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Abstract

A new type of linear ultrasonic motor based on the first longitudinal mode and the second bending
mode was developed. This paper analyzed the operating principle of the motor and the dynamic
properties of the stator using the finite element method, and described the formation process of
elliptical motion in detail. The prototype was investigated by the experiment, the motor could
reach a maximum speed of 120 mm/s, the maximum thrust of 2.5 N, the ratio of the thrust to
weight of 14:1 and the maximum efficiency of 8% at the case of the driving frequency was 55 kHz,
peak operation voltage was 400 V, and the pre-pressure was 24 N.
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Figure 1. Structure of the linear ultrasonic motor
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Figure 2. Operating modes of the stator
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Figure 3. Exciting mode of the stator
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Figure 4. Resonance response analysis of the stator

E 4. BALEFIEmRN S

e N\ ES |

(a) ETHEMSH (b) ETHMRICHmY
Figure 5. Structure parameters and FEM model of the stator
5. EFHESHRABRTRE

Table 1. Initial value of the stator structure parameters

=1 ETHEHMRSTSHAE

ZH | h w 1y a a b 0 c t
{E/mm 40 10 5 6 17 13 2.4 30° 10 1

9 10 mm x 5 mm x 1 mm JR~F ) PZT8 4 T it, HL25 K 7640 kg/m®, JEAFAEL Y 0.31, HiH R4S 3 %
FERE(EAAT: CIm®)y A ELH B PR (SR FIm) AN sE 20 B AR RE (BA 7. N/m2) 251 09

0 0 -52 121 535 515 O 0 0
0 0 -52 8e_9 535 121 515 O 0 0
0 0 151 . |515 515 1045 0 0 0 y
€= ’ 55 = 86—9 , C~ = ><10
0 127 O 313 0 0
4.97e-9
127 O 0 313 0
0 0 0 3.46

3.1. BTN R 53 #

TS N AT, BT TR SR A R, 1S BN RIS R, ek R
J AR AR, AT E & (1) 73 A SV AR IR SR SRR ) G R e ARHE 4 1 PR ghitt R g arfy
PROCAERL, %R 3 om0, 78 A AHAT B AH 43 Al inAH A7 22 2 90° HUE{E A 200 V IHIAC i HL
JE{55, f£ 58.506~60.556 kHz i [ P #EAT 1 Wi S 73 #4921 5 52 28 i H R SURN IR AR S IR BN I Ol o 72
SE T IREN A B _EARE— A M, BB S04 8 Full SRARE T L 5 T IX3h 2 R0 5 5 M ZER RS
T HIE RIE A 6 B, Hodr 1 6(a) TR M R R D) FRTE S5 AR KOG R 2R, 14 6(b) N AL M %
AR AL SR R e Rl gk . A 6()RT B R, WIAERIES IE /N T 100 Hz, {H TR 7E 500

O,



T R I AR S BB A LA SRS EE KR BT AT

2.0 240

1.8 P 200

16 P) IR Uy 160

1.4 R, 120 P kAEZ i
12 o 80
= ~
=10 — 40
= &= N .
%08 = O Vimhiksehs

0.6 =40

0.4 -80

0.2 -120

0.0 -160

58.5 58.75 59 59.2559.5 59.75 60 60.2560.50 58.5 58.75 59 59.2559.559.75 60 60.2560.50
B [kHz AR [kHz
() A FARIE S 0¢ R (b) YEMFIVIAIAAL S AR 1R R

Figure 6. Amplitude and phase of the stator vs. driving frequency
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Figure 7. Motion trajectory of the stator driving foot surface particle
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Figure 8. Prototype of the motor
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Figure 9. Amplitude of the driving foot vs. driving frequency
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Figure 12. Velocity of the motor vs. driving voltage
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Figure 14. Efficiency curve of the motor
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