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Communal redundant structure and fault-tolerant control strategy for

power electronic transformer

HAN Jiexiang,ZHANG Zhe,XU Kehan, YIN Xianggen
(State Key Laboratory of Advanced Electromagnetic Engineering and Technology,
Huazhong University of Science and Technology, Wuhan 430074, China)
Abstract: PET (Power Electronic Transformer) contains many power electronic devices,the failure rate of its
submodules is relatively high,which seriously affects the reliability of power supply. To improve the reliabi-
lity and fault-tolerant ability of cascaded H-bridge PET,combining with the structural and operating charac-
teristics of cascaded H-bridge,a dual-submodule communal redundant structure is proposed. This structure
switches the connection mode between the two redundant submodules flexibly through bidirectional switches,
and can realize the standby function in the case of any single- or dual-submodule fault inside PET. Based
on the novel redundant structure,the fault-tolerant control strategy and mode switching logic of the redundant
structure are proposed,and the operating reliability and manufacturing cost of PET with different redundant
structures are compared.

Key words:power electronic transformer;cascaded H-bridge;redundant structure;fauli-tolerant control;reliability
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Table A1 Mode switching example of redundant structure

(e 1 2 13 i 4
Bs S; Sz S; Sy Ss S¢ S7 Sg S¢ S Su Sw
Gao 1 0 0 0 1 0 1 0 0 0 0 1
Gpo 1 0 0 1 0 1 0 0 1 0 0 0
G 1 0 0 1 0 1 0 0 1 0 1 0
Ga 0 1 0 1 0 0 0 1 0 1 1 0
Gt 0 1 0 0 1 0 0 0 0 0 0 0
Ga 0 1 0 0 1 0 0 0 0 0 0 1
Ga 0 0 1 0 0 1 0 0 1 0 0 0
G2 0 0 1 0 0 0 1 1 0 1 1 1
G 0 0 1 0 0 0 1 1 0 1 0 0
G 0 0 0 0 0 0 0 1 1 0 0 1
G 0 0 0 0 0 1 1 0 1 1
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e

(c) BEAIF S,
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Fig.A2 Operation state diagram of redundant structure
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Table A2 Failure rate and cost data of PET components

Tt WA AT VKV H A%
IGBT ¥t 0.000876 4200 33 AUE B 200 A
TR 0.001752 90 3 FLZ¥E A 3000 pF
AR IR 2% 0.004643 6000  1.9/0.75 HEZEN 0.25kV-A
FHHEIFR 0.0006 600 3.3 BUE HTA 200 A

BS 0.0012 3000 33 U HLRN 200 A
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Table A3 Simulation system parameters
iS4 HE i HZ4 il
PET HiEsi®/ (MV-A) 15 PET i AC HLE/KV 10
PET % DC HJE/V 750 PET Ar i i FJs/H 0.02

B TR AL N 5 HB fa & L2 /uF 3000
e AL T 2548 HE 2.53 DAB i tH .75 /uF 4000

Uge/pu
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Fig.A6 Redundant module function under low voltage ride through operating conditions

I|'|'|'|'|'|'|'|'|'| OWWM
11111 11
W

IS N I A M———
0.150.20.250.30.35 0.4 0.150.2 0.25t/0.3 0.3504
S

io/pu

irml/pu

iaA/ pu

)
PORRPRORRFPORRE OR

Umo2/PU  Uaa/PU  Ummor/PU Ugo/pu

irm2/plJ

1l
]|
t/s
(a) T A% T H (b) T TR IR

E A7 EEXNFRREPE T FHR s OB E R R
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