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ABSTRACT Three-level converter has become the mainstream converter topology because of its good output power
quality and high power factor. The three-level dual-PWM frequency speed control system with rectifier-inverter structure
has become a research hotspot in academic circles because of its advantages of bidirectional energy flow, high power quality
and controllable intermediate DC voltage. Aiming at the high performance and high efficiency control of the three-level
neutral point clamped (NPC) rectifier-inverter drive system of induction motor, this paper builds a prediction and loss model
of the three-level rectifier-inverter system, constructs a cost function including the midpoint voltage balance and loss

optimization, and proposes a model predictive control without weighting factors based on sequential parallel structure. With
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the development of the field of power electronics, the control performance and efficiency of the converter are gradually
improved, and the model predictive control applied to the converter is no longer limited to the traditional control objectives.
The proposed strategy introduces the DC bus midpoint voltage and converter switching frequency control into the traditional
sequential model predictive control, and constructs a unified cost function with multiple control objectives. According to the
actual requirements of the multiple control objectives in the operation of the rectify-inverter system, the control objectives
in the cost function are divided into primary and secondary control objectives and classified into two sequence optimization
sets, and different sequence sets are sequentially optimized. In the same sequence set, adaptive parallel optimization is used
to select the optimal switching state, which ensures the synchronous optimization of each centrol object in the sequence,
thus avoiding the design of weighting foctors. The parallel structure can rank multiple contfoltargéts; reduce the number of
sequences to increase the number of optional voltage vectors between each sequence, and increasesthe control effect of non-
primary control targets. Moreover, synchronous optimization of control targets of thessame importance is realized at the
same level, which solves the problem that targets of similar importance must_be“sequentially optimized in conventional
sequential model predictive control, and can solve the problem that the priority“of different targets is difficult to adjust, and
has stronger applicability for the complex topology structure with\, multiple control requirements. Simulation and
experimental results show that the proposed algorithm can improye the stéady-state and dynamic performance of the system,
reduce the midpoint voltage bias, reduce the switching frequency of theréctifier and inverter, reduce the total harmonic bias,
and adjust the midpoint voltage unbalance.
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Fig.1 Topology structure of dual three-level PWM varaible frequency speed induction motor/control system
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Table 1 System parameters

Parameters Values Parameters Values

Grid side resistance R, 0.11Q Rated power Py 2.2kW
Grid side inductance L, 12.5mH Rated speed wy 1500 r-min~!

Grid voltage vector V,(Peak) 150V Rated torque Ty 14 Nm

Grid side frequency f 50Hz Rotor resistance R, 1.86




DC bus capacitance C;,C, 2200uF Stator resistance R; 3.07 Q

DC bus voltage ug, 400V Mutual resistance L, 298mH
Rotor inductance L, 313 mH
Stator inductance L 313 mH

Pole pairs p 2
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Table 2 Experimental results data of steady-state

Rectifier side DC bus Inverter side
rmise(P)\_rmse(Q)  fu/kHz rmse(uy.)  rmse(u,) rmse(7.)  rmse( l//5) Jew2/kHz
ANN-MPC 46.03 33.07 5.81 0.4581 0.3724 0.4172 0.0077 5.35
SMPC 38.94 31.26 4.99 0.4208 0.2410 0.4026 0.0068 4.27

SPMPC 39.85 29.71 3.55 0.3843 0.2079 0.4043 0.0056 3.93
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