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Development and Application of DC Transformer Based on Dual-active-bridge
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ABSTRACT: DC transformer (DCT) is the key to achieve
efficient integration of new energy and connection of dc
transmission and distribution buses. This paper gave a
discussion on development and application of DCT based on
dual-active-bridge. Firstly, the typical scenarios of DCT was
summarized. On this basis, the analysis, design and implement
scheme, including core circuit, typical topology, operation
control, practical design, implementation and application, were
discussed. At last, future research directions were prospected.
Along with the rapid development of new energy and dc grid
systems, the development and large-scale application of DCT
are worth to expect.
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Fig. 1 Application of DCT in energy router or
flexible power station
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Fig. 2 Application of DCT in locomotive traction
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Fig. 3 Application of DCT in connection and
transmission of renewable energy
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Fig. 4 Application of DCT in dc grid
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4 2018 +10 +375 2.0
5 2019 10 +375 0.2

T A i MEHCIN H BT
1 2014 IGBT DAB Hi Ik HYNE R 863
2 2018 IGBT SOHETY DAB HFIE BN ERACH
3 2018 SiC MOSFET SRC Hi Ik BUNYL AR B
4 2018 SiCMOSFET 4:#fi+DAB HiJFIk B 5 H AL
5 2019 SiC MOSFET k7! DAB Hi3FB  “FI EIE ff

A6 E B AN ELAC R AT 863 R LT
FE B BT OGRS R 7 I SCRF
U, RDNGERRR L B H S SRAE A F  A A
VE BT ) B [ 1 A v s 4803 1) L % s i TR
FENL. FEWLHLIE £7.5kV/0.4kV, 74 0.2MW, K
AT DAB BIHLR) s IFERALA T S, SR
IGBT #F, HmisiTa% >97%. Fribz sk, 78
2018 4F 9 HHIZ 1K 5 M s 32k B F s T
M, AR R B R AL T IGBT 2341/ DAB
HROFERALA T3 Fh 450, B HLE £10kV/+375V,
K 0.5MW.

2018 41 8 HAEMUMYL A B $is i R etk
TICHL R TR, EAR R A%R 2 T A i
Ay 2% (series resonant converter, SRC) e I IE4H
BRI, R T RIE SRC BT R N, REEXK
FHTF R, AR He ity L R He Bifi 5 HP s i LI PR s
(AR AR A o

2018 4 12 F A3l S0 ) Hm Rl HL s
Y TR, B A [ RER TS T DAB Bk
FROFERALA B Fh &5, R TR R 0 A AS T
DT R, B BA—% H
Hik, — R e T AT R A R, A
SR AR T W F D TR AR 2 TU AR AR I I D R
ZW RS #10kV/+375V, AR 2MW, K SiC
MOSFET ##f1, #x EiadT20% > 98%.

2019 4F 10 AAEF I #s i H A R YE T
Firp, HR AR TE 8 Frnifdt T ool A
DAB HEH [ B IR R AL A B3 $h 4544 . 7E DAB [
RO T O, HW AR RS AR T
Ak HL IR DI R T UARSE MO Th B 539k, Fbr
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FE U T DUTARAE R OIRES, $mr T R 15 fig
JIRTH R AR RG T 8% . Z & R
+10kV/+375V, & 0.2MW, K SiC MOSFET
M, I s AT R > 98%, HLS 10%%E) T °F
YR > 97%.,

RIRUE, TR A S, I R,
DA P LR AR e a8 1 TR T & E R I
DAB H A A #i$h, Wil RH SiC MOSFET #%
4, B e e A ] ik 98%, EA)) BAT Al HRTFA 1)

6 HitSRE

SRR UL, BEAE E A 2 2 A B R v TR
Big, R E AR AR I AT A TR CE T
Rk, Wk SR ] SiC MOSFET gk b il 4 257 110
JCIFLA K DAB H ARG, HIAS A AR
A LUEE] 98% LA I, CLIAFSERR FHE R, (HE,
TG RGP ISAT Ty e Pl R R R 5 Y H 25K
FIARAE T A At — DT, AISErk. AR
TR RIEREA Rt — 2Tt .

BEXTES 2 45 BT IA (1) KRR REVR L AR AN B
AR HR R EIN R, H KV H
MW 2% i He K 7% i LI AR He 2% 1A BS54 % R
IR R i sz b, N s B
AR . 45 18 HL R B A 1T 22 SR FH B T 0 K Bk A
PRI AR B4 e 8, IS AT AR 2 7E 10kHz LA
Fo MEHE KV H MW %k KEENHS S, R
T IS AR . Bl I RS, KRR
HLA SR B IR, JF HLREE AR (W30, X FhEtk
RNKG S W, S4h, fE KRN G,
FE A TR 0 PRI 110 iR A (S I 250 R 48
RN 25 T B IR AE S E R G AL E A oy, Fe A i
MIAZ L L RH, 1 UK e, (A3 S8 1 AR
(IR DRI, 7R R KA B A 2, BaEs
A TR A AN 25 52 B PR, i 4 v R O AR (1)
J5 AR TV R R G AR BUR 2 198N 5t H ik
E, BTRICTCH IR B AR 28 TAESR K2 KT
1kHz, Wbt HEE 7 IGCT 255 Ik KA stk
BATARAR I ER T, O A S KA R H AR R A
HR N AR T BRI,

RItE, 2hA A as 1, WX kv H MW 2
e He K2 B LU AR e s e T BRAR PSR 90, A
T R LU HAL P9 R DK T 238 W, g H A 5 BRI TR AT
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DC transformer (DCT) is the key equipment to
realize efficiently and economically harvest large-scale
renewable energy, and it is also significant for
constructing the integrated network of DC transmission
and distribution. Generally, not only the bidirectional
power flow capability is needed for DCT, but the
electrical isolation is also required to ensure safety. At
present, the main way to construct DCTs is achieving
high-frequency conversion with power converters and
achieving voltage conversion and electrical isolation
with high-frequency isolation transformer, as shown in
Fig. 1. Dual active bridge DC-DC converter is
considered to be the most suitable core circuit for
medium/high voltage large capacity DCT due to its
advantages such as bidirectional power flow ability, easy
realization of soft switching, high modularization and
fast dynamic response. This paper introduces and
prospects the development and application of
medium/high voltage DCT with dual active bridge as the
core circuit.

By combing the typical application scenarios of
DCTs, it can be seen that the technical and economic
benefits of DCTs in different scenarios are also different.
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Fig. 1 Typical dc transformer structure based on
dual-active-bridge
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Judging from the characteristics of primary system, a
three-stage AC solid-state transformer is used to replace
the traditional power frequency transformer for flexible
substation or energy router scenario. Although it
demonstrates advanced functions such as energy
management, the challenges such as high cost and loss
are still needed to be solved. For the scenario of
locomotive traction power supply, the single-stage
DC/DC converter is used to replace the industrial
frequency transformer, which greatly reduces the weight
and volume of the system, but the cost of the converter is
increased. For the scenario of renewable energy DC
convergence, the cost, volume and loss of system will be
reduced through replacing industrial frequency
transformer and primary AC/DC converter with DCTs.
For the scenario of DC transmission and distribution
integration, DCTs will be an inevitable choice.

On this basis, this paper introduces and discusses
the analysis; design and practical scheme of DCTs from
the aspects of core circuit, typical structure, operation
control, engineering design, implementation and
application.

Generally speaking, with the commissioning of
several DC power distribution demonstration projects
both at home and abroad, the analysis and design
technology of medium voltage DC transformer has
become mature. By adopting new components such as
SiC  MOSFET, nanocrystalline core and DAB
series-parallel topology, the efficiency of DC transformer
can reach more than 98%, which has met the practical
application requirements. However, the optimization
scheme fully combined with the application
requirements such as system level operation function and
fault characteristics etc. needs to be further explored, and
the engineering performance such as reliability, cost and
volume needs to be further improved.

Finally, the future development of DC transformer
is prospected. With the rapid development of renewable
energy and DC transmission and distribution system, the
large-scale application of DC transformer is expected.



