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Vyus — aVi
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ek AvE A A7 2INE, 815 E dFA88)L gig e A oo o5 2
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Dc-dc converter

— W— ceoae <+
— Vbus

(a)

Dc-dc converter

(b)

1% 2.5 vjgla] A A8 AA d|A]: (a) BPDS, (b) DPBS.
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T oE Aoz 79 2.5(b)et &2 ISOP(Input-Series Output-Parallel) 7-27}F Q1

o

o= BPDS #1792 de-de ZNE ] Jege A, 2A0S WEs ddats 74
Zt=tt. BPDSe 543t o] 72, & =504 ISOP= DPBS(Dc bus-Parallel Battery Series)

gt AHE A=Y Age] =S4, de W2 HiE 2o A2 A 5o Aol HiEe

o ShoLt, olS2 7107 U4&Y PiolA BPDSe}
DPBS 725 Hlolub] 9Feth 53] 2 dl o] 214 thifel BESSE 3403 W BE} By

7FeafioF fttt. ofofl met A2 550 Weko] v =i 3 9] o] AeEEr, A AH
3|4 A] BPDS®} DPBS9] E4-& =% v dfof gt}
o= A esfjof & A2 BPDS & WollA A2 o= o 4 e 47t HEe, 1]

A olH a7 AE R ABHEAE 25t Aot FAH 2R, de-de AHE 9 Aol =

Zojtt. 17 2.6(a)2] BDPSOA A Al2dlo] KVLE 285t thadt 2. o 7k HA
£ de HA HYfo] 4 HiE ] AYEY gt Aol 971A, F 4 849 HlIE

98] A2 A ol ST A At o] 5L 47 Hojste). 2 A o] 52 wiE e WA mE

a (a)oll Al A Al2~H] HQY O] 5 (G sys )& Trrk o] A oj Tt
Vtsout ‘/bus
Glyons = 200 (2.21)
Y Vts,in %t

TS0, AHE A 015 (Cueono)S THET Zo] et

Ve,out VA
G = 2 —_ — 2-22
v,conv(a) 1 YC,’L'TL Vit ( )
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I b 1L Dc-dc converter I %
o T +
Converter vV
Energy flow =
+ _— -3
I System
Energy flow
&
(a)
I.in Dc-dc converter  I.ouc I
- Ny Converter
Va Energy flow
+ _— -
| System
Energy flow
’

1 2.6 e 2

HFA] A| 2" AE S
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=, °le

o]
AR

A2 o] 5o sl veRd &
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whebA, 4] (2.22)9F (2.23) 7

(2.24)

= Gv,sys -1

_Va
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(2.25)
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Gv,sys
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Va
%US

Gv,conv(b)
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oo EEdH
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729 K,
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(2.27)
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Dc bus
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CTYz;,clischargei q_/\] ‘/}E}lﬂtﬂ E}"%—Tq' 7151'1:]'

1%
Gv,discharge = 72 <1 (31)

g A Ado] WiE e $4 RER FAets A9 AWE A 0|52 4] (3.1)9] 942 e}

e,

32 RRANAAS EE2A Y

UA Eold AA 8FAGE vigor, REdYAL] 2@S 98] 1
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S it Al 7 QIEE o]l A= M2 17t 29 F Yottt
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LN (38)

T 4 (s ~ 1) O1F, S0 BRI} 5,0] Fo] ojubn] AMH Bafo] 77 42

dghdt. ol 1 3.3(e)2F #ol 73t 19F FAFSHA S2Rtt.
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Ab AFoll ool Co= TSI C12 HAHHT o] REOA Ly SeE &l AUAE
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Hegod AWEE oA 71 5o R
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T 3.2 v 2] ¥ SoC-OCV 24 0 2 He A4 ntatu] g 2]

Parameter LFP NMC LMO NCA

OCV at SoC = 0.8 [V] 3.3 4 4 395V
OCV at SoC =0.2[V] 32 35 35 345
a 097 0.88 088 087

£ 0.87 Arolth. YT 2ANA, 117 Hig 2 52| HolH 5L & 3.20] E7tt
wekA, BESSO] ot ¢ HE| 2] 5 Ab-shz o] met A wete] d4m)7h A g o
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‘/bt ~ %t,max + V;)t,min (326)
2
stz BHalx] = "9 AGAIH C13} Co= AHE Q] 54 (Step-up) RE 22 7|F0 2,

DTy - Iy,
C us_ 3.27
12> Aver o AN (3.27)

Vi(1—2D)D _,
RASEels ¥ 2
Cs 2 32NL-Avg (3:28)

A7 Aver, 22t Avege 22 ATAIH C1,C B O3] WS &2 HEWY, Luse

T8 33()] EAE FAE Zo] AH AR iy, BRAE TF2 3} Zo] EHHL,

bus =111 +1L2 + 103 (3.29)

Ibus =< Z‘bus > (330)
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Vds,Ql = Vds,QQ = %t (332)
— _ V;Jt Ibus
Vias,s1 = Vas,52 = ot Vv Li.C. (3.33)
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Parameter Symbol Value
Dc Bus Voltage Vius 380 [V]
Battery Voltage Vit 345 ~ 365 [V]
Converter Voltage Va 15 ~ 35 [V]
Minimum Duty Dyin 10 [%]
Maximum Duty Doz 45 (%]
Switching frequency fsw 100 [kHz]
Transformer turn ratio N 2:1
Inductance Li,Ls 100 [uH]
Capacitor (Primary) C1,Cq 33 [uF]
Capacitor (Secondary) Cs 100 [uF]
Capacitor (Active Clamp) C, 500[nF]
C3M0075120K
MOSFET (Primary) Ql,QQ (VDS = 1200 V, ID = 32A)
IMWG65R027TM1H
MOSFET (Secondary) 51,59 (Vps =650 V, Ip = 47 A)
IMWG65R027M1H

MOSFET (Active Clamp)  Sc1,S:2 (Vps =650V, Ip = 47 A)
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ABSTRACT

With the global proliferation of renewable energy aimed at achieving
2050 carbon neutrality and the rapid growth of the electric vehicle (EV)
market, the importance of Energy Storage Systems (ESS), particularly
Battery Energy Storage Systems (BESS), has gained significant attention
for ensuring grid stability. While parallel connection of multiple battery
packs is widely adopted to construct large-scale BESS, it leads to
circulating current issues caused by mismatches in impedance and State
of Charge (SoC) among battery modules. Although applying individual
dc—dc converters to control the voltage of each module is essential to

resolve this, conventional Full Power Processing (FPP) methods suffer



from limitations such as high power conversion losses and increased

volume and cost due to large converter power ratings.

To address these challenges, this paper proposes a design method for
a dc—dc converter utilizing a Partial Power Processing (PPP) scheme to
maximize BESS system efficiency and reduce converter capacity. The
proposed system is configured in an Input—Parallel Output-Series (IPOS)
structure to compensate only for the voltage difference between the
battery and the dc bus, thereby significantly reducing the fraction of
power processed by the converter.

In this study, a Half-Bridge Push-Pull (HB-PP) converter is selected
as the optimal topology for the PPP structure. This topology offers
structural advantages over the conventional Dual Active Bridge (DAB)
method, specifically by reducing the number of switches while
effectively mitigating conduction losses on the high—current secondary
side (dc bus side). Furthermore, an active clamp circuit is applied to the
secondary side to ensure reliability by suppressing voltage surges
caused by transformer leakage inductance and reducing switching
losses.

To verify the validity of the proposed system, an 14kW prototype was
fabricated and tested based on BESS specifications. Experimental
results demonstrated stable bidirectional power control performance in
both battery charging and discharging modes. Notably, through PPP
operation, the overall system efficiency achieved a maximum of 99.55%,

despite the converter's standalone efficiency being approximately 89.8%.



These results represent significantly higher efficiency compared to
conventional FPP methods and prove that the proposed design is an

effective solution for constructing next—-generation high—efficiency and

high—density BESS.
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