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Abstract

To address the requirements for high dynamic response and stability of on-board auxiliary power
supplies across a wide input voltage range, this paper investigates the Buck-LLC two-stage con-
verter and proposes a dual-closed-loop composite control strategy based on Model Predictive Con-
trol (MPC) and Active Disturbance Rejection Control (ADRC). Firstly, leveraging the “DC transformer”
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characteristics of the subsequent LLC resonant circuit in the quasi-resonant state, a simplified MPC
inner-loop algorithm is proposed. By utilizing the converted output voltage value instead of inter-
mediate bus voltage sampling, deadbeat tracking of the inductor current is achieved while the sam-
pling circuitry is simplified. Secondly, for the ADRC outer-loop controller, the Particle Swarm Opti-
mization (PSO) algorithm is introduced for offline global parameter optimization, overcoming the
tuning difficulties associated with traditional ADRC. Matlab/Simulink simulation results indicate
that, compared with traditional dual-PI control, the proposed strategy significantly reduces over-
shoot and shortens regulation time under drastic input voltage fluctuations and load transients.
Furthermore, the strategy exhibits excellent robustness against inductor parameter perturbations
(£20%), effectively addressing the high model-accuracy dependency of traditional MPC and demon-
strating significant engineering application value.

Keywords

Two Stage Converter, LLC Resonant Circuit, Model Predictive Control, Active Disturbance Rejection
Control

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 51§

W 5 R [ BBV 5 AL B (e D) 75 SR LAOHT B IR “ =R AW 58w i 3k sh T, R v FH 4240
BRI RE B P, FRARAEITACIE . W DSk e RIS N R . 3 B B IR A i
o 1R B0 77 L I ROEG T SR sk I B AR S MR 2, Mk RE B R T S bE . BB R RIS IEs i
Ty R IR E O B TR, R R B R B TS I R . K v B T EE M SR AR A 1]

P DC-DC AL 46 2% PR HL 5 0 BBl i e A0 v 2 3 A SRR B R 35, 76 2 284 B FRLVR A0 A9 21 1 T2 B
F o SCHR[2] [3]42 Hi (1) Boost-LLC A8 425 B R 8 k47 9 v Bl 1 e, (FU7E o i I FH HP A7 REZR F e 0 o
SRR, SCHR[4] [S19R H BOMFREE 42 DU JT 5% Buck-Boost LLC 28 #i g B A A TRk, (BAGEAENE T
AR AN AR M AR SRR B . ML Z N, Buck-LLC A8 28 F HI T 2% Buck FEEREATTRIEYY, J&
¢ LLC MR L IRIE N EIRAR 28, MU, H R SR Emaesstt, BEH Tkt E it el

SR1MT, Buck-LLC 4 AE omAl & A2kt R %0, AN T8 Y6 B i\ B R 20 3 B i R AR, A& 40
PI 2 il A A 3 LA s A5 B3 S HiF4REE 7, & MR R R, RIS KSR . A T X ik
)@, ASCEPXT Buck-LLC 7R Ha 42 il SRBG AT AL, R T b A I N BB B T 4% il (Moodel Predictive
Control, MPC)5 HiJE 7N A H Hiplt#2#1l(Active Disturbance Rejection Control, ADRC)ZH il i) &2 & XA H] R
Gt, FHH PR 7B (Particle Swarm Optimization, PSO)%t ADRC % #s S5 2k 47 F0[7], &Ja@id
Matlab/Simulink “F- & 4 i A8 4 4% Je 328 i 25 0T 07 FLSE0G, S0 0FE AR ST HE Hh 428 1) SR s 1 A Rk

2. Buck-LLC T8RN TERE
2.1. TSRS

i Buck HLE& A1 LLC %45 H B A T 28 =X, DC-DC A8 #2840 M0 1 FioR. A% Buck HLEE B¢
B Qiv Qo HrH e HLE Ly Frb (A BELR AR Cous M HAZ O IhRERAE A R, @i 52t
Dy IIHE IR Vi (I35, NEHEBRRR e ER B IE. F%& LLC R &5 S1~Sq i

+

DOI: 10.12677/mo0s.2026.152034 61 AR5

b
Y


https://doi.org/10.12677/mos.2026.152034
http://creativecommons.org/licenses/by/4.0/

EFEE, XK

FR A AR I AR R 2 . VSRR Loy AR FRURR Loy SOBAR A G RRIR B IR N 4% . ARIR 48 T (2L 1)L
JeEIA SRiv SR, [AP B M2 . Buck-LLC AZ Hed v B BEER FLAY Cious 5500 H B HLES L) R LC {8
Peds, ARSI FER, 1E9)a 9% LLC SR BRI REM AR, SEBL T 115 U AMES % L
I 5E s, ORGSR T ARG R e TE 8]

10) %Eg Cue

Figure 1. Buck-LLC converter
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Figure 2. Voltage gain characteristic curves of LLC resonant circuit

2. LLC 1& ke B L R 38 s 4 M A 2%

3. WA SRS

BT 2 A8 LR I S M N E S AR AR B AL R R, A e O Hhl) SRS g ik HUBC LA i 1Y)
HL MPC PR AN HLE Vou BUHLE ADRC SRR G420 U5 2, M LEEET-XUA3E PL 42465
o IZAEHRIS B AP AR RE . AR Heds MR AR B 4] 3 pis .

-
LYY
Q!

‘g'_‘ o 83 84
n| 1
Sy S, L
&: & *
& LR o
—|'
d] J 3

IZT

Vou
g HRSPER
PWMA L% B AFFMPC LADRC Vit

Figure 3. Control block diagram of Buck-LLC converter
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Figure 4. Closed-loop block diagram of voltage outer loop control
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Figure 5. Iterative graph of optimal fitness value

B 5. sINERNEXKE

DOI: 10.12677/mo0s.2026.152034 67 5 1 A


https://doi.org/10.12677/mos.2026.152034

EFEE, XK

FIE 5 AT, aEARE] 50 RIS, IS N E CEATRE . HT PSO Hiky “ B ke, A
T T 2 I B DGR B SAME, BZAH EIZA PSO AL G iR #R S 2L
k, =25713
w, =194409.75 25)
b, = 3830

4. {FEWHIE

ANIEAE Buck-LLC AR #2833 T B IR MPC IR IN% H HLE ADRC AR A X A A 32 1) SR S ) YHE
1, f#F Matlab/Simulink ¥ 132 H SR HFEAT 5 HIAE, F55 PI-PI 52845 Bk T 0t b . Wit 2B #ss 3
SR 2 Fis.

Table 2. Main parameters of Buck-LLC converter
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MPC-ADRC il #5307 07 H IS UE, FF5 PI-PI 8628 45 AT X LG, Wil 6 Fros. PI-PI #5445 1F 8 1 =
EE| T 1.5V, 1 MPC-ADRC ¥l #% L EH, HEa TS T Az /T PI-PI #4488, F
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