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ULTRASONIC MOTOR AND METHOD FOR 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to ultrasonic motors 
and methods for manufacturing ultrasonic motors, and, more 
particularly, to structures for damping undesirable vibration 
of ultrasonic motors. 

[0002] A typical ultrasonic motor has a stator and a rotor. 
The stator includes an annular vibrating portion at the outer 
periphery of the stator. An annular pieZoelectric element is 
secured to the vibrating portion. Apressing member presses 
the rotor against the stator. Arotary shaft is connected to the 
rotor and rotates integrally With the rotor. When provided 
With high frequency voltage, the pieZoelectric element 
vibrates to produce progressive Waves in the vibrating 
portion of the stator. This rotates the rotor integrally With the 
rotary shaft. 

[0003] Generally, an external device is connected to the 
rotary shaft of the motor and applies load to the motor. The 
load acting on the motor rapidly changes if the motor is 
started or stopped. This produces a sudden vibration 
betWeen the external device and the rotary shaft or betWeen 
the rotary shaft and the rotor. The vibration is transmitted to 
the vibrating portion of the stator through the rotor and 
affects the progressive Waves in the vibrating portion. This 
leads to various problems such as unstable rotation of the 
motor, reduced motor poWer, and noise. 

[0004] Japanese Unexamined Patent Publication No. 
7-250488 describes an ultrasonic motor that solves these 
problems. More speci?cally, the ultrasonic motor includes 
an annular groove formed along an outer periphery of a 
rotor. The groove opens radially inWard, and an elastic, 
rubber ring is ?tted in the groove. The ring damps undesir 
able vibration otherWise transmitted from the rotor to a 
stator, thus optimiZing the rotation of the motor. 

[0005] HoWever, although the aforementioned publication 
includes the elastic ring in the rotor, it does not specify a 
detailed structure of the ring. Thus, to reliably damp unde 
sirable vibration, it is necessary to specify the structure of 
the elastic ring. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, it is an objective of the present inven 
tion to provide an ultrasonic motor that reliably damps 
undesirable vibration and a method for manufacturing the 
ultrasonic motor. 

[0007] To achieve the foregoing and other objectives and 
in accordance With the purpose of the present invention, the 
invention provides an ultrasonic motor comprising a stator, 
Which includes a pieZoelectric element, a rotor, Which is 
opposed to the stator, Wherein the pieZoelectric element 
vibrates the stator to rotate the rotor, and an elastic member 
secured to the rotor, Wherein the mass of the elastic member 
is Within a predetermined range of masses, and the motor 
speed at Which a predetermined level of noise is produced by 
the motor is substantially constant for the masses in the 
predetermined range. 

[0008] The invention also provides an ultrasonic motor 
comprising a stator, Which includes a pieZoelectric element, 
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a rotor, Which is opposed to the stator, Wherein the rotor 
includes an annular contact portion that contacts the stator 
and an annular thin section, Which is located radially inWard 
With respect to the contact portion, the thin section being 
thinner in the axial direction than the remainder of the rotor, 
Wherein the pieZoelectric element vibrates the stator to rotate 
the rotor, and an annular elastic member, Which is secured to 
the thin section, the speci?c gravity of the elastic member 
being equal to or smaller than 1.45, and the thickness of the 
elastic member in the axial direction being 1.25 or more 
times as large as the thickness, as measured in the axial 
direction, of the thin section. 

[0009] The invention further provides a method for manu 
facturing an ultrasonic motor comprising providing a stator 
having a pieZoelectric element, placing a rotor in opposition 
to the stator such that the pieZoelectric element vibrates the 
stator to rotate the rotor, securing an elastic member to the 
rotor, and selecting a mass of the elastic member from a 
predetermined range of masses, Wherein the motor speed at 
Which a predetermined level of noise is produced by the 
motor is substantially constant for the masses in the prede 
termined range. 

[0010] Other aspects and advantages of the invention Will 
become apparent from the folloWing description, taken in 
conjunction With the accompanying draWings, illustrating by 
Way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The invention, together With objects and advan 
tages thereof, may best be understood by reference to the 
folloWing description of the presently preferred embodi 
ments together With the accompanying draWings. 

[0012] FIG. 1 is a cross-sectional vieW shoWing an ultra 
sonic motor of a ?rst embodiment according to the present 
invention; 
[0013] FIG. 1A is an enlarged partial cross-sectional vieW 
shoWing an area indicated by circle 1A in FIG. 1; 

[0014] FIG. 2 is an exploded perspective vieW shoWing a 
rotor provided in the motor of FIG. 1; 

[0015] FIG. 3 is a graph representing the relationship 
betWeen mass of an elastic member and a motor speed at 
Which noise starts; and 

[0016] FIG. 4 is a cross-sectional vieW shoWing an ultra 
sonic motor of a second embodiment according to the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0017] A ?rst embodiment of the present invention Will 
noW be described With reference to FIGS. 1 to 3. As shoWn 
in FIG. 1, an ultrasonic motor 1 includes a housing 2 having 
a base 3 and a cover 4, Which is secured to the base 3. A 
radial ball bearing 7 is installed in the base 3, and a sleeve 
bearing 6 is installed in the cover 4. A rotary shaft 5 is 
supported by the housing 2 through the bearings 6, 7. 

[0018] Adisk-like stator 8 is secured to the base 3 by a bolt 
9 in the housing 2. The rotary shaft 5 extends through the 
stator 8. The stator 8 includes an annular vibrating portion 8a 
extending along an outer periphery of the stator 8. An 
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annular piezoelectric element 11 is secured to a loWer side 
of the vibrating portion 8a through a base ring 10, as vieWed 
in FIG. 1. 

[0019] Adisk-like rotor 12 is provided on an upper side of 
the stator 8. The rotor 12 includes a resin collar 13 and a 
main body 14. The rotary shaft 5 extends through the collar 
13. The main body 14 is located around the collar 13. Apair 
of parallel, ?at sides 5a are formed in an axial intermediate 
section of the rotary shaft 5. The collar 13 engages With the 
sides 5a and moves axially With respect to the rotary shaft 
5 and does not rotate relative to the rotary shaft 5. The main 
body 14 is ?tted around the resin collar 13 and does not 
move relative to the collar 13. The rotor 12 is thus supported 
by the rotary shaft 5 and moves axially With respect to the 
rotary shaft 5 While rotating integrally With the rotary shaft 
5. 

[0020] As shoWn in FIGS. 1 and 2, the main body 14 
includes an annular inner section 14a, an annular thin 
section 14b, and an annular outer section 14c. The inner 
section 14a is located radially inWard, the thin section 14b 
is located radially intermediate, and the outer section 14c is 
located radially outWard. The main body 14 has an annular 
groove opening upWard, as vieWed in FIG. 1, at a radial 
position corresponding to the thin section 14b. 

[0021] An elastic ring 15 is ?tted in the annular groove and 
is secured to the thin section 14b. The radial dimension of 
the ring 15 is equal to that of the groove. Accordingly, When 
securing the elastic ring 15 to the main body 14, the ring 15 
is positioned accurately With respect to the main body 14. 
That is, the elastic ring 15 is easily and accurately installed 
at the appropriate location on the main body 14. 

[0022] It is preferred that the elastic ring 15 is formed of 
elastic resin or rubber. In the ?rst embodiment, the ring 15 
is formed of silicone rubber, or, preferably, silicone rubber 
having an improved vibration damping performance. More 
speci?cally, the material forming the ring 15 has a loss factor 
of 0.45, Which is relatively high. The loss factor is deter 
mined by multiplying an index k by a damping coef?cient. 
The index k is a predetermined constant. Further, the speci?c 
gravity of the material forming the ring 15 is 1.45. 

[0023] The elastic ring 15 extends along the entire cir 
cumference of the rotor 12, thus reliably damping undesir 
able vibration of the rotor 12. Further, the radial cross 
sectional shape of the ring 15 is ?at and rectangular and is 
uniform along the entire circumference of the rotor 12. This 
structure stabiliZes the rotation of the rotor 12. 

[0024] As shoWn in FIG. 1, a lining 16 is secured to a 
loWer side of the outer section 14c of the main body 14. The 
outer section 14c opposes the vibrating portion 8a of the 
stator 8, and the lining 16 is located betWeen the outer 
section 14c and the vibrating portion 8a. AloWer side of the 
lining 16 includes a contact surface 16a that contacts the 
vibrating portion 8a. The outer section 14c and the lining 16 
form a contact portion that contacts the vibrating portion 8a. 

[0025] Apressing member presses the rotor 12 against the 
stator 8. The pressing member includes a belleville spring 17 
and a support plate 18. The rotary shaft 5 extends through 
the support plate 18 and the belleville spring 17. The support 
plate 18 engages the ?at sides 5a of the rotary shaft 5. The 
support plate 18 thus moves axially With respect to the rotary 
shaft 5 and does not rotate relative to the rotary shaft 5. 
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[0026] The belleville spring 17 is located betWeen the 
rotor 12 and the support plate 18 and is axially deformed by 
the rotor 12 and the plate 18. Asnap ring 19 is secured to the 
rotary shaft 5. When the support plate 18 engages With the 
snap ring 19, the plate 18 cannot move further upWard. 
When deformed, the belleville spring 17 presses the rotor 12 
against the stator 8. 

[0027] When provided With high frequency voltage, the 
pieZoelectric element 11 vibrates. The vibration of the 
pieZoelectric element 11 is transmitted to the vibrating 
portion 8a of the stator 8 through the base ring 10, thus 
vibrating the vibrating portion 8a. In this state, the vibrating 
portion 8a produces progressive Waves, Which rotate the 
rotor 12 integrally With the rotary shaft 5. 

[0028] When an ultrasonic motor is running normally, the 
motor generates a normal, loW sound, the frequency of 
Which is substantially 1 kHZ. HoWever, When the motor 
speed exceeds a certain level, abnormal vibrations and 
accompanying noise are generated. The abnormal noise is a 
relatively loud and it has frequency of approximately 5 kHZ 
or higher. When the motor speed exceeds the certain level, 
the sound generated by the motor suddenly changes. There 
fore, generation of the abnormal noise is easily detected. 

[0029] FIG. 3 is a graph shoWing the relationship betWeen 
the mass of the elastic ring 15 and a motor speed at Which 
a certain undesirable level of noise is produced, or a noise 
producing speed. In the graph, a value indicating the mass of 
the elastic ring 15 as plotted along the horiZontal axis is not 
a de?nite value that can be represented With a unit of mass, 
but is a relative value. In other Words, the values on the 
horiZontal axis do not indicate the actual mass of the elastic 
ring 15 in units of mass. 

[0030] Three different elastic rings 15 have been tested in 
the ultrasonic motor 1 of FIG. 1. The graph of FIG. 3 
indicates the results of the tests. The tests have been con 
ducted under the same conditions, except that the materials 
of the elastic rings 15 Were different. More speci?cally, the 
elastic rings 15 included sample A, sample B, and sample C. 
Sample AWas made of silicone rubber, Which is used in the 
motor 1 of the ?rst embodiment, the loss factor of Which is 
0.45. Sample B Was ethylene propylene diene monomer 
(EPDM) With a loss factor of 0.58. Sample C Was silicone 
rubber With a loss factor of 0.075. 

[0031] In terms of all samples A to C, the motor speed at 
Which a certain undesirable level of noise is produced (noise 
producing speed) gradually increased as the mass of the 
elastic ring 15 increased. HoWever, if the mass of the ring 15 
exceeded a predetermined value, the noise producing speed 
remained substantially constant regardless of the mass of the 
ring 15. In the graph of FIG. 3, the minimum mass at Which 
noise producing speed remains substantially constant is 
de?ned as 1.0. 

[0032] More speci?cally, if the value representing the 
mass of sample A Was increased from Zero to 1.0, for 
example, the noise producing speed increased from 150 rpm 
to 220 rpm. HoWever, if the value representing the mass of 
sample Aexceeded 1.0, the noise producing speed remained 
constant at 220 rpm, regardless of the mass of sample A. 

[0033] If the value representing the mass of sample AWas 
smaller than 1.0, or if the elastic ring 15 Was relatively light, 
the ring 15 has limited vibration damping performance. That 
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is, the ring 15 does not suf?ciently damp undesirable vibra 
tion transmitted from the rotor 12 to the stator 8 When the 
mass of the ring 15 is loW. A ring 15 that has a loW mass 
loWers the noise producing speed. HoWever, if the value 
representing mass is equal to or greater than 1.0, the vibra 
tion damping performance of the elastic ring 15 is improved. 
In other Words, the ring 15 suf?ciently damps undesirable 
vibration transmitted from the rotor 12 to the stator 8 When 
the mass of the ring 15 is relatively high. A ring 15 that has 
a relatively high mass raises the noise producing speed of the 
motor 1. 

[0034] Accordingly, to suf?ciently damp undesirable 
vibration transmitted from the rotor 12 to the stator 8, the 
mass of the elastic ring 15 must be selected from the range 
in FIG. 3 in Which the noise producing speed remains 
substantially constant. This stabiliZes the rotation of the 
motor 1, thus increasing the motor poWer and suppressing 
noise. 

[0035] In the ?rst embodiment, the mass of the elastic ring 
15 is selected to correspond to the value 1.0 of the graph 
shoWn in FIG. 3. In other Words, the mass of the ring 15 is 
the minimum value in the range in Which the noise produc 
ing speed remains substantially constant. The Weight of the 
rotor 12 is thus relatively small. This minimiZes moment of 
inertia of the rotor 12 to improve the responsiveness and 
output characteristics of the motor 1. 

[0036] More speci?cally, as shoWn in FIGS. 1A and 2, the 
outer diameter of the elastic ring 15 is 54 mm, and the inner 
diameter of the ring 15 is 43 mm. The radial dimension of 
the ring 15 is 5.5 mm, and the axial dimension of the ring 15 
is 1.0 mm. Further, the axial dimension of the thin section 
14b, to Which the ring 15 is secured, is 0.8 mm. That is, the 
axial dimension of the elastic ring 15 is 1.25 times as large 
as that of the thin section 14b. The thin section 14b easily 
deforms and damps undesirable vibration, thus improving 
the vibration damping performance. 

[0037] The ?rst embodiment of the present invention may 
be modi?ed as folloWs. 

[0038] The shape and material of the elastic ring 15 are not 
restricted to those of the illustrated embodiment. Further, the 
ring 15 may be located With respect to the rotor 12 at a 
position different from the illustrated location. For example, 
as shoWn in FIG. 4, the elastic ring 15 may be secured to a 
loWer side of the thin section 14b, Which is the side of the 
thin section 14b that faces the stator 8. In this case, the 
elastic ring 15 is located relatively close to the contact 
surface 16a of the lining 16. This improves the vibration 
damping performance of the elastic ring 15. Alternatively, a 
pair of elastic rings 15 may be secured to opposite sides of 
thin section 14b, respectively. Also, one or more elastic rings 
15 may be secured to portions of the rotor 12 other than the 
thin section 14b. In addition, the elastic ring 15 may be 
divided into separate segments. 

[0039] The elastic ring 15 does not necessarily have to be 
formed of the material of sample A of FIG. 3 but may be 
formed of any other material, as long as the material has 
good vibration damping characteristics. For example, the 
elastic ring 15 may be formed of the material of sample B 
or sample C shoWn in the graph of FIG. 3. HoWever, it is 
preferred that the elastic ring 15 is formed of a material 
having a loss factor equal to or greater than 0.075, Which is 
the loss factor of sample C. 
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[0040] As long as the axial dimension of the elastic ring 15 
is substantially 1.25 times as large as that of the thin section 
14b, the axial dimension of the ring 15 and that of the thin 
section 14b may be altered as needed. If the axial dimension 
of the thin section 14b is increased, vibration is easily 
transmitted through the thin section 14b. Thus, as the axial 
dimension of the thin section 14b is increased, the axial 
dimension of the elastic ring 15 must be increased accord 
ingly. 
[0041] The speci?c gravity of the material forming the 
elastic ring 15 may be smaller than 1.45. If this is the case, 
the axial dimension of the elastic ring 15 must be greater 
than 1.25 times as large as the axial dimension of the thin 
section 14b. More speci?cally, if the speci?c gravity of the 
material forming the elastic ring 15 is smaller than 1.45, the 
vibration damping performance of the ring 15 is relatively 
loW. The vibration is thus easily transmitted through the thin 
section 14b. Accordingly, as the speci?c gravity of the 
material forming the elastic ring 15 decreases, the axial 
dimension of the ring 15 must be gradually increased With 
respect to the axial dimension of the thin section 14b. 

[0042] The shape of the rotor 12 may be modi?ed as 
needed. For example, the rotor 12 may include a plurality of 
thin radial sections 14b. Alternatively, the thin section 14b 
may be eliminated from the rotor 12. Further, the resin collar 
13 and the main body 14 may be formed as one body. 

[0043] In the motor 1 of FIG. 1, the ?at sides 5a are 
formed on the rotary shaft 5 to stop the rotor 12 from rotating 
relative to the rotary shaft 5. HoWever, the rotary shaft 5 may 
have any cross-sectional shape, as long as the rotor 12 does 
not rotate relative to the rotary shaft 5. 

[0044] Pressing members other than the belleville spring 
17 may press the rotor 12 against the stator 8. 

[0045] Although the motor 1 of FIG. 1 is a progressive 
Wave type ultrasonic motor, the present invention may be 
applied to a constant Wave type ultrasonic motor. 

[0046] Therefore, the present examples and embodiments 
are to be considered as illustrative and not restrictive and the 
invention is not to be limited to the details given herein, but 
may be modi?ed Within the scope and equivalence of the 
appended claims. 

What is claimed is: 
1. An ultrasonic motor comprising: 

a stator, Which includes a pieZoelectric element; 

a rotor, Which is opposed to the stator, Wherein the 
pieZoelectric element vibrates the stator to rotate the 
rotor; and 

an elastic member secured to the rotor, Wherein the mass 
of the elastic member is Within a predetermined range 
of masses, and the motor speed at Which a predeter 
mined level of noise is produced by the motor is 
substantially constant for the masses in the predeter 
mined range. 

2. The ultrasonic motor as set forth in claim 1, Wherein the 
mass of the elastic member is approximately the minimum 
value in the predetermined range. 

3. The ultrasonic motor as set forth in claim 1, Wherein the 
rotor includes an annular contact portion that contacts the 
stator and a thin section, Which is located radially inWard 
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With respect to the contact portion, the thin section being 
thinner in the axial direction than the remainder of the rotor, 
Wherein the elastic member is secured to the thin section. 

4. The ultrasonic motor as set forth in claim 3, Wherein the 
thickness, as measured in the aXial direction, of the elastic 
member is 1.25 or more times as large as the thickness, as 
measured in the aXial direction, of the thin section. 

5. The ultrasonic motor as set forth in claim 3, Wherein the 
rotor has a recess formed at a position corresponding to the 
thin section, and the elastic member is received in the recess. 

6. The ultrasonic motor as set forth in claim 3, Wherein the 
thin section has a ?rst side facing the stator and a second side 
opposite to the ?rst side, and the elastic member is secured 
to at least one of the ?rst and second sides. 

7. The ultrasonic motor as set forth in claim 1, Wherein the 
elastic member has an annular shape. 

8. The ultrasonic motor as set forth in claim 7, Wherein a 
cross-sectional shape of the elastic member is substantially 
uniform along the entire circumference. 

9. The ultrasonic motor as set forth in claim 1, Wherein the 
elastic member is formed of a resin material. 

10. The ultrasonic motor as set forth in claim 1, Wherein 
the elastic member is formed of silicone rubber. 

11. The ultrasonic motor as set forth in claim 1, Wherein 
the elastic member has a loss factor equal to or greater than 
0.075. 

12. The ultrasonic motor as set forth in claim 1, Wherein 
a speci?c gravity of the elastic member is equal to or smaller 
than 1.45. 

13. The ultrasonic motor as set forth in claim 1, Wherein 
frequency of the noise is substantially 5 kHZ or higher. 

14. An ultrasonic motor comprising: 

a stator, Which includes a pieZoelectric element; 

a rotor, Which is opposed to the stator, Wherein the rotor 
includes an annular contact portion that contacts the 
stator and an annular thin section, Which is located 
radially inWard With respect to the contact portion, the 
thin section being thinner in the aXial direction than the 
remainder of the rotor, Wherein the pieZoelectric ele 
ment vibrates the stator to rotate the rotor; and 

an annular elastic member, Which is secured to the thin 
section, the speci?c gravity of the elastic member being 
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equal to or smaller than 1.45, and the thickness of the 
elastic member in the aXial direction being 1.25 or more 
times as large as the thickness, as measured in the aXial 
direction, of the thin section. 

15. The ultrasonic motor as set forth in claim 14, Wherein 
the aXial thickness of the elastic member is greater With 
respect to the aXial thickness of the thin section as the 
speci?c gravity of the elastic member decreases. 

16. The ultrasonic motor as set forth in claim 14, Wherein 
the mass of the elastic member is Within a predetermined 
range of masses, and the motor speed at Which a predeter 
mined level of noise is produced by the motor is substan 
tially constant for the masses in the predetermined range. 

17. A rotor for an ultrasonic motor, Wherein the ultrasonic 
motor includes: 

a stator, Which is opposed to the rotor, Wherein the stator 
includes a pieZoelectric element, and the pieZoelectric 
element vibrates the stator to rotate the rotor; and 

an elastic member secured to the rotor, Wherein the mass 
of the elastic member is Within a predetermined range 
of masses, and the motor speed at Which a predeter 
mined level of noise is produced by the motor is 
substantially constant for the masses in the predeter 
mined range. 

18. A method for manufacturing an ultrasonic motor 
comprising: 

providing a stator having a pieZoelectric element; 

placing a rotor in opposition to the stator such that the 
pieZoelectric element vibrates the stator to rotate the 
rotor; 

securing an elastic member to the rotor; and 

selecting a mass of the elastic member from a predeter 
mined range of masses, Wherein the motor speed at 
Which a predetermined level of noise is produced by the 
motor is substantially constant for the masses in the 
predetermined range. 


