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Optimal design of switching-off loss in three-level LLC resonant converters
YUAN Yisheng,ZHANG Zhongyi, MEI Xianglong,ZHANG Jinke
(School of Electrical and Automation Engineering,East China Jiaotong University , Nanchang 330013, China)
Abstract: Switching-off loss is the major loss of three-level LLC resonant converter under high frequency
condition, which is closely related to resonant inductance L, ,resonant capacitance C,, magnetizing inductance
L,, and voltage gain G,. Firstly, the analytic function between switching-off current /; and inductance ratio

k,normalized frequency f,

n

and quality factor () is built by time domain analysis method, and the analytic
function between switching-off loss P, _, and [k,f,,Q] is built by combining the feature of the switching-
off process. Then two four-dimension graphs about [I,,k,f.,,Q] and [P, .. k,f,, Q] are pictured and the
laws among parameters are analyzed. Based on the above analysis,the solving space of [k,f,,Q] is derived
under the constraints of voltage gain requirement and ZVS (Zero Voltage Switching) realization condition.
Furthermore, the final [k,f,,Q] values are achieved by PSO(Particle Swarm Optimization) algorithm for op-
timal switching-off loss. Finally,a prototype with 200 V input voltage, 130 V output voliage and 48.4 Q) load
resistance, 350 W rated power is built. Under the conditions of full load and half load,the experimental re-
sults of the switching-off loss P, _, are compared between the proposed method and the traditional optimal
method of reducing the effective value of resonant current to decrease the conduction loss of the circuit,
which verifies that the proposed optimal design method can effectively reduce the switching-off loss and im-
prove the converter efficiency.

Key words: three-level LLC resonant converter;switching-off loss;optimal design;time domain analysis; PSO
algorithm
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Speed-sensorless control method for permanent magnet synchronous motor
based on super-twisting sliding mode observer
GUO Leilei', WANG Huaqing',DAI Linwang’,CAO Lingzhi',ZHANG Kaixuan', LUO Kui’
(1. School of Electrical and Information Engineering,Zhengzhou University of Light Industry,Zhengzhou 450002, China;

2. State Key Laboratory of Operation and Control of Renewable Energy & Storage Systems,
China Electric Power Research Institute Co.,Ltd.,Beijing 100192, China)

Abstract: As the back electromotive force of permanent magnet synchronous motor is small at low speed,
the influence of the DC bias contained in the sampled voltage and current caused by the nonlinearity of
sampling channel is more serious. To solve the problems, a super-twisting sliding mode observer based
speed-sensorless control method is proposed for permanent magnet synchronous motors. Firstly,based on the
concept of the equivalent feedback,a new super-twisting sliding mode observer is designed to improve the
speed-sensorless control accuracy at low speed region. Secondly,the effects of the DC offset on the speed-
sensorless control are analyzed in detail,and a second-order generalized integrator based DC offset elimina-
tion method is designed to further improve the speed-sensorless control accuracy. Finally, the effectiveness
of the proposed control strategy is verified by a 6.6 kW permanent magnet synchronous motor speed-sensor-
less control system.

Key words: permanent magnet synchronous motor; equivalent feedback; speed-sensorless; super-twisting  sli-

ding mode observer;second-order general integrator
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