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Research of MPPT in PV system based on FB-PS-PWM ZVS soft-switching technology

FANG Bo, BAI Zheng-min, ZHANG Yuan-min
(School of Electric & Information Engineering, Xuchang University, Xuchang 461000, China)

Abstract: The DC/DC converter in a two-stage PV generation system is studied and designed. Both soft-switching technique of
FB-PS-PWM ZVS and modified CVT control strategy with good stability and reliability are adopted in the converter. Analysis is
performed on problems of implementing soft-switching in lagging leg, suppressing the interference of voltage spikes and resolving
temperature effect on the performance of ordinary CVT. The problem which is difficult to implement soft-switching in lagging leg is
resolved by adopting saturable inductance and auxiliary resonant networks. Voltage spikes of secondary polarity are suppressed
effectively by using ultra-fast recovery diodes, adopting serially connected inductances in diodes loop, and employing RC absorbing
networks in secondary polarity, etc. The problem which is the temperature significant effect on the performance of ordinary CVT is
resolved by introducing a little PV cell and presetting the voltage at maximum PV point according to proportion of open circuit voltage.
The efficiency of the converter is up to 91.5%, which is superior to other MPPT schemes without ZVS technology.
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Fig.1 Schematic diagram of full-bridge DC/DC converter in PV system
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Fig.2 Main waveforms of FB-PS-PWM DC/DC converter

(2) JFREES 1 (o~1)

JRIAHFRIFE : Upe—Ci/Co— L~ B K 4% Rl
G —>Qu—> Upys BIIIA RN : AR R ARl ih 54—~
D1—>Lf—>Load—>D4—"3§J£ DE'J@?J%?EL: EE? C 5
G AFEAE, Qp KW s KT

(3) ﬂ:?@]ﬁ?{uﬁz ([1~l‘z)

JRHRIFI S Uy —Dp— L~ R 28 JR iU 4%
H—>Q4—> Uy s EIL LN : A2 KA Fid 54—~
D~ L¢—Load—D,—~ LA RIS . 7E 1 B %] LA
JE 3 Qy I L AR A, Dy 53R
W, Pril Qs Il



HEF FB-PS-PWM BT RECAR KK HL MPPT #5E -73-

(4) FFRIEA 3 (h~13)
Eiﬂ%?ﬁlﬁl% Uin—ﬁDrZQLraﬁ}——E%%Jﬁmé%

C3 - Uin+
-
C,»U,.
] 320 LA P 3
RlLBE4 — D,

3

D
—L.—>Load »>{ ° o
} ' {D4—>E'JJZ?3%2H

PEREREA I Ly PR REXT C3 55 Cy T80,
R LAMBRRT G5 Cy eI ERE, 6
%) Cq LATHUE ETHE Uins Dy HAR IS F A
& Qs RIAE ZVS FAF. I, Qs K Zk ZVS Fft.

(5) TP 4 (~tp)

J I FA IR #S . Upp.— D=L~ A8 IE 4 J5 1 58

o

éﬁ _>Dr3 - l]in+;
F) A L [
Bz —» D D
At "W 5L, >Load—<{ *
D, D, — &%

6% D HAR T . # Qs HURENIAESR, b
JE Il Qss Qy T HL KT IN.

(6) FFRMEE S (t4~ts)

JEIL RPN . U Q32 i S IL GE 2 —
L—=Qy~>Us

Il 120 LA [ B <

: }—)Lf—>Load—>{

W)

D, — Elii%eH
RiA%EH — D, 3

(7) FFRIEZES 6 (ts~tg)

JEA RIS . Ui —Qa—& Ik s L S84 —
L—~Q—~> Uy ; Bl B RASEL 54—
D3;—Li—Load—D,— 48 [k s Hl 14 L84 .

te W ZCIBT Qq, Ji 2 I TAERS IS _Lidf
AN JE HIAH AL
2.2 VS BRI KB

P 3 SR BT AT S, R AR RO S AR 1Y
B ZVS [InTReME, HPE SN

(1) FBATHE 25 5 S ZVS

FERBRTMRE T O R, i H DI s Lo 475
PN LB, B ZVS (SZELRE TR
IRKH LerbIRE R, NIk ZVS IR Z mRE 2B

(2) eGP SZBL ZVS ELR I A

FE I MR JF DG R, A T 4 A e J I 11
WIS AR 46 i D ) 01T S VR e AT, R SR
ZVS g E M e AR, wa e (D,

lg@>iccﬂ (1
2 3

0SS m

A L A JEIHHERAE 6 I ZIE s Cos 4 MOSFET
FREMRBERR. T HRE L S5lEHE
ZVS [FISEIL, T Le IR SR/, DR e Jo A AN 25
558 ZVS.

A (1), 18 Cossn by Un WOHERTEILT,
J T A G RESE L ZVS, R B IR L,
BRI YR FLBE, (GO AN Tkt G i Bl 2 o 5 L
P, Wi 2 RIISEER oo MR — o JE I ]
SR FH AT U PR AR I HEL SR i A B TR 1Y 265
2.3 BINEE R Rk g K ELAD 5 e

Kl 1 44 DC/DC A2 #edis 1) 55— AN H i) i &
FRBeaR£ /i QLR & 1 B EE e a8/ T & = e w29~ ]
P ALIFI], 8 AR IE ) S I 0 S0 s A HAL s
i, H PN R i RSB E S
W), AESEIAMR), Rt —ANROR R s FLE, %
TAG R A AR Y T — AR A0 2% FE . 1R
LU HA IR R BRI, FE AR OK 138 A7
1y AT SRR B [ E R AT B, K
AEANTT RPN L s, i B SR I A2 A A ik
T ORI L R 4R ¥

HIYRORIE R IRG 2 T A 5N, HTERE
K, HEEWDBERE AN RG24, /7 E
FEHLIE EMI, ) R 0 At 8 2 RER B 2 A T
WA BT AN o 0011 ) 220 L Wk i 2 0 = A A

1) 38 I 1w P 52 ek D) LA s v ) 368 P
5N, ASCER] MUR1560 (£,=60 ns, Urgp=600
V, Irav=8 A);

(2) 75 AR [T v H N /)N LR 2 )
% L

(3) FEAZ AR EH N RC WL 265 5

(4) T 43R I A I IR A

(5) JoaefhA BEAT R RA 2 55

3 3{K DC/DC Z5$23E MPPT Ay LIl

3.1 [EERERER (CVT) #=HI5KHE

P E B IRER (CVT) L2 B KT & A
ERER S AP AR (B, BATSEBLUE . RUE AT
FERIUL R B R B B AR, Wl AT A Bt
JCR R AL, VA s Ak AT i R AR AE — MR
NRE N . CVT B IR i i L s FRUE
FELE R FVEAE s A FE AR BT, TR B B KT R
BRI H B, ARSIy g T AR AR
W51 At P T PR AR e d R R i s B AR
DC/DC A2 g A1 N YARBE S 55 2 1] (VL e 2%
A DA e 2 LR R RN SR TARRAS . b
TSI E R ER R ], 4 L DC/DC



_74 - RN EREYDEH

AR g N F g IR AR B2 i E g ) B
FEREAT IER 58, LAk BISe YaARBE S 4 v R 1)
H I8 o 45 64K R 48 P DC/DC A8 4 % B[R] i 528 CVT
2RI FB-PS-PWM ZVS, 5l 5 BRGE R 3,

~) ——O
’ 1=l AL 4HFDC/DC DCHith
ﬁifll,)ﬁ BRIT AT s A AR g
i )
T s
e v QiQQ4dl 5
;1?\3/]&; f“f {Sg ',9‘IJ TRy || FERSEE) |
ibles | B B |
mmmu BN B I e S

PWM
TE R HLER

R -
Hess LR 2%

3 CVT K FB-PS-PWM $= I R IR L5 IR
Fig.3 Schematic diagram of CVT&FB-PS-PWM

3.2 8% RIEIRERZH 89t

PN R ENER T S ENEC VIR ERERTE 5 AR
W TR I, AR A S (DR o AR KV
P AR A IR B R AT R 5 L AR H T P2 TR SR,
UNERAERE TR SIS R (T SN P oY A 4
PNIURZIE 175 NSRRI ) 1 R Y & 2 E N A TN
LR DU BE AR R e B, A
SCAE IR CVT SRR RN R gtk 7 % £
JeAR A ZR G P N — B AR B A AT RV P AR A
ANREOR LR R, AL B L, DD i s

B 5K z T v R R R P AR AN 4 4 i AL 28
PERR, Monr i B e /B iR T
JE Upaxr ASCHE] KC50GT-2 22 St G AR e,
FRUESAE R Unax=17.6 V, JFEHIE U,e=219V, I
Wl REAU,, /U, ~0.80 . stk 4,

max

iz B Up BOPCE 3 Fifil o b 2R HE
Fs A 4 i s R 22 TBOR S 1 4 S AH

e

Ur

B SRk

=

]

[ 4 CVT gtk %
Fig.4 Improved circuit for CVT

4 FESERY

RSO IR E 7 AT T EASEE:, R
PSpicel0.5 TEN{EV-5, 1 B IE AR S 4
I

HeARHIBLAAE 1 A (Upax=17.5V, I,=350 mA,
P.=6 W);

DC/DC: 17.5 V/32 V, £=100 kHz. FB-PS-PWM
DC/DC 7748 Ji il 1 v B D i v 3t 1) 477 B0 T
WK 5 FiR, B 6 % CVT 5 50 (147 EL I o

1 2 500 mA / /_//\
50V} e, ki_\
_o—_\ |
OVE 0A jo— <
-50Vf S
>3 ~500 mA [ \’ \\
2.3240 ms 2.3280 ms 2.3320 ms 2.3360 ms 2.3400 ms 2.3428 ms
[0 « V(MIS,B) ¥ V(D100:1,L2:1) +1(L4)
[& 5 DC/DC kR R alL B E K FiABRAAEKERE
Fig.5 Main simulation waveforms of DC/DC converter
20V
Vs
(2.1490m,17.389) (3.5638m,17.415)
10V
SEL>>
(Y : : : : : : : : :
0s 0.5 ms 1.0 ms 1.5 ms 2.0 ms 2.5ms 3.0 ms 3.5ms 4.0 ms 4.0 ms 5.0 ms
> V(PVOUT)

[ 6 XM CVT =R Ay SR it Hh R R (T B

Fig.6 Output voltage simulation waveforms of PV cell in CVT control mode



Ji W, G

KH KC50GT-2 A2 g ek S AR it 2L AF FBT—
RBAH M PWM #2548 UCC3895 44 T 585,
SERSHCh SR DC52.8V, T# 150 Wp,
AT AN f. =80 kHz .

7 A DC/DC 72ty 2748 He % J5 1] 3 H i 52
K, K8 (a). (b) 435k DC/DC A8 443 it iy
W ZVS HISERETE

AR AR I O S

7 DC/DC 2= #4258 [R &llif1 e J& SR8 IR 2
Fig.7 Main test waveforms of DC/DC converter

(b) #EHE ZVS
8 BRI E A E I E LI 2vS AYSLLIR
Fig.8 Test waveforms of ZVS in leading part and lag part of

bridge

FF FB-PS-PWM IR BRI AR K . MPPT Wf5¢ -75 -
5 £t

ASCUBH] 1 kWp JeRIFMIA RGN 5

X AR K TT % DC/DC AR 28 EAT T

FA B, AERR A PRI R T FB-PS-PWM

ZVS BT RBCARTIRGE ML+ W] FE M g 0 i dt 2

CVT il 5ens, Jfx} FB-PS-PWM ZVS HARLFLEM

i S AT ST R WA I B AR I TR

M CVT 42 1 S (R B S 35 17) kAT 1 70 #r, JF

25 TR DO T, AR R S I RIS 91.5%,

T AR REAR )AL MPPT J5 % o A FLAISE

KW, ASCEET FB-PS-PWM HOIF A AR R

RHL MPPT i ok JARRIy 2 B, b &

ST

S0k

(1] Bgemt, Sapg, 5. KFHBEGAR A& b B R H M.
Jent: BRAth AL, 2005.
ZHAO Zheng-ming, LIU Jian-zheng, et al. Solar power
photovoltaic generation and its applications[M]. Beijing:
Science Press, 2005.

(2] TJidk, BaEss, sRocEL More R R HA SR Y
WARESIETT B [T]. B RG RS S92, 2008, 36

(16): 61-65.

FANG Bo, Lii Yan-hui, ZHANG Yuan-min. Research and
design of high frequency link inverter in stand-alone PV
system[J]. Power System Protection and Control, 2008,
36 (16) 61-65.

[3] xS, ¥oF, H%, %5 WHAOGRIFMIEARIRMT
ZEPEHRIFRER U], BRG] 2010, 38

(8) :26-29.
LIU Sheng-rong, YANG Ping, XIAO Ying, et al.
Algorithm research of deadbeat control for double-stage
photovoltaic grid-connected inverter[J]. Power System
Protection and Control, 2010, 38 (8) :26-29.
(4] o, e, 5Kk SRR B R DIR IR RS

FIWFFE[I]. #dlEe 5N A, 2008, 25 (1) : 167-171.
HE Wei-wei, YANG ZHANG  Sen.
Photovoltaic maximum power point tracking system[J].
Control Theory & Applications, 2008, 25 (1) : 167-171.

(6] #hAT, FL, Tt 55 FET PSCAD KIGIRFES
A MPPT 42 4 (R 07 SUBL A T]. 1) RGO 15 42
i, 2009,37 (19): 61-64.
SUN Zi-yong, YU Hang, YAN Gan-gui, et al. PSCAD
simulation models for photovoltaic array and MPPT
controller[J]. Power System Protection and Control, 2009,
37 (19) :61-64.

(6] FRiER. JGARIF I s s R GE B IR B I BT HOR (K5 [D].
BUM: WHI KR, 2006.

(F#Z 19 R

Jin-ming,

continued on page 79 )



Hitthe, &%

A R R T D) B A AR B ) N ] -79 -

Y BRI L RHERT I, TR
T efi AR RS T H LA F 1 6
N E RTINS SR )
oo BHABITIR, SEBHE AL A AR, i
SRt A FESG, KA FBIREEN TR < A
FER7, AP

6 45iE

ARSI R R AT T AMPAR B BEZE FR
FHHEAT 1 IR, 10 112 F s A5 4 3 HH 28 21 7 ) 7
P A SERENAR R S, R R D) B R
223 By S BTSRRI 5 AT s FELLAE
THS PR 155 100 Tt P S AN I HIL Y F s D) 46,
ARNE R IESE A 7 N e e AT i T —BAT AR
75 5
Sk
(11 55t mhag <. | R T AR N R SE5E0]. B

REABNM, 1999, 22 (15) : 26-29.

GUO Wei, YE Liujin. Study and application of

power-supply-transfer between power plant motor

buser[J]. Automation of Electric Power Systems, 1999,

22 (15) : 26-29.

(2] JUMSAE, FT{EAK, MRS, 55 T H KD D) )

BRI B RGP 54, 2010, 38 (7) : 59-62.

WU Peng-yue, HE Xin-lin, WANG Tuan-jie, et al.

Discussion of power supply transfer in big power

angle[J]. Power System Protection and Control, 2010,

38(7): 59-62.

(31 Z2Tt, E5k, # . T HIrtRad §) 45 E i i

WEFE[T]. k2%, 2002, 30(7): 37-39.

LI Jing-sheng, WANG Shun, HAN Xue-yi. Application

research on the auxiliary power high-speed transfer

device[J]. Relay, 2002, 30(7): 37-39.

(4] xUHgzE, R/, SR0E. T T s YR U4 i B A A 72
WEERISTT]. 4kFEE, 2007, 35(11): 60-64.
LIU Zeng-yuan, KANG Xiao-ning, GUO Feng.
Discussion on phase difference when plant source
switching[J]. Relay, 2007, 35(11): 60-64.

(6] Rrgas. S " AMSHLI A AR =] AU,
2002 (8) : 68.
FU Jian-jie. An all-round solution to power shaking
without machine shutdown[J]. Electric Age, 2002 (8) :
68.

(6] 5Kffi. 380 VAR HLBIHL “SEHL” )l FIBLIR Sk 5[]
TRHEAR, 2009 (17) : 63.
ZHANG Wei. 380 V low-voltage motor shakes electricity
problem current situation and go into[J]. Science &
Technology Information, 2009 (17) : 63.

(7] A UPSHUSR REAR S ILN HI]. HR R,
2008, 37(2): 38-41.
WU Hong-wei. UPS resists to shake electricity
technology and its application[J]. Scientific & Technical
Information of Gansu, 2008, 37(2): 38-41.

(8] skwifh. PS5 AT AL Ak T HAR[T]. AR A
HAR, 2004 (6) : 47-48.
ZHANG Chao-wei. Applied technology of anti-panting
AC contactor[J]. Electric Engineering, 2004 (6) : 47-48.

Yk HHEA: 2010-03-26;
EE BN

Hde (1979-), B, ML, TAF, LT 2HLFTEH
W, 7] % %% B 3h4%; E-mail: miaoshihua china@163.com

& A (1979-), B, AL, TAF, TRHAFTEAH
W, /) 2% B 3k

F R (1970-), F, ML, ARAAS LT, TE2HA
VACE R R - E Lo

&E HER: 2010-07-14

(E#ZH TSR

ZHANG Chao. The research of maximum power point

continued from page 75 )

tracking control algorithm in photovoltaic grid-connected
system[D]. Hangzhou: Zhejiang University, 2006.

(7] sk BARIRIT L DC/DC AL #He 2} (KT 51 [D].
Jent: P ERREE BB, 2002.
ZHANG Xian-mou. Research on phase-shifted
full-bridge soft switched DC/DC converter [D]. Beijing:
Graduate University of Chinese Academy Sciences,
2002.

(81 A BAREHOT R RESE I BRM]. st BT
Tl AR, 2001
LIU Sheng-li. Applied techniques of modern high
frequency power supply[M]. Beijing: Publishing House

of Electronics Industry, 2001.

(9] Jrik, M FET PSpice HIJGARIFM RGN HHFF[I].
PR TR, 2010, 33 (4) : 193-195, 198.
FANG Bo, WANG Ye. Simulation research on PV
grid-connected system based on PSpice[J]. Modern
Electronics Technique, 2010, 33 (4) : 193-195, 198.

WS HEA: 2010-03-26;
fEE BT

7 K (19739, F,ME, I, AR FTE ARG
FE#H R AL BIEAR; E-mail: fangboxc@126.com

AR (1968-), F, sl#, HAEKRT, LT @A
AU A

RAHK(1963-), F, Iz, AR FT @ AL HeT.

&EIHHB: 2010-04-16



