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Optimization of voltage zero crossing switching strategy for

SL-ANPC inverter considering snubber circuit

JIANG Linfei, XIAO Fei, HU Liangdeng
(National Key Laboratory of Science and Technology on Vessel Integrated Power System, Naval University of Engineering, Wuhan 430033, China)

Abstract; The topology of SL-ANPC( five-level active-neutral-point-clamped ) converter has a simple structure, which can be directly supplied

by the common direct current bus, and is easy to realize energy feedback. It is very suitable for the 5 ~ 10 kV propulsion variable frequency speed

regulation in the integrated power system of ship. The topology and basic working principle of SL-ANPC were briefly introduced. Based on the

analysis of four commutation circuits of 5L-ANPC topology and considering the assembly and adaptability of the snubber circuit, a single capacitor

integrated snubber circuit was designed. The over-voltage problem of internal switch in SL-ANPC topology with snubber circuit using traditional

voltage zero crossing strategy was analyzed and an improved output voltage zero crossing switching strategy was proposed , which ensure the safety of

switching device and avoid the abnormal voltage jump. The effectiveness and correctness of the improved strategy are verified by simulation and

experiment.

Keywords: 5L-ANPC; frequency converter; snubber circuit; commutation process
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Tab.1 Switch state of single bridge arm of inverter

S S S Veo ixp Ly TR

s
0 0 0 -2F 0 0 A\
0 0 1 -E 0 i, Vi
0 1 0 -F i, -1, V2
0 1 1 0 i, 0 V3
1 0 0 0 i, 0 V4
1 0 1 E i i V5
1 1 0 E 0 i, V6
1 1 1 2F 0 0 V7
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Tab.2 Switch states in switching process

between V2 and V4

RE S S S Sy S 5 S Sy

V2 0 1 0 1 1 0 1 0
VM1 0 1 0 0 1 0 1 0
VM2 0 1 0 0 1 0 1 1
VM3 0 0 0 0 1 0 1 1
VM4 0 0 1 0 1 0 1 1
VM5 0 0 1 0 0 0 1 1

\Z 1 0 1 0 0 0 1 1

R3 VIHEVS PR ERFRRE
Tab.3 Switch states in switching process

between V3 and V5

RAS Ss S) S5 Sy S, S S Sio

V3 0 1 0 1 1 1 0 0
VM6 0 1 0 0 1 1 0 0
VM7 0 1 0 0 1 1 0 1
VM8 0 0 0 0 1 1 0 1
VM9 0 0 1 0 1 1 0 1

VM10 0 0 1 0 0 1 0 1

V5 1 0 1 0 0 1 0 1
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Tab.4  Switch states in switching process between V2 and V4

RE S S S Sy 5 S5 S Sy

VMNI1 0 0 0 0 1 0 1 0
VMN2 0 0 1 0 1 0 1 0
VMN3 0 0 1 0 0 0 1 0
VMN4 0 1 0 0 0 0 0 1
VMNS5 0 1 0 0 0 0 1 1
VMNG6 0 0 0 0 0 0 1 1
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Fig.9  Current path of switching process between V2 and

V4 after improvement
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Tab.5 Switch states in switching process between V5 and V3

RKE S S S Sy S 5 S Sy

VMN7 0O 0 1 0 0 1 0 0
VMN8 0 0 1 0 1 1 0 0
VMN9O 0 0 0 0 1 1 0 0
VMNIO 0 0 0 0 0 1 0 1
VMNI1 0 1 0 0 0 1 0 1
VMNI2 0 1 0 0 0 1 0 0
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Schematic diagram of simulation model
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Tab.6 Key parameters in simulation model

2R Bl 28 Bl
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RPN T, 1 ms fEEHE R 9.68 Q
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