


Energies 2019, 12, 4647

1000(rpm) o 1800(rpm)
2500 T T {
2000
-
£ 1500
=
=
=
§ 1000
%)
500
ol . . J
0 02 0.4 0.6 0.8 10
Times(s)
(a)Speed
1000(rpm) e 1800(rpm)
30 I :
0 T
L
25 iRy
-~
<
=
=
g
=
<
2
=3
S
&
<
0.2 0.4 0.6 0.8 14
Times(s)
(b)A-phase currents
1000(rpm) o 1800(rpm)
0.4 T T

Average residual (A)

0 0.2 0.4 0.6 0.8 1.0
Times(s)

(c)Average residual of three-phase currents

" 1000(rpm) s by spei ‘ 1800(rpm)
w li
10~ 4
_
L s
Q
g ]
)
¢
$ 4
N PN AN NSNS
< i e N L W
2 o~ v
ol L L I |
0 0.2 0.4 0.6 0.8 1.0

‘Times(s)
— Reference current
—— Load current of the proposed motor emulator without power loss minimization control
—— Load current of the proposed motor emulator with power loss minimization control

(d)Average THD of three-phase currents

Figure 13. Waveforms of speed suddenly alteration for low power motor.
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Table 11. Switch power losses of speed suddenly alteration for low power motor.

Switch Power Loss (J) o (%)
Po1 Pi2 Pc1 Pc2 Psum Pave

Without 45.64 46.32 45.27 45.70 182.94 45.73 20.88
With 36.31 35.97 35.86 36.58 144.72 36.18

As shown in Figure 13b, when the motor is operating under speed suddenly alteration, comparing
to the zero-crossing time of reference current, the zero-crossing time of load current without power loss
minimization control is delayed by about 40 us, which is expressed as tﬁ , and the zero-crossing time of
load current with power loss minimization control is delayed by about 60 us, which is denoted as tl; .
From Figure 13¢, average three-phase current residual of without and with power loss minimization
control are about 0.16 A and 0.19 A, and current tracking accuracy are 97.7% and 97.3%. In Figure 13d,
the average THD of three-phase reference current is 2.0%, and average THD of three-phase load current
of without and with power loss minimization control is 3.2% and 4.0%, respectively. From Table 11,
consideration of power loss, the sum and average switch power loss of the latter have both decreased
by 20.88% than the former, respectively. The experimental results show that, for the high and low
power motor, the proposed power loss decrease method can reduce effectively switch power loss on
the premise of ensuring the current tracking effect of the motor emulator, when the motor is operating
under speed suddenly alteration.

5. Conclusions

A power loss decrease method based on FSMPC with delay compensation for a reduced
switch count motor emulator is proposed in this paper. In the proposed motor emulator topology,
converter consists of four active switches and two capacitors. Within the power loss decrease method
based on FSMPC with delay compensation, an objective function is designed to select the two adjacent
switch control signals that generating lowest switch power loss while keeping satisfied current tracking
performance. The simulation and experiment results show the feasibility and effectiveness of the
proposed method which achieving minimum power loss and ensuring current tracking performance
greater than 95%. Besides, they also testify that the current can track stator current accurately and
rapidly when the motor operating on the cases, namely in the normal state, or the fault state or the
speed suddenly alteration. A real-time platform of a motor emulator for the presented method has
been built to provide a reliable environment and offers more authentic data for motor fault injection,
diagnosis, and tolerance research.
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