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A new topology of soft-switching inverter
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(1. College of Information and Control Engineering in China University of Petroleum ,Qingdao 266555, China;
2. Hekou Oil Production Plant of Shengli Oilfield Company, SINOPEC, Dongying 257200, China)

Abstract; Bail-charge-transferring zero-current-switching ( CT-ZCS) power conversion mechanism was proposed, and its
conversion principle and waveform were discussed. Also the operating process was analyzed in theory by means of state trajec-
tory equations and charts generalized. The new topology of CT-ZCS-based soft-switching inverter has several distinct charac-
ters: The output voltage can track transient reference voltage and output analogue voltage waveform. Output terminal can bear
load shock and short circuit. Both multiple inverter N+1 redundancy parallel and balanced power control become easy. Soft-

switching commutation is benefit for high efficiency and large capacity. Prototype experimental results confirm the feasibility

and dynamic voltage-tracking characteristics of the topology and its power conversion mechanism.
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Fig.1 Topology of CT-ZCS converter
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Fig.2 Waveforms of CT-ZCS converter

(1) [ty,t, 1300 S, &bF#IE,S, B ,L,C, 5
S, M RIS IRIT G, Uy WA C, iR 7eH , i
FHIEWE u.(0)=-U, , fEIEIR R Z] ¢, u, 5
B R U, S, TFRFHRFNT, MRS — B
B 1, B2 5 NF — A RN

(2) [ty 0, IAME] .S, E AT, 7E ¢, BF 2 S,
THG S, C L, 5 C, iR, hT C,>C,,
e, TUMERIRER, 1, BVZ) w, RS D HFIR
S, EUIE, ¢, BRI C,U, B2
zC, Kk,

(3) [ ty,ts 1AM .D 5 S, ¥y, T 1, B4,
>0, WA 19 FLER L, fiff B 1 L 25 FL R ZE TS IR &8 o B
ZIR BN URIE(E (-U, ) ,BEZ I S, ZEH I OCHT

(4) [t5,t6 1 3AME] S, ©CH, D AL T8,
L, L, THURTE U, fEH R &Mmh, 4 —1 R
WIEE AR ¢ BEZ0, 0, WZRMED/INIT RE M 7EARSE, 5
T L, C, BRI T,

H LA A3 Hrml L AR R ep DR IF S,
S, M ZHRAE D ¥R F H I 3 AN IR DG B A
C, REMEER, —WE R 2 3 56 1k o
7 PRAIED) R 25 R E 558 5 G i B AR dis
de, Z“E e (R ) e fii—— IR U 3] U,
EERG A OB A s RO i P SR 3, T
2 T 23R S A ] ) R I B e R BRI ik o
JE I (PDM) #2461 05 =

2 CT-ZCS ZT#etn IR 753057 B

S RS I P T AT A R ULy
Bl B RS
(1) MTEALHE, Uy =U,/Us =X (B E AL 5
) ;
ey =uc/U,.
FHY, Uy swey 7300 A RS A A R S A P 22 L T
(2) HLFEAL LR .
in=iZ,/Uss loy=1.2,/Uy,
L
Z,=.JL,/C.
(3) HLIEAAIA
W =0,/f;0,=0,/f;0;y=0,/f.
L

wlzl/m, w2=1/m,
w,=1/./L,L,C,/(L,+L,) , f=1/T.
AH, 0, .0, Fl o, 73518 3 AL BRI f
PR IRRLRE L, v E U Y T R i S P R AR A
2, 3 HORAS B 1A
2.1 HiREERN
T L, Wz g 0T R T 18] 2 25 I Be i)
RETTRE, UL R AR HRLTE AL e P A RS Bk % i
XK 1 iR, CT-ZCS 2k asfa 5 TAEI SRR
SRS BT HE 3 (a) IR iy ~uey P
ERPRS B I ZRANIE . RSN A(=1,) s
B it AB \BCD DA F B BOR M2 A g1, i — ]
BB T 58— TP, A RS R

M

M




$35% %54

Ramit 5 — AP RO X T B4 - 169 -

Xﬁmlﬁulﬁjﬁﬁujjzfl ~l(),B ~ I:t] ’l2:| ’ C ~t39D ~t45
A~[its,06]0 BAPIWIREIFE S, LIFEHEERI

JI 45 B8 AR D7 R X 45 BEIR SB35 7 LU

®1 BEBRMIELRRE

Table 1 Equations in each intervals

i Bt REIT

AR S O

1 -
il |0 T |[u] | °
[to,t,] = o+l 1 (UL
e €1 0 L _K

2,2 2
(uey=1)"+igy =pi

(p1= (UC(>N—1)2+[2LON )

[lZ 7l4]

2 2 _ 9
(uen=Upy ) “+K,igy =p3

(2= &/ (Ugon=Uqn ) +k1 leon )

[ty,15]

O w1 [0 .
.= + -1 |U,
ic Ly+L, 0 ic E

LyL,

(uey=Uy )2 +( KKy iy )? :P.%
(py= /Ui +Eix )

(1) [ty I, 83 TR A AL 3 (a) o
1 AB Be, RS R A WK WG DUABRRL(1,0)
RO A BN, B3k B(e=1,) 45, TE[t, ¢, ] IA] AR
SR —HEFAE B i, PUBTTRET U M 1oy 7051
AR IR L, R ARSI (E . p, K
Rl B3 (A2, BRE T HIMEL

(2) [y ,0, 1T, %R F & 3 (a) 89 BD BE, N
— MBI, O AE (Ugy,0) 5, K 2E 525108 p,
/1K pyo K =Ly/L, JBHERK =1,

(3) [ty ts AN, RIKAX P K, =L,/ (L, +Ly)
Uy =K Upy, Iy = mlm,\ o ARBOX R T LA ( Ukn s
0) s BLG  K Eh00 py/ /KK, Fpy BIRGIE]
IR, BIE 3 (a) H By DA Br, 8 [ 15,1 ] 1] IR
SREETEA SN S, B2,

iCN
1 D _C W,y t, Woy

I
. CON t, ts CON 5 c
3N Way ty
U W3y
tsfts 0, O, 2 tsfts [0, M K2
bha U, 1 2 b 5"6" Ato| Uy 26 l? Uoy
Uy N Uy N

Wy

(a) (b)
B3 CT-ZCS THB[REHITE
Fig.3 State trajectory of CT-ZCS converter
2.2 HERELZRN
MR L, R i, IZR IR/ S LB 2 I

— JRIRDRE ZE T I A AR O A AR I P X i
M TAEBIE 518 2 ML AAE L1, 1, VIATRIIG A 25 55
AFHER, HARZSHHE A 3 (b) iR, 5 3 (a)
M, B2 T B DA AN LA (U ,0) AR A

K SEREI IR BC.
3 SHHRESSH

3.1 BHEBERKE

f£ CT-ZCS 425 1 TAE S B b %S ¢ 1y
FEL A KB 37 DA AR 51 G 3, PR Sk ok v 1) L 25 FEL
P ox g R 3 AR S R Bk . AN 3 (a) FIrs
RS E W] LUE B, AR TAERE TN ue i
KIE A H R G AR R U, e K G i) FL TS AL H TR
HR U,y , FEZAREIRBFER GO T, 3 R X R
H

Uy =Up+2. (1)

P AT DL ) L 2 R SR KM U, B R/ B E
U, W%, DU AR RS T f R R Pl [ 2
RSP E U, A,

FERE 3 (a) PR AR R R

ps=p,—1+Uyy, (2)
p=Uxn+1, (3)
pr=p;+1-Ugy. (4)

H#& 14 p, p, Ml p, HERIEATT
KNV +K K Lo = (U +K,0) 7
{A2+K11§ON:(U2N+2-A>2. (5)
H A =Ugy JRSL T FERIERG Uy Joon 5 A FIEHR
E2W|

U2N:2(B+VB2+B) . (6)
U320,
Loon= K, : (7)
Hop

B=(1-A)L,/L,.
HC(6) T M E AL A=1 0 ,0,=0;24



- 170 - T E B SR FFIR(BRAFR)

2011 £ 10 A

A=0( Bl A 6 B, Uy S e KAE, AT UL U, 5
L, HEYIRAR EHEE L<L,, VIR A,

i, BmWesiAT,u, 5 U, AX,H5 1,
TCK ITE iy LAY OL T WK KB 1) 3
Kl .

aC(3) FI(4) g 1 p, MFRK, IFMRIE
3 FR LI iy FEIESECT BT TR ¢,
<T(ty,=t,—t, , FARIEHE) , AT AT T EIE R -

Uu, T

IC()%L2+L3 7"']0, (8)
L UT 2

U= |[KU+2K,| —> -K,U. (9

2 N/ : U, 2(2<L2+L3>+h) Lo (9)

3.2 FRXRIE
TEBRREAS DL T, 220 8 e 48 A B i A, i X
(1) AR A RS R A2 2 i 2 L e

1
WT=761,( Ur-U;)=2C,Us(U,+Us). (10)

I, 76 B % H B B RO RTHE T, o e R A
U,
S=26,0,(U,+0) ° (1
Hp U, e WU T st (6) SR 15, 7EiE
g T U, X5 1 R AR BE Bk
B ER R E N, Bt 9)  (11) B k1S
HZE G
3.3 WLk
Sy i PR DL B 4 AR IR E LR 1, T
PDM PEREAFES AR I T, RIS (10) I 45
SR 2 A RE R R R R AR AU, S A,
M 4 R T e e A2 nO R - o6 &R AT HEAS
L 80 e KAE M

C
AU, xzc—h(Ul—Uz). (12)

ma:

AT LA R AR e — AT, 51 € >, i
H 8 R BT AR
4 HBERIES CT-ZCS FTEHH
INA R
AR TR SR P9 B PR L B 4 4y i T
DI AL A 52 T L T I 2 R B 2 S 5 [ g A
Ak, ELA B S DR I B A, T AL
) R X L S S RET TE  $70 8 ol 0 £ 8 e S ok
FEB (o S RS SR MRS (LR 3 gt A R
S 2 e I e 0 S L Sk 1 0 e o R
WL R A B 2 S (5 B Ak ZEREERAHE A/

TEOLT , BB R I F 5 45 28 17 5 B G £ b 22
ko R T R — b R R B R AR e g H I, AR
S (A K AR DB T L S0 o T e 2 4 it o R o R
(14 B TR A K 1 P 91 of SI2 30 H 25 FL TR X 45 S
SERIREAR L, UL, Wfa] AT P AN TE R 24T
5 110 B HCPEL T IOk o P 910 Oy ST R e R R B2 AR A
FR) K e 1

PIE 1 7R CT-ZCS B AS e FME S 41 il B
I, I H 2% SR FH WA~ FAM TR (43 4 T ik
PR R o 51 ) B 4R F D H 5T A8 SR i A
I EIE AL 05 B2 C Rt a8k, o il 4 il
gy o R R ) TR B (TR ) IR R BR BE (i
L) 8 ER UG ATT A — B RO G R R ER A CT-ZCS
ARG, AN E 4 R,

+U,/2 Ly s S L
MY\ Y
| -
i
(o Ci==

D Y
éEZ__ji AE T

b —

T«
H

| M e
-U/2 Ly s S; L,

B4 CT-ZCS FEJ/BEMIH
Fig.4 CT-ZCS inverter topology
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