2018 4F 10 H
5536 B S

[ A AN S 2 Oct.
Vol.36

Journal of Northwestern Polytechnical University

2018
No.5

ET L-LLC IE#r W [ Tz n) i gE F EE M
FE % % #52 h) 2R g T 5%

AR K B,

(VEAL T KA B 3hfb2Be, BEp V94 710072)

B B ATTRMERGTR AR TR EE D BREATRER DA Z 0P, B — AT
PI 3 PID 5 sk AE#idt A5 4] 89 L-LLC 3§ ¥ X 6] 2 4F K # %5 (L-LLC resonant bidirectional DC-DC
converter, L-LLC BDC) , 52 3L T #r A - 5% & 69 R o, JR P38 Fe iy B M) B 5 0 R A 0, R ERF
TRBENGSHEME AT T RA TS KRERDTEFHELRE RHT I XETHITTRME,

RIVR S @ik K % & @ 2F L-LLC-BDC #9347 R & BAF Wt 4T T F tadh ik | fe bR ah Bt T 4%
AR EHE o wiisd A, B ALRAW, AT PL & PID 5 REHig it o424 49 L-LLC-BDC 4% 5k
KB ORIy BT S AL A ALK PRAE T S e bt M R SR IEAT AR

E
HE S TMT721 SCHRFR D : A

TR AT P 3 10 2 o T Fl T R A5 M
E L (voltage source converter-low voltage direct
current, VSC-LVDC) R4 H i HH 4k L IFBR il RESE
L, BAT AN B L 0 S AR F s RS L R i
PUSRBRAZAT -4y 3 e Sl A e B 2 S5 I a5 A
k7 B [ A AR 2 OGN . S, BUR) DC-DC
AR g% ( bidirectional DC-DC converters, BDC ) /&5 Fi
fAEZR S (energy storage systems, ESS) 5 B i 74
I g e 52 . LA A B B R R AR DR

ESS A 4 A R S F IV B ARG, Xl B OR
BDC FL #8858 4 v s 39 25 Y0 1] LA % B A4 4 i
Y IE I S R R A, NS R
P DAS AL R ) S0 99 05 X BDC #EAT T KA AT
FEo K A 45 1 B 3 E 3 4 (dual active
bridge, DAB)BDC LLH RGEARPE/N 5 T 52 LT
KAFHE A B fe 22 9 BDC, 15 2 i A5 it H
FeANVE FE sl PR AR T SR 14 S W v YA
R UL FHE LA S BT S48 1) % L T3 ( zero voltage
switching, ZVS) 45 [n] @ 15 B TAERCREKIE TR, =
IRICHR[ 5-6 ] 43 4t 1 XUER F A A = o B AH 42 il

%5 B £9:2017-09-09

] :DC-DC & ¥ %, 353k ; P1; 4354 ; K v )& Jr i@ ; MATLAB
X EHS :1000-2758(2018)05-0926-07

P R AR 0 3 2 R A 4 2 1 T AR R T
Lt 4 1 4 8 o, 4 o e B b Bt 2 3K

T ek BDC (3O G REME I R HOoR T LC
IR | LC IFBOEYR | LCC IR LA K LLC 1R %5
PR L N ) BDC B4R b, e LG AR
e AR T H AR i, DT 5 H R T Rl A
T, YR B, B T T SRR, PR R i
JIN, VI A 4 G A8 L P 38 ] S B — R O S A
ZVS T U B R R A A LI OC BT ( zero
current switching, ZCS) 2 T ML A PEREM 512 T
P OerET ) SCEk[ 114 T LLC iR BDC
At E M s 4TI 5 LLC 385 PR 28 B g8 A ], B2 1)
BATIH U Y TR G A AR e 2, SCRk[ 12] 3% F
SCHRL L] BT, 26 AR S 28 B B s T i iR
2% (A i T A5 RXERR , AR 25 1E miE 1 T AU B 1 T
(OB IR AT R R TN 08 25 5 1 25 e K, SR S 4K
A A0 2 2% B R B R R, SCHR[ 13 ] 24
T CLLLC 1§ ¥R BDC A8 8% , AR SEI T 4544 %)
Bk ARG T RTS8, BB TR IR S 50RE
TXERE . SCHR[ 141 #2187 L-LLC iR BDC 45

EF BN A I1(1978—)  PUAL Tl R 50 AE | ERNF N B vl ol 9 R il AR5



4551

T, 26 BE T L-LLC TR A 45 ) fiff AERE T4 11 L i B 2 ) SR AF 5 - 927 -

R HAR R L 0] FI S 0] 32 47 TP Y H R A A 58 4
ARTRD , AEL Hy RG] 25 1) 54 A JHG i, s 1 4 91 BT
%, DRGNS SRR 2E, SCIRL 15 ] K8 -%
FIVR A P SR W 0 FH T L-LLC R BDC A5 e 7%
BARIZ TR RGBT RCRE S (B R
SIBMERRSEEA K,

FETLL B R ASCER Y TR PT RIS LB TR
A ¥ (optimal trajectory control, OTC ) 5 B& IV FH F
L-LLC % BDC 284 8% , 7E RGA AN, R H PI##
R R A R 22, 24 h B 2k Bk AR B >R OTC
SEEINT ZR G0 PRGH IR B 1207 7 AT S B4 1 R
DA AT DG A8 ) 2 v, 3 A A0 R 4 O
LG, I TR i, RIS R 1 A8 4 2 1 2

SHERE,
1 RpEHSEaEE OB EA

P s WS T v W T I 2/
(VSC1) fH a5 37 % ( VSC2) i BE BT =3 40
SR, W 1 TR A VSCL AT VSC2 R H =4
Pty B L, RIS =
FHAE TR i), FBC R = AHSS I LT , u, PSR
Tiaw VSC1 Ml = AH L s u,,,, 380 = AH 2C i
HLR 4, N IR DR = A 28 308 FLIE , e M HR T4
VSC2 B2l = AH o He , fift 8 3% 38 i 42 1 FoT It
HAE VSC-LVDC RGN E itk

Vs ifAERTE
TT
@ o rrv\'\l“l %

SPWM
Pl 1

Usiabe

il 2

Is2abe

BT RMIF R T RG]

fitt BB B 4% 1 500 R Y L-LLC-BDC 72 4t 2%
LRI 2 BF %, 25 40 IR, A 44 R 4 A 45
Ha R RS V,, R B B 1 TT O AR,
Vo MBI BT, L, MG, L iR
B, C, IARIBA L, WIS, TP S, - S,
K AR EGH I AT S~ S, h IR R R F
B AR E I T AR i 2R ek B 1 T

TEAtERE R, A4 L, MRS L,
(1 PR 25, D32 A 40 A 8 1 1) 55 S 1) ) T A
JE 58 A ], SOA S H X AR 4 5 1 1] AR Ji 24
PAToHT, JFRE S, - S, MBS AR M4 L, L,
L, .C, P IRIGE PR S5 — Sy M ROF IR A
D = D, MR M %%

IE 444

(FERER G HL )
S, S D N Ss D,
Dy ° L, Dy N
A N C
{|
C,
S

T, +
=V,
L ‘m2 é ? L’"’Blg 0
S,

8

BIE [ Py A4
(fERERZEHOR )

2 L-LLC-BDC MJHLEIRFH

2 L-LLC-BDC BIREFEE ST

2.1 L-LLC-BDC W) T{E/RIE

R TR AT R R LA AR i
V, PR LR E . B3 453010 L-LLC-BDC A5 4t
WML =L f < oS > f RS TE R R A
PRIZFTRIAS

B 5 #igs2 BA 6 M3
A 1 B4 B BA 4 B 1 B4
| | |

19,54 [5,5, 5,54 szs# :s,s4 23“ szsg:m:'sﬂ
Tl 7 S [N G [T A R T I
R e e e
- T T 2 N\ N
N |:\~ WCOoIn NTTEN
| |
|

ILmt

I
|
Z i AN
Iy 7 X 7S
Il Iy I
|

4
a) f=f. b f=<f o) f=>1.

K 3 L-LLC-BDC Fa M i

FRESH) AR DR AT

1) s 1 S, IS, Ab TR Es L, Bt
(L TRARIE Y, L,, BT s v, BAZ
SR, L 5 C, AUNERHGEIR B i, e gl
FEfsim i, D s, Dy HAR T,

2) BATHEZS 2.5, M S, T RS, e
Wiy, SRERR iy, ARSE OIS UM HLUR R R



- 928 - ode Tk ok

36 4

F AL R A, W Dy, Dy F
LY, ANAEAE S I KR A ), S T 2GS, itk
BESKRAETES, < fo [FIETH BT C,D P A
B, L, C R L, 2SR TSI F %, AR X R R
L, iRk L, WGTAR I, SR i vy T LA fB)
WSRER/ T

3) BATAEES 3.5, FIl S, b F R, ik 4
SU R YR i A o = N SN s L e o
WSS KT £ > f,L, 5 C, 4Bk fL %
RER AR AR m 48, Dy , Dy, HAR T8

Wi 4,5,6 4 S, Fl S, &b T Fim ARSI, AR 4 2%
FEDT— PR TARRE ) TAE RS 2 5
Zel, X AR FHFGR
2.2 L-LLC-BDC &R &S

BT I B SR RS AR A ) B S RN AL
U XSHANE .

L, 1
Z= |4 w= [—
TAe T ALe
(Lr + Lml) 1
- W, = -
C, 0 (Lr+Lm]> .Cr
1) ARIEIRZITEA 1 AR %, i B
QEZVR

uCr C I’Lr
| | (1)
i, == —ug, +—(V,, = V,)
r L r L m

r r

RAIFE—Br i Jr R, 2 SRR A AL s B AR

WEEH. 1, =V, /ZV, . =V, ‘LS,
iy = ovcoslw(t —ty)] -
[Vewy = (1 = Voy) Isin[@(t = 1,) ]
ey — (1 =V =1Lyﬂwsin[w(t —ty) ] -
[Veoy — (1 = Vo) Jeoslw(t —t,) ]
MEIRBATES | BPE AT R R .
Lugy = (1= Vo) 1” +ify =
Loy + [Veoy = (1 =Vo) 12 (3)
2) MRYEIRIZITHE 2 ISR B, B0y
FEAT RN «

(2)

' 4
: . | (4)
ly =7 U, + in
Lr + Lml ’ Lr + Lml
SRAfF— Wi Jr R 2H , i SCHL AT H T Y RS AL &R
ﬁj‘j: Ijase = Viﬂ/ZO’Vjase = V muﬁ%?u:

in

Ir; .
ey — 1 ZZL/O; csinfw,(t —t,) ] +
r 0
(Veoy = 1) = coslwy(t —1,) ] (5)
Uiy 1oy
= ccos[wy(t —ty) —
/72, Z/Z,
(Veoy = 1) = sinfy(t —t,) ]

MESRIZ A TS 2 B R v R .

. 2 2
(wgy = 1)2 + (ZijNZOj = (Veov = 1)2 + (Z],L;}oj
(6)
3) WIRIBATIE 3 SRS 1 SR AT 521,
AFEZATE TR IRIE R v, + V,, RIS 1T
B 3 BB T R AT RR O
Lugy = (1 + Vi) 1%+ iin‘\“ =
IirON + [Vooy — (1 + Vo,‘w)]z (7)
) 2, AR I IR B AT RS 4,5, 6 I 5 7
AIRINN

lugy + (- 1+ Vow):lz + iirN =
[ir(w + [V(;r(w + (_ 1+ Vm) ]2

. 2
L.
u +1 2 + LrN —
( CrN ) [Zr/ZO

(8)

2
(Vo + 1 [ 2
‘ Z/Z,

I:uCn\" + (Voy + 1) JZ + iir/\" =

]irON + I:VCrON + (VON + 1) }2




4551

T, 26 BE T L-LLC TR A 45 ) fiff AERE T4 11 L i B 2 ) SR AF 5 - 929 -

X TR O YR, AR A TS 1 Rt e Y
fo=f BV =V, BV, = 1 RS 130 R Y IR
L2H(0,0) . T AL L-LLC-BDC 4RIz F TR A 2
Br, 7T AR B AR PR AR & 5 PR,

E5 L-LLC-BDC WFazsiiil i

3 L-LLC &R RIEFIREE

Bl 6 o P15 S LB ke 42 il 00 4 ol R GE e
B, M RGARARIR A PLRIETIRERAME 38 1 14
TOTSRAS AR il i R, R BB P i
U2 24 1 R 70 kA I AR AR £ o i 4 (B B i
{ED) TR0 i A ) O S A 308 0 5K I s 221 o4 5 30 4
AP Y A LLRAIE R A R B ASTERE

K6 Pl-s il £ il 2 hIAE R

R TAE L-LL-BDC 728 #0258 2845 e S 50%, —
B TAE B RS R AR S BT, W B T AR AT
B 1 MBS 4, 0B Bl 0y 2 ko
245 R ARk A 2 T 2R 1Y PS5 I 250 % il
K7 Fis
IR LA UE R
1V, RRT
Ieys = — — + 87 (9)
8 R\ L}
(9) AT N .

/ FRASERYUL (PHER)

3 ok
B 7 kB A A
1 RVT? )
Ipys = ) L(%l + 8m's) (10)
ﬁlRNIQZ
= - 11
p v (11)
TR0 18 VIR F Rl i F R
. . Vo T Z,
Ll,r/\f"(tl) = LLmN(ﬁ) = f: : Z : Vir. (12)

i B = ABO, v 3RS u,,, WITE N .
VA
wey(t,) = \/p2 - iLn‘\"<tl)2 = % * gt * —(13)

Vi
b, 200 ) B0 23R U R 2 F) RO, T A

Z
n . r
uen(t) ==+ iy 7 (14)

2

Ury
(=]
T

K8 f = f BHEESHLLE BT

W 2, B 200w,y BIME R
L :
Sy
HE 7 AT, ¢, 3 o, AEAE O R R 2
Bk a2 E L, I u, () ATH(16) RiHE
35,

(15)

wen(ty) ==



Loy

i %36 &

- 930 - odb Tk Kk
u’Cr/\“'<tl> + (1 - uCrN<t4>)
uCrN(tZ): 2 =
E,Z’.(ill-'-ihl) (16)
2V 2

in

L, 4 67 2 S BB B AR, S, S, TPl
A DL AT,

ucw( tz)

- N
AT, =1, — 1, = I”C"‘< D, -
Lml : <Ihl - Ill)
Vin
A, 1=46,(t,)=4,,(t,) =V, *T/4L,, .
(]2, AT SR 2 4 20 BBk B AR B S

S, JEAE AR AT, |

T
AT{I =" (1 - IH J
4 Ihl

(17)

(18)

4 RESH

TR T 4R 4R SR w0 OE 6 M Gl
MATLAB 15 B A5 & 2 F 7 (i R B 4 11 0k 4T
T U5 EAHT, U5 BRI S HN SR 1 iR, R LR
N B2 2 Bk 2 31 i 0 (5 B4 SRR U R SR 1)
HRE,

=1 RGHEERSH

SRR ZHUH
e L ) Bl R S/ V 400
BN 7Y 400
REHELSR/KVA 500
BDC — YA 5 Ha /v 760
BDC AR & HL ./ V 380
BDC i & P15/ kW 8
BDC. 7% & % Jil s H J8%/ mH 0.353
BDC A8 FE#748 H 1:2
BDC i ¥k HL/E/ mH 0.057
BDC IR LA/ uf 0.082
BDC Ff i jg&/ mH 0.353
BDC I LA/ uf 1
BDC JF &% /kHz 71

1E 0.08 s i, SRR BN E Bk AL |, W IR L i

168, ,S, JFmmt gt s, , S, Jmmf % iE, Se i T
FFRAE W ZVS , L B — WA ER i, S T
W I ZCS AR T I A W s S HFE
19 Syt 2k Bk AR B H R | 7R T gk kAR R, &2
G i LB 45 ) ) R R BRI Ry 1.2V Y B Dy
0.6 ms, 1] PT 46 A HLFERE IR R 1.8V, 5 B[] 24
8 ms, & 10 A 2k kAR BRI s s iR FRL I R
PRAEEMTOIY . B 11 kA8 i o i i i
LV IR FLR A 0

380.5}
. 380
>
23795 >
378.5 , . 378 . .
0.07 0.08 0.09 0.07 0.08 0.09
t/s t/s
a) PI-OTC#&Hl b)  PIfEH]
B9tk BkAR I A4 D D
x 10> X 10%
5 10 > 10
~ ~
S 0 S0
-10 . . -10 . .
0.07 0.08 0.09 0.07 0.08 0.09
t/s t/s
40
<
0
—40)! ) ) L
0.07 0.08 0.07 0.08 0.09
t/s t/s
K10 A ERB AR BT R f R S R
1.5 1.5
0.5 0.5
% z
-0.5 -0.5
L5 05 05 15 =3 05 13
Ucry Ucyy
a) PI-OTC 3%l b) PIH
B 11 FRB A I iR R 5

W05 LA R AT XS oA T LIS 3] REEE A
A HY) L-LLC-BDC 284 e% , SEBL T JF 645
[ ZVS FIHR WA ZCS , FAR T RGBS IIFE T
KA AE R E] 71 kHz, BB 85008/ 8 I L 58 R
AR P2 Tt Dy A0 B 2l 2 o 1 R 1 I S 4 T
PLFEH T W SRR, I 30 BE T B 30% , 94 45 B



4551

T, 26 BE T L-LLC TR A 45 ) fiff AERE T4 11 L i B 2 ) SR AF 5

- 931 -

[ 4% 10 A5 LA b S8 T X 3R 48 0 PR B e 5 T 4R
FL U9 L s A BILIE v, A — A S B T L S8
RS E AR BAS T P14 RS Pl 4 4 55

PRAVR AR M 25 G $E T 3 F PI-OTC 1R A& 5 il
(%) L-LLC-BDC,, B it B 5% Je {5 H 45 R % W . L-LLC-
BDC A 805230 T i A T 56 A8 1) 55 v e T 38 A
HR R A B R RGBT RIS TTRE

T RA I IT MR KM L 5, REAT R T B & TR

5 & ¢ W BAT RIS TERE & T iR e B S M

NI R AR GE P R LR B ; [R] IFAR X T e I 2 ads

ARICH PLOTC A M 15 L-LLC iy TR0 BN a0

SE M

FAZA Ak, TR DFIG MHL 3 aYIR-A T HVDC RS PR A aY @ S54dl [ 1], W TRORS:4R, 2012, 27(4) .

(1]
224-232
Zhou Honglin, Yang Geng. Modeling and Control for Rectifier in the Hybrid-HVDC System for Dfig-Based Wind Farm[ J]. Trans
of China Electrotechnical Society, 2012, 27(4) ; 224-232 (in Chinese)

[2] Singh H, Vadhera S. Comparative Analysis between SMES and BESS in Application of VSC-HVDC System[ C] /2015 Annual
IEEE India Conference, 2015. 1-6

[3] BRI, Tix. BETARAESE A IE B R BRI m R R RREBITRE I BT ()], I RGP 515
i, 2015, 42(4) :1-6
Rao Chengcheng, Wang Haiyun. Enhancement of the Stable Operation Ability of Large-Scale Wind Power System Based on the
VSC-HVDC Embedded in Energy Storage Apparatus| J]. Power System Protection and Control, 2015, 42(4) : 1-6 (in Chinese)

(4] WEWHIE, ES. 20— 5 WG A BE 2R G P-4 ) ok el D 0 s B WF ST (). e s A sl ik i, 2013, 33(8):
53-58
Shi Xiaohan, Wang Shaorong. Power Output Fluctuation Suppression by Hybrid Energy Storage System for Intermittent Source
[J]. Electric Power Automation Equipment, 2013,33(8) :53-58 (in Chinese)

[5] Wen H, Xiao W, Su B. Nonactive Power Loss Minimization in a Bidirectional Isolated DC-DC Converter for Distributed Power
Systems[ J]. IEEE Trans on Industrial Electronics, 2014, 61(12) ; 6822-6831

[6] fEk, R3O £ E DC/DC A2k s iy = F AR i L S 2h ik [ )], E AL TR 2= 40, 2015, 35(23) .
6113-6121
Hou Nie, Song Wensheng. Full-Bridge Isolated DC/DC Converters with Triple-Phase-Shift Control and Soft Starting Control
Method[ J]. Proceedings of the CSEE, 2015, 35(23) ; 6113-6121 (in Chinese)

[7] Kim HS, Ryu M H. Back J W, et al. High Efficiency Isolated Bidirectional AC-DC Converter for a DC Distribution System[ J ].
IEEE Trans on Power Electronics, 2013, 28(4) :1642-1654 (in Chinese)

[8] Tan X, Ruan X. Equivalence Relations of Resonant Tanks: a New Perspective for Selection and Design of Resonant Converters
[J]. IEEE Trans on Industrial Electronics, 2016, 63(4) . 2111-2123

[9] KiAHE, Hhzte, ZIM. LCCIFIRZES g n i B R [ 1], I THOR 224, 2013, 28(4) :50-57
Zhang Zhiguo, Xie Yunxiang, Yuan Zhaomei. Analysis of Circuit Characteristics of LCC Resonant Converter[ J]. Trans of China
Electrotechnical Society, 2013, 28(4) :50-57 (in Chinese)

[10] Huang J, Wang Y, Li Z, et al. Unified Triple-Phase-Shift Control to Minimize Current Stress and Achieve Full Soft-Switching of
Isolated Bidirectional DC-DC Converter[ J|. IEEE Trans on Industrial Electronics, 2016, 63(7) : 4169-4179

[11] Hillers A, Christen D, Biela J. Design of a Highly Efficient Bidirectional Isolated LLC Resonant Converter[ C] //15th Interna-
tional Power Electronics and Motion Control Conference, 2012

[12] Zahid Z U, Dalala Z M, Chen R, et al. Design of Bidirectional DC-DC Resonant Converter for Vehicle-to-Grid( V2G) Applica-
tions[ J]. IEEE Trans on Transportation Electrification, 2015, 1(3); 232-244

[13]

Jung Jeehoon, Kim Hosung, Ryu Myunghyo, et al. Design Methodology of Bidirectional CLLC Resonant Converter for High-Fre-
quency Isolation of DC Distribution System[ J]. IEEE Trans on Power Electronics, 2013, 28(4) : 1741-1755



£ 932 . odb Tk ko o R 36 4

[14] Jiang T, Zhang J, Wu X, A bidirectional LLC Resonant Converter with Automatic Forward and Backward Mode Transition[ J].
IEEE Trans on Power Electronics, 2015,30(2) : 757-770

[15] BIE, BURE, #hE. 2T 2B -F AR A 19 L-LLC IR XU DC-DC A4 gz [ J]. LT AR, 2017, 3(4) : 12-24
Lii Zheng, Yan Xiangwu, Sun Lei. A L-LLC Resonant Bidirectional DC-DC Converter Based on Hybrid Control of Variable Fre-
quency and Phase Shift[ J]. Trans of China Electrotechnical Society, 2017, 3(4) :12-24 (in Chinese)

[16] Jiang T, Zhang J, Wu X, et al. A Bidirectional Three Level LLC Resonant Converter with PWAM Control[ J]. IEEE Trans on
Power Electronics, 2016, 31(3) . 2213-2225

[17] Feng Weiyi, Lee Fred C. Paolo Mattavelli, Simplified Optimal Trajectory Control (SOTC) for LLC Resonant Converters[ ] ].
IEEE Trans on Power Electronics, 2013, 28(5) ; 2415-2426

(18] Dhlt, sk, A UREIAL S O R RO IT 00 336 78 i 1y DO St B A 0 M Ak (0] P R AL C AR 240, 2014, 34
(3) :354-362
Ma Chao, Zhang Fanghua. Analysis and Improvement on Current Quality of Active Clamped Flyback Type Micro PV Inverters
[J]. Proceedings of the CSEE, 2014, 34(3) : 354-362 (in Chinese)

[19] BB, 5K J54E  FBIE. BAH+PWM $28HXL Boost A XLl DC-DC A8 e g8 T Head B0 Hr [ J]. L T A4, 2015, 30
(16):17-25
Xiao Xu, Zhang Fanghua, Zheng Su. The Analysis of Soft-Switching of the Phase Shift+PWM Control Dual Boost Half-Bridge Bi-
directional DC-DC Converter[ J]. Trans of China Electrotechnical Society, 2015, 30(16) ;17-25 (in Chinese)

Research on Energy Storage Interface Circuit and Its Control Principle
Based on the L-LLC Resonant Bidirectional DC-DC Converter

Shen Ming, Zhang Xiaobin

(School of Automation, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract; Aiming at the low operating efficiency and poor dynamic response of energy storage interface circuit for
flexible interface of connecting microgrid to power grid, the principle of PI or PID and optimal trajectory hybrid
control based on the L-LLC resonant bidirectional DC-DC converter ( L-LLC BDC) is proposed. It realize zero-volt-
age switching and zero-current switching for input switches and output rectifiers respectively, besides, it not only
significantly reduce the computational complexity and further increase switching frequency, but also improve dy-
namic response of the converter remarkably. Using state-plane analysis, the operation status and characteristics of
L-LLC-BDC are described in detail, based on that, the control system of the energy storage interface circuit is de-
signed. In view of the principle of PI or PID and optimal trajectory hybrid control based on the L-LLC-BDC, the
simulation shows that the correctness of theoretical analysis and the superiority of dynamic response and the opera-

tion performance of flexible interface of connecting microgrid to power grid is guaranteed.

Keywords: DC-DC converter; resonant; PI; hybrid control; zero-voltage switching; MATLAB





