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(The Characteristics Analysis and Design of High—Frequency Isolated Type ZVZICS
PS—PWM DC-DC Converter with Fuel Cell Generation System)
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Abstract

In this paper, the proposed full-bridge high frequency isolated zero voltage and zero current switching phase
shifted pulse width modulation(ZVZCS PS-PWM)DC-DC converter among fuel cell generation system consist
of 1.2[kW] fuel cell of Nexa Power Module, full-bridge DC-DC converter to boost the fuel cell low voltage(28~
43[VDC]) to 380[VDC] and a single phase full-bridge inverter is implemented to produce AC output(220[VAC],
60[Hz]D). A tapped inductor filter with freewheeling diode is newly implemented in the output filter of the
proposed full-bridge high frequency isolated ZVZCS PS-PWM DC-DC converter to suppress circulating current
under the wide output voltage regulation range, thus to eliminate the switching and transformer turn-on/off
over—short voltage or transient phenomena. Besides the efficiency of 93-97[%]is obtained over the wide output
voltage regulation ranges and load variations.

Key Words : Full-Bridge DC-DC Converter, High Frequency Transformer, Phase Shifted PWM Control,
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Fig. 1. Control block diagram and composition of
fuel-cell generation system

¥ 2& 4Rkl uFa HAY ZVS PS-PWM
DC-DC e 9] 3|25 vehd Aotk 1§ 29
A ZF 29 A(S)~Sy ot FEA 29y ARG
~Cy)7} HEZE H&E, ZVS "-2.271 Ad
g3 249 F §3 Sy "-24)0 ZVSE E3HE

Journal of KIEE, Vol 20, No. 4, May 2006



7] Whgol] %} Wskr] T A8 Agda Lo
EEEERIEEPS R D F I EREC R

5]
ol&HH, 1 T W] 2350l ' HoleE= Dy
—De2 BIA] A HF 3 2olth4-5].

OB 2, YUuENQ| R BMAJAEQ] ZVS PS-PWM
DC-DC 7iH{E

Fig. 2. ZVS PS-PWM DC-DC converter of
conventional fuel-cell generation system
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Fig. 3. Control signal and high frequency
transformer voltage and current
waveforms of the conventional converter
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Fig. 4. Proposed high-frequency isolated type
ZVZCS PS-PWM DC-DC converter
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Fig. 5. The each voltage and current operation
waveform of proposed DC-DC converter

- BE 2t1<t2)

2t AR FHAQ v (D=a - EgN
SR A9 Ledl F&E 87 dole=Dy
T EEojtk o] W} g, =n,/(n,+n,)E
198 g9 denigtn g 4= o,

W oy
2% AY7)) o3z} AHEA Lyo] d =)

Tl of 717bgol 42t BF it AF BF i

st )AL Ho= Yehiw et 2,

in(2)=1,(ty) 4

A G~ B o83t 4 (Vg oA sty
4 )% 2o

v (D= im(tQ)+;CQ(tQ)/a T(—t,)

=E—(ap-ar Ey (6

thol .= D7t &HW §38) AR/ o Dy, Leoll &
EBE{, Zd"-}vd(t):a[" Eo‘:‘ J—-'—';IL"I"}' %?:}'7] Tr—o’] 2
A%l Q7kHo] BF AF ime) BAAT o

2 Aoz vehiw oot 2o

f;s -—%%lg—t)=vg(t)“(0L"aero) )

N uAA o139 Ao g(9E HoR FHE
H o 2ol 48 &+ it
in(to) i (D a g

vgl(t)=v51(t1)+—‘-—Tc——’~(t‘-t1)

®

- RE 3(t2<t3)

32 po=00°] 0|29 toleE Dy} £ET
€ R=ojtt ojnf nFak ¥ghy| Thel 135 AR i)
= 294 59 29020 the| o E DyE F3d
BFHY, AF AFips7} 00l o]2% R 42 M
o} 283 AF AF it G2 2L Yoz 4y
ERhdt}.

N
iD= i g5 (1)~ 2R (g ) ©

B 304 9 AR 8 AS tele= Iy
7b LEEH O Bl AF p2 AR FF o= Iy
2 85, A dFi () =1,)E Ho
v g2 OHg-F Zol etk

Journal of KIIEE, Vol. 20, No.4, May 2006



uSI(t)=u51(t2)+—z—(t~‘l)—(t—t2) (10)

- BE A(13<t4)
RE 4 A9] S0l 2735} Hed7] The ozt A
Fi gty o] 2% Rrolth

E 5(t4<t5)

TE 5 294 547} ZCSE Y-R2. e REo]
o}, olg £S48 AFE 2T MY7] Tre] o
A AR i, %ZH?‘&E}. agi RE M 29 7]
Y 8% Gy, Cot EA8E7] Aol 2914 S33% Seel
dele dge FEHA wslshe 548 7RG,

+ B B(5<16)
RE 68 291X Syt W-25E REO|. o)
5} @] Tt A3k AuEs Lol ool &

Mode 0 (ts- &)

38 6. HMtst DC-DC AHEQ] 1/2%F7] &2 & 2=

&2 - 4719

Ao

Ag-45d - 08¢

AH 9] A s AZZEE FAH Fsdct
a1 85 tho]l o= o] MF ing7t XS 24
39 A2/t 5 RE 6 Eadch

B 7(6<t7)

278 AR Y AY EERH 293 9 S,
a5 Sl T, AF tole= Dy, s F3t
53} Reell o] FFHe EEojth

Akt DC-DC AHEE 1/2F7] §<¢ 19 69
S7HEIZ ¥ FAREE AYEAY, Urz] 125
7] Folle 294 SS9l TRl 294A] St
$39] 5o 2 WAl ¥ A A H o2 wglgi

3. AIEFolM & &Y AW

2 =8 A48 BalardAhe) 12kWIF AEA
A zeje] Agke thg3t 2k

Mode T (L~ t7)

Fig. 6. Equivalent circuit during a half period of the proposed DC-DC converter
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