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AR, TAA v F bF v SV X BB E N— A L L BT HFEREEIE DC-DC =2 X —F OFlfEE & EihR
b - BENEEICBET AH%E] L, HEMBRICHH SN 5B mIEEZE DC-DC 2> "—F 2B LT
BB O ENEEL L @R b E By e LzEIE AR E A A RE T 5, RERKIE, 4 @0 U —F7
PN AR LT [ 2 HER) LB ORTAT 3 v )R (LU, 3 v W) SREME 7 LT Y » DEBEE (B
T, 7TV TR EA RS — N LT THBVERLES) ORI ND, MBERIE L A v ¥ 7 2 EflAGbYE
52 L CHIEBRIK S LTEMET 2 RUCRERH Y, EEBENNT =T A ADFEERAAL vF v T EBTX
D, FORER, EEBMBOAL vF o ZEEBITHERD 2 LAYLZEHEE L s U O AR L TX, REnRKIEE
BHEECEERTE D, KX TIILUTO 6 EBTHRENLTWS,

1 T T, BOSEICR T 2ERESSGE A BN LN & REIC O W TRND & & big, g
HEIZ 50T 5,

W2 (HREEYAT LOBENN L EEMBEOHMEM) %, EEMEBENEREEI AT LO
BEIMUCERT 2 BMEZBMIC L2 ) 2 C, EEMEFO T 72 28 AMEEICER SN 5 HIFEIRIC oW T
WL D, IS, MEROEREEY AT LAOMEKICEI, [B4EOFIEARHCER SN 5 HFISTIC VT
WD, Wiz, M BB X EBIMEEMTCEALEFAOBR EFER T 5, T 0%, EEMEFEICEHLT
i =B )% & o BREME-CME AUl 22 S DAL L, FEMEHEOFMNAFEE L LT DC-DC 2 N—X DOEE
TN TEREINDZ L A2 ERT D, BEIC, DC-DC =L —Z OF /e 4 5515 LD 72 DI LB 2 E iR
PR L RINR AT 5 2 LT, ARSTONMBEN T 2 WRkICT D,

FIE (AL v F bRy /U X EHEGREN— AL LIZEK hARrP—) T, REREOREZHI L&,
FERINT —F NS, ZADEERAA v F o 7 LET D T o EERE R T 5 BEREEEEARRET S, 2
i, A &7 ZERE EEBRIEE Ry & BRI EET S 28T, a R RREIHIEE 2T UV E
EANT o AHBIAZEBRTE S, &3 - BELZ 200-V, 2-kW S =EFMIC L AEBRMBIEL Y, EHK - AEH)
B - BIFEEELZHKICHED LT, arF o BEORE LEHIBEAFTETH 21T, AR T —FN
A ADEBHRAA v F L INEHTED Z L E2WHRT D,

FA®E INL—hTuy M —TIC XA -EEETM Tk, 22RO L WaRsh 3-8 ) % Rk
oL — k7 ay N —TNC & DEAEEAT ) S ERmANIEME L, _REE AR G/ - ek TE DREHEH &
HHMIT D, ZhuE, BEWES JORBEWRD 2 O XA v F o J T & M A e e+ 5 F =
oA E VST 3 DOBRFHAELZENT I RICAENRDH Y, KREHRENEBRIZOEEEE & AR
RIZHEZ DB TR L T 5, BRI ORI AT 282 R OEBEOFZMEE 200 V, 1 kW
=TT AW ERRGEL O HRET D, &5IZ, 1.85 kV, 100 kW EA A/ — /LT T/ EESW - EHISRHRE
OFAEREAT L0, BRI OEE B EIIT B8 E R,

%52 [REIRHIE 40 A L 7= WO MFEEHE DC-DC = v N— & OEsh={b) Ti, $REEKOTE e A S5 =)
EZBHE LT, AA v F o ZHEIEMRETREZ T LB Hgs oI 5 & IS A 1R R T 5, AEOERR
B, WA 1 BOFa vt b2 G077V v PvAEZFEMAL, Fa v kLT v PBNRER
LZHEBa T UVEBETHETDRICKBERD D, Fa v B EEEHREBLFE DAL vF o 7 CEE
L, 7V v PRLDOEKA T UV EBEE/NSLSTEIET, A v F o ZHEO KIBKENTTREE 725, a5t -
BEL72 150 V, 500 W 2 =FT VI LD EBRBRIEL D, $BEME - fEFNOZYME LB E2#RT L, &5
(2, BREMRNT LV 1.5 kV, 100 kW FEA 7 —)LET M HE SRR L v, RO EMERIH IV TR
FACNERTED Z L ERT,

6 E [hhm) Tk, R CTHRONEEREZENL, SBOMEIIOVWTEELTWD,
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This dissertation discusses a new high—-power—density bidirectional non—-isolated dc-dc
converter intended for electric railway system applications. In recent years, battery
energy storage systems have been installed in Japanese dc electric railway systems with
nominal dc catenary voltages of 600 V, 750 V, and 1500 V to improve utilization of electric
power. It is strongly desired to reduce the mass and volume of the power converter used
in battery energy storage systems because it is placed in a moving train car.

This dissertation proposes a bidirectional non—isolated dc—dc converter that is based on
switched—capacitor converters. It consists of a main converter with four power devices
an auxiliary converter that is formed by cascaded chopper cells (i.e., bidirectional
choppers) or bridge cells (i.e., single—phase full-bridge or H-bridge converters), and a
small-sized inductor. The auxiliary converter works as a controlled voltage source,
resulting in robust power—flow control and stable voltage regulation of the dc capacitors.
All power devices used in the main converter can achieve the zero—current switching (ZCS)
under arbitrary load conditions and an arbitrary voltage ratio of high—-side voltage to
low—side voltage. As a result, the proposed converter can increase the switching frequency
of the main converter, which will increase the power density.

Moreover, this dissertation discusses a new control method to increase the efficiency
of the proposed converter. In this method, the auxiliary converter consists of a chopper
cell and two bridge cells. This is based on gradation voltage control and focuses on reducing
the switching loss of the auxiliary converter by applying the following techniques:
zero—current switching, the reduction of the switching frequency, and the reduction of the
capacitor voltage.

Finally, this dissertation evaluates the efficiency and power density of the proposed
converters. The relationship between the carrier frequencies of the main and auxiliary
converters, the number of chopper cells, and the efficiency and power density of the
converter are analyzed quantitatively based on the Pareto optimization method. The
efficiency and power density of an actual dc—dc converter system rated at 100 kW are
evaluated through numerical analyses using the “MATLAB” software package

The validity of the operating principles and the control methods proposed in this
dissertation are verified through computer simulations and experiments on downscaled
models.
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