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Investigation of a Two-stage Boost Converter using the Motor Neutral Point and Analysis of Its Effects for Motor
Daisuke Ikarashi*, Jun-ichi Itoh, (Nagaoka University of Technology)

The paper proposes square wave control strategy for a two-stage boost converter using a motor neutral point. When the inverter

part in the proposed converter outputs square waveform, the current distortion occurs in the inputs current because the neutral
point voltage of the load has fluctuation. The current distortion is compensated by a current regulator and a feed forward control
in the first stage chopper. The validity of the proposed converter and its control strategy are confirmed with the simulation and
experimental results. However the proposed circuit superimposes DC current to the phase current of the motor.So the influence of
superimposed DC current is considered by 2D FEM using 1.5kW IPM motor.
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Fig.1. Conventional circuit with chopper.
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Fig.2. Proposed circuit with 2-stage chopper.
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Fig.3. Positive phase equivalent circuit.
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Fig.4. Zero phase equivalent circuit.
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Table 1. Simulation parameters.

Battery volatge Viattery 48[ V]
Output frequency 90[Hz]
Output power 750[W]
Boost chopper reactor L 2[mH]
Zero phase inductance 2.3[mH]
Capacitor C,; 2200[uF]
Capacitor C, 5[uF]

Input current /i,[A]
200 e et
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Line voltage V,,[V]
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Fig.6. Simulation results.
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Table 2. Experiment a parameters.

Battery volatge Viaery 70[V]
Output frequency 90[Hz]

PM motor rated output 750[W]
Boost chopper reactor L 1.7[mH]

Zero phase inductance 1.9[mH]

Capacitor C, 1100[uF]

Capacitor C, 5.0[uF]

DC link voltage Eq E.S}LV] - 250[V/div]

Llne voltage Vi[V]

250[V/d|v]

8  PWM il it o> S R

10[ms/div]

Fig.8. Experimental results with PWM control.
DC link voltage Eg1[V]: 2250[\/div]
Line voltage V,[V] 250[\//d|v]
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Table 3. IPM motor parameters.
Rated voltage 180V/phase
Rated current 6.1A

Rated speed 1800rpm
Number of phases 3phase
Number of poles 6poles
Number of stator slots 36slots
Stator outer diameter 130mm
Stator inner diameter 83mm

Winding configuration 138turn,series per phase

Rotor outer diameter 82.2mm
Rotor shaft diameter 30mm
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Fig.13. IPM motor loss analysis in simulation.
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