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Fig.1 Topology of the IOCS
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Table 1 Connection of windings and the grid
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Fig.2 Winding structure of asymmetric six-phase
permanent magnet motor
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Fig.3 Equivalent circuit of the system in
grid-connected mode
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Fig.4 Distribution of space voltage vectors
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Fig.5 Simulation result of optimal vector obtained
by the traditional MPCC
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Table 2 Optimal voltage vector of last sampling
period and optional control set
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Fig.6 Comparison of accessible vector ranges
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Fig.8 Flow chart for implementing the proposed method

fH B

APYR 2 ) HTURH PR AR5 00 i AR, 3153 2
ELRA AR RO 1 dg Bl i

IR 3 MR b — I 2 B G R R E A
RERER V5 Vs

IR 4 A BN AL R (3) (2N (4) TR AR
PEE, PR A (E R B (5) (30 (6) PRtk th A
EEE%E Vnptl% Voplz;

APRS FAA(18) (S (19) RS DR EK
B A L AR JE AR R A 7 B PWM 5 E S

3 SLIIIE

EAE T DCO-MPCC J5 2 By 1B 74 5 10 B
P, T —8 2 kW AR s LEE— &
10CS SLHAEAL, WL 9, Bl S S EZH S B K
3o Horb SZUMIE—& 51948 He d % H: 2 =
H 0, 0 3K P T A i BELAE/ AT 9 B H O 43 )
TARHE LA/ V26 THL B A 2, IF A5 ik
FH Infineon 2y &) B3 R 48 ZE A AU A% (insulated
gate bipolar transistor, IGBT ) # 2t FF300R12ME4,
H LR 45 L IR AR 23 0l E T LEM 43 | Y LV25-P 5
HAS 50-S fE /R /& B e, i 4% 2 F T 2 =) 1Y
TMS320F28335 ¥ 715 5 Ab B &, H 42 il 43 48 5 >k
FERAR I E O 10 kHz,

3.1 FTHEEX

SR ) 6 H H TR, SR FH 7 F, P, s - DO A0 i 3
AR A PR 2854, A IET 10 Firs o el L S ARk
P PT il , G HE A O 9 B0 00 /i 3 o b 25 2



151 X% G < A R A8 5 P 2R 0 0 RS R 0 4 ) e

AR P ]
FEH Tl €m=V2G T

B9 ZBRTFAH
Fig.9 Experimental platforms

*3 BISIRIESH
Table 3 Main parameters of the motor and experiments
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Fig.10 Dual closed-loop control structure of
charging voltage and grid current
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Model predictive control strategy for grid-connected operation of

integrated onboard charger system
LIU Xing, YANG Hui, WANG Yifei, CHEN Tao, QUAN Xiangjun
(School of Electrical Engineering, Southeast University , Nanjing 210096, China )

Abstract ; Comparing to traditional onboard chargers , integrated onboard charger system (I0CS) takes obvious merits in terms
of cost and power density. In this paper,an I0CS based on a six-phase permanent magnet motor drive is designed,and model
predictive current control (MPCC) methods are studied for the IOCS under the grid-connection modes. At first, the topology of
the I0CS is analyzed and the mathematical model is established. Following this,the implementation of traditional MPCC is also
introduced. Then,a MPCC based on duty cycle optimization ( DCO-MPCC) is proposed to overcome the disadvantages of the
traditional MPCC including high computation burden and bad steady-state performance. On the one hand, the computation
burden is alleviated by reducing the number of the alternative voltage vectors. On the other hand, a duty cycle optimization
technique is proposed to enhance the steady-state performance. Finally,the effectiveness and superiority of the proposed control
strategy are verified using experiments. The experimental results indicate that the proposed control strategy can significantly
enhance the steady-state performance of the system and reduce the computation burden. The total harmonic distortion (THD) of
grid current is reduced by 6.18% and 5.92% under charging and vehicle to grid ( V2G) operations, respectively. Meanwhile,
the execution time of the proposed strategy is decreased by 17.54 ps.

Keywords : integrated onboard charger system (IOCS) ; six-phase permanent magnet motor; model predictive current control

(MPCC) ;alternative voltage vectors ;duty cycle optimization ( DCO) ;vehicle to grid (V2G)
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