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Experimental Verification of Current Response Required for Current Source Type Motor Emulator

Gensui Tanaka, Student Member, Hiroki Watanabe, Member, Jun-ichi Itoh, Senior-member
(Nagaoka University of Technology)

This paper focuses on stability issues in inverter test system using a current source type motor emulator. Current
source type motor emulator cause control instability due to interference with the current control of the inverter under
test. This paper experimentally verifies the current control bandwidth required for the current source type motor
emulator to prevent interference between the current controls of both the current source type motor emulator and the
inverter under test. The experimental results indicate that interference among current controls is prevented by setting
the current control bandwidth if the current source type motor emulator to four times the current control bandwidth of
the inverter under test. In addition, comparison of the analytical results shows that the current detection delay affects

the stability.
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Fig.1 System configuration diagram of inverter test system using
current source type motor emulator.

— Currentcontrol loop of IUT ~ — Current control loop of ME
Fig.2 Block diagram of inverter test system using current source
type motor emulator.
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Fig.3 Stability limit when the current control bandwidth of IUT
varied from 100 Hz to 1000 Hz®.
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Fig.4 Configuration of experiment.

Table I Motor parameters of target IPMSM.

Parameter Symbol  Value
Output power p, 3.7kW
Maximum speed [N 7200 r/min
Output torque T, 491 N*m
Pole pairs P 2
Winding resistance R 116 mQ
d-axis inductance Lq 2.59 mH
g-axis inductance L, 3.63 mH

flux linkage of W 0.0905 Wb
permanent magnet
Moment of inertia J  30x10*N-m

Table 2 Experimental conditions.

Parameter Symbol  Value
DC link voltage of IUT Va wr 280V
DClink voltage of ME Vi ME 320V

Coupling inductor Ly 1.73 mH
Current control bandwidth of IUT  f; jur 500 Hz
Switching frequency of IUT  fo wr 10 kHz

Switching frequency of ME Jow ME 40 kHz
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Fig.5  Waveform during acceleration and deceleration.
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Fig.6 Waveform of torque step response.
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Fig.7 Simulation model with time delay.

Table.3  Relationship between delay time and stability limit

condition Stability limit  Error
Without delay 993 Hz 51.6%
With PWM delay D 1501Hz  268%
With PWM and detection N
delay D and @ 2386 Hz 164 %
X i
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