2019461 H 22% 411
Jan. 2019, Vol. 22 ,No. 1

LIPS §
POWER SYSTEMS AND BIG DATA

PNC ]
Big Data Special Reports

IMESHaAEZRF ZVZCS e B PRI A

1 2 v 3
[ A S S ([ =
(1. B & dsnA i m AN s o h g 21110652, & w AR LFE, Tk 7w 210048;
3. WEEE B, KM K4 550002)

H B wHAFRAREBTH IR XZ— A GRS Wi d ey b b F T K, Bk st &
MA X WIER G OH AL ANERART G ATROFXBHOELEL ) RSGACEELRERGLEL Z
M, AR AT — AP # A 0 R R R AR A 1 (ZVZCS PWM) =& -+ (TL) A wAE ZH £, FoF £ ZVZCS PWM
TL ZH B, RS TR B R R R T EHEBNAE, TEREZH, AL F@mp T HA
ZNZCS PWM TL % #: £ ¢4 TAE R Ao RF B ML B 60 S A B384, 3 F T w35 a9 i A B 45 M AR SR TF £ 49
S tbAnfnk, SFHES i TL ZVZCS PWM % 3 B0 2 5 8L A R ZRAE B An b i 4k, A T B BER) 3T & SRt 47 AME
it A AR AR RIFHRERG S, FRAFTHALRE BIET 5 Ry TR A M,

KR =8 R ERERI K MG T 04 ik R

XEHE 2096 -4633(2019)01 —0008 —08 HE4RE. U469 CEkFRERS.B

WEE BT RE IR Tl (9 2 2 A e, WL Bl IR A IO 30
PRHATIY B —1 2 S AR g i 92 i 1
ITEEL PR FEL T PR A A AR DB X L ) T 7
FUAEAS B A5 e 2 — B P T ) Horp—A%
8 PR 7595 22K AT Boost Jj R B IE £ K (PFC) 2k
/D H T A G, S Bk R T AL R
R ST I % B A8 4 4 T S A Fi s 17 ) R
I, 45 PR B O R T IRMED T

PRI A 25 R A F A I BRI, 223 R 2 |
RN o b AR = P (TL) BT OGS
o5 W A AR SCIOT AR HeAR AT L, T LABR /NI 5
RN T, ARH S T R AR, R IR
FERLBERE A B BT A A5 O
=P R B B DB DA R R o =S H
FRIMG, it — R R e ar B ROR 5 SR £
JE MR e, A — i T 2L 0 2 R R R K 5 9
(ZVZCS PWM) TL 75348, FIF2E ZVZCS PWM TL
ARHAS AR LE, 980 T W A A B AP, R AR R M
JE AR TR ROR, TR

YER—AHIRRA A il R 58, =P FE i pEAR
Heari PR R O A ARG . ASCE X
TL ZVZCS PWM ZZ e A BT A i TAR S
T RS AR e = R P A g/ M SR | PH PR &
LR AL, AR BOT TRIERSE, RS HEA R AT

. 8.

RS ATIRE, Ba T B ANRIS KL,
1 HET(ERIE

1.1 EBEREARE

2 B AR g — R FA A R LA HL T 75 B (M A
TR DL LA LT ) A BB D LA 38 30T 1 5% i 113 P P
FEAL SR I HL P AR 4 g8 16 R T 2 6 PR AR AE 1R 2 [
R LA FERR B SR R AR N AR B S Y
A T TR 1 TR OGAIR, i AR 5 1) T A0 RE 5
TV LR R, R AR BRI, PRI 75 B2 A 44 1)
AR B SE 2 i AR SRR S — BT A Y
FERI)FA g, L R F NG5 A AT, FE A5 31 5
A R R A [ IsF o R V9 LS F 5 P 1 22 B
TG i AR R i R B A5 349 R fL 8, SR AR A, IR i
PR T/, REBCRR . 20 AR g 1 S
MM 24 B TR 2 b (HR g ok 3=
B =R A4 5 ( Diode-Clamp ) | K 5 Hy 2570
( Flying-Capacitor ) LA N B A i 37 B i H U5 1) 9 B 3
ARZRAI(CISDCS) o BATTA LRI A2 O P40k
o, R D B A Qg SR AR, G
PAFE/ N ; BFRAER 1N, T BB

TL ZVZCS PWM FEHIAEAS e £ M HFR AR B 47
YIRS RSERE I BRI Q,
- Q, FAN 24 D, - D IR C, - C, A,



51

Wk #,55 /IME S0 T TE =i ZVZCS FERLAE P i

PIHFARE i Qs Dy XA 8 Ds Dy 1.
CoF1 Cop HETAIY LA, Dy Dy SR — R4, C,
RESHLZE, D, Dy SRR E LA, C O AR i, A2
JEARASLEN 1, Dy Dy, i 1 BE —G8, Ly DA i
IR LIRS, C D BB A R D928

o5
ST % 2, o ?

v | 2 5 L
CD' || " . L‘ T (d _va(ﬁ

-

AT F
x - C <
ALl i
a3 [ D,
a oK
-3
[*) y
(@} [N [ [o} "
[*B 3 [ (2]
®
% I %3 I [2)
Vaa E
v, Vo T,
m 1% — 2 -
A
i
: il
1,3l /K
R
4
Ve _/nh="_ L ﬂ
[~ Ve ) K
- — ——
V. IK
IV,,m =
[
LYy Lt Lt LY Yy, !n\ln L

(b)
1 TL ZVZCS PWM FE Bt K £ H IR
Fig. 1 Main ideal waveforms of ZVZCS PWM charging

pile converter

O Z AR 295E -

(1) A5 5 G5 A8 VR TR Ay BRI
R FAR AR5

(2)C,=C,=C,=C, =Cj,

(3)Cy 1 Cp REERITT HARSE , EANTAT LU VA
FERLE(E Y V,/2 (R R

(4) RS AW R, H R RA L,
V2,

(5) T g Ly AR/, i i g Ly A8, AT I B
PO — A, AR A HL IR 1

FEFE 1 (a) H1,Q,.Q5 24 180° H4M T 5 Q, . Q,
S R AR AL T Q0 Qs TAE; Q5. Qp O 180° HAbH 3

3, AT Q3. Q, Al AH 25 — A AL (BP R /NS AH
) ,0,.Q; BRI 5 53 HEHT T Qe Qs T
Q,.Q, A A A & A KR, W]
PUE Q,\Q, 7 SUHHTIAE, Q, Qs NHHTE, 05.Q
TR A . 4 Q,.Q,PWM TAERT, Q. Qy 2 ] Fl
Qo Q5 ZIFIHERA — /N [ 22 A 22 (BPAEIX)
PISEER Q5 .Qq B ZCS, B R Uit 5 1) HL R Ry — L
W, B = H PR (3L) o

TL ZVZCS PWM 75 g 1 HEA T 4 Jr B n] fif i
W YA B2 X M = HIF A (Q,.0Q, 5L Q,.0;.
Qs ) [RIEFFE S, i A F J50KE B B A% 32 B4 o, 5tk
) At A BT 2 €, FR BRI ¢, FoH, LR
Vo —AJr m B — A Jr m g A8 ., 4 HA Q.
Qo TX Q5. Qs [R) i T3 B 175 15 S 81, 28 F 2 h Ak T
AL B, TEBATE TG Q, o Q &G
SR Ak T2 b B, BT R 25 A Bl e
S W 5 I F A [ 0 e R — 1 B T BELT R
FEVR, (755300 H 3 T R B B, el T S
BRI Al LR AN BB S 1 T B0, DT L R R A
- PWM A5, SRyt Jo 8 OCAS 1) 38 5 O i 1
BN RIS SO il S P S Y IR ST P
Wit PR S IEA Y FB-ZVS s st e[

AR Z MR R AT ISR A

Vin
V0:27<(1+D]_Dre) (1>
& TO” Tre El .
J_:tqj Dl =T3/2’Dm :Tx/z’TszE QI\QZ a:ﬂ Qﬁ(gz

Q;\Q, A1 Qs ) [RIF Sritl Ry ], 7, A Z ARSI Ji s H
OATVRIVAEOLER N L2119 ot i3 S N S W 5F 4
FEnlfiE BB A LAV, iR IR

v, = (L g 2
cbp_ZKCb(z - re) ( )
Gl CIECE
Tﬁ 2KC1) Vc[)p

1.2 BEZEHILAE=E

12,1 SA=w-FHE I RE ZVS 8 54+
TE(ty,t5) BRI, Q, . Qs HUFFERHL AL Q,

AR R ST, I SR 45 Q, Qs BOJF IR AL A JE AL

AT FEL B it BE A P LSRR e, BRI

2

1 2 1y
E=?(sz +n Lf)(;) (4)

.9.



L R

22 %

b n? L, i e I P T D A LR

FTLLE T e R AR, A I e
E e BN WRER Q, MIFIRI A RATIE . W
IR, Q, MF TRl B8 TR, R
TE(tg ,11) B, Q, Qs HYFFERHLZS LI Qy MYF LR
Wr, SRR E TR R AR Q, MJTIRHL2E
HLAT RS, AT SE B Q, I Fg Sl . Fir AT LA
A5 :Q,.Q; FTLASEHLSE S BN Y ZVS,

5 Q,.Qy 2511, Q, Qi 2 ) FH it U I H Uk
R RE S ZVS BT R TT LS 30 9 £ 2
TN ZVS,

1.2.2 ik /e IF %% ZCS o4 54t

N TSR Qs Qs B ZCS, AL TIT KA
KW H, A s N B TR (1,1, Berh AT LA
il RERA BRI o, 5 RR 0, 9N F
BN Nl IS ETIE ¥

1oLy,
N :nVc[)p

MK (5) B 5 Vp[)pﬁ?éo

ZH K 1(b), (t5,1,) BT, 7E (o5,
to) JAIE] i, —HEAE C, OB, T 156 0, R 2t
ETHY L AR/NAT L0 s (RN (29,10 ) 3TE] 0, 22 AE
RN RTINS (s, 1) HATE] 0, NV, 28463 -V, ,
WAl DIAS 3 .

(5)

ft915ipdt = Cb[ Vcbp -(- Vcl)p) ] (6)
I, T
RHAT: V=505 = T,) (7)

Hodr T, R ZRARAS B B B R A B R R) T, =
ty —tgo (b ty) (%‘ﬂ:(% ,t) ) SEJFI R il} TR/
FIFPr BIRFE], (e, ) B Q5. Qg HY ZCS (1Y)
], ORI A 1 S Wb

= (5) F=(7) T LIS 3

2L, C
%4:ﬂ/;—%e #)

FUERT AR T, ok — [ 5 i i, A AR T S
FEFNHCIX B 8] (%) S B 1 0 T A , 24 56 T RS AR B[]
ME(8) FTLLE b5, S EAEM SR, B HE
b SRS B LU ¢, 98/ NEIR S RE PR IEZE AT
TR RN AR FRI Y SE BT SAS Q5. Qs B ZCS,
1.2.3 FFXEWHEERA
1.2.3.1 ZwFPAREEFXENEERY

SHSFRE U R A WA R IR AR

. 10 -

HAT RS R A P ) P U SCAS B R R A A V, /2,
BITHRAE W e AL 2 B Rl R FE 2 V, /2 fH. A
b, =R U FOFOCE AR V, /2,
1.2.3.2 W@ Ir xR

TE(ty s ) X, LI i, %, Qg KT Z
Je, B Qs5.Qs ‘JgBZ:EFiE’VAB = Vcbp,{g)j(& Vy =0, Vy
= = Voo FTLAHEE TR A LA -

Vs =V, = ( —VC,,p) =V, +V,, (9)

V()o = - Vcbp (10)
BRI LR Y i J5 8 T 558 00 H R 8 g oy
V,+V,, , MHZRZREV,,,
1.2.3.3 WEEFER-_RENEEN)
IR b BRI A R A S s 1 Vg, o

2 IMSSHIRE

FCHL A AR S 28 B T I OCH R AR S — AN IR Y
S 2R G, T 56 H R 0 5 ) R R s
B Ao HUE RS 2E IR R 6 3 H B ST /)N
HAABI A IR P AR S AR T i A bR
K, is 0 E SRS, SR RS, R G EA
R R S A S RE

FB ZVS PWM 75 3 28 (it /)M 245 %0 1 By Buck
AR A TR g 7 ZVZCS PWM TL A8 2%
VE R AR a2 () — Fl, ZVZCS PWM TL A5 e 25 (1
M SRR AR T LA FH A AT 28 i ) /M 5 A
TS o AT X R G SR

B A A AL

(1) iy i F R Y S 288

(2) BAETT SC 2% 1, BRAE B RE DT 1, 2 IS SEIX
s (] 5

(3) fir H PSR P R R TR 7

Tl

B2 Buck BIAHEMIME SR
Fig.2  Small-signal model of Buck converter

Buck IS a9 /M SR AN A 2 Fr, FB

ZVS PWM AL g (/M5 SIS hy Buck 75 #u7%

FRAETIR A ZVZCS PWM TL A5 e gty 4 7ig

Hepg i) —Fh , ZVZCS PWM TL A5 e g8 1) /M S A5 7

ATLAFIH] FB ZVS PWM 7% He 25 1) /M5 5455 750 T




51

Wk #,55 /IME S0 T TE =i ZVZCS FERLAE P i

Sk, 1 FB ZVS PWM 7546 B3 1 /M= B4 A —
BE,ZE ZVZCS PWM TL 75 3 5% /M 5 5 fif) 25 5 i
L DA Dy d AR 2 R S d
RV, ACHH AL 3R 3 i o, Ch T 7 (A, 4 b =
1/n=N/N,)

3 o T 09 B 4 BT T LU, TL ZVZCS
PWM 75 H HEAE 88 1T AR B8 12 H 226 (R 5
S L R LA €, BN S TL ZVZCS
PWM 75 46 25 1 3 25 P R 1 11 22 5 — ik 1 FB ZVS
AR A

TL ZVZCS PWM 3¢ HLEAS o i /1M S A 0
My Buck BUASH RS AL e 1201

75 Buck A5 B /IME S 4 O R, T D AR
D, d A0 28 Ak sh i d,, o, AR A
FEdE s o, (Hh o = 1/K = N/N,) . 15%5] TL
ZVZCS PWM 75 H A5 4 98 1 el R 25 -

Vo/Viy=DyzN/N,=nD, (11)

(1) T

V, 1+D,-D,

v - 12
7 nVin 2 ( )
{Eii}xl anp = aVin ’ I)—I\IJEJ‘%%'::
1 4aC,\V. f.
D, = 5 (D, + nl, ) (13)

R (13) IR i, 2 0 SR R AL T
2L Dy, SR L SR A LR V, s d,
o Vo SN DA B

5D R 1, HEER e d,, T

5 1 40’Cb Vinf; : ZaCb Vﬁr;fs B
d» = -7 " ly = — (2 14
i 2 TL]O 2 0 n[o 2 0 ( )
N R.., -
By di= - (15)
2aC,V,’f. i
st Ry =200l st e T e

ZEH D, (RSB R H  Ta k 2|
AR 2 H IRt/ , AT AU 11 Pl S, A2 T4
T L B 14 R 2 B R A

D 3V, B4R 0 d,, AT A
1 . 4aC,fs[}. :ZaC[st)in

do= g s = (16)
Dyt Dy B%Sh 30N d,,, TS
~ 1 R
dy =54, (17)

2

F b TR S ]
dy=d, +d, +d, (18)
MITIAEE] TL ZVZCS PWM 75 Hi A 45 3 25 14 /1N
HAAEI AN 3 TR,

1:D —antil nV;n(di"'dv) L/
Dy

1
o 2@ YN
A nV, ~ ~
T~ O i, C
)nvm %\gi ) f OF) (d +d,) <
‘ 2R

B3 TLZVZCS PWM 7t BB HE T #R33 /M5 SHEEY
Fig. 3 Small-signal model of TL ZVZCS PWM charging

)

pile converter
3 EIRERHRE R

3.1 Buck BYTS#REE(E1E 2]
LA Buck i, I 2 F H XA /M 54554
RRIAL A 3 AT A Pt A S B d A
FRAS i v, R R LA i, (BRI ) o BRI,
Ty H R AR BT LRI ANk AR B A, AR
KR
Uy(5) =6,y (s)d(s) +G,, ()0, (s) =Z,, ()ig(s)  (19)
@0(3)

K G, (s) =d( ) (20)
SRR Mg B A R A a2 R AR
G.(9) =8 (21)
Ry 7 e P AT DR R I PR
1}0(5)
Z,.(s) =" (22)
io(s)
Ry 7 e s BT
Buck #7525 % i 4 A 8 5 09 P A SRR
e 4 pror
TFRB 2R
p )”V“ic ® + 4
@)  § G ”ﬂ_ E‘] E@

i A T B B Al
RE(ES

. wmwﬁuz%\-i{ o) =
e
BN v

B4 Buck BVIHRIRHI IR E LA B

Fig. 4 Equivalent circuit of buck converter for closed loop

<11 -



HL R K 22 %
3.2 BXERTEHR A (24) FRA(23) , 1115
e Vi () R V +1i
Dd(n) = D (25)
@) M
v FRIBK 58 7 s LR MERS 450 1/, B
o) " o bV
Vi Vi (©) Vi (26)
v () d(t) IAC)
— SV
ERHERIE 6 Frs .
0 V. +9,(5) i D+ c}(s)
5¢) Vit
B El 6 REIETREREEER
Fig. 6  Principle diagram of pulse width modulation
’ e 21, L5501 6, FE K 4 T4 0 58 B B /M S AR R P
WHER, anEl 7 fis

BS5 (a)BkEEFTREEE (D) KFE

Fig. 5(a) Principle diagram of pulse width modulation

(b) Waveforms
ok G VA g 0 B BRI AN I S BT s o TSR A D
0, (1) T/ MEH O, NTEIE v, (0) N T EEET 0, (528

H© |

ackk B 2
Vg (s)
. RS
Tl @ P T

s£6AT O TEE  WRWE

i L1t L IR SR

Po(s)

IHELH}M

—HEHN0, Ho (¢) KRFaET V, B, 0 25k ERENES
fEAET 1, MR 153 . Sl
W
v, (t
aw =" 0wy, (23) 7 Buck BT SR AR
?t) SV 40 (1) Fig. 7 Closed loop diagram of small-signal model
@%& {Uc T Uf (24) for Buck converter
d(t) =D +d(1) L 7 AT RS, 9 RIA
) G.G,V, G, : Z
Y= Y HG. GV, 1+ HG.G,/V, 1 +HG.G/V, (27)
faj A h - FB ZVS PWM 7 46 25 (1) 45 il 2] iy 3 1% 3 pRi
1T Gy i 2, B
T L e S e L))

HA T(s) =H(s)G, ()G, (5)/Vyo
75 A
”nf(t) = me +i)r<y’(t)
v,(t) =V, +0,(1)

EDCHTT RZGH, 2 HMARE v, (1) BH
. w0, (1) =0,
3.3 ZVZCS PWM TL 7t EBHE 2T #8851 iR &

FIFB ZVS PWM Asffedi/ M5 Wi ik —+E, B
13 ATLIES S ZVZCS PWM TL ASgs it skl

(29)

¥, () Z/

G ( )_bis_H Y% Zf
TGy Tz R,

(30)

(RLC,s* +Ls+R)
S i
(RCs +1)

(i 1 98 U i ) 4% 138

Hr . R, =4n’L,f

s

7Zf: (%ﬁ

iR L H, = !

LGS + 58 +1
I‘Z‘l%&) o
TL ZVZCS PWM e HUMEAZ 25 o421 46 1 %
ks PR -
20V, w,’

G::d('g) =7

=2H,nV,
d,(s)

<12 -

‘"Zf + Ry

(31)
S +2 21 4 R
+2wyES +w, (1 + R)



551 1) Wi ML IMES AT E = HOF ZVZCS 7oA R R
_(RLCs +Ls+R) s ot s 2nHV, w0,
/E;EP:ZJ’— (RC/S+1> (ﬁﬂutﬂm*ﬂ ); /\qjdcj:Elﬁj‘j Tu()_ VM o
1 ~ ~ "
_ oL Ry G 1D, 3G
w, = /1/LC ’5_21?/;4-2/:,»0 . Inaaal
BEE 8 & ket BT — 902 Buck HBgfIBH Wiy do, Lo
8,5 TR TR LA C, BT H B0 B G DG k3
JE. HLEK B TRE T R SRR T G, (s) .
FEAE 25, R A (31) H R, /R AFTERISS o
) LS 545 0 P R 9 1 1 36 PR ) A - N
-~ LS9 O pyre IR TONN e
Gy=o—o (32) [ak | ]
Z,+Ry W BT VA 28
TL ZVZCS PWM FE B AR 302 B TF 20355 991 ik ot
N H(s)Vy(s e
%ng(s)j‘]: j;(S)
e

R, Z,-R
RTLZ/.j+ RTL) (33)
K8 firzn iy TL ZVZCS PWM ¢ LA A2 4 4% /N
RSB R G, B v, =0, W A] LUAE G A R
GHERIR I 45 G (s) =1 N

ﬂw=auxﬁnywmn
WG (s) =1 B, AAMEIGFRERE G0 T, ()
! (35)

G,, =HynD (1 +

(34)

T,(s) =T,
S* +2wps +w,” (1 +—5)

B8 TLZVZCS PWM ZTEHETHRER/NMESEE RS
Fig. 8  Small-signal model system of TL ZVZCS PWM

charging pile converter
4 K I
RIS HNZE 1 Frs, A UC38TS5 il SG3525
SO 2H A ) P B, A PR R Dl 160 - 27 OV,

ARRARAE LN 2.5, PR Q) - Q6 K HI IRFPA60, 4
WA Dy Do 2R ] MUR204STL, 4l B — 44 Ds

R - Dy >Rl HER1606
F1 TLZVZCS PWM FEEEHEET#IZSH
Tab. 1 Parameters of TL ZVZCS PWM charging pile converter
Vi Vo n /. G, Ly L ¢
530 V 48 V ;* 50 kHz 0.33 uF 7 uH 300 uH 4.7 nF

FFRAE Q, MHIF LWL IE 9 (a) iR, Qs 1Y
WIEIE 9(b) fin, Al E HIEASZI T ZCS i
1 ZCS W7, 5 A R ES i — 2

2 X : 1 § 5 1 1

0 05 1 15 2 25
B s

(a) Q) Ky ZVS L

Wda V)

aa

i i i
5 3 as !

& 2

i i
o [ ' 15 2
Ui ]

(b) Qs I ZCS WIE
B9 FXEQ,#Q, KHE
Fig. 9 Waveform of switch Q, and Q;

.13 -



L R

22 %

HL S EZPIE AN 10 iR . AR v
v, F v, Y 5 e KBRS A AR Rs—
55 T AR 80 25 22 0 DU A R R R R A =
M. AT, 5 /MG S AR A S Y TL ZVZCS
PWM FE AL AE AR ek (IR I 25 B, 0IE T R KA
BRI SR

]
& he
m .
g0
=
- |
ol eseeseg [ T : e :
& i L 1 1 1 i L i L
2 25 3 a5 4 45 L3 L1 B -1 7
H® ) =10°!
(a) Vpp *H Uy E':J{&ﬂ:/;
130 - - - 1 T T T . T

wiaet (W)

i i i 1 1 | 1 i i
o 0% I 15 ¥ 25 3 is 4 45 £
W i)

(b) v, I
B 10 HEEhpEEER

Fig. 10 Main waveforms in circuits
5 &g

ASCI IS 0 B AH = H P ZVZCS 70 H AT AR
A, FEL B 245 R R X T B S B K 1 3 L N Y
ZNS o ZCS Y /N T I R RN g, i —
A B R G S EE T B TL ZVZCS
PWM 75 B BE AR 4 2% 32 18 /NG 5 A5 7 R 4% 328 R
B, 0] DOl B R G b AT M, R g A
A RIFFR SRR SRR, X 7T BB 0 5 6 2R
BTt A EEAEA . IR e T2 1
AT S A RE
.14 -

Sk
(1] TRER, W4, BESIRAE . 5 L3l 4% 7 v il A 25 3 1L 30 Bl

(2]

HLRIBFFE[J]. 7 R % ,2018,21(06) :9 - 16.

XU Yutao, TAN Zhukui, LV Qiansu, et al. Research on multi-
terminal DC micro grid with an electric vehicle charging station
[J]. Power Systems and Big Data,2018,21(06) :9 - 16.

SEULE AT SUBALZ B PR S g PWM R D s i 7
BRELI]. i EHBLT B2, 2001 21 (08) :42 - 46,

WU Hongyang, HE Xiangning. Research on PWM control of a
cascade multilevel converter[ J]. Proceedings of the CSEE,2001 ,
21(08) :42 - 46.

KA, XM . — R T HOF =W F DC/DC HSEHLIR Y
BERILT). By TR ,2012,46(11) :38 - 40.

ZHANG Yongchun, LIU Xinggiao. Development of a three-level
DC/DC switch power supply based on soft-switch [ J ] . Power
Electronic Technology,2012,46(11) :38 —40.

RO —FOT RS A = AR L B RO SE ()] W
B F$AK,2010,44(01) :8 - 10.

YUAN Yisheng. Study on a soft-switching interleaved three-level
inverter[ J]. Power Electronic Technology,2010,44(01) ;8 —10.
FAE . BRI 08 PWM 2 Hf = 1 F B
Aae ], IR 5 EOR ¥ ,2008,23 (03) :66 - 70.
HUANG Hua. A novel
switching PWM full-bridge three-level DC converter [ J]. Journal
of Electric Power Science and Technology,2008 ,23(03) :66 —70.
PRASSE KL, M2 . A AW = BP0 AR 2 A B 1) 5 05
H[J]. ®5{%5,2015,52(23) .81 -85.

YANG Menghua, MA Haixiao, YE Haiyun. Control and simulation

current-doublers-rectifier zero-voltage-

of single-phase full-bridge three-level inverter [ J ] . Electrical
Measurement & Instrumentation,2015,52(23) .81 - 85.

X, B 6 BRARAE . — b = P A W B e A 2 4
SRMERTFE[T]. AL TR %4412, 2014,34(33) :5854 — 5860.
LIU Jilong, XIAO Fei, CHEN Wei, et al. Research on a novel
full-bridge
Proceedings of the CSEE,2014,34(33) :5854 —5860.

WREL, BAET . — R i = f P 2 g I B 8T 56 DC/DC
A [J]. TRz, 2008 ,23 (03 ) :52 - 59.

CHEN Wei, Lii Zhengning. A novel three level full bridge resonant

control scheme for three-level converter [ J].

DC/DC converter suitable for high power wide range input
applications| J ] . Transactions of China Electrotechnical Society,
2008,23(03) :52 - 59.
CANALES F,BARBOSA P,LEE F C. A zero-voltage and zero-current
switching three-level DC/DC converter[ ] ]. IEEE Transactions on Power
Electronics ,2002,17(06) :898 —904.
Do, 20 . T EF T OC PWM & i =P
et [J]. hE R LT AR ,2003,23(04) 19 - 14
RUAN Xinbo, LI Bin. Zero-voltage and zero-current-switching
PWM hybrid full-bridge three-level converter [ J]. Proceedings of
the CSEE,2003,23(04) :9 - 14.



51 Wi

BELSF O ME ST =P ZVZCS SErpE )

[11] TT SONG,N HUANG,A IOINOVICI. A zero-voltage and zero-current [17] TC Nai, WW Chan. A boost PWM soft-single-switched converter
switching three-level dc-de converter with reduced rectifier voltage average switch model for small signal and transient analysis [ J].
stress and soft-switching-oriented optimized design [ J ] . IEEE IEEE International Conference on Power Electronics and Drive
Transactions on Power Electronics,2006,21(05) :1204 —1212. Systems,2002,2(02) ;984 —989.

[12] SCHUTTEN M J,TORREY D A. Improved small-signal analysis [18] FEIRWM, WayT., 4575 I . LCL 5§ = e, 57 Jf: 0 30 A8 2% JC 25 11 2 1l
for the phase-shifted PWM power converter[ J]. Power Electronics [J]. "4 45,2018,31(01) .82 - 87.

IEEE Transactions on,2003,18(02) :659 —669. HUANG Junchi, ZENG Jiang, YANG Qingbo. Dead-beat control

[13]  XaHefe, sk —Ng . HFF A ZVZCS 75 e as 24 5 i S ug 4 of LCL three-level grid-connected Inverter [ J | . Guangdong
HAZE[T]. WA ,2015,39(07) ;1515 - 1517. Electric Power,2018,31(01) .82 —87.

LIU Yannan, ZHANG Yiming. Modeling and control strategy of [19] PRl RIS, Bk 55 . ET/IME S I oAl vl ks
simulation research of whole bridge phase shift ZVZCS converter Wk [ T]. T 4H 7,2017,30(08) :128 — 133.

[J]. Chinese Journal of Power Sources,2015,39 (07) ;1515 - LIAO Feng,XU Congying, LI Yonghao. Commissioning method for
1517. secondary equipment in Intelligent substation based on small

[14] JEHI¥E TR, ZEEAL . PS-FB-ZVS PWM DC/DC 28 e 8% /N signal[ J]. Guangdong Electric Power,2017,30(08) ;128 —133.
R ST & (1] Bl 5 40E%,2010,47(01) .71 - [20] IRISCHE, fTEAR, RRIEAL, 45 . & N F SR 4 FE 4 i Bt b vl
74. KA LT, #HTHLJI,2017,36(03) :5 -8,

ZHOU Xixiang, YANG Sailiang, CAI Jianjiao. Small-signal LE Wenhai, HE Chunlin, ZHENG Zhengxian, et al. Domestic
analysis and prototypical research of PS-FB-ZVS PWM DC/DC standard system for electric vehicle charging and battery-swapping
converter| J ] . Electrical Measurement & Instrumentation, 2010, facilities[ J ]. Zhejiang Electric Power,2017,36(03) :5 -8.

47(01) .71 -74.

[15] S, S0 . AN R/ M S @R S 0T ELT]. f Yrm B #8:2018 —10 -25
SR ,2016,17(04) 163 - 66. &R
WENG Chuanhui, CAI Fenghuang. Small-signal modeling and R A(1979), % i, TR, AL T @ Aw hd
simulation on phase-shift full-bridge converter [ J ] . Electrical g FRRESHRBR A,

Engineering,2016,17(04) :63 - 66.
[16] KIM E S,KIM Y H. A ZVZCS PWM FB DC/DC converter using

a modified energy-recovery snubber[ J].IEEE Transactions on

Industrial Electronics,2002,49(05) ;1120 - 1127.

(AL oriEsit 8 K)

Application of small-signal analysis on three-level ZVZCS charging pile converter

CHEN Qi' ,CHEN Jian’ ,LIU Hua Lin’
(1. NARI Technology Co. ,Ltd. ,Nanjing 211106 Jiangsu, China;2. Nanjing Poytechnic Institute , Nanjing 210048 Jiangsu, China
3. Guian Power Supply Bureau of Guizhou Power Grid Co. ,Ltd. ,Guian 550002 Guizhou, China )
Abstract : Electric vehicle has become one of the main ways of environmental protection travel. As a power electronic transformation
carrier connecting power grid and battery , Charging pile is an important research direction to reduce the influence of harmonics on power
grid and charging pile itself. In order to reduce the voltage stress of switching devices and improve the efficiency and practicability of
charging pile power conversion,a novel zero voltage zero current pulse width modulation (ZVZCS PWM) three level ( TL) charging pile
converter is adopted. Compared with the similar ZVZCS PWM TL converter, it reduces the use of magnetic devices,reduces the difficulty
of design,improves the efficiency and reliability of the converter. In this paper, the working principle of the new ZVZCS PWM TL
converter and the equivalent circuit structure in different time periods are analyzed in detail. The input and output characteristics of the
circuit are deduced,and the conditions and strategies for realizing soft switching are given. The small signal model, closed loop block
diagram and transfer function of TL ZVZCS PWM converter are derived. Based on the above model, the compensation design of the
system is made,so that the system has good steady-state and transient functions. Simulation and experiment are carried out to verify the
feasibility and effectiveness of the scheme.

Key words : three-level ; zero-voltage and zero-current ;small-signal analysis ;transfer function



