K; cos(g, )

2K, sin@cos @ —cos @ (37)

@, = arctan > .
K, cosgp” — K, sinp” —sing

Z=U, +oLl,

LA C FHAME FRLIRIA B4 e IR A B, 4
o MEBUE N[-90°,30°], K, THUE N[O, 0.6]FF, K
FASE 55 AT 43 2 8% CHB-SVG B M Lk f%
MEU g svoaemn 3 Kiv @ IIRZR, W0IE 6 FT7R.

HE 5 fE 6 MTLLEH: BEE K IEK,
HC-SVG 5 24#% CHB-SVG ELJi N H & 45 A BT
B4R RN, 24 o S-30°mF BLM oL 58 A B k.
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Table 2 SVG DC side voltage command value

L Ui svosemn/ V Uchmsvoenin |V
0.1 5340 5579

02 5408 5997

0.3 5491 6593

04 5602 7472

0.5 5762 8826

0.6 6012 10 990

2 iAL, fE=M RSP TS, B
CHB-SVG Hit Ml & 75 K i =T HC-SVG.
3.3 HC-SVG 52 # CHB-SVG RIE I %fLE
HETF ARG, 4RGN HC-SVG 5 2 #
CHB-SVG 17 FLAME fig J1 347 X B o AT
1) APl R AR e B R R UE, LR
HC-SVG 5 £ 2 CHB-SVG #ME A1 F IR I BE
YA FE A A PATR, SVG R B AME
IEF LI & i SVG N7 H EIEE A 0,
LI 1 Fiansontl, 2T Ree)F(36), m#
SVG B HL R F8 2 Ugyqe 10 /2 2
Usvoso =U, +oLl =U_ (38)
TEAZEMEMTEN T, SVG i+ R
BN
U, =U, x(1+0.15)=5.63kV (39)
B HC-SVG 5 £ #: CHB-SVG EL.ii LM 4
H3¥8 5.63kV, HE 5 5K 6 Al%1, HE HC-SVG
[ K, KN 0.42, 24 CHB-SVG 1) K, 8K 0.1,
B, RIE SVG Wit R EAME IE 7 Ih 7 &,
HC-SVG 15 B 5 5 (1) 57U I AMEERE ) -
2) fRHE AT S B A AR T B R EUE,
¥ HC-SVG 5 E # CHB-SVG Hifit LRI TR
M =M GERASTHTIN, SVG 75 AM 2 =41

R S 7T &, DLK 0.4, @ HX-30°. C
AHAME2 LR (LA B3 B iR A o, eIl 5 Fp
6 m‘f% U:IC»SVG—dc.min y\j 5602 V’ UéHB—SVG—chmin y\j 7472 V°
HEI R, AMEERAFEEHENBLT,
HC-SVG M#: T2 4% CHB-SVG, W RABKHE
LA B P M AN AT £ 28K

4 {HEIE

AR Matlab/Simulink 237 HC-SVG 1)
HAAGAT U B b, BAARSHINR 1 Fos. &K
A (26) 7] #3 HC-SVG BEM L EA 5602 V, #kHE
(22)AI1§ NPC D&y Bl s R BUE A 7053 V,
W HE(24) T 453 CHB B HL %4 2130 V, ££ CHB
DR B Ia I B A h, RRAH HH 3 A H PR ER A A%
MAEEAS H MrBidds 258 710 V.

SR 6 FH T o Tl 4 1) 1 2, HC-SVG
fE 0.85s A A REAMEIE R CII IR, 0.85s 4
AT, KA 0.4, ¢ ~-30° [, M
SO UFZEVE 00T B o R BUE AT A, HL
y=90°, I =1, &&XGHWTE, I, N2914A,
I N 11656 A, — FH #b £ #2311 18 18 2 51 A
254.03 A, 254.03 A. 408 A.

Kl 7 8 HC-SVG i B ¥, Bl 7y —=tHHEM
R, B 7(b) A HC-SVG = AHHME BRI,
75 E A o = A AME IR TR AE 2 N 256.5 A
2603 A, 419.6 A, i BEAH SHEBIIEIIRZE SN
0.9%. 2.4%. 2.8%. & HC-SVG i FARAL
T I L0 B L H DAL Thal ke, C AHZEE
TR IS K TAME L IRAUEE 408 A, 7(c) N
TR A RT IS T CHB ThER BooHH A) B
HEIE, 0.85s EANTFHNE, CHB IIFEH T
iR H MR B R R e TR A
710 V. M A B A1 AT E 7 H A s |
1) HC-SVG 1 HI Y, TiBFMES5E 7 #8F, HE
AV(d)RTED, BT GoA () B e ~P s 321 52 PO
P TE W, HC-SVG M FEL AT A AR ] L
ST i [ 3 P

Kl 7(d)~ NPC D& nE M B EEIE, B
7(e) AR 2020V M= (2 1) it B AT 152 7 Ha s B i %
B B LR B u, 5 R G SEBRE N E R B
T RS Sy B, —F BB, BIETE=
AH RS T8 225 R AU i (A 2k
Bl 7(f) 8 HC-SVG {EANF 7 U Ja =AM S % i
JEBETE, HoAH R IEAE 1 B K AR N 5509 V, BRI
BN 5602V, R%EN 1.74%, Mt A TR A2 A
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Fig. 7 HC-SVG simulation waveform diagram
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Table 3 SVG DC side voltage simulation value

HC-SVG CHB-SVG HC-SVG CHB-SVG CHB-SVG/

ShMEN AN RE % R#%/%  HC-SVG
0.1 5301 5543 0.71 0.64 1.04
0.2 5329 5949 1.46 0.8 111
0.3 5398 6497 1.68 1.45 12
0.4 5509 7368 1.66 1.39 133
0.5 5668 8719 1.63 121 1.53
0.6 5923 10 890 1.48 0.99 1.84
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