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Fig.1 Topology of LLC resonant converter
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Fig.2 Voltage and current waveforms in different modes
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Fig.3 Voltage gain-frequency characteristic of LLC
resonant converter

TE 3 7 S0 R4 5, A EE LC & R iR
BT LLC 4R 28 4 25 14 F R G 25 — IR AR I R
F18 R 328 9 DX TR] i) /1N o I SE AR ELH B T M>1 1Y
TE AL s fE 90 F B 2575 1, LLC 38 4R 22 8 45 79 185
P 00 2% e R IR AL B 2 T Lo ARG IR 2P i () /Y
P Y o<w i, i T8 i B A AF Lot LLC il
PRAE AR ] LAAFAE O MRZS o PR, X At i 28 385 Uk
AR ELAT M FHA R B I TR 2 .

D3R (2) )82 1 2 A R BE D 5 D, 58 & B AN
i, HOREM D, 5 D AE 2 HAMNRIE

2) 2 (3) BT 1 Z5 02 (o) 4330 1E 5% 0% {H A
2F UL, 2 o <<aw i, OCR S 1 BLAE () PIE B 2
D 125 1E 52, BIAE O RS HBEH o

3)FHA 1T LU B 18] 3 T o<, I 728 $8 45 9 TH I
Rk (EAS B A B 8] 2 7 71 I S8 b O RS B A7
TE5ZT R PE R IR 2R SE &

http : //www.aeps-info.com 165



2020, 44(6)

ARSCHY BRI S K S IR DL A A2
2 LLCERZRBFRESE IR

2.1 LLCERZEHRFPORKIEHE AN
FERSAST K 1 A it 97 48 B 45 O WL T UL, T

4R o
ol

)Ul + +||_Nm
Ll(t)
K,

i(t) lz(t)

)

u (1)
L N

|- i)
B4 LLCEIRTHRBENERE

Fig. 4 Equivalent circuit of LLC resonant converter
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Fig.5 Voltage and current waveforms in PO mode
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Fig. 6 Relationship between switching frequency and
voltage gain with different values of R,
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Analysis on Gain Formula and Mode Boundary Condition for LLC Resonant Converter in PO Mode

LIU Shuo, SU Jianhui, LAl Jidong, ZHANG Jian, WANG Haining
(School of Electrical Engineering and Automation, Hefei University of Technology, Hefei 230009, China)

Abstract: The calculation of voltage gain-frequency characteristic is vital in the design of LLC resonant converter. The LLC
converter have various operation modes due to the existence of nonlinearity in the rectifier part of the converter. And the voltage
gain-frequency characteristic is closely related to operation modes. The PO mode is a discontinuous conduction mode (DCM),
which is beneficial to reduce switching losses of the converter. However, the voltage gain-frequency characteristic of converter in
the PO mode is hard to be solved because it involves complex computations. On the basis of subinterval analysis method, this
paper analyzes the operation characteristics in the PO mode of LLC resonant converter, and deduces a simplified and high-accuracy
calculation formula of voltage gain. In addition, the parsing and concise expressions of power boundary conditions both in DCM
mode and PO mode are provided according to the nonlinear characteristic in the rectifier part of the converter. Finally, a simulation
model and an experimental prototype of LL.C converter are developed. The simulation and experiment results verify the validity of
the deduced voltage gain formula and power boundary condition.
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