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ABSTRACT

Cathodic protection is widely used to prevent corrosion of steel materials buried in the underground and sea.
As a rectifier for cathodic protection, the conventional phase—controlled rectifiers have been used so far in spite
of such shortcomings as large volume, heavy weight and poor power factor. In order to overcome such
disadvantages, this paper proposes a new module-type switching rectifier for cathodic protection, which is
composed of two parts, namely, AC/DC converter and module-type DC/DC converter. The AC/DC converter is
a single-phase IGBT PWM rectifier, thus resulting in almost unity power factor and controlled DC output
voltage. The module-type DC/DC converter operates under ZVS/ZCS switching condition to permit high
frequency switching operation. It enables to use high-frequency transformer for electrical isolation, thus
reducing volume and weight of overall system and improving system efficiency. It should be anticipated that
the proposed rectifier techniques apply to the similar techmical areas.

Key words : Cathodic protection, Switching rectifier, AC/DC converter, DC/DC converter

*RZAS D MI|HoAESsESE 2
E-mail : idkim@pknu.ac.kr

LR 2002, 7.16 1AM AIRE Y 2002, 7.30
MAt2tZ2 2! 2002.10.14

ol



Aspld 2 Y BETEE SIS UE BY 293 R/ 57

LM 2 Regetor
* % '
S A v A, S e T2E, 53 Va{%} g— "
9 Tl AMEEE F2E, g Mk A, Y T .z
F2Z, BHa 5o BAS wxsld, AHEFHS o STCI o G
etz 8] afH o AAEHL I £ ol Phase—Controlled
Q. g3 3 B4e BAL AR A9 o rectifier
of gtoz ZaAld F gloH, olF & {ASHE Al O 2 YAMOERIIE AlRE g8 HEFY
2d8 HAog Ry BEs] Bad 4 ol 7 1 Fig. 2 Conventional phase-controlled rectifier for
& Aatol] mjAdEoe] i Féulo|E I F& w9 cathodic protect ion
HAE WAs7] gste] B8 AdH FEE dAS
S RS e 19 1A AR @ WAL Aerl2 de AMLET E AF7IE 19
ol givka 7hgsid, A2 ® FEulolEolA Yo 29} 728 SCR Alolg]l 2B & AR YAl A /7]
U g BA84e 4 (DI 2o degen oltf? o] $}aAle] AFH7)E= SCR AlolE=EHE H-
e 4 9l < N7l f3E Adstng, o2 s AFEY
AGE Ao Fe glou, 9 el & 9F A
Fe »Fe*" +2¢ 28 Igeng o] Zo)7] M dYE gl
B ) YA E AHEslojol sy oly EdE e Fujet
0y +2 H,0+4e” ~ 40H D e 20 9 #ag a9 28 2825 9
g Ay og Adsly] g8 AMEEe A wst
o shetiksHel ols) wHE FHHAT, FH & 7I(Isolation transformer)= HYFaFoAlA g dhes
o EA "ot o]& WA 9% WA dEs= 60 [Hz] ®7|2 Apgstog oz <ls] wa s Wt
aE 1ol BE Sl g WA Seld S T o) wjg) yog Avt 2 AFT Bd1E A8S
& TxEd dde s5e ddsta Aste] Add ojob @t} o2 ols) Ax|F7to] Wo] AQEM Tk
AA el Mo FFE At AFVIZFE AFH o] A9 3 A wo oAy A7t Ag¥ch ®
4S5 A7tk ol A77)e] AFAddel oeiM 5 3 SCR Atold 28 9aAlo] AF7e dEdolM e
Fradels s A9 dA SHlN STES  ogo] spwd W ofle, 9 AWML WA Aol T
o dojupH, sehute-e] Hgel 4 (AN 2252 A e wre dgzte zhe WS AUm glou
RREH 9FO0R o)Fste] FA0 BAIAY F & Nxelel §4& £ EA] gk
A48 A EY AR 349 R4 99 go 7 gt e e AAsp] P8 B =RoNE
2A77] Al A7t AFHYe] EEAY = PWM AC/DC #HBEY ZVS/ZCS(Zero Voltage
& e gug Ay desl =5, o)& 99 Switching/ Zero Current Switching) 2$91% DC/DC
WAg AR77r de AMEEAL Yok AWz TAH AZe WAL HEIE Forsieh
Aotd B8 AR7E dE5 PWM AC/DC 1
rverroantl B Elo] 9} d&o] A9 19 S AUn, FEddE
zuser nE& nF% DO/DC AWE ERl <sid daw
______ DUSESEEEEEE N Azl 28 oy ar|eh Fuyh A& ¥k of
[I;;;;:: S - [ P Yeh 2ads AR AUAcl} Hese PRE
N e T R o e HAHow Aojd & Yk
Yy ¥ - ¥ ¥ v ¥4
o Insulated Steel pipe > 2. Motk =2 WAlE HFU|
connection
g 1 S3drlel 2lg] At Alzage] AApAS " 33 gol 12kW
Fig. 1 Principle of cathodic protection w9 AC/DC PWM ZBE 1 setet 3kW H¢| DC/DC



572 WIE f)’ Y Gk ﬁ)”%‘é Fok 2002 - 12H

oo 220[VI—— —— 4oo[vl DC Link  ——— —
IV 2o _
. AC/DC PWM | DC/OC 2HE 1 ;
2B (12kW) | _ (3KW) Load |
- "’\})—— . o R
[ Ao ] —mow
RS-485 —
- DC/DC HHE 1t —— N
U (akw) . ‘load
Displ T e )
isplay j
Board : I HI 01—.—77
_m——( DC/DC I f
(3KW) Load N
-\ _o———— o )
le(?ﬁ! B
B R DC/DC HHE U }
(3KW) o Load
W__if_,, - — o
Hog
8 3 S3EAIE Module type 2918 HEFT|

Fig. 3 Proposed module-type switching rectifier for
cathodic protection

e 4 set® FAHO AUk A dAHIEee
3% 49} o] NEAHoE AC JHFEE PWM 11
Bl 79} a1 DC/DC AWEHE-2 7450 ok AC
FEdRE wF= By olF)( NFB F2(FUSE), 4
Z7](MC1), DC Link AAE AL HZ7](MC2)9}
AGRp)oE FAEH] Aok @ F&E 47 9%
AC/DC PWM ZWERE= ACH AE(L), IGBTE
749 &4 PWMZHHE, 400[VIZ Ao 9+
DC Link AZAEHZ FA= o] 3Urh

DC/DC AWHF= <
IGBT @3H2lx], FHe7], 8¢ ol HaA
FHEE S}, ZCSEAS AP Bx Wbt Bx o
Q ]

_8.
:1
ol -
i)
2

1A

o &g
ﬂl

)
OPﬂ
o
2
i

E_H
ﬂ A

Jo; DC 30VE A& }‘
PWM ﬁrﬂﬁu 289 DC 400V DC/DC A
of os DC 30vE Wgdd %3 DC/DC 7AHE
T A8 AeFaae 4 slske] Zv-ZCS w4
Stes AT

o ¢
o

2171% 2 "x AMA2 HMof
2R A S3PAE 4R/ A %

Zrh addM HieE AXY DISPLAY BOARDE
RS-485 BA1& 5§38 AC/DC ARz 7]5xE
(Start)& Hth AC/DC AoJRE= o] 7|5A3 2
H AC/DC AWEE 715A1717] 98] DC Link 73
Al A48 HEF7] MC2E ONAZIth MC27F ON®
of wet MC2¢t A E = A4™ 244 R,9F AC/DC
ZAvEe 9 wWE tojlersgs Fs DC Link
Capacitor’t A€l Sddgto] S53] ©de An
AFARY] HA Gl =SS 62 A AT
747 & FAZE7] MClo] ONF )

oo ; D
s S
Me 2 4 4 D& ﬂ'{"f AQE
NFB  Fuse VW“ ACCT MTR
e v Snubbe rel A Nz
~ ’— == C L ¢ |l N3
A - AW 1' MC 1 ’— 8 ATR Nat o
e ey > L
Rp MC 2 s JS 4 T—
(YY) 4Vp
AW
[CT <o
Gei— Gey G- G, !
i, v,
v, | Controller V, Controller i
EaN 7
L _____PFsScomm ______________ i

RPN RSEEERSE

Display Board

Fig. 4 Detailed power circuit of proposed rectifier



At d 3G GETEE A E uE vl 293 BF7) 573

Start | 'l
(Display
Board) « Bsec % 0.6sec
MC2
if Vide > 250
MC1 J 4 I
T
AC/DC | ] msec
conv-ON ONZE ™ OFFe
DC/DC
conv-ON
400(v]
310[v] &
Vde
AMC1 + AMC2
(DC Llinket &)

a8 5 %—Fc';“l. HR71e 7|S/HX] AIAA
Fig. 5 Timing chart of start/stop sequence control
O R H 06x9 AAAZ & MC2= OFFH I, &
Aol AC/DC W e ] IGBT7 PWME <& 7HA] o}
H, DC Link AYS 9ate h(0OV) o2 Aofs}y]
Al&gty DC Link Aol A< 400[VIP} R
DISPLAY BOARDelIA ¢ DC/DC ZHE ONA&ol
o) DC/DC AMEIZE 2gsie], A Azglo] &
P8 AR71R AEAT SHPAE PR 4
AL oholAl 49E J1EEA A9 ) Aol
o} ¥4 DISPLAY BOARDelA DC/DC HE OFF
Aggel 93] DC/DC AHEZF OFFHM, ofofA
AC/DC 7WHE Stop AFEHel 28] AC/DC 7AW E] 2]
IGBT7} OFFgol we} ek IelE el AF7E 42
2 7=, IGBT7F OFFEl 3 120m%x %ol 4%
7] MCle] OFFgel wet &5448 AfF71s d4
S RRFE ZeHW A=A A drt

2 AC/DC Zi{E el H¢t ¢ 7‘._TErH|0|
5&*‘3? oA AT FEHAE B ’
AC/DC HAHH R, A37bA A e o 7}11 E
A7 n@g F ol Niee desis
a9 49 2e& w9 ZHEA AC/DC ABEE
H S}Ei‘i‘r. o] W FHIAAC/DC HAHEE Aofs}
71 g Ao BErfolojife 19 6% #uh I
AlAl He AAY ACDC AWE A= F 79
Feedback Alo] F9Z & AYHF Ao F9-xof
DC Link 8t Alo] F9-29 8 7)9] Feed forward
AAFSEE F4lo FAgEo] gk AAAF Ao
LI Tnner loopEA, HAFA|9)7], Modulation
Index Ax7) (Vpg/(V4/2)), PWM  Generator,
AC/DC 7i¥H, A A¥E 22 FAFH o o

=

s:1r
ful
z
oX,
m
LJ

s

40

Ao
o = 2 HU o N

NI

St Sa +
- -
i L Vo L o
a [~y 2
T
?— v L Vde
N
Vactl
2 -
EPEI Modulation Index
e143) Vdo
(Vs / (Vac/2))
TVes
— 3 =)
_&%HIO{JI(PI)
L ia_err
]‘ la_la _ref
Va J, . EECET A e j?(iV'
M00usec] T ; (P1) L de
1.2 msec Pin ret

8l 6 AC/DC PMZIHHE! X0 E=ClojojT
Fig. 6 Control block diagram of AC/DC PWM conver ter

Uy
A
ﬂ

o
s
2
o
rN
¢ E2
W
e 4
@
~
o}
&}
=]
o,
)
(@]

71]*\}““3} Outer loop At %
AetAo) 7], Inner loopdl AH ;QM F93 DC Link
AWAIHE FAHH, o]+ % 2
o2 Aojg}

£ AC/DC ZIWE Ao] EErfolojrigle]a Holi
A E UE AR JHALE o83 Feed
forwardAojolch d&H AL Aol olsh Feed forward
A= Ao] EErfolojflefA] B %
oM o] & Jrh 1 F e ﬁ%ﬂ

AAske] AE FHF F

s

P
i

E?~
o
O
Lm—{ﬂ

o
o2 2
1o
E
offt
2

(o]
o
)
@

> e o o jo £ ©ON

= o

e
O

op

gt = 92 Feed forward Zﬂ

b o = &

0 o
o o

Modulation Indexe] 14kell el A AJgh |
Shiz FEO.2A V|FAld ImAFe sEFS WA S

o 71%& o3t stk



574  ENE EE &K B8 B3 20024 124

2.3 DC/DC #HAHH
B oE=FoA Aorg uAE REES] AF71E
93 DC/DC AHE R, Ae7HA] ALd o 7HA E
Zz2A7 188 £ dou?W A xee gt
T Exog slo 19 49 22 DC/DC AHEE A
dadd? Aok AF7IE DO/DC AvE 23
BapAgto] AojH = AHEE DC/DC #AWE s 19
48} o] ZVS/ZCSTEAE sk EHA ABHE F
Moz FAg=o] 9t o] Q¥EeA 5 POLES
ZVSE&RS &1, #37F POLES ZCSE2AHs stk Z“J?
POLES HzTlo| Q=R AR EW Hely] 1343
o m} FEHoZ EAYnF 3= AF 7}ﬂmﬁ
oW Da27} ONHHY, HwaFe]H Dale] ON €t}
ZVSERo Mz 29x] 22ke] ON/OFFAl A9 A&
zpe] khdglo] “0"o|m g M EHo] 7HAadhal, ZCS
RO = 294 Azt zE2E AFIE 079
2 ON/OFF7} o]solxd 29 A9] AgEHo] 7ha
gt} ZVS/ZCSE 293 2ake] 294 &£4o] A
Fol o] BaAFYSLE Y & A Sk =%
HzHey] @ Bz .tho]oc Zd 98] Freewheeling
] 121% g 2ojA 9] =B
7} o2 EJEE E% &£48 A €9 olgid 5
HES B3 Aade] £8% v op FdUd A
A7 2 2e PoiEe) FAS A7g 2 e
Atk Wety] 221 DIODE A73=, ¥ <dd
o}
_'F—_T_

X
&
= 0t

e T

A5 9 B3 528 Bl AYg A
7vs8HA sk
71141 ¢] DC/DC Zi‘ﬂEiﬂ =
PHASE-SHIFT) 7 ¢tA|o] 4]
HE]7} o] 44?1 hard- sw1tch1
7HEsA 19 4ollA A e &
a7 79 (a)9F A B Mt
-B 7te] A (o) o] Hrh A,
of o3} A-B zke] Mol B A7t
o HuAe 4 Q7 Folzch =
AQr7stet thele e =E A
AFALE o] FuAd FRgtr]e
E #3 A 2o AAZ R ZVS/ZCS F
22 o]4#<l hard-switching®] 7Z$-9b&= oF
zpol7} ot AgAogE= A (7 B F Yu)k

du 1% i
mio

.,.4

2
o 2
o 1o

W

2

¥

do
o,
("E, o
o
o

P

2
?

(L‘ (]Q mlo [‘2&4
offt

re,

lo ot Sore
rlo
S

u>”°
riﬁi—{)rﬂigho;_\g>1§okoé

X o i o oo o Q
r )
i o
Ry ooy W &
2 R e R
E.?.,E

[N]
NI
o2

B
o o
3
2

o g =
.ol
o

al}g( VAB) = _7% V(lc (2)

AR BB 293 ARV Z el

(a)

R S—

- j— (o)
B
[

38 7 DbC/DC ZAHE{S| PWM 2t
Fig. 7 PWM waveform of DC/DC conver ter

N1 Nz
Ve == % | l
s Te
N3
—PH—

+0

Manual 1
Mode Led
Selection mV, (aé‘ag”
Auto T MI {1
T2 8 DC/DC ZiB{E{ Ho|2FClolo| O

Fig. 8 Control block diagram of DC/DC conver ter

Mode)& 23 Stk FEREE ARV F28dd4e
Al 9E SAges AP F o] ¢ dAst
Al Aefdhz AR FEREA AofHe A
71 2EAEE e A8 Eok € AR
o WAE PR e wE FERES wEAL AlE
Aot &2 &Y 229 ARE udste] AYIH.
AgrEs Aske] S5RAHA TEdss dA s
ol 71EdFH AF7Ie 549 & St 8k
gk =AY dHaE, HA A e s 2w
ghom dAaHA Aojsks FHEEOIY, o] AFEH
REE F9 87 st A9 FaehAl dA3 A
ARE 28 5 de Aol dv

3.1 AC/DC ZiHH
AC/DC ZujEl 9] A3l 2= 19 49k 2ok Tyl
o] AC/DC #ulEe] 38 oA xhs 1 pole®



Adohy 9 Y Bk EE SHYNS wE Gy ~99 YF7] 575

H ModuleZA  Mu]zEALe] SKM300GB1247 o],
IGBT®] AT AAHNGE 2+ 3004, 1200V ©]
o gt ALEe] 47 500uH, WA olW, &
o AAE &) A A2 6800uF, 450WVoltt,

2% 9% FRalAe) daAgAF (4)9 a9

4 99 (V)& nojm gk aged me A4y

FEgAE AAAF] VRGP RE Fo|n 19
Hol o)t c% Fupdee] BB EAE: AL
B o9l 7% 102 135kWe Hslol|A]e] qlalAsz
(7,)9} ﬁ%mWVa)»; Hola ok, AFE o] 1
JollAl B AHY ALAGY Baoln], 7o Iy
o Bgoz AC/DC AWE7F A3 Aojxm e
& B 59

CHI=10mV CH2=50V - - T Bms Jdiv
pCc 11 DC 100:1 : (Sms/div)
: HORM:200KS /s

8 9 FESlAMe] dHHYUM () [20A/div]t
ﬂéﬁ%ﬁ%@ﬁHwﬁH%WMWLvmﬂmW]

Fig. 9 Input source current(upper)[20A/div] and
voltage( lower) waveforms at no foad condition
[250v/div], Vdc=400[V]

cHI=20mY CHZ=50V ¥ Ems/div
pc 11 DC 10001 : [ ms/div)

J8 10 13.5kWe| F5ollM LAMAMF(S oted)
[100A/div] 2 /M AFQH ol2h THe)

[250v/div], Vdc=400{V]

Fig. 10 Input source current{upper)[100A/div] and
voltage( lower) waveforms at 13.5kW of
full load [250V/div], Vdc=400[V]

1% 118 71FAe DC Link A VieE Holi 9
o} oA Biz A 7‘4 2, Freewheeling diodeo] )%
DC Link AZAE Z 47] ZH MC1 F94dA, AC/DC
AWE ONell 23 DC Link #AAE FH7]17+&
A FHEFHE 400[VIZ HgstA AEH 9SS
ek a9 12+ kW9 DC/DC Converter %3+
J}g} e Al DC Link #¢te] W8S Holm 9},
agelA W AAY Fake WFel dis] AA Al
FEE7E A SAE A S AT}

n
1Y 132 AC/DC AWE Y 8% Rolu o) =

A
=X
9]

4>o

AA hal
Aok Ao A7 97~98%2 A& yEUZ 3o
™, o]= 7]&9] Thyristor 1341477 2ol 4] 2]
& T0~80% Kt wo| MAHASTE ¥ F
a9 14w AC/DC 7IEeA 9] d&& Holm 9
o g A AAT A 19 b d&s
Bl 2len ole 7]#2 Thyrstor $1%4HA0] A H-7]
Aol o] ZEdgtel] what spE ik ojhue} o2
sl fojAle @& J&E vls)] dA3 NAHASTES
2 & Qlrh

(25 /div.
NORM:SDOS /s

a2 11 718Al DC Link MLT&[100v/div]
Fig. 11 DC link voltage waveform during starting time
interval [100v/div]

o CH3=20V Bs7div
pc oy (55/div)

NORM:2008 /s

2 12 3kW2l DC/DC ZME 2 o4t XPTHA] DC Link
MtEE[100V/div]

Fig. 12 DC link voltage waveform when applying and
disconnecting 3kW DC/DC converter load
[100v/div]



576 B TEE &k BTE B 200240 124

1.00
0.98
0.96
0.94 /
o 0.92
i 0.90
0.88
0.86
0.84
0.82
0.80

3 7 10 1 13
2% Polkw]
O3 13 Holzol cish AC/DC HEIL| 58 &8
Fig. 13 Measured efficiency of AC/DC converter at
the variation of output power

1.00 —

0.98
0.96
0.94
m 092
3 0.90 —~g=
0.88
0.86
0.84
0.82
0.80

3 7 10 11 13
=2 Polkw]
I8 14 FolEsol sk AC/DC ZAHElel EHAE
Fig. 14 Measured power factor of AC/DC converter at
the variation of ouput power

3.2 DC/DC ZiH &l

a9 49) A Aze THEANN PWM HulE &
HAGS 400[Vpclz ARy ZVS/ZCSe T8k
DC/DC AMEE # ~9A(S1-S4)7h 25kHzz 9]
Aol FAAFAFE S0kHze PBYES vk
DC/DC AHElE 47 %9 3kW(30V, 1004) 2o
A FAANEA 2 B2 A S dHE o
3 2ok a9 158 W) 135 A9 AR 949
S vehddh d]b Aol Hdskel 4OOV°1W vz

_I,\LO

t7ete Aol BE 15usE -0V ARE §A4
& 5 VR HEd, ol Bx Ml 9 ARE
2]

Aeh el A tehbs @l 1Y 6ol Hol
145 AYe e BEe ¢ 5 9

i

4

w3 2" 178 HoleE A7) S 8
7 98 vehdch kW, %W, kWa F3E5 ¥l
A DO/DC AvEe] aed 34 43 39 18
oAl B ZAE 2 90.9%, 91.3%, 92.4%7F = o]
A ARl 278k 52 g8s ¥ 7
A2

Stopped | 2007 /04/27 15:38:03

CHZ=500mV ¥ CHa=10mv Sus/div

oc 11 M pec 11 (Sus /div)
NORM:100MS /5

e B

“‘E/“‘J%

08 15 FHT| XS Me(Sok) ot MR
(ot mhad) (250v/div, 20A/div)

Fig. 15 Primary voltage(upper) and current( lower)
waveforms of main transformer
(250V/div, 20A/div)

07 16 FHT| XS MeHSioE) 1t 2x M| 115
Mok ol mHad)(250v/div, 50V/div.)

Fig. 16 Primary voltages of main(upper) and auxiliary
(lower) transformers (250V/div. 50V/div)

— =

EHXMF uksd(50v/div,50A/div)

Fig. 17 Output voltage{upper) of output diode circuit,
and filter inductor current(iower)

a7 17 FHEY| 2X15 CO|REWRY| HHHUT



Astold 8 g FETEE SUAS ©E B9 293 4% 577

1.00
0.98
0.96
0.94

o 0.92 —

590
0.88
0.86
0.84
0.82
0.80

1 2 3
E28Pokw]
2 18 Kool tist DC/DC HAME S E-aE
Fig. 18 Measured efficiency of DC/DC converter

TAE Mo dule Type DC/DC ﬂlﬂﬂvri = o]
. AC/D ﬁﬂiﬂ = IGBT PWM Rectifier24 ¢
S A9 12 Adsta e w3 DC
AatA Aofstar A
Module Type DC/DC AWE=

¥, & 3 [
AT

ZCS/ZVS =913

=228 Edlo] A & A st uFa %
& 7Fsebl sl Qelgs guse A74 4dg
A wWsblR E WS AR A e
W°Eiﬂﬂﬂi@ﬂ Paish FAE )& Pauct
A4 FaAAT B =RA A wAg AH
7] 71Ee tE fAlF Bolole] HE% 7hEd Ao
AbaEd

1] 19, olites, Fe4, A

[2] N. Mohan, T.M. Undeland, and W.P. Robbins, Power
Electronics - Converters, Applications, and Design,
2nd Edition, Wiley, 1995,

(31 ILD. Kim and B.K. Bose, "New ZCS Tumn-On and
ZVS Tum-Off Unity Power Factor PWM Rectifier
with Reduced Conduction Loss and No Auxiliary
Switches”, IEE Proc.~Electric Power Applications, vol.
147, no. 2, pp. 146~152, Mar. 2000.

[4] AF. de Souza and Ivo Barbi, "A New ZVS-PWM

Unity Power Factor Rectifier with Reduced
Conduction Losses”, IEEE Trans. Pow. Elec., vol. 10,
no. 6, pp. 746 ~752, Nov. 1995.

[5] Prasad N. Enjeti and R. Martinez, "A High
Performance Single Phase AC to DC rectifier with
Input Power Factor Correction”, I[EEE APEC, pp. 19
0~195, 1993.

[6] F.A. Hulichel, F.C. Lee, and B.H. Cho, "Small-Signal
Modelling of the Single-Phase Boost High Power
Factor Converter with Constant Frequency Control”,
IEEE PESC, pp. 475~482, July 1992.

[71 L. Dixon, "Average Current Mode Control of
Switching Power Supplies”, Unitrode Integrated
Circuits Product and Applications Handbook, pp.
10.398~10.411, 1995-19%.

[8) 999, x93, RUF, PVX, AHF, 224, BAT,
"Modified Trapezoidal PWM-S 7]%& 3 CRPWM
Boost Type AC/DC Converter’, A3 Ax}8r3] =74,

A5A 13, pp. 26~33, 20004 24.

9] S.J. Jeon and GH Cho, "A Zero-Voltage and
Zero-Current  Switching  Full Bridge DC-DC
Converter with Transformer Isolation”, IEEE Trans.
Pow. Elec., vol. 16, no. 5, pp. 573~580, Sep. 2001.

[10] J.G. Cho, JA. Sabate, G. Hua, and F.C. Lee,
"Zero-Voltage and Zero Current-Switching  Full
Bridge PWM Converter for  High-Power
Applications”, IEEE Trans. Pow. Elec., vol. 11, no. 4,
pp. 622~627, July 1996.

[11] ID. Kim, EC. Nho, and GH. Cho, "Novel Constant
Frequency PWM DC/DC Converter with Zero Voltage
Switching for Both Primary Switches and Secondary
Rectifying Diodes”, IEEE Trans. on Ind. Elec.,, Vol
39, No. 5, pp. 444~452, Oct. 1992.

[12] Ao, 2719, A8, 288, 4P, ¢, 4t
f/_f,!.v‘/.:_/\l /\Lhﬂ Z~LQ. ALE )\_'4 =] Single Stage
AC-DC Full Bridge Boost HWE", A& W3 =8

A, A4d 4F, pp. 377~383, 1999 84,




578 WL I

Y il SR GT6UE 200211 12)]

45 A (2R E)
19781 98 30244, 20014

s 9. M S ek

1987'—.3

R H7IB wmg BY 10204, 109811 =HcH 7|

ENEES Toin BY. 20004 S i M7Zs
B OBYMAD. 20004~ SR KTR7I(F)
JleTs TR

1984 Meh) ®7|=
s2nts|2
2tn} BYU(AAD,

o T
o

o P (Bl th)

1914 = 19660 2& 1524, 1991 Sofd TA}

(S, 1919 ~19%63 o +3 et ZY. 1991A ~ A KTH7|(F) 7
oxized T AT 19974 201 Holojne
8 0|=F Univ. of Tennessee HEW
£ 1996 ~ X 2Fd MIINMOiAESEE Fus E §

3| stel

(o=

Lo|H(BFEH)
19604 8% 2,

19844

of

Wisconsin-Madison 2w
22 MI|HAASSER

Meat ®213 19724 JE HXE

EY. 1986 st=Ev =) M| ~1985W CHSFEM A}
Agetnt SAU(AAN. 1991d & Of XA 1086 ~ K KT
EA(34). 1997d4~1998d  o|l= AR




