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Development of ﬁrecision positioning control circuit of ultrasonic motor by
pulse width high speed switching method
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We developed a drive circuit that can change the frequency, voltage, and

phase difference to any desired value. This drive circuit consists of a DDS and several high-voltage
operational amplifiers to generate a sine wave. This circuit makes it possible to change the values
of the three parameters that control the rotation speed of the ultrasonic motor at high speed and
arbitrarily.

In conven%ional control methods, the rotational speed of the ultrasonic motor is varied by changing
the frequency. However, there is a characteristic in which the control input value is not correctly
reflected in the output value in the extremely slow rotation speed range. The proposed variable
frequency and voltage control method enables the output value to be correctly reflected in relation
to the control input value. Using these methods, high-precision positioning control was achieved.

Ultrasonic motor Precise position control Piezoelectric element Actuator



Ultrasonic motor

MRI Magnetic resonance image
MRI

+ 0.00014deg.

MRI
1
1 DDS PC
DDS Cho Chi
32bit 10bit 14bit
PC 170 4
cht A B
OP1
1.0kHz
DDS 3
5 PC
DDS OP1 OP2
+ 190V
g j; Ultrasonic
8 $I0.0 é motor

DDS

Cho
DDS



Rotation speed [rad/s]

— Phase A

200+ — Phase B
1004
=
S
1004
2008 20 40 60 80 100
Frequency [kHz]
2 3
3
2
Orad/s
4
T 005+ —e— Frequency control
. —e— Frequency control = VoIt trol
254 \\ —=—Voltage control = 004 oltage contro
\ i
A\ ©
24 £
T G0 180V
154 a 00a) 170V
14 § /mov
£ oor- —tov
0.54 o /70..,0\/
0 01
43 44 45 46 47 45.6 45.7 458
Frequency [kHz] Frequency [kHz]
4
6 1ms
rad 1ms
2.424x 10 °° rad
1
5 180V
45.5kHz 1ms 20Hz 49.1kHz 49.1kHz
20Hz 45.5kHz 10 3600
1ms
46.0kHz

I+
[E

Orad Orad



45.7kHz ov 180V v 180V 180V
ov 10 3600
1ms
0V
X107 = x107 $
1936 femc 1900
§ oz
€ 485 omo €
i ——— T
s 4 465 4 415 @ 485 @ %0 e 1m0 s s @
Frequency [kHz] Votage [V]
5 6
3
7
60mm
648000P/R
4 2592000P/R
2.424x% 10°° rad PC
PC I/0
1ms
7
Orad 1.5708 1t /2 rad 5s 35s
0.11N'm 22% k) WK
PID Kr=1.0 K= 0.1 Kp= 0.01
8
9 8 10 9
9
0
0 10
0 11 13

uKk)



Position [rad]

Voltage [V]

1574
15708 — 1R — Ak
(/2) — KK — k)
& 0.7854+ & 1572
= e
$ g
& i &
0
T T T T 1570,
20 25 30 35 40 20 25 30 35 40
Time [s] 1 Add load Time [s] T Addload
8 9
1.5725+ 46-
— R
— Kk
N
157154 I 454
>
o
2
o
3
1.57054 o 444
w
15695 . ; ; 43 T T ]
35.95 36.05 36.15 36.25 35.95 36.05 36.15 36.25
Time [s] Time [s]
10 11
200+ -
/2
k=)
150 £ |
o
o J
5
100 b 0
£
i 4
]
50 @ |
&
o
- /24
0_
35.95 36.05 36.15 36.25 3595 36.05 36.15 36.25
Time [s] Time [s]
13
12
kHz

8 2.424x 10"® rad



87

2021

1-15

DOl
10.1299/transjsme.21-00224

5
3
AEM 29 MAGDA
2020
3
2021
2021

2021




51

2021

2021 in Osaka

2021




