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Fig.1 Schematic diagram of transformer-less three-phase three-level V2G system
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Fig.2 High-frequency common-mode equivalent
model of transformer-less V2G system
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common-mode voltage

BRI IR PONATIES AR
000,PON,PNO,OPN, ONP,NPO,NOP 0

PNP,PPN,NPP,00P,0PO,POO Us/ 6

NPN,NNP,PNN,0NO,00N,NOO -Uu/6
PPO,POP,OPP Us/3
ONN,NON,NNO -Uy/3
PPP Up/2

NNN ~Uu/2

H % 1 AT, = = T RGeS R R
+Up/2 +Uy/3 2U,/6 A1 0 36 7 AN & UL AE
WS V2G R0, R 1 $& i R ) =8 DL R s i
FLT IS O & i BRI A /N R & R B
KR I HIF e shVEf /D ay i il oy =X, R ey -L B
3 SVM Bk | DLSEIAE [R) 55 19 JF DG A0 5 i 1 O 3 i
BN HB, Bl E 4 mTLUE R R H 2
T, R AR R R Tk U /3, X AR E
V26 2T , 275 il KT VDE-0126-1-1 [H
B 7 1) AR L 3t (CEESR AR B IR T 300 mA, H T
B B b 0% A AR B AL V26 AR H I A A o
PRI o AR S A B 5 78 S FR I Do g S A5 e s 7
s R A A O ) AR H U R T 300 mA | W) 20 FE
0.3s BN ) i M TAER A JARAE N B g2 4000

300

s
=300
0.6

.6
020 0.25 030 0.35
t/s

B4 EE=RTESVMBEEREEERERE
Fig.4 Simulative common-mode waveforms of system
by traditional three-level SVM algorithm
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Table 2 Comparison with traditional SVM algorithm
for common-mode voltage suppression
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Table 3 Switching sequence of sector-I by traditional

SVM algorithm and five-segment SVM algorithm for
common-mode voltage suppression
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Fig.5 Simulative waveforms of system by
five-segment SVM algorithm
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Table 4 Comparison with traditional SVM algorithm
for common-mode voltage suppression
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Common-mode current suppression based on space vector modulation for
transformer-less V2G system
YAN Xiangwu,XIAO Zhiheng
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University,,Baoding 071003, China)

Abstract: A high-frequency common-mode equivalent model is built to determine the common-mode voltage
sources and the five-segment SVM (Space Vector Modulation) algorithm,an improved SVM algorithm with
optimized switching sequence of three-phase three-level V2G (Vehicle-to-Grid) integration system and without
redundant vectors,is proposed to effectively suppress the common-mode voltage. Since the neutral-point
potential imbalance of V2G system may limit the effect of common-mode current suppression,two control
strategies are proposed to balance the neutral-point potential. In the strategy of control algorithm,the virtual
space vector modulation (NTV?) is introduced to exclude the redundant small vectors with larger common-
mode voltage outputs to guarantee the common-mode current suppression effect;virtual small vectors and
virtual medium vectors are redefined to form a new virtual vector space,for which a mixed modulation
strategy based on different small regions is proposed to fix the switching frequency;and the neutral-point
potential is balanced by controlling the average neutral current to zero within one switching period. In the
strategy of topology improvement,the five-segment SVM algorithm is applied to suppress the common-mode
current; H-bridge (or equivalent single-bridge) balancing circuit is introduced at DC bus and its working mode
is selected based on the offset direction of neutral-point potential to adjust the capacity of DC link
capacitor for suppressing the neutral-point potential offset;and a voltage-error hysteresis loop may be set to
further enhance the universality and robustness of this strategy. The correctness of theoretical analysis and
the proposed two control strategies is verified by simulation and experiment.

Key words: transformer-less V2G; common-mode current; neutral-point potential balancing; new virtual

vector method; H-bridge balancing circuit; coordinated control



