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Efficiency Improvement of New Soft Switching Type Buck-Boost Chopper
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Abstract

In the buck-boost DC-DC converter which is
used at a certain situation such as in factories
where loads often change a lot, the switches in
the device make big energy loss in operating at
Buck-Boost Mode due to hard switching and are
affected by lots of stresses which decrease the
efficiency rate of the converter. In order to
mmprove this problem, to decrease the loss of
snubber and switching, 1t has heen investigated
that zero voltage switching mode and zero current
switching mode which make the operation of
with soft switching. For the more
sophisticated and advanced device, this paper is
presented the Partial Resonant Soft Switching
Mode Power Converter  which is adapted the
power converter having the partial resonant soft
switching mode, that makes switches operate
when the resonant current or voltage becomes
zero by making the resonant circuit partially at
turning on and off of the switches with suitable
layvout of the
elements in the

switches

resonant elements and switch
converter, Also, this paper
includes the analysis and simulation of the Partial

Resonant type Buck-Boost Chopper.

;\}%o}h = RALT DC DC W Edl
Buck~Boost Mode%-2A] A¥ & WEA 2248 &
& Mg AFAA = 294 & sHnzg &
o) Z7, BL 2EHAFE WA Ho HEs|Y &

K.Y.Suh, 8. K. Kwon, Hyun-Woo Lee

*TongHae College

Y

Mask7) A8l =939
: A 2AA(ZVS: Zero
Voltage Switching) ®i+= dAdF =Y A ZCS: Zero
Current Switching)2 2 ¥3lstA 3lo -’i‘--r];‘" =
2 298 48 #ZHE: A TS kol2RE FxAlY)
= 71 g3 01?‘5103 Al i

B om=gdiae vgrle AgEE 292 &xtE
o FRAEAEFL HAEATS 24x9 Tum-on,
Tum-Offfy FXIZE R EHe2 FHAAH 3
AF T FAHAPe] ez & o ~294ANEL F
HEZH A2ZE 294 71¥< DC/DC

Buck-Boost AHH Al A gA7 “REFAY 5.7

L

ol e

2

tlo

Ie

m e

"Iy

.L

oM

W g rulm
o of
Y

% &9 (Partial Resonant type Buck-Boost
Chopper) & #)4], A\ B o)Astm, 7]&e] Ao y
) A& &0 MAEHASET Fdg

T <4 AvE R

4 AdE s ze YEALd WE
of thale] EPALE Aosr] Y5t qyal &4
& JdYHE A3, 29X PWMAS 4 23
FaAEY. PWMA ] oaA Zge) 2+ A
F8 A&£E=(CCM: Continuous Conduction Mode)
¥r EASHEZ(DCM: Discontinuous Conduction
Mode)Z A + o 248 z2A¥EHY
PWMA ol A CCMog A ojatd SHAY A7)

oy
N

= #AYA gou e AU AdAE} 2
AQ2AZE Agatdol aH, Aol gd da o
. WE DOMLR Aold A9E Rao) Augo)

Aol 4R, FH &0 AAF A7t &olsioh

I 2v REIFY 572U 299 s2E 4y
B3 Rolth 9714 AHEd 444 UH€E Ly
Pgg 2N Ce 294FA59 Frlo 98 &

._44_



¥ ¥ 4 glow, % Fua(s 16Hz ~ 20kH2)
olgel 2914 FardA ALEArt ssg o

% ABT)o) AEE 2AANES B 290F Fia
Z Qo] 2919 £40] Ar B 2Ed2E LA
o ABr)Y BEE AN BT

,

<

To
o

—
e
—

—fd >RL

I
o
2
=
ro
_O'ﬂ
r

T o= S1, S22 A 53, S42-2 R

S QLS ALA| ON ON/OFF

21 Qb= AA| ON/OFF OFF
1 &Y -2Y ST Table

<
(]
N

TEFAHET FEE 294 22 81, 829
<UE 2 4A 83 549 $AYE 9EH L

2 ~uy ZHAM CE FAEIY. 2HA E-24
AYE Lo AFE 9oE FHol ZCSEAS A
HE2 BH-2 &40 Hoju, dibEoz 293
, =97 Fogo Frle}
vlg gk, 9 Aok Fze FdA G Hgol
FoAM FARRR 29XT ZVSEFRE HEE =

A 29 81, 2= FHE
E2A 290AEA He==

2 AstsA ded

22 7183 FEEAD § - Z4EA 4

221 ZAFEFA A=Y

aOE 4L BEEF 548 24 Astd &F
718 4709 ERARC 2 ko] vield Aol

B 5

e P o 2
i mi_ \=‘[ ]——-.—(m-, e o A"| T
ST o
= 2 . = o2 ! .
w[ 5 #n, CESWTY | ] . *n. CTT %n
(@) Mode 1 (to~t:) (b) Mode 2 (ti~t)

B2

c|_[1m¥“"|__(uw~ ' - J. = -‘ rmw
o Ty i °T g
e ey : ey | ]
G:I & *m c::: Ve ZR -{- ;‘ o o C;T‘.a R
vv‘ i a U

(c) Mode 3 (ta~t3) (d) Mode 4 (tz~ty)
0y 4 ZYEAA 2B BFII0IA
2 gxecy SilsE

AY2AIEE S354= 4 off AEiZF HHY, 81,
527} on, off 29AL & FgxHuA T84 B
ot S1,S27F on ¥HlE S1,92-L~Ve-Vso A2z A
o0l 323, 3 Age) Artdh ¢ S182
7} offS® Lo £FHUY AHWR7F Li-Vea-Di-L.2)
AEE B39 §FAF 7t 8} olde) A 1)
AL g 2,

81, $27F ond A% : % = V¢—V,



di
S1, S27b offd A LG =

{a) Mode 1 (tp—~1t1)

2710 e A Ll A
ZAAM Colle EY Aol 2145101 24
A 2% BAC wodA B-29

b5 ok
B ir(1) 1 .
CE=LT [iat+ B, @2.1)
d,(0)
@ 0(0)=-4al0)=E, zL(O)—T=O
L3 e Be3t 2ol 2083 G2 3% 9h
v()=(E,— Epcosw,it—(E,— Ed) (2.2)
in(H= —2%5—“’ sin w,t (2.3)
% we=rpg ¢ 3AATRE
X=| 2 omaamds
o]},
o] REE p(H=0o2 HW EaA. o BE
9 717 The &3 o}
E,~E
__ -1 r d
Ty=-,,~ cos (2E Ed) (2.4)
Bee AEd HEH LS GeAew Fojrd
=i (Ty) =5V 3E,—2E,E, (2.5)
(h) Mode 2 (ti~t2)
o) RE Hzgge
_ L,di\(®)
E,= "+ E, (2.6)
@, UC(O)=0, ZL(O):—Il o] XL, A HE AF iL

e e o] A¥ROZ FAEY. o (H=0
Er_Ea'

i (0)= T t+ 1, 2.7)
~9 2 2zE Ao H-QITEW o] REE F7
gk o471 293 2R ONA VS Tono 2 3

A o] RE

Py HFE

7'.“‘-"—7)‘] Z_].- TZ\_.
L =2}

Tg = TON_ Tl o]

by M

,—E
L=i(T)=—"5—"(ty= T)+L (2.8)

(¢) Mode 3 (tz~ta)

N7 il 294 248 ©@-2ZsH FE A4

& gest 2o
_dil() 1.
E,=5 = LA sz(t)dt (2.9)
g, 0,00)= =0,i,(0)— 40 — 1
L(O)__{(“Ql Iz
2 H3 Lrd Cre tga go] FFEA Crol ¥
A
v(D=X,I,sin(w,t+0)+(E,—Ey (2.10)
1, (D=I,cos{w,t+ 0) (2.11)
E,~E
0, Lo| PRy

0= sin“l( Er— By
V XAE+ (B, —
Creol Er7tx] F A=W

&)

ZFRAEY ALA
7t Tse T3—%{Sin_l(*£—[})—ﬁ]
z Hz gdy AR HAFH L ez @

E;
XZ

o] REE

(2.12)

E]— I3— Z[_( Tg)

(2.13)

(d) Mode 4 (ts~ts)

ol A BFriolo= D7t 2Fatd 2l
dir (1)
dt
% v (0)=E, if(0)=1 2 59 ddg AF 1

L REZFog BN

v(f)=E,,

0=Lr

+E,; (2.14)

iL(t)=(%)t+Igi'Jr 2ol AR .

o] B=x #dH AF7 i (H=0% =W
2=9] 7| Toe vh&3 24 Ao

é; 13 (2.15)

e

T4 =

ol TeollA @de A7/ [0 92 Hi &
FANAAN 294 A7 A-28 q7iA o] REE
ALE 7+ e v (H=EFE, i ()=0 2o ¥7F
A gt

283 F&9 1571 Tc2 st HAH HF
Bd&og 87 daflae tollAl tw71zte] 1571
o AA He 270 Yot

B2

- 46 -



(a) Mode 1 (to~t1)

5;p< xm s:K r o
. z . omE o, e &
* o4 K.H * L K! "

() Mode 3 (to~ty) (d) Mode 4 (tz~t4)

19 6 Y SN 22A FI|0AM
4 SHREYE Sta 2

oY 6% Zo] WEE AFW REFY 4AXE
Aol F o9 #Bd AvELY BYs 7=
7hAh 81,82¢ &4 oniElzl H1m, 93,8471
on, off =¥ A& 39 SAEWE FAstd Rl
1de FE8hz 22N Vo8 Vo 249 L9 L
ol #AE T3y

Vi=(1-RV,

Is=1/(1- R,
19

7 FHREEE e FAeAI & o)) g
o8 2 Aegg,

Eial
=

- 47 -

v
LY, T ey

3,
= PRy

““:‘l:‘lﬂ:l,l\x-" w:'om‘ ﬂ "jﬂ- ‘: “-‘1’ e '
O 7 SYSHAN AR ASYIM T
-
Rl ]
"
[ (&M . ™ ».uax 1wy
= Freaucncy _
(@) X% =
=n
- 1
anx L) A.ammy 1.IVRx A1 . Ay ¥ .ivmy
- Fremueacy
b) £ZE £9| =
2 8 UHTR Fuly 2M (SUSEA)
W Hard—Switching
W Soft-Switching
200
180
160 r
i40 [ '
= 120 N .
'§ 100 0
> 80 . '
60 .
40 . ;
20 .
10 20 3 40 50
Duty (=Ton/T)[%]1{(Final Time : 20ms)
J8 9 FEIE Bl e SYHAQ bl



FEENE AZE 297 ANEE 49 FU9
T4Y AHEFSGA LG dHA A G 2
H 4% dFor 29 & Jdornz 2943 4
TE IFRs ¢ & Ao B G8o] A9 19
HE, &2 20%4x BAFe nEgHE =Ry
T UEE BE AXA, xol2E gF ARANZ F 9
ot ACE AAEHRFEE TR AHLE ALE, 2|98}
o MY AU E A £ v v B
ERdazel REALH S5 % daw
2 FHe4E TEIE IGBT, GTOSY tEA:
Ao Hg2 71 SCREE]r n7ve AL BAH
oA Ratrt. FHAW FFY whieA 2z waw
EEog Z8&cke A2 FdHID o9, 28
9 FAE A4, deFY gtFLAsog 83
A gk

293 2o 385§ DC-DCH
E?"Bil‘:l“ A28 38 =7 A, Voldb,

No.9, pp.1272 -1278, 1996.8.

2. Hyun-woo Lee! "Soft switching buck-brost converter
for photovoltaic power generation”, ‘96 Japen Solar
Energy Socity(JSES) Con. Rec., 1996.10.30.

3. D. M. Devan and G. Skibinski, "Zero-switching loss
Inverter for high power applications.” IEEE Transactions
on Industry Applications, Vol. IA25 No. 4, 1989,
pp.634-643.

4. D. M. Devan, “The resonant DC link converter: a
new concept in static power conversion.” IEEE
Transaction on Industry Applications, Vol. TA25, No. 2,
1989, pp.317-325

_.48_



