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3N+1 and SVM Fault-tolerant Switching of CHB Inverter
ZHANG Ying,ZHU Jie, WANG Ning, TIAN Shiwen, CHEN Qu
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Abstract: Switching device of multi-level inverter once the fault occurs, and it will cause the output voltage
asymmetry , system operation burden increased and other adverse effects. The 3N+1 redundancy and space vector
modulation (SVM) was applied to the multi-level cascade H-bridge (CHB) inverter to realize the fault-tolerant
control of the switch failure, balanced DC offset caused by the fault, and stabilized operation of the inverter.
According to the different switch fault typesinvalid space vector distribution, judging whether need to insert
redundancy and whether the redundancy units play the role of DC voltage, and then the valid switching states were
selected to control switches on-off balancing line-to-line voltage and load voltage. The proposed scheme can
improve the maximum output voltage and reliability of the fault CHB inverter. The results of simulation and
experiment verify the effectiveness of the proposed fault tolerance strategy.
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Fig.1 CHB inverter topology structure
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Fig.6  Fault-tolerant topology structure
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Tab.2 Maximum output voltage of inverter output

5 B A B CH U, o
1 #F, 0 0 2xV3
2 #F, 0 0 2xV3
3 F, F, 0 1.5%xV3
4 F, F, 0 1.5%xV3
5 *F, F, 0 1.5%xV3
6 *F, F, F, 1.5xV3
7 F, F, F, 1.5%xV3
8 F, F, F, 1.5%xV3
9 F, *F, F, 1.5%xV3
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Fig.7 Reference vector and space vector in g—/ coordinate system
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80 0
<
#
=
=
Z
1
=)
K
2
#
2
"
&

0 0.01 0.02 0.03 0.04
tls

19 a kHFN b AR IE I A 2B F S 14 v He g B
Fig.9 Voltage waveforms of @ phase and b phase occure F, type fault
YA R HROR DL 4 I AR R A%
it Bl I P TT SRS IR B RGeS B, IR 8 &
A5 Z AR R A EORAR L 5 SOIRBL 6 PR
THL T AU JINE] a A1, HI0A 2502 ) R 4, s



¥, 5 .CHB# & B 3N+15 SVM &4 ik

WA 20205 H50% F 124

10 178 o
80 7 7

" bt

0.03 0.04

.04

L | .
0.01 0.02 0.03 0.04
tls

FE10  atfi A F 2S00, b AR AR 2 E B e TR
Fig.10 Voltage waveforms of a phase occures F, type fault and in

the same time b phase and ¢ phase occure F, type fault
4.2 ELIIHIUF

5 38 5 0 BRI B RE LAY . B L TR
M2k 30 'V, %) = AH G 3 R 50 QHLFH . BEAR,
1 FH TMS320F2812 S B AT 2 H3 i) ) il e . 5K
ek BAnE 11, B 12 s

B RR T a A b AR I A 2E F, 2 e st
3007 i i A PR R LR . DR 2R R E Y
THEE R G AR S5 E MY A

- Wiadnn |
§|\Hﬂ 1 LI
i Mﬁ.” i‘#"f'“ o

t/ms(10 ms/f%)

11 atfl, b AR R AR F 2800 Y 1 i S 3G B
Fig.11 Voltage experimental waveforms of a phase and

b phase occure F, type fault

BI12 R a &4 F 2000, b HHAT e AR F,
5 WA 3 7 2 i R R R 2R R . R R A
R R IR INE] a A0, HLAEL 4K FL 2 M 7R /N T —
AR I G o 7EB A N R BUE 48 1Y SVM .
o BARZIE, U U Bk R 0 I R
Ao E23RE S R I0E T BT BE 0 IR
M IE SO EEERE10M A . HAh, B 12 A G
PR 1 25 FiE 3 2 FE SIS TG ML R 4K P28 0, X A
HER P EAEEN.

Uy u, u

WL N o

FEDBERCAEL EUAEY

FHHLE/V (20 V/H)

t/ms(10 ms/f%)

ZEHLE/V (40 V)

t/ms(10 ms/f%)

12 atRHEF MO, bRIF o AR AR By S i L SIS
Fig.12 Voltage experimental waveforms of a phase occures
F, type fault and in the same time b phase and c phase

occure F, type fault

5 %%k

-2

AR SCHEFE T 3N+ J0A il SVM B 7E AH e
A TF YT . 207 R RENE7E CHB 36 A5 25 2.
Rl o o 5 o i B BT T A, R R IE W a8 41
AN O 2 ) SR 5 24 396 725 25 22 A HE B [R) 2 A
WIS, 45 3 TUA PRI R 5 B+ U, 38— U A F
IO P B AR A B8 0 A 802 ) O o 2, 4 v i
W RS, BERRA RUTT SRS AMEE T JF 6 ik
B 53 A 1) L O I B, S A7 A L R L 4% el R £ 2
L, AR AR R 1) TAE . AR SO O R H
RO 4 I T R o B AR B o T e i P R
I e KB H P R LT N 32 e s S A (i 5
P T CHB AR TS | By 1F T R 2l s
B AR T T ARG o 7 BN S G 25 SR R B
BEI CHB Wi AR R4/ RE RS AR A2 (032 1T, TIESE T
05 REI A PR M . RS S TP RS

25



LA

AfEF 2020F £50% F 124

K%, % .CHB# % £ 3N+1 5 SVM 54843k

o HL - CHB A8 85, 78 Tl I B — s 1Y
FAXIERS

(4]

Sk

TR, ARG RS, AF . SHOF HAF KT AS 2R 0]. T
FARAR . 2011,26(5) : 78-82.

AR W, 2R L — i BT O HRR R 5 2 A
PWM Jik o A5E AU [T]. v [ s L T A& 24 4, 2010, 30(27) : 96-
101.

SRV R BHZTAR, X5, 45 . T Ha 70 i B 42 1l ) H AT 2 06¢
HU 305 7% 25 B AL VR ) k(9] H T R 241, 2013, 28(2) ¢
212-218.

RTHE, IR R TR, 45 . 2 0] 2% het ik 5 T o) A sl g
B A% LA R (A SR [I]. AR . 2013,37(2)
568-574.

ks KRR AL, A L T G B R S )OS s A L A
TG 45 XL A L AL RS ) SR W [0, v T ML TR AR
2011,31(15) :8-14.

[6]

[7]

[8]

[9]

[10]

[11]

TLHHN , 2SR AR, 45 L Bl 2 L P4 (0 A A 9
Tl A [D). LA, 2014,38(9):2497-2513.

VLA RSO, FE , 45 b = r P P s B3 A 5
SRR L] I R A, 2014,38(7) :88-94.
Parvin M, Hamid M, Reza. A Fault-tolerant Operation of Cas-
caded H-bridge Inverter Using One Redundant Cell[J]. IEEE
Power and Energy Conference at Illinois,2015,15(3):1-5.
Mingyao M, Lei H, Alian C, ef al. Reconfiguration of Carrier-
based Modulation Strategy for Fault Tolerant Multilevel In-
verters[J]. IEEE Power and Energy Conference at Illinois,
2007,22(5) :2050-2060.

SR . 2 P 3908 F AR K R M. AL 50 HUARCT At it
#t,2007.

Wei S, Wu B, Rizzo S, et al. Comparison of Control Schemes
for Multilevel Inverter with Faulty Cells[J]. IEEE Industrial
Electronics Society,2004,30(2) :1817-1822.

WeE H I :2017-11-29
& 2R H 3 :2019-01-22

3333333333333 3333I3IIIIIIIIIIIIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIIIFIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIFD

(EEFH20R)

[5]

(8]

[9]

AP . T G0 T e AR 2 9 G R I I K B R S5 (D).
R B RIS R R, 2013.

Ribeiro H, Pinto A, Borges B. Single-stage DC-AC Converter
for Photovoltaic Systems[C]//IEEE ECCE,2010:604-610.
Abdelhakim A, Mattavelli P, Davari P, et al. Performance
Evaluation of the Single-phase Split-source Inverter Using an
Alternative DC-AC Configuration[J] IEEE Transactions on
Industrial Electronics,2018,65(1):363-373.

Tang Y, Wang T, Fu D. Multicell Switched-inductor Switched-
capacitor Combined Active-network Converters[J]. IEEE
Transactions on Power Electronics,2015,30(4) :2063-2072.
Li K, Hu Y, loinovici A. Generation of the Large DC Gain

Step-up Nonisolated Converters in Conjunction with Renew-

26

[10]

[11]

able Energy Sources Starting From a Proposed Geometric
Structure[J]. IEEE Transactions on Power Electronics, 2017,
32(7):5323-5340.

Abramovitz A, Zhao B, Smedley K M. High-gain Single-stage
Boosting Inverter for Photovoltaic Applications[J]. IEEE Trans-
actions on Power Electronics,2016,31(5):3550-3558.

Xiao B, Hang L, Mei J, et al. Modular Cascaded H-bridge
Multilevel PV Inverter with Distributed MPPT for Grid-con-
nected Applications[J]. IEEE Transactions on Industry Appli-
cations,2015,51(2):1722-1731.

ks H #1:2019-12-30
&850k H 11:2020-03-25





