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A 10 KV static var generator based on a hybrid cascaded five-level NPC and H-bridge converter
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Abstract: A new hybrid cascaded static var generator (NHC-SVG) topology and corresponding control system are
established to address the shortcomings of the cascaded static var generator in the 10 kV power grid, such as large
numbers of components and a weak ability to withstand voltage imbalance in the grid. The NHC-SVG topology consists
of a five-level neutral point clamped (NPC) power unit and an H-bridge cascaded (CHB) power unit in a hybrid cascade
configuration. First, the modulation of the NHC-SVG is achieved by combining the nearest-level approximation
modulation with carrier phase-shift modulation. Then, based on the modulated output waveform, a mathematical model of
the midpoint potential of the five-level NPC power unit is established to identify the cause of the midpoint potential imbalance.
By adjusting the trigger angle corresponding to the level transition time of the NPC power unit and injecting a second
harmonic current, midpoint potential balance is achieved, thus establishing the NHC-SVG control system. Finally, taking
the voltage balance of the power grid and a 10% margin on the DC side as the design condition, a 10 kV/5 Mvar
NHC-SVG is studied and simulated. The results verity the effectiveness of the NHC-SVG and its ability to withstand grid
voltage imbalance greater than 4 while compensating for the rated current.
This work is supported by the National Natural Science Foundation of China (No. 52267018).
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cos| arcsin 3, , U .>3u;'Ic

8U,, "R
(33)
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BIRAMS . 2R, RS AFEEATE
) B AN P-4 (4038 B P T THTEAT SR L, AR Bl
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B Jg A5 53T o
4.1 NHC-SVG 5 EFES 3T 24
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u, (w/2) FHEERS, T LUR AT RESETE NPC D3 BTl
BERHEE, H NHC-SVG ¥ 4& Bl s 5 R HE S5
242 CHB-SVG — %, i CHB IR ¥ 0 H S %
JEf 3 AMRAE A u:ha (@)~ u:ha A - u:ha (/2) Wi A2 :

* * l
ucha (a) = ucha (ﬂ) = gudc

« [T 1 G4
Uy, (E] =U_ —gudc
B (344
u,, =§Um (35)
LA 10 kV. #MEZFEN 5 Mvar i,

JE PR LA X, BUE Y 0.08%, ] NHC-SVG

A FUR IR AE

V2u,

NG

A, u LR R A RE, W NPC ZhER BRI
B R A E N

N :%Um =14.11kV (37)

A 13 NPC ZhZe sy N B 2 3.53 kV,
AL KN 6.5 kV Y IGBT.

9 NHC-SVG Bt Ml H & AR B — 2 A =
1EH 3 A~ CHB D)2 BoG, Bl EFe 2 {EH 1 kV,
% 1.7 kV i IGBT, Il NHC-SVG EiRMZAH 10%
I .

2) ‘23 CHB-SVG #:Fk#%

FeFCHER[26], A4 CHB-SVG & HLi 54 2.5 kV
) IGBT, BB EESEU, BN 1.5 kV, HiR
I HE R R B 10% 104 &, TR AH 75 22 H M B3
M N

x (1+0.08) =8.82 kV (36)

v UL 38)
U

3) NHC-SVG 5 £ # CHB-SVG 281 E

Fifh SVG [ R Es F 8 N3k 2 Fiom . HIER 2
A%, AHELE$E CHB-SVG, NHC-SVG JT5¢ g8 i
B>, H 24 NEE IGBT fRE T 48 4~ 2.5kV 1
IGBT, #5uaa2KIRmD, A RT B i
4.2 EPEE RN FEREN M ST

TEIRHSE FL M R 5, S22, 7
il SVG i H X H R AP L D& L RE JIAN R . AR
TITE L AN P AT E DAARMEE 8 1R B 7 TG T LA
R, THEFRR SVG 7E HL X H AP PR i

= 2 T SVG BIESEBIXTEL

Table 2 Comparison of the number of devices of two SVGs

AR NHC-SVG J£#% CHB-SVG
IGBT 24 0
2.5kV [ IGBT 0 84
1.7kV 1) IGBT 36 0
M 60 84

HE 8 AJ%N, IS CHB ThZ o riifh =%
LU AT RN N gy, R B gy <1 29 A FE
WA B S AN 4657 51 21K CHB. T 8 8 70 AH 1] B s ~F- i
R, FFHEEu,, WARTHE R, . KB
WE AR B I 5 0, CHB Zh 2§ 0 BT 75 B I N
ﬁ;ﬂ:/%
Ulipae = U +U, (39)
K, U, N CHB ZhZ ool 2% HUE M IR1E .

PL NHC-SVG 5 24 CHB-SVG WFt ¥ fh ik
2t EAR R N 2648, %€ X NHC-SVG Bl H & $5
Ry EVS]

1 * *
= EUNPC—dc +Uchp.ac (40)

U;IHC—dC.min

6 L O S AN P s Ao == L R S T L )
SO A7 AE X FRVEDY, ¥ 5 BUE TE B —60° < 5 <
60°, I a AHHL L R oK o T SCHR[20] 0 1H
Jiik, K.+ 0 5 NHC-SVG H i % i /ME
Uniicaenmn Z ISR R WA 9()fir. [FEE, FF3C
Bk(27], 2 AXGDHw, v 1, WAGEDNE
CHB-SVG S HIUAH 8] FHs AN - 428 1] e 75 2202 N 1)
THFHEE. K, 6 52 CHB-SVG HinflH#
FE 5 ME U lsyoaemn 2 ARG R UTE] 9(b) AR

M 9 AL BEE K K, 24650800 I E
MR FE AR, P S N 0%, M U demin ~
Ucsvoaomn 13 K, ZIRIFIRRUNE 3 Fion. B, 4
0 NO°HF, NHC-SVG ELJifl e i 45 418 Je 3 KJn
W, K, N 2.9 B, NHC-SVG BN L K464
HIE R KME N 10.01 kV.

BT ACHEGIEI &4, NHC-SVG Him
JE°410.05 kV, £ £ CHB-SVG H.iit HJE AN 10.5 kV.
XTHEEE 9 FIER 3, NHC-SVG 7E K, /T 4 B35 mT LA
i AT M R, PR BARTE LRI 52 K, BE KT
HL, XE RS H K /NT 45 A CHB-SVG A
RETE K, /NT 0.28 I A AT DU HHARE #MEE FLIR,
B Usvodenn 29 10 580 Vo
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Table 3 DC side voltage instruction values of two SVGs

k, Uncom!  Uiscum! | g Vs Ulmouns
\Y% Y \Y% \%

0.3 8952 10 700 2.5 9789 14 650

0.5 9358 11 540 2.9 10010 14 890

1.0 9111 12 900 3.0 9559 14940

1.5 9208 13 720 3.5 8882 15170

2.0 9488 14 260 4.0 9130 15350

5 {nEE

NIGAIE ST NHC-SVG S5 43 #r (145 3%
4, 3T Matlab/Simulink B4FE 57 10 kV/5 Mvar
S0 NHC-SVG 1l AR . £ 18 SVG A LI
T FEL DX P B G BT 7 i T R R IR TR K, BRIER
FHAME FL UL F H P R IS AT B R ERIE
NHC-SVG i fil] S 4z il A 2, 53 Hr oot ey
F AN PRI B, LA HL R A, s~ 46 AR FL

HLE AP RS L R T AR, K NHC-SVG
FEE: CHB-SVG #HATX EL#r, BiE NHC-SVG
AR . PR AME ESE R 4 Fos.

= 4 BMRIMAESHE

Table 4 Simulation parameters of two topologies

ZH NHC-SVG S CHB-SVG

FL T 2k L R A B KV 10 10
B A M2 B/ Mvar 5 5
L AME B R (/A 408 408
CHB # il #i % /Hz 1000 400

BRGS0 6100 5600
CHB THH) 3 7

T HATT RS SO /mE 5.08(10%) 5.08(10%)

CHB HJit L E45 4 {H/kV 1 1.5
NPC E i B ETE A E/KV 14.11 —
FL PP L AN S48 P 1 0.3
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