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Research for Distributed Design for 30kW Full-Bridge Converter for in High
Frequency Welding Machine

Min-Woo Kim!, Seung-Won Choi!, II-Oun Lee!, Jun-Young LeeT, Kye-Soo Jeong® and Ei-Ji Ito’

Abstract

This study presents the results of the research on power supplies for welding machine using MOSFET
switches in high frequency switching for ease of design and use a 100 kHz switching frequency for high
power density. The topology of the proposed power supplies for welding machine is ZVS-PWM full-bridge
converter. The proposed converter is designed on a distributed transformer for ease of design and be used in a

100 kHz switching frequency for high power density. The problem of power imbalance of transformers
occurring in parallel operation of transformers can be improved by applying common mode coupled inductor and
the corresponding contents are experimented and verified in this paper to present conclusions.
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Fig. 1. Circuit of DC-DC full-bridge converter for power in
welding machine.
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Fig. 2. Block diagram of DC-DC full-bridge converter for
power in welding machine
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Fig. 3. Waveform of CMCI and trnasformer in full-bridge
converter.

Agd & 2 7AWE 9 AAA 725 Uehi
otk Aok AW EERAE TF £%o A¥d
Yol e EZ2XQ F BHX 7¥HE A9
om ZVS-PWM 22913 WAooz o A =294 @
skt ahkel £ Bl QIHEA 7 7o) W]
7b BER QAd xE Fsta, 9449 7 Wl
HHS CMCIZ 7129 sklvh Z2F Wd7]e] 235l =
A e Aol sla, AlEse] TA] &4

-

Y B dd¥= 725 Zteth

2.2 CMCI 8% 24
Aletsk= AW EAA CMCIE HE=
dEEFS AW RER AFY AT 7 9Y
SO Aol 7t MY vt AR
Het7]e] At ApelnkE CMCIol #<te] A7b=&
2 s gl
3 CMCI®| Fauga W79

o At [ 1o

[
oy jo F

El
ol
2

aled
o

SEA] grojof Holm
7b FUR T 7H8kal Lg<Lue ©l
A7hgct. CMCI®) s2H2 =LA Al 7}
i Mode 1, Mode 2, Mode 32.& U

= oy
ook

B
=T
>

SLEHDN DL
1>
o

H

0,

&)

2

>
e e
o,

o I

=

2 X N o lo &
r

=0V M
=iy +i, 2)

fe)

X

=

E, LigB T LyeZt T AARE CMCIel| o8 = A]
Y~ o] HAE 45 Wetre 145 A
SHE s938h7] diel Mode 1914 424 1, 22
o] A&lsttl. Mode 1 F-3FellA Z} WSt719] At
= olge} o] 4 (3), W= FdHTh

J

N
K % o

I/in = vlkgl + Upl + Vem = vlk'gl + Uem (3)

in vlkg2 + UpZ T Uon = Ulkg? “Van (4)

aga IYE AYFAoZEE Mode 1 T3bellA9]

= [e) = 2~
Vo Vikgn Vigre e 4 Qlth

di
L cm
’UCVVL cm dt (5)
di,
Ulg2 leZTQ (6)
- di, iy +ia,) diy,  dig,
UVlkgt — kel gy Llkg 0t g gy dt
le‘gl legl
- L[kg? vlk’g? L(’m Vem (7)
o714, 24 (3), (), (MEZHE VS FEshd
legl legl
Vin = le’g? Uk + le ) Vem +vcm (8)
Vin = Vg ™ Vem )



The Transactions of the Korean Institute of Power Electronics, Vol. 25, No. 6, December 2020

] @3 9)E F3HA

_ legl
in in
_ leg2
Vem = L
kgl lkgl
+1
leg? L(:m

(10)

2 (3), @), 102 4 ADFH (125 fr=std v

7} W/@TFI T3 4 A

Tkgl lkgl
le2 Lcm
Ulkgt — Vi T . 7
lkgl kgl
+ 4
leg? Lcm
le 1
2+ —
v, Lon
Vlkg2 = Vin
o lkgl + legl +1
leg? Lmn
Mode 2 (t, < t < t,): Powering T7{to.2, 42
(14), (15), (16)9] %< wEgrin 7}35}1

o} olst 712719 7= £E ARSI

V1 = Upp
1 1 v/n—V,
Lig+Li,=—"Li,=————T
P f2 Lo/z
Vkgt | Vg2 2v, _ 2nV,
-2 2
le‘gl le‘gQ n°L, n’L,

= 44 (15), (16)% 2.

Vi = Opgr Ty T0

om

V;n, = Ulkg2 + Up2 Ve

E3F Mode 29 Vi Vigs, Vigz T2 Tha¥} 20]

di,, )
/U('”I = Lm dt = L?TLL Z’!TL

Up1 . Ulkg1

Ulkgl legl dt lejl a Zp1:> a Zpl = le |

kg

_ Ulkg2

Vg2 = Lypgo— dt = Ly L= L le ,

g
24 (15), (16)F 72 (13)& o]&3 +4 2005

sttt
2V, = Vgt T V1 F Vo 00 = Uy T U + 2%1

=2 V;n - Ulk:gl + Ulkg2 + 2Upl

e8))

(12)

(14)

(15)

(16)

am

(18)

19)

(20)

471
T4 (7, IR=FEH 74 QDg FEsha
V;kgl = le-g14ip1 = sz-g14 (i[12 +Z‘m) = Llegl em Elki Ulkg2
R v

T2 (15), 16)2 271 (13) 22 24 (22)F fr=sgith

Vigo — U
0= Ulkgl - Ulkg? + ermﬁvun - B 2 L (22)
T4 QDI R2)25H (23)& F+=F 7 Utk
(2L +legZ)legl
Vo = Ty (23)
ot (QL(WL + legl ) LZng tho?
a4 (2003 (23) 0.2 F-E
2V, = Vgt T Vo 720
(2Lcrrz + le’gQ )legl
= Upo T Uppn T 20
(2Lmn + le’gl )legQ ko2 ko2 o
= _ ( V;n B Upl ) (2Lcm +leg1 )legQ (24)
o2 Lcm (legl + legQ ) + legl legQ
T2 (23), (2HEFE 2] (D)5 Fesh
v _ ( Vin - Upl) (ZLUUL + LZng)legl (25)
ot L(m (legl + legZ) + le'glle'gQ
T4 (14), (24), (2B5)=FH ANg FAoz 4 (26)
o] fr=¥th
’Upl -
n2Lo (4L(’m + legl + legQ) V;n
nQLu (4L(1rr1 + legl + legQ) +2 [Lsm (legl + le‘g2) + leylleyQ}
I 2n [Lcm (legl + legQ) + legllegQ] v,
n2Lo (4LCHL + le‘gl + legQ) +2 [Lsm (legl + leg2 ) + leglleyQ]

(26)

npxjo g =21 (22), (23), (24), (26)=
N Vigr, Vigs Ve ZF S F-3F

Ulkgt =
2 (2Lan + legQ)legl ( Vi,—n Vo)
nQLu (4Lcm + legl + legQ) +2 [Lum (le'gl + le‘g2) + leglleyQ}
27
Ulkg2 —

(ZLUIL + legl)legZ( V;n -n V )
L (4L +leg1 +leg2) +2[L (leql +le02) +legll’lk92}

(28)




472 kW 173 85 7198 Full-Bridge ZIHE 9] Z Ao gk A+

2L, (2leg2 - legl )( Vi,—n Vo)
+ legl + le‘gQ) +2 [Lcm (legl + leg2) + legllegQ}
(29)

n?L, (4L

om

el 12500 A ovA] ddo] HA g & <l
Elo] Ago]l -Vourd Zelmz 1235 <1dEd dee
A2 v 2

Mode 3 (¢, < t < t;): freewheeling 7-{to& o]
1=

Ulkgt =
2(2L,, + L) Ly (=1 V,)
n2Lo (4L(:m + legl + le‘gZ) +2 [Lcm (legl + leg2) + legllegQ}
(30)
Ulkg2 —

2 (QL(:m + legl )leg2 (_ n V;)
0L, (4L, + Ly + Liggy) +2[ L, (Lygy + L) + Ly Ly o)
(3D

2.3 CMCI & A
CMCI®| A= & =9 22404 vEbd Modes
1stad AsE el A

fEsta, o) vl

>

d
ol
o
o
ofo
2
2
=il
N
o
N

ol o lo fe

de Fu [~ n

2 2 g 1

> N 1>
tlo fau

T o

- T

2

e

(o3

—r

)

S

>

o

=)

)

ol
©
BN
)
o
o
B
EL‘
rlr
=
ro,
Do
(=)
=

a
fr
10
)
9|L

(32)& ol &ata Mode 19| 7t W5 71472 WHa
et 2.

. 2 1 legl legl
/ =V 4+ — 4+ — 4+

kg2 cm

. 2 Ly ) (legl Ly )
Liy,=1V, + / + +1] (34)
” ( L kg2 legQLcm legQ Lcm
Mode 19 A7 4 F=o 22 WS AHEsho]
Mode 29 125 19E st 4 27), ()= A7 7]
271 $4 (36, BNE 7T & AL, Mode 3] 1345

oaYE A 44 (30), BDE HAF 71&7] F4 (3W),

Lo
Jeoth + gt 2252 |

[11»';71 + le_qZ
L, L,

cm cm

M=n’L, (4 +

‘ Current Slopes of Mode1 [A/[15] ‘

160

A\
150
140 N\

120

110
rd

100

——ip2

—_—ipl

0 4 3 12 16 20 24 28 32 36 40
Lene[pH]
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