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Trajectory of Elliptical Displacement of L1-B4 Type Linear Ultrasonic Motor
using Multilayer Piezoelectric Actuator
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Abstract

In this study, multilayer structured ultrasonic linear motor was simulated using Atila for
investigating its optimum driving conditions. The ultrasonic linear motors mainly consist of an
ultrasonic vibrator to generate elliptical displacement. The ultrasonic linear motor simulated in this
paper was the use of the 1st longitudinal(1L1) and 4th bending vibrations(B4). Whit the increase of the
number of piezoelectric actuator layers, displacement of node was increased. Maximum total
displacement of node was about 391 um at the 13 layered ultrasonic motor under 5 V.
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Fig. 1. Multilayer actuator & model of linear

ultrasonic motor
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Vi= bcoswt, Vo= bsinwt, w= 2nf
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Table 1. Resonant frequency of L1 and B4
modes with the number of multilayer.

Cln 2 B4 L1
5 34.48 38.34
7 35.01 38.13
9 35.53 3761
11 _j 36.01 36.87
13 36.11 36.42
] 15 35.44 36.76 J




A7) AA A Z3E =R, A28 A1E, 20083 1Y

0.3
018 Stayr Satviotoll IS B — o
— L3O am 0.2
§0.10 4 ‘\\..\\ .\ /l l? § T‘ '\:o>.\ /. //-:,
: 05 . . . - E 0.1{ \. o - /
5oos \. \/ . / 5 \\ . //.
E e, E ®, by ]
el i - 25
2 //\.\ 5 RN
%0.05{ - . Z 041 » . \
) e -/ \. RN < /'-// ™ ™~
ol N S,
wm e 0.2
T 3z o @2 s 98 98 94 o2 do oz o4 o5  os
Ux displacement | £ | Ux displacement [ (m ]
15
— oa o et |} Mmer Tt
| v o B o
- 0.24 ~S e = J \: /%
g SO e g " %- "
g N E N2
T 2] /-//-/ \.\.\ = 'O'ST _// ) \:\
N N - *
= ,4'/' .\.'\% - 1.0 -ﬁ’ﬁ/ .§¢.
T 95 o 95 10 e
Ux displacement | ym | Ux displacement | (m |
18] 1tayer Sl IR Bl -l
g!? 1'04 c.\‘°\. T ."-f g 0.30{ ‘\\.\\. /l//.:/‘
2 N ! S :
- \. * . . — . -
£ 05 . \/.-\/ ./ %, 015+ \.\\. ///
g 0.0 ><. ‘_\( g 0.00- }é’_
Foal T (B T N
:E ./ . _ '\. N E /. / \. c\
N 104 L ~~a-d S 030 O e,
-5 T T T T T T T T T 045 — T T T T T
4 3 2 1 0 1 2 3 4 4.5 1.0 05 0.0 0.5 1.0 1.5

Ux displacement | (m |

a8 2. 35 02 B waAA,

Ux displacement | (|

Fig. 2. Trajectory of elliptical displacement with the number of muiltilayer.
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