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Experimental Verification of Effectiveness of Drive System for IPMSM
by Using Boost-up Matrix Converter
Kazuhiro Koiwa, Jun-ichi Itoh (Nagaoka University of Technology)

This paper describes the matrix converter that features boost-up functionality. The proposed circuit topology connects a V-connection AC
chopper at the input side of the matrix converter to achieve the boost-up function. The matrix converter and the V-connection AC chopper
are controlled independently, where a virtual indirect control method is applied to the matrix converter, and an open-loop control is applied
to the V-connection AC chopper. However, the efficiency of the proposed circuit is low due to the extra loss from the V-connection AC
chopper. In this paper, the efficiency of the proposed circuit and the conventional matrix converter is evaluated by using a 3.7kW IPM

motor in the simulation and also using an induction motor in the experiment. The results confirmed that by implementing field-weakening

control in the conventional matrix converter, the losses are lower than that of the proposed circuit topology, where the proposed circuit

improves the efficiency by 12%. Additionally, it confirmed that the efficiency at maximum point of the proposed circuit is 80.15% in case

of 20% torque by experiment. Furthermore, in compare with the conventional matrix converter with the field-weakening control, the total

efficiency of the proposed circuit improved 12.8%.
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(Matrix converter, V-connection AC chopper, Interior Permanent Magnetic Motor, Field-weakening control)
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Table 1. Motor parameters.

Rated power 3700W | Winding resistance R, 0.693 Q
Back electromotive 151V d axis inductance L, 6.2 mH
force
Rated current 14.2A q axis inductance L, 15.3 mH
Synchronous speed | 1800 rpm Inertia moment J 0.00255 kgm®
Rated torque T,z 19.6 Nm Pole 6

Rated acceleration

. IPM motor
time T

0.028 s Load

Table2. Simulation and experimental parameters.

Input phase voltage 115V Input reactor 2mH
Input frequency 50 Hz Filter capacitor 13.2 uF
Carrier Chopper Volta
ge transfer
frequency MC 10kHz ratio of MC 0865
MC 173V
Output 3.7kW
voltage Proposed 200V Load IPM motor

circuit 226 V;

Response ACR | 2000 rad/s i ACR
angular I?angprlng 0.7
frequency o | ASR | 200radss | factorg fASR
_ K 178 T 0.672ms
Proportional [, 251 Integrated |~ 0.694 ms
gain = - time S -
Ko | 686 To 7ms
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(a) Conventional matrix converter.
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(b) Proposed circuit (240V).
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