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1. Introduction

Some studies have been conducted on
ultrasonic motors for cryogenic temparature
enviroment.! In the enviroment, the motor
performance depends on temperature condition. The
temperature gap generates a thermal stress at the
transducer of the motor. The tranceducer needs to be
regulated for cryogenic enviroment. However, to
regulate the transducer in the cryogenic enviroment
is difficult.

We have fabricated a transducer
unaffected by thermal stress.¥ The transducer

doesn’t have to be regulated at cryogenic enviroment.

Thus, without adjusting the transducer, it is possible
to drive the ultrasonic motor at the condition from
cryogenic temperatures to room temperature.

In this paper, we discuss temperature
dependency for driving performance of ultrasonic
motor. We have evaluated the starting toruge, the
rotation speed, and the efficency of the motor.

2. Structure and principle of ultrasonic motor

A structure of ultrasonic motor and
transducer is shown in Fig. 1. This motor is
composed by a transducer, a rotor, a coil spring, a
bearing, and a case. The transducer is bolt-clamped
Langevin-type transducer (BLT). The BLT is
composed by a body with flange, a bolt, a nut,
piezoelectric material rings, and electrode plates. As
piezoelectric material parts are clamped by metal
material parts. So, the transducer is composed
without adhesive. Therefore, the transducer is able to
use in cryogenic environment. The piezoelectric
material is PZT. The body and nut of the BLT are
made of SUS304, and, the bolt is made of Titanium.
In the previous work, the previous transducer was
made by SUS304.5 The clamping torque of the
transducer needs to be regulated as the temperature
change. Figure 2 shows changing optimal clamping
torque by thermal stress. The preload of rotor needs
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to be regulated. The preload is regulated by inserting
a copper plates between the rotor and coil spring. The
diameter of the flange and the transducer is 22mm
and 6mm, respectively. The length of the transducer
is 16mm. The length of the motor is 30.5 mm.

The transducer vibrates in two flexural
mode in each perpendicular direction when
sinusoidal wave voltage which has phase difference
at 90 deg was applied to electrodes. Thus, the
traveling wave is generated at the tip of the
transducer. The motor is driven by the frictional
force between the transducer and the rotor.
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Fig. 2 Relationship between clamping torque and
admittance of transducer at each temperature
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3. Experimental set up

Figure 3 shows the experimental set up.
The temperature condition was regulated by the
distance between the motor and the surface of the
liquid helium.? Additionally, the temperature was
fine-tuned by a heater. The rotation speed was
measured by slit disk which is fit out on a rotor. Slit
number was read by using fiber optic sensors. The
starting toruqe and the efficency were estimated
from the rotation speed.

4. Experimental result

The rotation speed, the starting toruqe, and
the efficency from room temperature to cryogenic
temperature was evaluated about the fabricated
motor. The applied voltage was 50 V..

Experimental result are shown in Figs. 4
and 5. The performance of the motor declines at low
temperature. This is as same as the tendency shown
in previous works.” ¥ The fabricated motor is
successfully driven at the temperature from 4.5K to
293K without regulation of the transducer.

5. Conclusion

We have fabricated a transducer. The
transducer doesn’t have need to be regulated for the
use in the temperature condition from 4.5K to 293K.

Additionally, we have fabricated a motor
driven by the transducer. The fabricated motor is
evaluated. We have succeeded in driving the
ultrasonic motor at the temperature from 4.5K to
293K without regulating the transducer.
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Fig.3 Schematic of the experiment of set up
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Fig. 4 Relationship between temperature and
rotation speed and strating toruqge
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Fig. 5 Relationship between the temperature and the
efficency of the fabricated motor
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