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Abstract: To achieve efficient and reliable interconnection in bipolar DC distribution systems, a novel fault
tolerant quad active bridge (FT-QAB) converter featuring low power conversion stages and its operation control
strategy are proposed. First, the operation control strategy for the FT-QAB under normal operation conditions and
the fault reconfiguration operation strategy under pole-to-ground fault(PTGF) conditions on the high- and
low-voltage side are presented. Second, the power transmission characteristics and zero-voltage switching
operation conditions of the FT-QAB converter during normal and fault-tolerant operations are analyzed. In
addition, the flow chart of parameter design and control block diagram of the converter are also given. Third, by
comparing the FT-QAB topology with the existing typical converter topologies in the case of bipolar system
interconnection, the advantages of the FT-QAB converter in terms of efficiency and fault-tolerant operation
capability are clarified, which are realized by reducing the power conversion stages. Finally, the effectiveness of
the proposed FT-QAB converter topology and its effectiveness innormal and fault-tolerant operation modes were
validated by experimental results.
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Fig. 12 Comparison of cost among FT-QAB, TAB, DAB,
MAB and QT-QAB converters
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Tab. 5 Comprehensive comparison of results among five
kinds of inter connection schemes
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Fig. 13 Experimental platform of FT-QAB converter
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Tab.6 Circuit parameters of experimental platform
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Fig. 14 Experimental verification of transmission power
adjustment under normal operation condition
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Fig. 15 Fault-tolerant operation waveforms under short-

circuit fault onlow voltage side

WK R fﬁll‘;i*’] ‘
)SOHS/FE E 80 Ls/t% 5V H
| 40 ms/k% — [ /\‘“\ i
ﬁ*’]Zﬂu o ; 5 BHZE
A A AR \'[\r.(SOV/fﬁ)
G o | (50 VIS
| 200 Us/RE | it %h\im
WHZT ATITR EJFZJZE\ o
B 16 SENEEREESESTREE

Fig. 16 Fault-tolerant operation waveforms under
short-circuit fault on high voltage side

4.3 I KL IIE

HBAESFRE L m X F FT-QAB 225 5T
KRHERR IR, [EE 9,=-0.51, ¢,=0251, ¢~
0.25m, V=48 V, ML Vi, MEUE . m BUE AR,
FByy S B ey Sy, MOMHERL LR v
KR EAHL . vy SERRPOEANE 17 s, 4
m<0.72. v HAH LTS, v  BELFHE 0V H
ipgs<0 A, Sy, FILISEHL ZVS 8175 2 m=0.74. v

iR BT, v KF 0V, Sy, FTIEIHL ZVS 3817,
1E FT-QAB ZR g I R M e T8 T 0T, A
[F {2 st T PO BB mE 18 Fos, B
m=0.5, BUSHAHMA 05, W 9=05c FByy UM
B LU s Sy MOMHIEAR FELFS v 55 IR VRN FL T
Vpg 1 %ﬂrﬂ’ﬂi%iﬂiﬁﬁﬁm@ 18 fli7ne 3 ¢,>0.10m 1,
S, ATLASEEL ZVS; 4 ,<0.10m HT Sy RFEEKIF K

| Vbs 3 1 Vas

vg/(20 VIES)
Ves/(5 VIR
/2 A%)

- . TrB3

—_

a) V=48 V V=96 V m=0.50

ipp/(2 A/RR)

I B

Vos/(20 V/AR)
ves(5 VIKE)

(b) V=48 V V5,=67 V m=0.72

{—Ves
e TFB3_

Vo (20 Vi)
ves/(5 VIES)
ipps/(1 A/ %)

g

(€) Vgi=48 V Vi5,=65 V m=0.74

o e
Bt
Yps i Ves 1

—— m

V(20 V/AR)

vas/(5 VIHE)

i/ A/
~N

(d) Ve =48 V V=64 V m=0.75

B 17 FT-QAB B[RS T mHWX R
Fig. 17 Relationship between soft-switching characteristics
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Fig. 18 Soft-switching waveforms of FT-QAB converter in
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Fig. 19 Validation of soft-switching waveformsof FT-QAB
converter in fault reconfiguration mode on high
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