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Clarification of Acceptable PWM Voltage Detection Delay for Achieving Desired Current Response
of Current Source Type Electric Motor Emulator

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

This paper identifies acceptable voltage detection delay times to maintain the current response of the current source
type electric motor emulator (EME). The EME has to detect the output voltage of an inverter under test (IUT).
However, the delay due to detection using a low-pass filter (LPF) reduces the accuracy of the EME. The acceptable
delay time that maintains the desired current response is identified using Bode diagrams. In addition, a phase lead
compensation is applied in order to achieve the desired current response. The experimental results verify that the
desired current response is achieved even when an LPF is used to detect the IUT output voltage.
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Fig. 1 Configuration of an inverter test system using an EME.

Table 1 Parameter of the circuit.
Parameter Symbol Value
DClink voltage of IUT ~ Vg ur 280V
DClink voltage of ME Vg ve 320V
Coupling inductor Leow 1.73mH
Switching frequency of IUT f, ur 10 kHz
Switching frequency of ME  f, ve 40 kHz

Table2 Parameter of an IPMSM.

Parameter Symbol  Value
Output power Pa 3.7kw
Maximum speed Wh 7200 r/min
Output torque T; 491 N-m
Pole pairs p 2

Winding resistance R 116 mQ
d-axis inductance Lg 2.59 mH
g-axis inductance Lq 3.63mH
flux linkage of ¥ 00905 Wb
permanent magnet
Moment of inertia J  30x10*N'm

Decoupling control  Coupling inductor
A
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Fig. 2 Analysis model for the relationship between the cutoff frequency of the LPF and the responses of the current control for the TUT.
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Fig.3 Simplified model.
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Fig.4 Open loop Bode diagram of the model shown in Fig. 3.

10
0 =
- 0t I
e} p==m 3
S 200 —1kHz [ \\<,
£ 30 —2kHz [ ¢ S
3 40l —3kHz | b \
5ol 4kHz |l :3
-60 —5kHz o0 1000 20
1 10 100 1000 5000
0 Frequency [Hz]
-60 :
'S 120 A\
2 1goll —1kHz
8 —2kHz
& -240 3kHz
e -300 4 kHz
360 —5 kHz
1 10 100 1000 5000
Frequency [Hz]

Fig. 5 Closed loop Bode diagram for cutoff frequency variation.
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