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Abstract: When the switching frequency of the three-phase inverter used as an important link in the medium and
small power generation system increases, switching loss will also increase significantly , which is not favourable to save ener-
gy. In order to realize high frequency and energy-saving of medium and small power three-phase inverter, a topology of
three-phase zero-voltage switching resonant pole inverter is proposed. When the auxiliary resonant circuit on the bridge arm
is in a working state ,the voltage across the capacitors parallel with the main switches and the auxiliary switches can periodi-
cally change to zero,so that the switching devices can achieve zero-voltage soft-switching, which is beneficial to the metal
oxide semiconductor field effect transistor (MOSFET) used as the switching device of the inverter. The working flow of the
circuit is analyzed. The experimental results show that the switching devices achieve zero-voltage soft-switching. Therefore,
this topology structure has certain reference value for the research and development of the small and medium power three-
phase inverter with high-performance.

Key words: inverter;bridge arm;auxiliary resonant circuit;zero-voltage switching ; switching loss

515

(I ST R A 2 KT G AR 2R A F 9T R AR

T R 7 R 0 AR B TP SR T AROT B AR A 2%
PR T AL AR IR ) R B ARG A, T LR R Ik
/N R R AR A R T A S R T A 1 R
TR 5 2L 25 A RLEZ IR FOT R H0R — 238 ot
52 FI 7 H AU SE I ST N B T AN, A 2%

Wik H 57:2018-12-09 ;4 [ F 441 :2019-01-23 s STAL 44 - AR

HR TV R LA P T 390 R R A G . IR A
AT SSULE S AR ) Dk e S VA RIS ORI S
TRER T FL A Al B T R b g AR I AN 2 S 0. D, AT
FEN GV PR 078 75 A 7 5 A i AL

MOSFET N B AF AL LA, 237 AR AT E 45 A 7]
RO, JIT A S BT v T BT 3 % T A i Ak D T AR =

FEGIUH [/ R A ABHEHES (No. 51207069 ) ;10745 H ARBL £ 2448 F 31 RIWTH (No. 20170540586 ) 5 1L T A1 i AL Tk 2% [€ ZZ BB IF i H 15 77

F:4> (No.2016PY-016)



07 W EwR NIRRT REB I R AR 1597

FHIGAE A v MOSFET B A7 o 52 50 3, {H & 30k [ 2
~ 5 142 H A = AR IR AR 39028 e 1) S 0T O A B T A
AEARSE B L s T

SRR /N Dy A8 =R T A g 1) e AL AN BE AL A
J& AR SCHR Y T — b = A AL O R A 3084 A 11
PrADZE R, v G T S5 TR B T G AR E S BLE
Fe B30 AN ri L S W, DR v 6 o O S e £ T
Gi—{li FH 9 MOSFET. AL, iZ 4 Fh a5 1 ik A LUR
Pt (1) il BIIEIR B B 40 o B, REAT A By L e A 2
ABIIT I, 1 AN IR LR 4 IR LAY (2) 7RI IR
FL UL (B 5 LS, 6l B O S fih 282 Jo o 4 o5 45 B AT LA
BT [ AH, 19678 A 2T AT 98 R LASR AL 48 1 Bk
VeV T3 AR T ISR I UG 35 1 5 fik % fik
A SR ] 5 N 1] 2 A A A il 8 T SR A ST S Y ISR
Wik 20 T3 . A ST 1L AR R, 7E— 5 3kW
B9 =AHSC RN B IRAIE 732% =AH 2 i B T SR PR i 0t
AR B A B

2 BEERIEIESH

2.1 RHEE

L 45 1 AR A 2 i i, B AR 0 | B T
B RS . 4 DMIEIRALA, 1 AN IR LRI 2 ANl B 0T 5
LI BOFIE Z AR LT B AT 14 % B I L B
HAS AT 46 Bl I L S AT B 57

D, D D, 3 D, s
1987 198 T I T J9d T Il T I
L
S e
s ra R, b
Wl R
D D

L.
S‘LDIﬂCrIuSi r4S3|a_ - '3“%%E6SED5“ rﬁfsjglgz
JdT JTEJZ: [H3a:

P AR R IT SRR Y2 s 32 v i

2.2 I1Em#E

R fRAC BT R AR, T LA R s (1) 45 2% 140 J2 HiL AR
F s (2) B A 38 e R K TR R v B, 7 — A
TEOCJE AP R 3R 3 1 R 1E A 1, Tk T e V2 E I
U5 PRI 1 v i = A Al Bl R I e 86 0 S Sy R 4,
DAASSORE 23 AT ARl B 385 4 P B A6 1 AN TR TR A P 1)
ARG 11 A~ AR 940 3 76 L B B A JF O R ) 1
PRI, 1B 2 25 T A BB B A U 301 ) 7 B AR T A
Ly NSRS v e GEN

(DFFE (e ~ty) ZTFEF, S, filh & ik ovb A
e, S AL T IR BRIRAS 5 S, fish & ik v Sy v FELOF, S, 40 T T IE

[
\

ty t b ity ts le 17 gty tho
[¥12 I RAg A A A e T AR B

A R TR S, W 3 () B , D03k 3 1
T R8N, AR I LR AT D, SR, 24 6 2 3
615707 11 P, G A B A S, R
B TR

(2)FRE 2t ~ 1) 7E 1, 20, TF3 S, , o 00 0 o
SuZ W e, ST E LTI T S, (0% JE HOT i,
S TP 2 5 L L WAL FEHE iy, TR T 1 o 2 PR
RS et D, 0 HL VN T, IF B8 P/ 2 o, 20
iy IE FIRPEREKCE] 1, D, W, P72 2 50k

(3)WFE 3 (e, ~ 1) +fE 1,120, ST IG AL S, L,
AL T IE 1 FE HARZS i A, T K552 IF 1] 2 PE
BT LE Eo A0 i, T 28 P 5 0 o R 0 o 97 0 £
1 82 3 46

()P4, ~ 1) S 7E 1,20, U S, A0 S, K
SRl S, S BIFIE T CoFl Co, CFl Co i¥ IR T S,
S, S S W B AR 3t G b T FE 7 B S, 1 S,
ESITIE AL T2 v FEHOG MRS 76 S, S, 52 RV Be
AR AR R C,C L Cu 1 C, LR Cy
C,o\Coos s Cos HEATEARIRES L C, 1 €, JF IR, € C
AL, BEE 78 L L ARSI BT 24 gy i1 g, O3
MR AR AS IR U, B8 iy S50 SR Ly - 2
Tk L ABIE FIRARA €, F €, AREEHUL L C Al
C.o SRR TEH iy, TF R DL 85 (RO 5 £ 1 21,
o WNED U, g JEINE) U, — Uy g, BNEIEE g,
I U, i, BN 1, VR 4 4

()RS (1, ~ 1)+ 76 1, 20, D, 38, Ll C,.
CosCrasy o ARG T 1 ] U, NI
I LA Cy G M AGEARIRZS L C, (1588 AL T B O R )



1598 H, ¥

2 4R 2019 4

R, C T IRAE T L RE RS A, L, AR SR AL T 1E 1) B
L RE ISR iy, A 1, S R TS SR A0 7 I 1) D/ (AR

B AE 62w JEINE] U, g, WONEE i, /NS 1,
AR S 45

—Uyq

— U4

(f) ift6

() Tif7 (h) it

N

A
54 Cr
|

Sia Cria S b Ch
J Ji
Ly
—Uq MM I“@
Sl s B
Ji J:

D 4, D
Saf1? Craa T Cn
i il
Ly I
— Uy =)
D 1. D,
Sl‘a : C:1a 4
J

(i) 9 () WAE10

(k) TEFELL

K3 A ARG AR B

(6) MR 6(1, ~15) : 76 1,1 2, LRI C,,C,, WAL
oD, S, JFAE S, , AL L, (CoR C, TR S, 19
FFAADAE i, BN 1, 2 FT5E R, TR A e i S, 2
Bl g 46 F % FFASEBL T S, W92 JEHTF, L, 55
REF- IE 1 B o R AR, B, R S TP B AL
IE IR NGRS , 4 i, BUINE) 1, D, 7 IR G,
R T IR S, L L 3R TF IE RO ARES 1 A 1, W
AR F AL RN AR 7E £ B 20, 9
VB o A g 1 Uy sty T gy, W% L 6 455K

(T)WRRT (1 ~ ;) AE 1, I %0, SRS S, 56
B LR 1 1t VIR IREE IS U, 100 1 w4158
BN i, 5T A TR

(8)WLRE 8 (1, ~1,) : 7E 1,1 %1, FF3 S, , 1K A ML
Wik S, 2T gy, S F 5, LA S, 9B T % JE 5T
i, S, TPl 2 5 L L, T WA T 5 16 W 0k b R B o R 7,
FEUR ST IV LRPE R, TE ¢ 220, i, I 1 38K B30 UG
f P O B — 1, , MR 8 %

(9)WRL (1, ~ 1) : FE 4, HF %), S S, 1 S, , [H Ny
S, 1S, A BIIEIET €, Cy, € Co i BB TS,
TS, A U B T (3 I L T FFLL S, A0 S,
TESCITT b T RS IR A, 76 S, il S, SE I
VERKEIE 20 1 2 5 , K TR AT €y, €, Gy
Cos LTI €y, Cy oo, Co BEAMEIRARZS , €, R €, TP IR

AT IR RE AR ZS , €\ C oy IT R AL T BRI H BE AR
A&, L RS AL T B 1) WIS R RE B AR, L, AR 25 5 1)
R 2wy Fowgy, A IE 2] Uy, 0, 35 8 5210 5 R E
0 FETR L FEAB SRS, C 0 C,
AL T RERVIRES, C A C ARERAE T REHOE RE
FRARZS 1, TR B 1) B RARLIR /N , 78 £ B 221w, D07
Uy yuey RN U, = U,y yu g JENENE ug, HME U,
L SN — 1, AR 9 S50

(10) AR 10 ( 1y ~tg) : 1E 15 2], D, F38 , TFid S, ,
S S S, OF B & D, vucm%ﬂ:l’i‘é,%u S,
SEPL T E RO, LA C, LG, L C, L C T RS
wey WIE] U,y u g BUNENZ [/ L AL C,, , C, BEAGE
PR A C NIRRT RO iR BE R 72, €, A5 98
AT W WS HEL BE A A R I, AR 2 A0 T IS T R I HL R Y A
T i, A = IO G ATS AR AL 1 S 1wy sl R AR 28 A 1 )
ZN e SEINEN U, g BUNENVE i, B 8/NE — 1,3
210 45

(M) RB 1Lty ~ 1)) 7E to W2, L, F C, , C 0K
PRESR, D, T30, L A3 SR A T B2 1) B i AL RE AL R 4,
DL = 1, R 8 mTF 06 Ak 1 B 1) e 1 /N R R3S T 1 I
20,1, 8/NBIF, D, AR, TR 11 25

3 SLIRIIE
FEPLS BT BUE fi th )R Py = 3kW, = 112



07 W EwR NIRRT REB I R AR 1599

HELR, =R, =R =6Q, =AML HIKL, =L, =L, =
0. 8mH , il YL fL JE U, =220V, Bl B JF 6 S, , Sy, Al
Ss, B fil & Bk b 5 25 EE R pgi, = psse =psse = 0. 022, Bl B I
K S, Se S, 1 fink 2 ok o o5 25 BN pan = Psse = Psia =
0. 065 , fx KT ZH L 1., = 18A, FF XA A f, = 20kHz,
FiH AR f, = 50Hz, =M IRMIR L, =L, =L, =
30pH, ZMHIERHZ €, =C, =C, =0.018pF, 3t X B
@] A =0.9ps.

Bl 4(a) FIEL4C0) Z05l 25t T S, f S, AT Y1)

VR B8 30 LTS w5 s, PR B UL g, 5 4, O SR D
o, iTLAE S, A0S, JFl i g, A1 ig, WE3E R 2Z AT,

g M g, AN F, BT S, M S, 92 L TR BT
53T LA AE S, A0S, B, ug, A1 g, 239 DRI
AR AL AR IR IR, SEBL T S, A S, 2 H e A5G Y.
Bl 4(c) M 4(d) o0l g T 1E BT , 04 4
BB IR S, BEAT VI e S AR I B0 i LR g A
LI i I SEIR BT , WSEIRBIE A ) S, RITI , ug, LA
BAR ) A P 3R T i) 38 K, B R i 2RSS B 1S, 10
TR BT s a8 AT LAFE i WS R Z AT, ug B 442
BN Z, Br DA 2R 2 RS B TS, A9 & L TR AR

u_ (SOV/A)

S4a

)

4

1(2us/kg)
(a) S, VIS A BRI LRSI 50 3 T

o=
N et ™\

Usi(SOV/FR)
' . A

ii(15A/%%)

1(2us/kg)
(c) S, DIIAs Ty FEL RN PR AL S50 B (it )

&4

&it
5 A SCHK AR T8 A AR 30 A 4 D A5 R AR LR

RSB BOFNAS A 9 28 HH D0 5 A0 BT Z AR 2 F2 0T 5%
T BT 5G40 8 52 BE 2 WL TR BT 38 1 ri e 20 SC TRT
] RAGE (8 FH e A5 MOSFET A1 Jhy 3 742 4% 14 IF 5 i 1F-
SRR IR B A58 7 R 2 2N 0 A i T
KT LSS % R T 3 2l AR A 2 L T 0% W 3l 4
1117 HL A BT S A AT L SE i % F s 0T 3 3 A R v T
BORWT B, A ST 58 R X T BIF 2 e A4 Y g
PR Hh /I By A8 = A i R B AROT O 0 R A% AR R 48
=98

(1] i, W38, F K0, . 3500 A8 R Z R i 19 A7 IR

FEOLIE IR LR PR 1T ARG (], 72440, 2017,45 (12)
3025 -3029.
WANG Qiang, HU Fei, WANG Tian-shi, et al. Active

JFid.

&

g

=

&

1(2ps/%)
(b) S, UGS fry i R AL S 48R

£ :
S
<

3;_

is(15A/)

H(2us/H%)
(d) S, A B4 FRL R E, 30 S 3 IR O (2 )

ST

clamped resonant DC-link inverter with clamped diode un-
der low voltage [ J]. Acta Electronica Sinica, 2017, 45
(12):3025 -3029. (in Chinese)

Chu Enhui, Wu Mengyang , Huang Liang,et al. Research on
a novel modulation strategy for auxiliary resonant commu-
tated pole inverter with the smallest loss in auxiliary com-
mutation circuits [ J |. IEEE Transactions on Power Elec-
tronics,2014,29(3) :1103 - 1117.

Yu Wensong,Lai J S,Park S Y. An improved zero-voltage
switching inverter using two coupled magnetics in one reso-
nant pole [ J |. IEEE Transactions on Power Electronics,
2010,25(4) :952 -961.

(4] R, B5e, kAt 45, — FlOUUR B iR Al B4 = AH 4k

TFRWAL BRI 5E [T ], v [ s BL e 2 4, 2015, 35
(15) :3912 -3920.

Chu Enhui,Huang Liang,Zhang Huaguang,et al. Study on
a double auxiliary resonant commutated pole three-phase
soft-switching inverter [ J ]. Proceedings of the CSEE,
2015,35(15) :3912 -3920. (in Chinese)



1600 H, ¥

b 2019 4

[5] Zhang Huaguang, Wang Qiang, Chu Enhui, et al. Analysis
and implementation of a passive lossless soft-switching

EE®E T

E B F9814E10 AdRETIETAR
PR 1, O T A b A A £ B A5 )
TREEBE R B, B OF 58 A S0, AT 7
1o SR BT SR 8 i 1) VL B AR D B
E-mail ; master2007 @ 126. com

snubber for PWM inverters [ J ]. IEEE Transactions on
Power Electronics,2011,26(2) :411 —426.

BEFT  H,1994 F 4 7l A TILG A E
2, WAL T A A LA R S ek TR
SRR ST A, T EEBEIT 5 1] O KA
i 4 L B A D S .

E-mail ;1004098042 @ qq. com



