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Effect of Stator Surface Texture on the Performances
of an Ultrasonic Motor
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Abstract: Aiming at the problem-solving of the severe wear and temperature rise of friction materials used in ultrasonic
motors, by using the method of fabricating micro-texture on the stator surface, the mechanical properties of ultrasonic
motor was improved and the wear of friction material was reduced. Firstly, the positions of material adhesive area on the
stator surface was measured by a microscope. After that three different density textures were designed and fabricated on
stator surface by laser. Then, the speed-torque characteristics, efficiency-torque characteristics and temperature rise of
the motor were tested. Meanwhile, the stator surface was observed. The results showed that the no-load speed of 3-
dimple-texture stator was the highest, which was 12.1% higher than that of smooth stator. The stall torque and efficiency
of 5-dimple-texture stator was the highest, which were 13.04% and 17.1% higher than that of smooth stator motor
respectively. The temperature rise of textured stator was also reduced. By observing stator surface, it was found that the
dimple texture greatly reduced the adhesion of the friction material, which can increase the energy conversion efficiency

of the motor contact interface, improved the motor performance and reduced the wear of the friction material.
Key words: ultrasonic motor; mechanical characteristics; temperature characteristics; friction and wear; surface texture
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Fig. 1 Ultrasonic motor test device
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Fig.2 The stator and rotor structure and temperature sensor
arrangement in ultrasonic motor
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Fig. 3 Friction and wear of stator surface of ultrasonic motor
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Fig. 4 Surface texture of stator: (a) 1-dimple texture; (b) 3-dimple texture; (c) 5-dimple texture; (d) 3D morphology of dimple
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Fig. 5 Mechanical characteristics of ultrasonic motor with different stator surface textures: (a) Load characteristics;
(b) Efficiency characteristics

AN [F) 58 T2 T SRR P UL 2 - (o) B SRR s () R 1

K5
44
a
42 '( ) EEEE
L s § 622
L gyt
238t -ll!u
nit
E 36 |
;5“ 34| "t’
& 327 " = Smooth
30 g e 1-dimple-texture
A 3-dimple-texture
28 v 5-dimple-texture
26 — —
0 5 10 15 20 25 30 35

Time/min

120
(b)
" \‘\“”::‘HWM
= 80
E
S 60
S
2
@ 40 r ——Smooth
—— 1-dimple-texture
20 —— 3-dimple-texture
—— S-dimple-texture
0 . . .

0 5 10 15 20 25 30 35

Time/min

Fig. 6 Temperature rise of ultrasonic motor with different stator surface texture: (a) Temperature-time; (b) Speed-time
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Fig. 7 Surface wear of stators with different textures: (a) smooth; (b) 1-dimple texture; (c) 3-dimple texture; (d) 5-dimple texture
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Fig. 8 Wear mechanism of friction material and stator contact surface: (a) Smooth stator; (b) Textured stator
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