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Fault diagnosis method for cascaded H-bridge multilevel inverter

YU Jingrong, ZHANG Gang, QIU Juncheng, WANG Yishuo, SUN Jianwen
(College of Automation, Central South University, Changsha 410083, China)

Abstract: A fault diagnosis method based on level-shifted pulse width modulation ( LSPWM ) technique
was proposed to diagnose the switch open circuit fault of cascaded H-bridge multilevel inverter. The out-
put characteristic curves of H-bridge output voltage, load current and driving signal were analyzed direct-
ly. When part of the driving signal is disconnected, the corresponding current and voltage have partial
loss and fluctuation so as to deduce the corresponding relationship among the three in the case of failure.
According to the direction of modulation wave and load current, the system was divided into four working
modes, and faults were diagnosed in the specific mode. The characteristic curve of load current crossing
zero was analyzed in order to identify the fault of diagonal switch in H-bridge. Compared with the existing
methods, the fault range of the proposed method is extended to double tube fault based on LSPWM, and
by the diagnostic logic it is easy to understand without additional hardware circuits. Simulation results
show correctness and effectiveness the proposed fault diagnosis method.
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Fig.1 Circuit topology
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Table 1 Relationship between v, and S,

v S, S, S S, S S S, S
20, 1 0 0 1 1 0 0 1
U, 1 0 0 1 0 1 0 1
0 0 1 0 1 0 1 0 1
-U, 0 1 1 0 0 1 0 1
-20, 0 1 1 0 0 1 1 0
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Table 2 Fault condition

5 [l 5 [
1 S, il S 9 Syl S5t
2 S, I S 10 Sy 1 S,
3 S, M S, kB 11 Sy 1 S, kB
4 S, 1 S ke 12 S, il Sg ikt
5 S, il S, i 13 S, S,
6 S, 1 S b 14 S, 1 S b
7 S, I S, dh s 15 S, S, dh
8 S, Hil Sg iz 16 S, il Sg ke
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Table 4 List of fault characteristic

WBE Vuae e Paee e G1 G2 G3 Gy G5 Gy Gy Gy
SieMS,e 0 1 0 1 01/00 1 0 1/0 0 1
S1ocMSee 0 1 1010 0 10 0 1 0 0 0 1
SieMSe 0 1 0 1 1 100 1 0 1 0 1
S M Sg,, 170 10 10 170 0 0 O 1 1/01/0 0 O
Sy Ss, 10 1 0 1 0 0 1/01/0 0 1/0 0 1
SpeMSge 120 1 0 1 0 0 1/01/0 0 0 0 1
SpeM Sz 1010 O 1 0 0 1010 0 1 0 1
S2e M Sgee 170 10 10 1 0 0 1/01/01/01/0 0 0
S3cfMSsp 10 1 0 1 0 1 0 1/0 0 10 0 1
S3cMSee 100 1 0 1 0 1 0 10 0 0 0 1
S3cMSsp 10 1 0 1 0 1 0100 1 0 1
S3cfMSg 0 1 10 1 0 1 0 1/01/01/0 0 0
S4ocSs0 10 1 0 1 1010 0 0 0 1/0 0 1
St See 10 1 10 1/01/01/0 0 0 0 0 0 1
Sgocf1S;, 10 1 0 1 1010 0 0 0 1 0 1
St M1 Sgpe 10 10 10 10 1 0 0 0 1/01/0 0 0
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Table 5 Simulation parameters

ZH HfH
HRAE U, /V 40
I £ ( =1/T,)/Hz 50
A £, /kHz 3
B PR HLER L, 9.5 mH,0.35 Q
B AR HA C; 10 mF,0.03 Q
HMHEE C/mF 20
Lk kR e 0.9
ARkt Z,/Q 8
FLFRFRLL 8 T 1 55 K, 0.1
IR 27 K, 4.5
HLLER BT 3 27 K, 0.01
HL TR T 3 25 K 0.01
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Table 6 Diagnosis time of all faults

N il gz Fsf LW N [N LW - T B s Wit . 4] 2 Wit
[ ‘ ) 3¢5 ) , [ ) i [ ‘ i
[&]/ms [a]/ms [&]/ms [&]/ms [&]/ms [&]/ms [a]/ms [&]/ms
6 0.118 6 4.109 6 4.111 6 0.117
6.5 0.119 6.5 3.611 6.5 3.611 6.5 0.113
Slm- *H SSn(: SZoc *H SS(»c S3n(: *ﬂ SSoc S40t *H SSn(:
7 0.114 7 3.117 7 3.115 7 0.115
SEYIE 0.1170 eI 3.6123 SEYE 3.6123 SEHE 0.1150
6 4.117 16 0.117 16 0.119 6 4.116
6.5 3.614 16.5 0.120 16.5 0.119 6.5 3.614
Sioe M Sge S0 F S S300 FM S Soc M Sg
7 3.113 17 0.117 17 0.117 7 3.116
FHME 3.6147 FHE 0.1180 P 0.118 3 FHE  3.6153
6 4.118 16 0.115 16 0.118 6 4.114
6.5 3.616 16.5 0.115 16.5 0.115 6.5 3.611
Sioe M S70 S0 M1 S5 S300 M1 S5 Syoc MM S7,
7 3.112 17 0.118 17 0.115 7 3.120
SEHE 3.6153 SEHE S 0.1160 SEYE S 0.116 3 SEEME 3.6150
6 0.117 6 4.114 6 4.113 6 0.111
6.5 0.110 6.5 3.615 6.5 3.619 6.5 0.110
Slo(: *ﬂ S&w SZU(' }ﬂ S&n: SSm' Eﬂ SSm- 5400 *ﬂ S&n-
7 0.112 7 3.115 7 3.109 7 0.117
A 0.113 FHE 3.6147 EHE 3.6137 T 0.1127
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