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ABSTRACT

ABSTRACT

The “dual carbon” strategic goal points out the direction for energy
development in the new era and promotes the development of energy storage
systems, DC microgrid, electric vehicles and so on. In the energy storage systems
and DC microgrids, bi-directional isolated dual active bridge (DAB) DC converter
has played an important role. DAB converter has the advantages of bidirectional
power flow, soft switching characteristics, high power density and symmetrical
structure. It has great application prospects and research values. In spite of these
advantages, with the role of DAB converter becoming more and more important,
the better steady-state accuracy, dynamic performance and robustness of output
voltage is required in practical applications.

In this thesis, the output voltage control of DAB converter is investigated.
Firstly, the DAB converter and sliding mode control are introduced. Secondly, the
switching state and operation principles of the DAB converter are analyzed in
detail under the single phase shift control. The dynamic model of output voltage
is derived by Fourier decomposition of switching function.

Aiming at the shortcomings of traditional PI control method, the single-
integral sliding mode control (SISMC) is proposed in this thesis. Based on the
dynamic model of output voltage, sliding mode control with integral terms is
applied to the voltage controller and voltage single closed loop control is designed.
Better output voltage accuracy and robustness are obtained. Finally, the
advantages of the proposed control method are verified in the MATLAB/Simulink.

However, adopting the single-integral sliding mode control scheme based on
dynamic model of output voltage has the inconvenience of collecting the
information of load current considered as disturbance. The nonlinear disturbance
observer is applied to the sliding mode controller and the single-integral sliding
mode control method based on a nonlinear disturbance observer (SISMC-NDO)
1s proposed in this thesis. Applying the nonlinear disturbance observer to estimate

the load current considered as disturbance, the output voltage control is realized

1II
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without collecting the information of load current. Finally, the simulation models
are built in the MATLAB/Simulink. Meanwhile, the simulation experiments of
proposed method have been carried out from different aspects and the advantages

and validity of the proposed control method are verified.

Key words: DAB converter; Dynamic model; The single-integral sliding mode

control; The nonlinear disturbance observer

v



H X%

B ST 3B et I
ABSTRACT ..o 111
BT B U0 oo 1
LA FFEET T JETE S oo 1
1.2 DAB ZEHRERMEIR (..o 3
1.2.1 DAB B BRI FMBEIR ..o 3

1.2.2 DAB A8 #28 S BE SH M) T EMEIR oo, 6

1.2.3 DAB AR H 282 B SRBEAEIER ..o, 7

13 WARFE BRI ©.ooeoeeee e 7
1A B TE R G BT ZHE oo 9

B _E DAB TN TR RIESTIAIER e, 11
2.1 DAB ZB I 28 I AR IR AT HT <o 11
2.1.1 B FHEE B AT E R IIHT oo 11

2.1.2 BARE AR A TAEREZS 0T oo, 12

2.1.3 BARE AR B A T RARBIFYE oo, 16

2.2 DAB BB IS Lo, 18
2.3 ZRTEIINGE Lot 21

FE =5 DAB s i BB IEITHIBR IR oo, 23
3 VEBEFEHIHIZEZRTETR oot 23
311 VAR A BLATIIR oo, 23

B2 ARSI ZANTE R oo 24

3.2 DAB ZEHZE HITEREAE ] oo, 25
320 FEARTZILTTIE: (oo 25

322 TBRETH IS (oo 26

3.2.3 FFIRITIR T oo 26

3.3 BRI BB A BT FER oo, 27
3.4 B L TR BRI TETE oo 28

B TS TR e 29



DAB 7% s B 731 47 1) SRS AT 7

351 FEBMTELLE R oo 30

352 BHASTEREITFLLE B oo 32

3.6 ANTEIINGE oo 38
FEPNE JEL MR MNEE S B BRI BB BT HIZR R e, 39
A1 PEEIIERHEIER ..ot 39

4.2 AL PESRF I ASIE A T IR e 39

4.3 BT AR E5 1) DAB T BEIEH ..o, 41
4.3.1 AELR MBI R AT BETE oo, 41

4.3.2 FEF AL T E% 1 DAB WA HIE T oo 41
BAMFTILEE TR oot 42
B4 1 FEBTELE R e, 42

442 BHAENEBEITELE R (oot 43

A5 ARBEIINGE oo 48
BRI BEEERBIE oo 51
5.1 I G bbbt 51
S2FBEE oo ettt 51

B B I B oot 53
D OO 59
BUEAR BB B ZFEARTETN R TRIB I oo 61

VI



L1 #IREERENX

TR BIREF, RRERESSF. HENRBHEERT 5. G5,
HEmRE, AMUIES) TREIEARE, 1 HABESE T REIR RN T, Rk
TSGR IR TR B . A A FRBERAL 518 22 BRUR A In) . RO H 202 1) BE R PR B
), 5% E S oy B AL BRVR S5 R . K D7k e v T PR AR R IR A A It >R T Re R
ZZ AR REVRIA BT in) @ . b AR AR KRR R, AT mE KRS, 6
VR GUR AN AR AP BG ) UBR SR R Y, i R AT5 G KRB TS B, R R AL AR AR
N T AR RIGK SR R, T E BN AR B i, AN W 42 v PR ORGP AT R &
W, HESDREUR I 28 4504 S ISR AL AR, R T g5, AT BT KT K R
. WIEERSERAGMREGE, M 2012 32022 4, FE I E LI T G REVRTY 2%
MERETHWE 1.1 PR, 2022 2EERFREEHEFEE S 2F R EHFE S ER 25.9%,
A K 0.4 D E A AL B 2012 4R8I0 7oK 11.4 AN 4 A,

30 1
255 259

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
B F

A 1.12012 2] 2022 F B S RRBRERESRRHREE
Figure 1.1 From 2012 to 2022, China's clean energy consumption accounted for its total energy
consumption
BEE WK g H AR EISR ARk ERR R R et eI A TR, A RE
PRI RE A D, T AR IR T R AR R . 18 1.2 9 2015-2022 4 [E AT
AR A BRSO Hh, 2021 F2EHA] BAREKBEN 248 JTCT L, 54



DAB A2t 8% HUAR 71 B ] SR )T 7

Eet SR HBEER 29.8%. Wit 2030 4, SEKHAERH. REIEHLEE R0 8
T TFL. 2060 4F, 4= [E X HERALEE 20 (2T, HAa& KL 5T LR EXE,
KPR BN RAE 25 AT 5L, HAPE&4 2.5 (T REDE#H. Iboh, AEVIFiEEk
HL AR RE RS A o e B B A R LB T R B R R R s, T E] 2060 4

VI RE K AL TR B 2 12T o e A

28 2.7
2.48 ,’

&
V4
221
204 _of

187

1.7 -
‘,C'
1.5 ,
136 o

"

FAZFERS

S AN

=R v
B R R R NN
N A OO 0O N N B~ O

2015 2016 2017 2018 2019 2020 2021 2022
BAOfF

B 1220152022 F P ETHARRAELE
Figure 1.2 China's renewable energy generation capacity from 2015 to 2022

FreeVE e K R R FI, 3B S R s g H ) R GE TR AN S o
JBE KBHRESEHT e VR & HL HLAG (R ar e . BENLYE. BEsh A S /N B, a0 R B
NP, S BORRET EAEAME R IIOR, e B R AR E M. H AT SR BT e
VSR AV BE RS A5 & I8 T, A4 BRI 2R G SR g o bk ) D3,

EHRMMN RS T, B RS L EEMHRIRS, R RS0 HAEREIA TR A B
AR HAS PR K, AT AR A AR O BEVE 53 08 1 S I H BEAE it RE P4 15 R
BB DN A s . BT B — i Be 20 71 o ik (R V 2 Re o R 5 Th 3R W R i 2K,
H TG REIA 15 2 8 & it FE R A 28 IR A T ), X R ] BUK R R i Be o i % B
LA R B . W RAESGE R TTE . A5 D)2 B3 A 4 H s 1R
M. BRiERERSGIN, fEEMMM I AH R K BEE, B 1.3 8 —DEHRMBMN RS,
AC/DC i #3E YRR B IF L VLS, DR &k BRI &S rELh ()2 T L% v DC/DC
THIS LB, AU L SR G v s LR BRER TR MR 42 9 XU H] AC/DC A& 4, XU i) DC/DC
A W AR AR R B BEZE AN REIA 1T [R] (R I AT



e i B BEER

XL DC/DCAZ 2%

{GEN=R/RE 22

B 13 LAKRA %
Figure 1.3 DC microgrid system

XAl DC/DC B thdh st R A BB E B AR 2 AL . SRR A h IS L,
B e PR AN R B AR R AR, DR 2 2 R S M AN RT LSO L e, TR AS  AT DA
LA IE S . RIS IR, FEEA DC/DC BHde i #dR . BB, sk
B, o, MraRah i i N R RS B XU M (Dual Active Bridge, DAB) Hii AR #4354
O SN P N E B = WS D [ === k) NI 7 2 /S o AN =B ) e - 2N
PRINGER T B AR 5 ), PRIk, I T B 2R G A e ik SRR T AN BLR
RELR M R . 595K, DAB iy Z R & HEH W EM, HHOAH
BTIRZH IR, DAB e, TAERCR KRR e S ae s ) T itm, i
BT ERAN . FATES. BIREY. M RBRESEREY. Hik, % DAB &
Wodi R B 7 KA B SERR = .
1.2 DAB AL g5#EiA
1.2.1 DAB g8 thMIA

DAB 7Bt 8% G815 SL L R S R AR 4, 1 HLIE HAT XA BE R B BT R
RINREE . AN R BT IR GRS, 2R S ITE 1988 SRR U0, B B D%
P SRR AR R R, DAB B g e A W s m U, B E AL,
DAB B4 FIAR N AT 73 g B R PR AL . YR A 5 i R A 13,



DAB 4% el SR T3 TR 1) SRS BT 5T

HUR T DAB AR e ds ¥ 44542 2 ATt 7o 5 N ) 2 (0 — - et s i dn
L4 fon, EEHIERBIEMA S A ELRUIER A A T 2 A AR ) P SR Bl o
SCHR[14TPEA 0 i 1 HUR YR DAB 9 LAR R, PEAHES 1 fy i DhR pRis s, o
THEX AN BRSO LS 24 TARVE . SCBR[15]0 B T AEIX I ()45 DAB AR #asid
R AT FEME 2T SR PB4 v I, B DX B AE — NI 50 Ja 343 P o o L BBl A
Ko BEDCI [B] T A e M o T SRR I K RIS —RE LI, 2 3 B0 i ISP
A GG, HE— bt DI . SCHR[16]4ES T DAB A fds/ME SR,
Ot 7RI R XA S FRIIRR K R BEES DAB B GSERERMTT, &%
B ZVS JeRAN, ARHRERBCR B, SRTAE SCHR[17] 8 B G W H RS A AN A 4%
7k, B RE S BE A% i o 2 AR AOR B i B R R ) BB BB T R A R DR 3
T NEIFIR . SCHRIS B 2 A T R 8 AF VBT R, B T SEIHIT REA T
A2 AN S BT TR ASEIX I T 2 56 . SCHR[19]9¢ H T DAB (% 2 TAEIX
WG BB %, MRAGSHRFAZ. BT E L4 R, ta=
MGG o = FHSEH) BAR R CAREARTF Q8 O D AE PR R AUE, HEHEEZHE
HIRETE e 5 2 SRR AET,

sk § 4);1} s, SH;J} A Es,
A . :

n:l
— TV }”{ Cd, Vdc
B C —

D
a L T X

B 1.4 % EFEA DAB L% i6 44

<

[

I |I+
J

O
I

Figure 1.4 Topology of Voltage-Fed Dual Active Bridge
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