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Improved Efficiency Methodology of 100kW-Energy Storage System
with Wide-Voltage Range for DC Distribution

Byeng-Joo Byen', Byong-Hwan Jeong? Jea-Han Kim® and Gyu-Ha Choe™

Abstract

This paper describes a 100 kW high-efficiency isolated DC - DC converter for DC distribution system. The
DC - DC converter consists of two dual-active-bridge (DAB) converters in parallel. The operating principle of
the DAB converter is explained, and the algorithm for parallel operation of the DAB converters is proposed.
Simulation and experiments are conducted to verify the performance of the proposed system. Experimental

results demonstrate that the developed converter excellently marks 974 percent of peak efficiency under its

normal operating condition.

Key words: Bidirectional dc-dc converter, DAB(Dual Active Bridge), Parallel operation algorithm, PWM(Pulse

Width Modulation)
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Fig. 1. Low-voltage distribution renewable system.
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TABLE 1
100kW ESS SPECIFICATION
Specification
Rated power 135kWh
Nominal voltage 700Vdc
Battery Voltage range 530 ~820Vdc
Type Lithium
C-rate 1.0(@SoC 10~80%)
Rated power 100kW
Output voltage (@Sta:;:l(;:scmode)
Converter Control mode CC, CP, CV
Type Galvanic isolation
Peak efficiency 97% over
Average efficiency 9% over

TABLE 11
DAB CONVERTER SPECIFICATION
Specification
Rated power 50kW
Input voltage 580 ~820Vdc
Output voltage 750Vde
Switching frequency 10kHz
Auxiliary Inductance 40uH
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Fig. 3. Transformer voltage and current waveform of
step—down in SPWM.
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Fig. 4. Operation modes of the SPWM.
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Fig. 5. Parallel operation algorithm of the DAB converter.
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mdge] s gl BAHY MRtk EF
PWM AMEA ARANE AshHE w= 3
AeEd] mEE AFE A4 AT B A sgd N
A ARE AYEA gow, Fu 4
43, 1 AR BEAE AE o3 9

4. ME80|

[Rd

a
>
nek
my
Ac]

FPE

EEolA AlgtelE duElss ASE] fEiA
2 Azl gEaEE ARSI g
750VelH, ke 580~750Volth 7 3
e 50kW, Wet7]e] wHl= 1o]al, Wy] kol
= Rz 9 al—ait 40uHE AHE-8kglaL, A

A *Hi S IGBT 'S ARSI
X*%Hﬂm Vg AAE FEE 98

[\
2

T2 Y el ko

o 2 rlo
EL
|

T."L = r—— —

(a) 580V, OKW

2\ 2\ Z)\ 2\ 2\

-—r‘ —— —
Y% lo T T s
(b) 580V, 50kW
I,
* F_“ i il
Ve fo T T s e
(c) 750V, OkW
VCII:Z

= =

n__J
DR Eea=Eas

h T BT T
(d) 750V, 50kW

-

R P Pt
w‘“fv‘
; -

(e) 820V, OkW




o

r;L1

 Vieo

The Transactions of the Korean Institute of Power Electronics, Vol. 22, No. 1, February 2017

Vd c2

50

3 em Ewm@w mﬁ )
: 3 E " BO o) o ™
1111 . i . F  pLwE, o
1 g BF n ooy T
LI i § ZeRED Y
? . P 9] — =T
. . g C R e N{
_ : | T 3 : c op U o T
=t 2 = | =} g m Lw = RN iy
. ﬂ S m_ T _ s S 2 ﬂﬁ&qom_. i
— : 8z s IS !
| = Ll mw S P s me ,@m%_/emmgo ok
i - A EE T : 2 Ps LRERET
Wil 5 © 5 = o
ﬂ S ¥ E &S o 3 TE g TRP 2T LT
ko) [ 'l O 3 g 5 S E T R
g <1, s b g 22 yw T Twd
- . B e “ = — S o g R s AT o=
" o R §5 Sy FRET S &
nw R _-MIM =} ya ]_lzwup/ \_Q-O
5 Hh 5 B . Sz Mmoo
=S - I m = g ~ 5 0 N X° W N i oj s
N - T £ 2 g A AR ©
ki & T - : c< L@l
ﬂx 3 __ mx —————+to = e @ g Moo T g 'SR
| uE. - nE. S$3s88ee 5 B88ERE8ER . B Rk ol T
Ll L R R " PEREweE
S . . .gP —_
i i3 i £ Moo B Ao
MRARPN M amddpmbE Eohgs Wl PR T SETPRHFTTE N
W.aﬁﬂ%ﬂw.ﬂrBGuUmﬁﬁmu W o WK — mﬁﬁ aﬂMTu,mq
H A, q _zT.H._ ﬂ.o% U Ciley =S o ~ oﬂa = _]ryl AT _zwu o o LE o T o#a _zT.c To B
j S S Koo D GG TN 5 — % a = oy
3 D o T R R ot o o — o B e e <o e TN
W“ - Vﬂ]ﬁﬁmf%ut_z_a - Wct Du,#w_/rahdl%mmnﬁﬂﬂ oW E B g ol ™
| £ Mﬂw%T% ﬁuum.]xrw”aTMOPﬂﬂ s %moﬂloUramoﬂA E R T g MWﬂo_@J
B - UorcZ s T %%d 3BS85 ~hufessgl
‘ S ) %Lcwﬂﬁmm?&_ﬂﬂhwﬂ% ~m TR g B W mmmwaeﬁ om N
= 3 uToﬁ%%%@{m%E}Hjﬂﬂﬁr.ﬂ%%ﬁ%?mﬂu%% Mo =R ey
-WD ey T M R L R I R i G I e B R
m5f y;ln.ﬂ ﬂmu1wruﬂlﬁﬁmbl_ﬂwﬂnﬂﬂ0Mﬂudr£o .méaaﬁMﬂﬂLWﬂLM”oVoﬂa_zE_meLtLoT1oﬂ
= Z @n%mﬁﬂi%%%%%wﬁm«%?%ﬂ_t%ﬁw_éww%5O}M_om;aﬂmﬁﬁoﬁ
o = —_ T — - o - ~
S PEIEp P i RpaREcwm s eyry et wed 7 o
oI s R s L - TR ST L e Bl ol R - BRGSO |
(\m meﬂWHHLMM,DRW“MMME‘#O‘W%HEﬂﬂLMNFMo%LtLHWMMMiﬂLﬂmMTa_ﬂkp/mwﬁmdl.i
AT -~ —
.. § BEELTRUEANERETEL TeGTeRRYTEeR ey NT
o == o =N s m T m  E omr - o — Mo X
m aﬁ_/@xmﬂﬂ?laﬂma.ﬁrooTE%%%EMEWﬁMBW%%A %V,o %Mdl. ,um%
L N AT E R TN T e Ry (PR T RETEGIET
a A © o —~ N o% o~ BF — NI S N o
- = = T X 8™ - o N S N ot oy g 3 o = T B2 ~ = =, > o]
o~ %ﬂﬂ/ﬁmmlmﬁﬂﬂws.ﬂ ﬂk%am%@aEamu:(_/ﬁlﬁbtfﬂwﬁ . %ﬁu%%l
S B — W 2 gy X AR R L Mox RN N
o L BT T o UE Lode R T Mo ® L3O LR ®E Z A e C g X
i FRBPEATHFRTRNTHITAYH TREIETELTDTIFTET ERT o TH



ARuAL 9

i

109%4olt). 2] oF 150msetel Al ko] Ao]
7} RE AL FAY 4 ok w3 WA Al &
o7k, ARAC] s AREAME Aol s vl
2 AW ARARS Wold] Rk A
A% F ek 29 A

¥ 5o 52A/ms®] 71&7]

o4 ¥ Axde] 248 &% FAL HelFu gtk
A Gl Ao B&e 9% U AL 2 5 9
4 Al Ae

TE AR A ZHE <)
PSM 7|HEtE 280 =& A

rir
S
o
-0,
0_“1
)
0,
il

[e)

- =1

Alzgl BloAle] daelEe A&dte] HSEith ol
A Wl A<t k1l =

SPWM 7|H< A4

ofo
ol o
3o 2
o =
)
o
~

’ =
sttt =3 DAB ZAHEE o]&sto] AedA 2 =
HEAS fe HEed dugHs Fdsda, o &
AEFOIA F AFs FEA ASsdn Ads 53l
A de Axde] 82 HU 974%7HA 95 F UE
AL sttt

o] =2 2016 A=oistue| A7 WX
2ol 2sto] AFEAYSS St
References
[1] S. S. Thale and R. G. Wadhare, “A novel

reconfigurable microgrid architecture with renewable
energy sources and storage,” IEEE Transactions on
Industry Applications, Vol. 51, No. 2, pp. 18051816,
Mar. 2015.

[2] R. Majumder, A. Ghosh, G. Ledwich, and F. Zare,
“Power management and power flow control with
back-to-back connected

converters in a utility

< APHENE THE 100kW AU AA G ] g &8 et 51

microgrid,” IEEE Transactions on Power Systems, Vol.
25, No. 2, pp. 821-834, May 2010,

[3] K. Hu, and C. M. Liaw, “Incorporated operation control
of DC microgrid and electric vehicle,” IEEE
Transactions on Industrial Electronics, Vol. 63, No. 1,
pp. 202-215, Jan. 2016,

[4] H. Akagi, T. Yamagishi and N. M L. Tan,
“Power-loss breakdown of a 750-V 100-kW 20-kHz
bidirectional ~ isolated DC-DC  converter  using
SiC-MOSFET/SBD dual modules,” IEEE Transactions
on Industrial Application, Vol. 51, No. 1, pp. 750-757,
June 2015.

[5] F. Krismer, “Modeling and optimization of bidirectional
dual active bridge DC - DC converter topologies,” Ph.D.
dissertation, University of Technology Vienna, 2010.

[6] F. Krismer and J. W. Kolar, “Efficiency-optimized
high-current dual active bridge converter for
automotive  applications,” IEEE Transactions on
Industrial Application, Vol. 59, No. 7, pp. 2745-2760,
July 2012.

[71 A. K Jain and R. Ayyanar, “PWM control of dual
active bridge: Comprehensive analysis and experimental
verification,” IEEE Transactions on Power Electrons,
Vol. 26, No. 4, pp. 1215-1227, April 2011.

[8] C. Nan, “Dual active bridge converter with PWM
control in solid state transformer application,” Master
dissertation, University of Arizona State, pp. 4747-4753,
2012.

[9] B. J. Byen, K. P. Kang, Y. H. Cho, and A. N. Yoo, “A
high-efficiency variable modulation strategy for a dual
active bridge converter with a wide operating range,”
Proc. Int. Conference on Power Electronics and ECCE
Asia(ICPE-ECCE Asia), pp. 240-245, 2015.

[10] J. Liu, Y. Miura, and T. Ise, “Comparison of dynamic
characteristics between virtual synchronous generator
and droop control in inverter-based distributed
generators,” IEEE Transactions on Power Electrons,
Vol. 31, No. 5, pp. 3600-3611, May 2016.

[111 B. J Byen, J. M Choe, and G. H Choe,
“High-performance voltage controller design based on
capacitor current control model for stand-alone
inverter,” Journal of Electrical Engineering &
Technology, Vol. 10, No. 4, pp. 1635-1645, Sep. 2015.



The Transactions of the Korean Institute of Power Electronics, Vol. 22, No. 1, February 2017

52

o < MO 31 31 XU K| o & R1 M0 AP &1 of qy ok T oF B T
~ ol ~ KU Ku = T ~ o o W Kl — Mo _.._oﬂ - HK 8
KX [ o um & Rl Eﬂﬂo._d%ﬁﬁm
] i = o 2 2 2 o=
= - - = =~ H K RIRI 9 t RIK
= o o ol BRI S = S mol T m
ol 0 Mo i = ) e B = = = ~
- = X~ - [ o 2= & o s KT
N O NN 7._%._(m_v4|ﬂ .._AI__oﬁ__o_.d.._mm._Ll m
T o H__.__A._ H__._,_%H__.._wm 4Ln_|._um_oP T = .
— - o QY T N S __o._AT
s = X == Q Uouo 2 o<t g
(@) - i
N o 2J7_+m ZEOJ/_M_“__. .@EH%_ HR_H_
. . . (@) A4 _ =
g <o <) 20 Tl 0> ® = I &
.EoOELH @oam_\w_ Eﬁmmwmnd.u_u _Eama,l..nulu@__m_vm__g._ﬂn/_.__.m_vm
LS B g HEK S o RN R R
ol ol _— ar R < @ D I D
BT ®T o oy T F Walzahuaol ®
KH — e Bl KX on e Wl Teng MR
- m éuﬂP WEFA( KE 70 _._nuﬂ o _%ur_nx_. p,,x_o:._.
S8 F R EN = RIQaer | ° @ T m s KIg
Bl 2 6o = RO 2 ol NIl o Kl k< HISN /AT H =
RoF o & .
. W%_”__..__L_.ﬁu__M._m_u
- or i o RS
K .|Or_|
R T o KO
RO N g ol
o8 __®
B o = o
o KX
X ofl M+ 10




