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Abstract

With the vigorous development of the new energy vehicle industry, research on charging modules
for new energy vehicles is also in-depth. The mainstream new energy charging module consists of a
front-stage AC/DC converter and a rear-stage DC/DC converter. Aiming at the problems that the
fixed bus voltage causes the rear-stage full-bridge LLC resonant converter to deviate from the opti-
mal resonant point, the switching loss to surge and the efficiency to deteriorate in a wide output
voltage range, this paper proposes a dynamic bus voltage coordination control strategy for the co-
ordination of the front-stage Vienna PFC and the rear-stage LLC. The strategy is composed of three
modules: the rear-stage output voltage command setting module, the optimal resonant point bus volt-
age calculation module and the front-stage bus voltage command communication module. According
to the given output voltage value of the rear-stage LLC, it dynamically calculates the optimal bus volt-
age given value of the front-stage and sends it to the front-stage through SCI communication, so that
the LLC always works near the optimal resonant point. Meanwhile, a start-up and mode switching
process with ramp soft start and step adjustment is designed, combined with optocoupler-isolated
hardware and data communication channels to ensure system stability and communication reliability.
Experimental results show that within the wide output voltage range, the strategy effectively expands
the soft-switching working range of the LLC, significantly reduces the switching loss and circulating
current loss, and improves the overall working efficiency. In addition, it requires no additional hard-
ware cost and has strong engineering practicability.
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Figure 1. Overall architecture of two-stage 10 kW charging module
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Figure 2. Topology structure of three-phase three-level Vienna PFC circuit
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Table 1. Performance indicators of Vienna PFC rectifier circuit
%% 1. Vienna PFC 271 25 FL IR HU M REFE AR

e 24
fitiBE HLE L 320 uH
Verid R 220V
TF R 23 kHz
Ci 820 uF
C> 820 uF
TFRE S FMW60N070S2HF

WICHATZ Vienna PFC AR 10 HUE IR PT J2MI4%, LR ERERL dq Aebn & T SElis
i, WA P47 1) 25 RE S B ELITBR 2k F I AT W) i s B R (R e 22 4 1, AR 17 ST EE 1) LU B2k L SR AT Y
0 e D PRI LR N A 2R — SN K T T SRR ) 1710, AW E N 400 Hz, AL ZAN 107
5 18 B L AR IR 19 B T 7 A R IR A A — RE DR, SO R APIA ) 7 AR BB D 100 Hz,  ARALHE EEHR
507, AR T OBA N M AR L P AS P BR PLAZHI SR K HIZH, Wk 2 P

Table 2. Control parameters of Vienna PFC rectifier circuit
2 2. Vienna PFC 228 8 IR HUIEHIS &

EAS ZH
LI Kvp 0.14236
HLE R Kvi 0.01273
HLH Kip 2.63802 %1073
HLILER Kii 2.08003 X 10+
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Figure 3. Circuit topology of interleaved parallel full-bridge LLC resonant converter
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Table 3. Performance indicators of interleaved parallel full-resonant converter
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Table 4. Control parameters of interleaved parallel full-bridge LLC resonant converter
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B3 Kvp 92.0685
LR 3 Kvi 31.7558
HLIALH Kip 3.9916 x 1077
HLILER Kii 1.0332 x 1076
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Figure 4. Coordinated variation relationship diagram of dc bus voltage and output voltage
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Figure 5. Hardware communication circuit between front and rear stage DSPs

& 5. FIfG4% DSP Z RIS B S HE

TSI 3.1 T PR I e USSR B i e Y L P PR A SR, S RS RS L, Rk, A
SCBEHE TR JE 2R A% DSP 2 181K SCI @ E R Al 6 B« 4 1 1 2 1l JE i U bR B 255K, #eR

DOI: 10.12677/0jcs.2026.15206 75 5 R4


https://doi.org/10.12677/ojcs.2026.15206

N
b

Pax
e

TGRS IS, 6 fRLER R EES 1 5 AR .

\LICC3
YCC4
R54
Kk LLC SCI
KploloégmcosMo 1010 817 Bl B
1 4
SCLTX .
L . o
- 2 *’ K‘K. 3 MMBT4401
Vienna SCI A
R51 S RS2
RIEH R 2K < SI0R
v v
GND VSS
\LFC4
vCe3
Q17 R27
K v
Vienna SCI
MMBT4401  KP10104CTLD COSMO 1010 817 12.GPI
RI126 @1 Bl R
1 P 4
(o)
LLC SCI Q18 0% 2 *f k[; 3 S MMBT4401

51R
R23 \ R24
MMBT4403 2K 510R

Figure 6. SCI communication circuit

& 6. SCI iB{5H%

4. SEIGTHIIE

NS UEAR ST H RSB B8 i R 3 L RO Y BR R P R A 1 SRS IE A, 35 T — 6 10 kW
78 AR SR SCIRAE AL, Wk 7 Brm
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Figure 11. Three-phase power factor curve of the module under 100 A constant current operation
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