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Experimental \erification of Battery Management system with
Flying Capacitor Converter Operated in Discontinuous Current Mode
Mitsuru Miyashita™®, Satoshi Nagai, Keisuke Kusaka, Jun-ichi Itoh (Nagaoka University of Technology)
Toshiki Nakanishi, Kazuhiro Kobayashi (San-Eisha, Ltd.)

This paper proposes a battery management system (BMS) based on a 3-level flying-capacitor converter (FCC) operated in
discontinuous-current-mode (DCM). In BMS, reducing the volume of the boost inductor is required in the DC-DC converter. DCM
method is applied in order to minimize the volume of the boost inductor. The validity of the duty determination method and the
inductor design method are confirmed with a 750-W prototype. Moreover, it is confirmed that the prototype circuit achieves the

each operation mode.
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Fig. 1. Conventional circuit.
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Fig. 3. Operation modes of proposed circuit.

Table 1. Switching pattern in each modes.
Si S, Ss S,
Mode | | OFF | OFF | Duty | Duty | Battery — DC link
Mode Il | OFF | OFF | ON | Duty |PV+Battery — DC link

Mode Il | OFF | Duty | OFF | ON DC link — Battery
OFF | OFF | Duty | Duty

Mode IV PV — DC link
OFF | Duty | OFF | ON

Power flow
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Fig. 4. Inductor current waveform with DCM.
B BTN R ERT DM OT 2 —7 1 DL m2VE
HT&E2, 72—7 1 DimZG)RITTT,

V., —
D17 mL = T (5)

AVE I ERERINXERHT DT 2—7 ¢tk Dom i
3), @, GO RANLO@)KDEH KT ENTE S,

V,

bat
........................................... ©)
Vdc - Vbal

— 2LiLave
2_ml T V

sw ' dc

D

KE)BLUE)HEBMETH DA o F 7 ZEIDOFEIE iLave
EHEZDHILET, TXNVXEEZDT a—T 4tEDimE =
FNAXEHET DT 2—T 4tk Do m NEHTE %, Model
TlE, SsBLVO S ZG)RLVEH LY Dim TAAL v F
TFTDHZ LI TEBEDA F T 2 EROFEYIE iLae &
552 &N TED,

(3-1-2) Mode Il DT a—T 4t Modell DF =—7F ¢
et Model & EERDOFIETELT 2 Z L8 TE 2, Modell
IZBWTC, £ U&7 X2 NVF 2 EFET 2 IR Di_mTwid
3(b)IZRT Mode Il (I)DIREE, 1 7 Z DT RLFE
T 2 W] DomeTsw & B 2 BEHHI ToH DI D meTsw 1%
Mode Il (i) REE L 725, )RR LT 7 77 — OBl X
9, Modell (VB E O Mode ll (iNDEEDA X7 ZDE—
BRI TEEIND,

V,

__ " bat
pk — L DlimZTsw

Ve Vey “Vouy g

k 2_m2 sw
p L -

@XDA »F7 7 2 EROFEMER L O(T)RD v — 27 Eifi &
D, DimiI@)X&725,

2Li -V, -V,
D, = hiave Voo . B e, (8)
Tswaat Vdc - VPV

F72, DamlE@), (7), @R LV QRO LS IZEHTE 2,

_ IZLILave Vin (9)
2 " \l T V _VPV)(VdC _VPV _Vbal) .............

(3:1:3) Mode Il DF 1 —TF 1tk Mode Il DF = —F
4 B EBEDOFIETEL T 5, Mode I IZHBWT, A&7
HINZ TRV F % EFET 2 I Di_msTsw 1% 3(c)i2 3 Mode
W @)DIREE, A > &7 X DR VF % 3 2 I Do_msTew
EE o BRI TH 2 WM DsmsTawiE Mode 111 (i) OMRTE &

3/6



DSP FPGA SW pattern selector
0 0 > S1
—1b PWM generator 1
Z 1 ',\ —
’
4. 6) g MMI—»I/ Mode protector 0 > Ss
et — Mode I eg. (8) g Carrier
@ -
Mode 111 eq. (11) g _%} >S,
K — 1—
SeIMl }T‘ ¢ L
Sele —
Se|M3 :'3
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Table 2. Experimental conditions.

Parameter Symbol Value
Output power Pout 750 W
Output voltage Vout 150 vV
Battery voltage Vhat 48V
PV voltage Vpy 90V
Boost up inductor Ly 17.5 uH
Battery decupling capacitor Chat 1500 pF
PV decupling capacitor Cpy 1500 pF
DC link decupling capacitor | Cpc 650 pF
PWM Carrier Frequency fow 20 kHz
Mode | current reference lret1 158 A
Mode Il current reference lrer2 8 A
Mode 111 current reference lref3 141 A
Mode IV current reference lrets 16.1 A
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