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analysis of three-phase current type PWM converter using
resonant DC Link snubber

S.H.Lee', S.F:.Mun*
Kyung-nam University ,

Abstract - This paper presents a novel three-phase
current-fed Pulse Width Modulation converter with
switched capacitor type resonant DC link commutation
circuit operating PWM pattern strategy under a design
consideration of low-pass filter, which can operate
on the basis of the principle of zero current soft
switching commutation. In the first place, the
steady state operating principle of this converter
with a new resonant DC link snubber circuit is
described in connection with the equivalent operation
circuit, together with the practical design procedure
of the switched-capacitor type resonant DC link
circuit is discussed from a theoretical viewpoint on the
basis of a design example for high-power applications.
The actively delayed time correction method to
compensate distorted currents due to a relatively
long resonant commutation time is newly
implemented in the open loop control scheme so as
to acquire the new optimum PWM pattern. Finally, the
experiment of set~up in laboratory system of this
converter is concretely demonstrated herein to confirm a
zero current soft-switching commutation of this
converter. The comparative evaluations between current
-fed hard switching PWM and soft-switching PWM
converters are carried out from a viewpoint of their
PWM converter characteristics.

1. M

=
i

2

Rl 3
o} A IGBT, MOSFET, MCT
tlupo] e gf
71€8] =¢e] Erb4sit o
PWM(Pulse Width Modulation)
]*gﬁrﬂﬂﬂﬂoﬂ gk A YA A
Z1AeHeE 99 Bk upo] &
A2t 293 &4 o8z Ax
A Jx, AEHEFA ] PWM )

A7 Rolx it

APABEA ) &

T 1wl o

N W

7
=
€]
A

N 1o o

_V}irrlﬂﬂ

oy

3 AR

L S VA

ol
N«E >

2

N

o

Ao gy Ay of

B St B Ve w

2 o I SN
- =
oo o & du pm

B ol ol o B M oo
oy

TR A [ SR A A3

N>

%

[od

K Y suh', Y.M.Kim~
Masan College

*kx

., W.J.Kang .
. Kyung-nam Junior College

PWM 3z dtisiM e ofA

=M e S99 AHA
ﬁi—% ol &% 3 HRIY
2 AstaA ek a3
d WG ATH 297 H5e 4

A9 Aol AN neEs
293 PWM 7ZidEge
A Nzsnse a2 E]r
stef FHstnA o

\__

ri

H_TV_

2E2EF3 O]HE'}L

S
34 Eﬂﬂ

ZUH 3 Eoln

Le

V o— T

Ce

I

T2 1 3¢ DC Link 2L1HE 0|8
Fig. 1

&F PWM ZitHE]
PWM converter using resonant DC link
snubber

a9 19 Ange F 292(S; Sg)a
¥ DCHA g 2o AR(Commutation) A} 7]
XNE g-237 g-937 29X o AF
(ZCS : Zero Current Switching)W2] ¢ 2
Aerg g 2o 293 Fabe] o

fo
ot
i

AT
ot W Aoy

i

il

s

i

[0
2o
HoH

Mo o o Ho du

L

._.55._



U Rolth 1% 2014 7F 77he] By SHAEEZ 3
A e 2o,

1. (Mode 0) : (1< )

WA x7zANM 2945, Syt HB-250 Qe A
el F2 DCYa 3z29C.q x7 AQUe =
KV,(K>1)o] 324 attx Adss mson,

2 (Mode 1) : (fg <t <t)

292451, 82 ¢ BAA 927 294902 @-2A7W
AWE AF7F X DCHAN 2R AF(HH)E = 5’_50]
o oold F AHX AFF ez HE F 29 E -
ex Nt agni, = 0 v, =KV, 2z 9= 2712
€ EUE 3zo Au¥se g3 e Aoz v
F Sloh

1 r}ir

¥ i

1 N B
zLT—TO(KVP+LO)sznw(t &) "

Ve, == vy +(KV,+ vy) cosw (t— 1) )
1 ., ( Zl,

— = — -

ht=on [KVp+v0j &

bt =1 Ao ARAE AL 4 49 2ok

Vo =— v0+\/(KVp+v0)2—(ZOId)2 (4)

3. (Mode 2) : (6 <t <ty)

RE 2= B3 DCYAsgd AF #Rly s=22,
meolth Ed 29% 47
F 2928, 85 9 Aol A
BrEsE 4G4 AME U
27t Q7bEE AMte) A

AR C, = age
g Weelst Al

d- gzm}. sl
Y]x

of
)

2

AT o
N o e Lo
e

32

_u

&‘i

azpe] rtste A4v=—(th+ve,) < 0 o
A 78 & gem @)% 2o VY & Uk ol

71z
Togeln = 2925, 35,9 Aol Az: 8- 9xd
o},
iCr: Id 5)
Id
vCr:_ C (t_tl)+vCr1 (6)

r

c, C _ 5
(vt (KV, +v) = (%1,)°) (D)

h—t = 7 —Ugy = — T
d d

C. c,
t= T (vo+ veny = I_\/(KVP )t = (41,)*
d d

€y

4 (Mode 3) : (t <t <tg)
we 304t A% ALy 7+ Sq, Dast So, Dz 3
gz pane noolr) oy CLe HAgte goz .
A mooq Haz 3254200, 9 Aol
£ 3¢ Bym RE 42 ABH

=1y 9
Vor = (10)

tlo
o ™
o
14
i
do
)
o
jatl
i)
to
=

294 5,1, S
N oW AFE teje=Dn3Dpe $ad z=
AR C, o Hgte 2@
= g gol Uehd 5 gtk

Id
,UCr: CT (t_ t3) (12)
CKV
ety = 2 (13)
d
6. (Modes) : (ty <t <'t5)

C.o Aol g Fad4ve,= KV, 77 315
W 2928345 ¢ JHF 299o2 @- ATk RE
5l F Bz Zo] AF(EWZ AREHHNN HFH(E
W)7h 4Hs AFESY F 29153567 =54
9 RE (o2 HEoIE EEot. o4
i, = loyve,= KV, g8 2dz ddasz 2399
&3 o] Yehd & itk 9 ANR=M FTI AF
PR o AZhe BE 39 Ak AZE sE 417
Zo] hebd 4 gloh

i, =— —;—O- (KV,—vy)sinw (t—t,) + Lcosw (¢—1¢;)  (14)

ver = vy’ + (KV,— vy ) sinw (¢ 1, ) + Zyleosw (t— ;) (15)

PR S | Zyl, 16
ts t4—wtan [KVP_%,] 16)

1 .
t— 0:71)“'5”" I(ZOId /(KVP+1)0))

+Ltan=1(2,0, /(KV,~ "))
C. C KV
+ = (ot (RV 00 = (BT 2
d
(17

_56_



HOIE HB | Vo)

1~
AKX Ee: Vs

Mode 0 [1] 2 3] 4 [5] @
Time ¢ty t; t tg tots

a22 2 R0l o S5 o

[ S|

Fig. 2 Operating waveforms of each mode

2.2.1 293 #de 2EY

aY 3@ 19 3bE @ *@—%% 77 7
GRET I EE a1 urw_ E
294e AWy PalA -ﬂﬂ s
FZstm Q7] W] AWF seo] PWM HuEAzug
%11 B F () A 7}(t— =

=
A

= %i%(‘i%ﬁi)/‘]ﬁts% el PWM si®l A3 & shats
Aatn vk R A FER)

= W oulel Zo] AF HAF) o9&l Q)
o ARFAFE dEste Ao wek 2 go] Ao}

e
5] ot o
= 2=
~ wW
P — . 2
o : sz e
~ W THE 2 =
—- T T T :
3te/2 g i Iotes2
te/2 1o iM1g
. A TSI
i -

P

WH R

™
g
-
g

o) T T

]
ok
w
2l
E
o]
-
=
<
-E_l
m
m S
o 0%
0z
>

rir o
I

(M&% 2™o| dyE 4%)
Fig. 3 New optimum PWM pattern correction
method

(a) New optimum PWM pattern during
one sampling time(Without resonant
commutation time correction scheme)
(b} New optimum PWM pattern during
one sampling time(With resonant
commutation time correction scheme)
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Table 1 Circuit parameters of converter
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(a) Main switch of turn-on
(b) Main switch of turn—off

T8 14 At AT 0 0 T A4 2
u-en g-emAY A, A J}vg% 29 5% 1
¥ 5(b)el ehATh 19 50 1 I£3 @-2xd A,

AF7E AHAY, A7 LZE &~
< ¥ F Yo 29 6(a), (be TH
Z 29A9 AGH AF
A g F g%l 2198 6@ BE 29X7
ZCSEaE 3v, I1¥ 6L Bx A7} E—i—*
ZVSE#o] AdEE At

o }
AE gAd 5

DC
#¥< vebd Aot :Li% 6el

_58_

29 7¢ 23 AANEY AgH

4 DCR = >
. ATHos 3 AFY PWM TMEd 2 2un d28
SowA £3E 29dst QAR 298 S AR
o 4

7} A, A 7

Voitags - T0OV/aiv, Current ; 2AJdiv, Fime @ SONnwdiv

()

e Voltage

-

Vottam | 100V Adiv, Carrent : 2AX, Time © S00asdiv

(b)
a7 6 2x Af|xe Metn Mirel A9F uy
(a) BxARxle| B-2
b) BExAfxle| BH-2=
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