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Power Converter with Green Converting and High Efficiency for PV -storage-charging DC Micro Grid
DENG Kai';ZHAO Wei', LUO Min', FU Qing’, LAI Ripei’; MENG Jinling'
(1.Electric Power Research Institute of Guangdong Power Grid , Guangzhou 510080, Guangdong, China;
2.Green Converting and Intelligent Control Engineering Technology Research Center of Guangdong ,
Guangzhou 510006, Guangdong, China)

Abstract: The rapid development of DC micro grid is promoted by the boom of new energy and electric vehicles
recently. Green converting and high efficiency are the key research contents of DC microgrid power converter. A green
and efficient power converter adapted to the new energy micro grid was proposed by using a series of features of small
volume, light quality and low noise. The high quality and high efficiency of photovoltaic power generation were
transported to the DC bus. The converter had PWM voltage regulation ability, and the zero voltage on of the switch
tube was realized by the soft switching technology and the diode was replaced by the small inductance so as to improve
the efficiency and the power density of the converter. Theoretical analysis and experimental results show that the
converter has good quality and high efficiency.
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Fig.1 Typical structure for PV-storage-charging DC micro grid
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Fig.2 Topology of high efficiency DC-DC converter
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Fig.3 The main running waveforms of the circuit in steady state

LA 1ASIT SR UIN B BAR AR e o
44 B B, 254 B B A5 0 H 1A G 4 R o
P 4 7 75 1) R P AR L 3 1) 7 1] 3 s AR AN [R] A
g B 52 BRT 16)

Dtg—t,: 6,02, T4 S 4T #Etp—1,3X
BEif[a] g, L2 C,, C 1 CAL T HE AR S 5 P UK
L, L, fL, Ak P IE 3 K, FHRACH
AT C A COHZE AR, BT L L, 5 L R —
B LA C LA C AL T FE RS, il HH FL A C
AR ARES o R PR 3 R A B e R I L i
FL 2 FL I L, D 1 HL I 1 R G R

Iy, + I, = I (1)

43



B A AES 202045F 504 £ 9

RPN, ERA T ABALAMMGLEE ZA L A THRE

D Ly, l;% L/, ?ﬁ
S e, Ic,
1= C]T C3-|— Cs

u@®
sﬁ#} czTicz C4T1c,

(b) t—t, THEBYBE

‘ DHIID. L L Dl,>‘211|)3/‘[~v2v\[L2 LI;S,ID, R
S k Ve, i/c‘ 1 /e,

| CST

N R |

u(@ RefJu,
Sz—'%}? C2:|:1c2 C4:|:1c4 Ce yleo |-

© tr—t4 TAEHBE

| DN] I, Li 1, DHUD1 LI 11‘310\, Ls 1Lx

S, v “C‘ J’Ja

WA aT Cs CsT Tour +
U Ci T T -|- RL[]UO
Ic, Cyrlc, Ie, |-

I e

(d) t4—ts LAEBY B
4 25 B %

Fig.4 Equivalent circuit of each stage

2)t,—t,:t, P %, LS C LI Lo, A, H
B Lo 25 T L Lo Al (D) AT J07E ¢,—t,
BF R BE I, FLZS C FRBCRAR S e b i RS .
5 AR > TAETE DL ¢—¢, Y BRI

3)t,—t,: t, %, FF A S, K, A D,
D, Al D, 3l , B 25 C, fl L 25 C, 1 FEHUIR 78
HCHLIR A, HL 2K C,, C F Co 4728 e e I HLHC AL 3T
To Pt JFORAS S, IS A, R R4 S, Y T
VR 2 0] LR w g, B B R oy B 20 TF 5638 S, 4T
FF, S ZVS FFil 5 L 28 C,, C, F C, F IR S AR
R FEHRAS s Se i R i L IR Bl oK AE . 7E
t—t, X BRI P, R O Lo ARG, L2
b F e R A . B Lo, I AL AR TF &
K (1),

4)t,—to:t, %) LS C i HL T Lo, N, H
L Lo A5 T UL 2, F ) T RURIE 2
C, H FE HURASFE MRS o B 21, TR R4 S,
KW o 1o IF 20, et v R L I o 38 B e/ IME L HY
BN —A S . 7R BEET ] PN, A At

44

I TAEES t,—t, B Bt
L AR AR, X T UL 76 1R
AR5 7 2 Ry
U, +U:. -U)D+U, -U.)(1-D)=0 (2)
2% L R S, T A
U = Uc, (3)
U GRAK(2) 14
Ue, =(1+D)U, (4)
A 2, X T HL B L, 76 1A 8 HH P i AR RS i
A
(Ue, - Uc) (1 - D) +(U; + U, -U,)D=0 (5)
2% LR S, I AT A

Uc‘ = Ucz (6)
() ICAK(5) 15
UC4:(1+2D)Ui (7)
[R] B ] LA
UCI,:(1+3D)Ui (8)
BT DIASH
U, =(1+3D)U, (9)

B DA A AT A ST M A A g ) fE
JE 38 25 AT S 4D, B BT IF A 1)
Has D,

3 Akt

3.1 LEimEE

TG 25700 o 2 1) 8 U R U BT T+
EEN, — 7 B AT /N DLl D AR S R 1
RN E 2, 5 — 7 T3 BRI F JER TAE 7E i 22
ARAS, BPEOR U S/ NI R TE . A 3
AT, S5 R B R U ) A

1 er 1
U, dt=
L 12,3 fo b L 123

Ao AL S SR L R ) A A U, D H
JER RS
AT (10) AT A5 .
Al = DU, (11)
S
2 s TP A BT AR
15 LSRR/ INFRL I A 1, B R R R 9 e KA
o - 20,

L,,;max RL
TE t,—1, I 1] Be A HUBS L 8L, 1A RIS P
P U )2 A R A DRI AT

DT
AL, = jo DUdt (10)

1

(12)



YL, E R TAALAMMG G ES2L H T#Hh R

wAEF 20205 %504 %9

AL - 20, DU, (13)
|2amax L R, L1,2,3 fs
SRR LR T AR AE SRR BT L e S/

LR/ i N G

2V, _ DU, >0 (14)
R, Ly fs
PR MR i LR L, L, 1L 5 2
D’U,R,

L,,, >f27U (15)
S o

P 2 C13) W AT, 0 . Jase A ok /N s il
LA E A Y R TAEAE AR SRS, & 5 30 sk
FEL I 2 1], 7 2 B R AL , 2E T 2 ) A o 2 ) 35K
BRI R MAFE G /NI 2K, BT L g
U P JR A O A i A 2 (15) B T4 R e
N
32 BE

L2 C~C 1Y L FS S0 23 52 Wil DG 48 F1 A
EHHL N ) o AR SO SR LA ) SR R B L R
A TR TER) 10%, JF B 2 HL R 22 8

AU, —1fm1 NLLR
o=, Ue T i) (16)

A AU LS CYHL IR 22 s Le LA C L
T AR LA C HUE SR, fay il U, YL
W n] L2 AR 4 n] LI 2] .

[(1cdar=o0 (17)
Hear = (16) 3 (17) A 1%
. - DU
“TRCS, ()

Mg Ead o, TS 3 (3) ~ 2 (8) Al
(18)1%:

1
— (1+2D)U, >
10( U, RC. /. (19)
1 c
— (1+2D)U, >
10( U, R.C.f. (20)
1 C
— (1+ DU, = -
1o 1+ DW= 4o (21)
i(1+D)U> Ue (22)
10 'R, fs
1 U DU
—U. > 2
10 '~ R.C, [, (23)
i (19 )~ 30 (23 ) A 15
10D(1+ D)
C,z2——+ 24
| R, /. (24)

c, >0 (25)
Z R
_10D(1+2D)
" R(A+D) S (26)
10D
C, = 27
R 27)
10D (1+ 3D
c,>00U*3D) (28)

"R (1+2D)f.
JFK S, T8 TAETE ZVS LT, BIEJF 648
S,FTIFRITHLZE C,, C, Fll Cy AR 58 B i 3 7, B2

GRS W]
U, = Ui-exp(—é ) (29)

MY ¢t=5RCH}, U ~0.01U, BIZ 5t 5 RC 7,
L R IEARGE SR, BT UA
DT, <5RC, (30)
RUHL 25 C,, C, f C Y HREAE W R S5 LA,
T
Css 2% (31)
7 5R
Byt LS Cp 2206 2 it F R B BB AR B -
Al DA H L 25 C B B R SO A K

U,
dt (32)

1 (n
AU, *FJO R
A SCEE SR H Y L S SO A v R S AY 1%,
UV FL 25 C 7 196 S LA R DG R IV eT
50

C.z2—— 33
“Z R (33)

4  SEESHT

T SR AR ST AR R A R RO O FL A AR
w0 AT AT M R BEIE 43 BT Y IE A BT IR A
TSR FENL . SCESRRHLAY S O B B Y
IRy B AL R Ug=80 V5 it HL 2¥ C,=220 puF;
H % C=C=C,=C,=C,=22 uF; M, J& L ,=L,~L.=
100 pH; 71 2% #1 B R,=100 Q; JF K& S,, S, N
FGH40N60; — %% D,,D,, D, & DSEI30-06A ; JI
KA S, 1523 [ D K 20%~70% ; JF K45 % 70 kHz.,
ME RN 80 V, FF AR R 70 kHz, FF KA
S M55 23 1L D Ky 20% B, M E 5 Al i A
FH R 55 N LU R RN R R O A DT
EInE s B 6 . Him AR URE RS0V,
i L R 118 V24T . fFA N (9) eIt
AAH -

45



B A AES 202045F 504 £ 9

RPN, ERA T ABALAMMGLEE ZA L A THRE

Auto _MPos:0.00 us Measure
i : H YT 800V
MR 600,00 mV.

CHI 500V CH2 200mV M 10pus
Math Off CH1 7 7.80V

5 G AR A R

Fig.5 Input voltage and input current waveforms

Auto_MP0s:0.00 us Measure

- 1
E i
G ) 11.80V
: 8 CHI
o : g - Wi
B H 400.00 mV
CHI

: Lk
iy E ﬁ ciz
by : - i
: H : 126.00 mV
H2

C

- i i
CHI1 5.00V CH2 100mV M 10us 12.00 mV
Math Off [0 CHI / 7.80V.

P&l 6 it v s AT R O

Fig.6 Output voltage and output current waveforms
M6 T AT Y, HoA Y HL s ) SO e i
LAY 1% Z P it A S A S e e 1% 2
P 7 S S R B LR O

Trig’d MPos:0.00 us CHI

‘RefB 100mV_5.00 s
CH1 100mV CH20ff M 5.00ps
Math Off CHLZ 116mV

RefA 100mV 5.00 us

7 SR Y
Fig.7 Current waveforms of continuous current inductor
ME 7T LUE UL, L AT L, B8 i)y
IR T,
FEH A 80 V, 5 45 HE R 20%~70% , 4 %
J 50 kHz, 71284 50 Q, 100 Q 5 150 Q #5545
R R R T AN A 8 i o

100 [

96 150 Q

94 F 100 Q

50Q

2I0 3‘0 4I0 5.0 60 7‘0 ‘
%5 /%
8 AN s eI s e gm0 2k
Fig.8 Efficiency curves of converter with different duty ratio
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