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(57) ABSTRACT 

A vibrational actuator includes an oscillator that generates 
vibrational energy; a mover that is rotationally driven 
around a first axis by the vibrational energy; an output shaft 
that rotates around a second axis by using a rotational force 
communicated from the mover; and a flange portion pro 
jecting out from the output shaft along a direction intersect 
ing the second axis, that rotates together with the output 
shaft. Pressure is applied to the mover at a position between 
the flange portion and the oscillator. A distance from the first 
axis to an outer portion of the mover over an area where the 
mover is pressed against the flange portion is set to a value 
large enough to prevent the first axis and the second axis 
from becoming tilted relative to each other. 
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FIG. 12 

COMPRESSIBILITY (SURFACE PRESSURE/MODULUS NOSE 
OF COMPRESSIVE ELASTICITY) 

O:NO NOISE 
A: OCCASONAL NOSE 
X:NOISE 
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VIBRATIONAL ACTUATOR AND METHOD FOR 
DRIVING VIBRATIONAL ACTUATOR 

INCORPORATION BY REFERENCE 

0001. The disclosures of the following priority applica 
tions are herein incorporated by reference: 
Japanese Patent Application No. 2005-153784 filed May 26, 
2005 

Japanese Patent Application No. 2005-155782 filed May 27, 
2005 

Japanese Patent Application No. 2005-157244 filed May 30, 
2005 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a vibrational actua 

tor. More specifically, it relates to a vibrational actuator that 
generates vibrational energy by causing vibration of an 
elastic body and obtains a drive force by extracting this 
vibrational energy as an output. 
0004 2. Description of Related Art 
0005) Japanese Laid Open Patent Publication No. S59 
96.881 discloses a vibration wave motor that generates a 
progressive vibration wave (hereafter referred to as a pro 
gressive wave) at a drive Surface of an elastic body as a 
piezoelectric member expands/contracts. At the drive Sur 
face, an elliptical motion attributable to the progressive 
wave occurs and a mover that becomes pressed in contact 
with the wavefront of the elliptical motion is thus driven. By 
mounting Such a vibration wave motor, which retains a high 
torque even at a low rotation rate in a certain type of drive 
device, the need for gears at the drive device may be 
eliminated. Thus, advantages such as elimination of gear 
noise and an improvement in the positioning accuracy are 
achieved. 

0006 If the diameter of a vibration wave motor is 
reduced for purposes of miniaturization, the torque gener 
ated thereat (torque=tangential forceXdiameter) becomes 
Smaller, resulting in a smaller output (output=torquexrota 
tion speed) of the vibration wave motor. This means that the 
rotation speed of a more compact vibration wave motor with 
lower torque needs to be raised. However, Such an increase 
in the rotation speed may lead to a problem of abnormal 
O1SC. 

SUMMARY OF THE INVENTION 

0007) A vibrational actuator according to a first aspect of 
the disclosure includes an oscillator that generates vibra 
tional energy; a mover that is rotationally driven around a 
first axis by the vibrational energy; an output shaft that 
rotates around a second axis by using a rotational force 
communicated from the mover; and a flange portion pro 
jecting out from the output shaft along a direction intersect 
ing the second axis, that rotates together with the output 
shaft, wherein pressure is applied to the mover at a position 
between the flange portion and the oscillator, and a distance 
from the first axis to an outer portion of the mover over an 
area where the mover is pressed against the flange portion is 
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set to a value large enough to prevent the first axis and the 
second axis from becoming tilted relative to each other. 
0008. When r represents the distance from the first axis to 
the outer portion of the mover over the area where the mover 
is pressed against the flange portion and R represents a 
distance from the first axis to an outer portion of the mover 
over an area where the mover is pressed against the oscil 
lator, a relationship expressed as r(Re0.5 may be satisfied. 
0009. It is preferable that the output shaft and the mover 
assure a level of freedom that allows the output shaft and the 
mover to rock relative to each other within a predetermined 
angle range with regard to an angle formed by the first axis 
and the second axis. The flange portion may be capable of 
moving relative to the output shaft. A regulating member 
may be further provided that regulates positions of the flange 
portion and the output shaft relative to each other along a 
direction in which the pressure is applied to the mover. The 
regulating member may be a retaining ring fitted inside a 
groove formed at the output shaft. 
0010. It is preferable that the mover includes a through 
hole in which the output shaft is at least partially fitted. The 
output shaft may include a fitting portion that fits with part 
of an inner wall of the through hole and a recess portion 
assuming external dimensions Small enough to ensure that 
the recess portion does not come into contact with the inner 
wall of the through hole. The fitting portion may be formed 
between the flange portion and the recess portion and fits 
with the part of the inner wall of the through hole toward the 
flange portion. 

0011. It is preferable that the oscillator includes a piezo 
electric body excited by a drive signal and an elastic body 
bonded to the piezoelectric body, that generates the vibra 
tional energy at a drive Surface as the piezoelectric body 
becomes excited. 

0012 A pressure applying member may be further pro 
vided that presses the oscillator in contact with the mover, 
wherein the pressure applying member is disposed in close 
proximity to an outer circumferential Surface of the output 
shaft on a side of the oscillator opposite from a side where 
the mover is disposed, applies a pressure to the mover at a 
position between the flange portion and the oscillator, and 
rotates together with the output shaft. It is preferable to 
further provide a fixed member that locks the oscillator; an 
output transmitting member that rotates together with the 
output shaft and transmits a drive force to a driven member; 
and a bearing portion disposed between the flange portion 
and the output transmitting member, that determines a 
position of the output shaft along a radius of a rotational 
motion of the output shaft relative to the fixed member and 
is subjected to the pressure applied by the pressure applying 
member, and the pressure applying member may be dis 
posed between the bearing portion and the output transmit 
ting member. 
0013 A noise reducing member disposed at a position 
sandwiched between the mover and the flange portion may 
be further provided. The noise reducing member may be 
constituted with a material containing ethylene-propylene 
rubber. The ethylene-propylene rubber may be EPDM (eth 
ylene-propylene-diene-methylene linkage). It is preferable 
that shore hardness of the noise reducing member is equal to 
or less than 50. Compressibility calculated for the noise 
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reducing member by dividing a surface pressure applied to 
the noise reducing member by a modulus of compressive 
elasticity may be within a range of 0.002-0.25. 
0014. In a method for driving a vibrational actuator 
according to a second aspect of the present invention, a 
mover is rotationally driven around a first axis with vibra 
tional energy generated at an oscillator, an output shaft is 
rotated around a second axis by using a rotational force of 
the mover; pressure is applied to the mover at a position 
between a flange portion, that rotates together with the 
output shaft, and the oscillator; and the mover is driven so 
as to prevent the first axis and the second axis from becom 
ing tilted relative to each other by using an outer portion of 
the mover over an area where the mover is pressed against 
the flange portion. 
0015. In the method according to the second aspect, when 
r represents a distance from the first axis to the outer portion 
of the mover over the area where the mover is pressed 
against the flange portion and R represents a distance from 
the first axis to an outer portion of the mover over an area 
where the mover is pressed against the oscillator, a relation 
ship expressed as riR20.5 may be satisfied. It is preferable 
that the output shaft and the mover assure a level of freedom 
that allows the output shaft and the mover to rock relative to 
each other within a predetermined angle range with regard 
to the angle formed by the first axis and the second axis. The 
flange portion may be capable of moving relative to the 
output shaft. A noise reducing member may be disposed at 
a position sandwiched between the mover and the flange 
portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 illustrates a vibrational actuator achieved in 
a first embodiment of the present invention; 
0017 FIG. 2 shows a drive device that includes the 
vibrational actuator achieved in the first embodiment; 
0018 FIG. 3 is a table presenting the results of measure 
ment related to the ratio riR and noise generation; 
0.019 FIG. 4 illustrates a vibrational actuator achieved in 
a second embodiment; 

0020 FIG. 5 illustrates a vibrational actuator achieved in 
a third embodiment; 

0021 FIG. 6 illustrates a vibrational actuator achieved in 
a fourth embodiment; 
0022 FIG. 7 is a sectional view schematically showing 
a vibrational actuator achieved in a fifth embodiment; 

0023 FIG. 8 is a schematic sectional view of an example 
to be compared with the vibrational actuator in the fifth 
embodiment; 
0024 FIG. 9 is a sectional view schematically showing 
a vibrational actuator achieved in a sixth embodiment; 
0.025 FIG. 10 is a sectional view schematically showing 
a vibrational actuator achieved in a seventh embodiment; 

0026 FIG. 11 is a table presenting the results of mea 
Surement related to shore hardness and noise generation; 
0027 FIG. 12 is a table presenting the results of mea 
Surement related to the compressibility and noise generation; 
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0028 FIG. 13 is a sectional view schematically showing 
a vibrational actuator achieved in an eighth embodiment; 
and 

0029 FIG. 14 presents a flowchart of a drive processing 
procedure for driving an ultrasonic motor, executed by an 
ultrasonic motor control device achieved in the first embodi 
ment. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

First Embodiment 

0030 The following is a detailed explanation of a vibra 
tional motor (vibrational actuator) according to an embodi 
ment of the present invention, given in reference to the 
attached drawings. It is to be noted that in the explanation of 
this and other embodiments, the vibrational motors 
explained in reference to the individual embodiments are 
ultrasonic motors that use a vibration wave in the ultrasonic 
vibration range. 
0031 FIG. 1 illustrates the vibrational wave motor 
according to the first embodiment of the present invention. 
0032. An ultrasonic motor 100 achieved in the first 
embodiment includes a fixed oscillator 11 and a mover 15 
that is rotationally driven. 
0033. The oscillator (stator) 11 may be a substantially 
annular member that includes an elastic body 12 and a 
piezoelectric body 13 bonded to the elastic body 12. 
0034. The elastic body 12 is formed by using a metal 
material with a high level of resonance sharpness and 
assumes a Substantially annular shape. The elastic body 12 
includes a tooth-comb portion 12a, a base portion 12b and 
an elastic flange portion 12c. 
0035. The tooth-comb portion 12a is formed by cutting a 
plurality of grooves into a surface on the side opposite from 
the side to which the piezoelectric body 13 is bonded. The 
front end surface of the tooth-comb portion 12a constitutes 
a drive surface that is pressed in contact with the mover 
(rotor) 15 to drive the mover 15. The drive surface is treated 
through Ni P (nickel-phosphor) plating or the like. The 
tooth-comb portion 12a is formed so as to set the neutral 
plane of the progressive vibration wave (vibrational energy) 
as close as possible to the piezoelectric body 13 and thus 
amplify the amplitude of the progressive wave at the drive 
Surface. 

0036) The base portion 12b ranges continuously along the 
circumference of the elastic body 12 and the piezoelectric 
body 13 is bonded to the surface of the base portion 12b on 
the side opposite from the tooth-comb portion 12a. The 
elastic flange portion 12c, located at the center along the 
thickness of the base portion 12b, assumes a Substantially 
collar shape and projects out toward the inner circumference 
of the elastic body 12. The oscillator 11 is locked to a fixed 
member 16 via the elastic flange portion 12c. 
0037. The piezoelectric body 13 is an electromechanical 
conversion element that converts electrical energy to 
mechanical energy and may be constituted with a piezoelec 
tric element or an electrostrictive element. The piezoelectric 
body 13 includes ranges along the circumferential direction 
over which two phases (A-phase and B-phase) of electrical 
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signals are input. Over the range corresponding to either 
phase, elements with alternating polarities are disposed over 
half-wavelength intervals, with an interval corresponding to 
a quarter-wavelength formed between the A-phase and the 
B-phase. 

0038. At the surface of the piezoelectric body 13 on the 
side opposite from the elastic body 12, a flexible printed 
circuit board 14 from which a drive signal for exciting the 
piezoelectric body 13 is provided, is connected. The wiring 
of the flexible printed circuit board 14 is connected to 
electrodes at the piezoelectric body 13 each corresponding 
to a specific phase and the piezoelectric body 13 is caused 
to expand and contract by the drive signal Supplied to the 
flexible printed circuit board 14 from the outside. 

0.039 The oscillator 11 generates a progressive wave at 
the drive surface of the elastic body 12 as the piezoelectric 
body 13 expands and contracts. An explanation is given in 
reference to the first embodiment on an example in which a 
four-wave progressive wave is generated. 

0040. The mover 15 rotates around a first axis X1. The 
mover 15, which is constituted of a light metal such as 
aluminum, is a relative motion member that is rotationally 
driven via the elliptical motion attributable to the progres 
sive wave generated at the drive surface of the elastic body 
12. The mover 15 includes a sliding surface 15a, a fitting 
portion 15b, a connecting portion 15c and the like. 

0041. The sliding surface (sliding portion) 15a, project 
ing out from the connecting portion 15c to be detailed later 
toward the oscillator 11, slides while it is pressed in contact 
with the drive surface of the elastic body 12. The sliding 
Surface 15a has undergone alumite Surface treatment or the 
like so as to assure better abrasion resistance. 

0042. The fitting portion 15b, which fits with an output 
shaft 18 to be detailed later, includes a contact surface 15d 
(contact portion) that is pressed either directly or indirectly 
by a flange portion 18a of the output shaft 18 and comes into 
direct or indirect contact with the flange portion 18a. In the 
embodiment shown in the figure, the contact surface 15d 
comes into contact with the flange portion 18a indirectly via 
a rubber member 22 over the entire surface thereof. 

0043. The connecting portion 15c is a portion assuming 
a Substantially collar-like shape, via which the sliding Sur 
face 15a and the fitting portion 15b are connected. 

0044) The output shaft 18 may be, for instance, a sub 
stantially cylindrical member that rotates around a second 
axis X2. The flange portion 18a assuming a Substantially 
disk shape is disposed at one of the ends of the output shaft 
18, whereas a gear member 20 to be detailed later is disposed 
at the other end. As the flange portion 18a comes into contact 
with the contact surface 15d of the mover 15 via the rubber 
member 22, the output shaft 18 is made to rotate as one with 
the mover 15. In the first embodiment, the radius of the 
flange portion 18a is set equal to the radius of the outer 
diameter of the contact surface 15d at the mover 15. 

0045. The rubber member 22 is a substantially annular 
shaped member constituted of rubber. The rubber member 
22 has a function of coupling the mover 15 with the output 
shaft 18 via the adhesive property of the rubber and a 
function of absorbing the vibration from the mover 15 so as 
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not to transmit the vibration further to the output shaft 18. 
Such a rubber member may be constituted of butyl rubber or 
the like. 

0046) The gear member 20 is an output transmitting 
member that transmits the drive force to a driven member 
(not shown) as it rotates together with the output shaft 18. 
The gear member 20 is fitted in a D-cut formed at the output 
shaft 18 and is locked by a stopper 23 Such as an e-ring so 
as to rotate as one with the output shaft 18 along the same 
rotating direction and around the same rotational center. 
0047 A bearing 17, disposed between the flange portion 
18a and the gear member 20 along the first axis X1 and the 
second axis X2, determines the position of the output shaft 
18 along the radial direction of its rotation and receives the 
pressure applied from a pressure applying spring 19. A 
bearing receptacle member 21 is disposed on the inner 
diameter side of the bearing 17, whereas the bearing 17 is 
disposed on the inner diameter side of the fixed member 16. 
0048. The pressure applying spring 19 is a pressure 
applying member that presses the oscillator 11 and the 
mover 15 against each other in contact with each other, with 
one end thereof contacting the bearing 17 via the bearing 
receptacle member 21 and the other end thereof contacting 
the gear member 20. The pressure applying spring 19 in the 
embodiment is constituted with a compression coil spring. 
0049. The bearing receptacle member 21 includes an 
extended portion 21a formed by extending an area thereof 
where it fits with the output shaft 18. While the pressure 
applied from the pressure applying spring 19 can be received 
at the bearing receptacle member 21 even without the 
extended portion 21a, the extent of offset of the rotational 
center of the output shaft 18 can be reduced by forming the 
extended portion 21a so as to increase the length over which 
the bearing receptacle member 21 is fitted with the output 
shaft 18. 

0050 FIG. 2 is a block diagram of an ultrasonic motor 
control device 900 that drives and controls the ultrasonic 
motor 100 achieved in the first embodiment. 

0051. An oscillating unit 101 generates a drive signal 
with a desired frequency in response to a command from a 
control unit 102. A phase shifting unit 103 divides the drive 
signal generated at the oscillating unit 101 into two drive 
signals with phases offset from each other by 90°. 
0.052 Amplifying units 104 and 105 individually boost 
the Voltages of the two drive signals from the phase shifting 
unit 103 so as to achieve desired voltage levels. 
0053. The drive signals from the amplifying unit 104 and 
105 are transmitted to the ultrasonic motor 100 where a 
progressive wave is generated at the oscillator 11 as the drive 
signals are applied and the mover 15 is thus driven. 

0054) A detection unit 106, which is constituted with an 
optical encoder, a magnetic encoder or the like, detects the 
position and the speed of the driven member driven as the 
mover 15 is driven. 

0055. The control unit 102 controls the drive of the 
ultrasonic motor 100 based upon a drive command issued by 
a CPU (not shown). The control unit 102 having received a 
detection signal provided by the detection unit 106 obtains 
position information and speed information based upon the 
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values indicated in the detection signal and controls the 
frequency of the oscillating unit 101 so as to set the driven 
member at a target position. 
0056. The ultrasonic motor control device 900 achieved 
in the first embodiment, which adopts the structure 
described above, engages in operation as explained below. 
0057 First, the target position is communicated to the 
control unit 102. A drive signal generated at the oscillating 
unit 101 is split into two drive signals with phases offset 
from each other by 90° at the phase shifting unit 103. The 
amplifying units 104 and 105 amplify the respective drive 
signals so as to achieve desired Voltage levels. 
0.058 As the drive signals are applied to the piezoelectric 
body 13 at the ultrasonic motor 100, the piezoelectric body 
13 becomes excited and with the piezoelectric body thus 
excited, fourth-order bending vibration occurs at the elastic 
body 12. The piezoelectric body 13 includes different phase 
portions, i.e., an A-phase portion and a B-phase portion, and 
the drive signals are individually applied to the A-phase 
portion and the B-phase portion. The positional phases of the 
fourth-order bending vibration generated from the A-phase 
portion and the fourth-order bending vibration generated 
from the B-phase portion are offset from each other by a 
quarter-wavelength and the phases of the A-phase drive 
signal and the B-phase drive signal are offset by 90° relative 
to each other. Thus, as the two bending vibrations are 
combined, they become a four-wave progressive wave. 
0059 An elliptical motion occurs at the wave front of the 
progressive wave. Through this elliptical motion, the mover 
15 pressed in contact with the drive surface of the elastic 
body 12 is frictionally driven. 
0060. The detection unit 106 such as an optical encoder 

is disposed at the driven member which is driven as the 
mover 15 is driven. An electrical pulse signal generated at 
the detection unit 106 is transmitted to the control unit 102. 
Based upon this signal, the control unit 102 is able to 
ascertain the current position and the current speed of the 
driven member. The control unit 102 then controls the drive 
frequency at the oscillating unit 101 based upon target 
position information in addition to the position information 
and the speed information thus obtained. 
0061 The method adopted in the first embodiment to 
drive the ultrasonic motor 100 via the ultrasonic motor 
control device 900 is summarized below. FIG. 14 presents 
a flowchart of the drive processing procedure executed by 
the ultrasonic motor control device 900 to drive the ultra 
sonic motor 100. 

0062. Using the vibrational energy generated at the oscil 
lator 11, the ultrasonic motor control device 900 rotationally 
drives the mover 15 around the first axis X1 (step S 1). At 
this time, a pressure is applied to the mover 15 between the 
flange portion 18a which rotates together with the output 
shaft 18 and the oscillator 11. The rotational force of the 
mover 15 causes the output shaft 18 to rotate around the 
second axis X2 (step S2). The mover 15 is driven so that the 
portion of the mover 15 which is pressed toward the flange 
portion 18a, i.e., the outer edge of the contact surface 15d. 
prevents the first axis X1 and the second axis X2 from 
becoming tilted relative to each other. 
0063. The flange portion 18a in the first embodiment is 
formed as a projection assuming a substantially disk-like 
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shape. The flange portion 18a is disposed at an end of the 
output shaft 18 so as to directly or indirectly regulate the 
position of the mover 15 along the direction in which the 
pressure is applied from the pressure applying spring 19. 
The radius r (see FIG. 1), which is half the outer diameter 
of the portion of the mover 15 whose position is regulated 
by the flange portion 18a in the contact area of the mover 15 
directly or indirectly coming into contact with the flange 
portion 18a, is set equal to or greater than a predetermined 
value at which the rotational centers of the mover 15 and the 
output shaft 18 are prevented from becoming tilted relative 
to each other. This means that the mover 15 is not allowed 
to become tilted relative to the output shaft 18 due to 
deflection or the like of its rotational center even when it 
rotates at high speed. Thus, even when the motor provided 
as a compact unit rotates at high speed, no significant noise 
occurs and a sufficiently large output is obtained by assuring 
high drive efficiency. 

0064. The radius r, which is half the outer diameter of the 
contact surface 15d of the mover 15 (the distance from the 
first axis X1 to an outer edge or outer portion of the area of 
the mover 15 pressed toward the flange portion 18a) and the 
radius R, which is half the outer diameter of the sliding 
surface 15a of the mover 15 (the distance from the first axis 
X1 to an outer edge of the mover 15 pressed against the 
oscillator 11), may be set respectively to 5.5 mm and 11 mm 
in the ultrasonic motor 100 in the first embodiment. Namely, 
the radius r, i.e., half the outer diameter at the contact surface 
15d and the radius R, i.e., half the outer diameter at the 
sliding surface 15a are set so that the ratio ri?R is 0.5. 
0065. In order to evaluate the noise reducing effect 
achieved with the ultrasonic motor 100 in the first embodi 
ment, a plurality of ultrasonic motor samples assuming 
substantially identical shapes to that of the ultrasonic motor 
100 and achieves varying values for the ratio r(R of the 
radius r corresponding to the outer diameter at the contact 
surface 15d and the radius R corresponding to the outer 
diameter at the sliding surface 15a were prepared. They 
were driven under identical conditions and the conditions of 
noise occurrence were investigated. 
0066 FIG. 3 is a table presenting the results of noise 
measurement in relation to the ratio riR of the radius r 
corresponding to the outer diameter at the contact Surface 
15d and the radius R corresponding to the outer diameter at 
the sliding surface 15a. 
0067. As the measurement results presented in FIG. 3 
indicate, when the ratio r(R of the radius r corresponding to 
the outer diameter at the contact surface 15d and the radius 
R corresponding to the outer diameter at the sliding Surface 
15a is equal to or greater than 0.5, the mover 15 is prevented 
from flattening out relative to the rotational center of the 
output shaft 18 and thus noise is effectively attenuated. 

0068. It is to be noted that the radius r, i.e., half the outer 
diameter of the contact Surface 15d assuming a value that 
will set the ratio rifR greater than 1 is bound to be greater than 
the radius corresponding to the outer diameter of the ultra 
sonic motor 100 and accordingly, it should be ensured that 
the value of the ratio r?R is always equal to or less than 1. 
0069. However, as a greater value is assumed for the 
radius r corresponding to the outer diameter at the contact 
surface 15d, the moment of inertia also increases, which is 
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bound to lead to problems such as poor startup characteris 
tics. For this reason, a value that sets the ratio rifR equal to 
or greater than 0.5 so as to achieve a significant noise 
reducing effect but does not adversely affect the drive 
characteristics should be set for the radius r corresponding to 
the outer diameter at the contact surface 15d. 

0070. In the first embodiment, the radius R, i.e., half the 
outer diameter at the sliding Surface 15a and the radius r, i.e., 
half the outer diameter at the contact surface 15d, are set so 
that the ratio ri?R is equal to or greater than 0.5. As a result, 
even in a more compact motor with a higher rated rotation 
speed, in which the mover 15 rotates at higher speed, the 
rotational centers of the mover 15 and the output shaft 18 are 
not allowed to become tilted relative to each other and the 
mover 15 is prevented from flattening out relative to the 
axial center of the output shaft 18. Thus, even in a more 
compact motor that needs to rotate at higher speed in order 
to assure a specific output (rotation speedxtorque), the 
occurrence of noise is minimized. In addition, by adopting 
the first embodiment, a vibrational wave motor with high 
drive efficiency assuring a sufficiently large output is pro 
vided. 

0071. Furthermore, since the drive surface of the oscil 
lator 11 and the sliding surface 15a of the mover 15 are 
allowed to slide against each other in a stable manner, more 
stable drive characteristics are assured. 

0072 Moreover, by adopting the first embodiment in 
which the bearing receptacle member 21 disposed between 
the bearing member 17 and the output shaft 18 is allowed to 
fit with the output shaft 18 over a greater range, the output 
shaft 18 is held steady. As a result, a stable pressure can be 
applied from the flange portion 18a to the mover 15, which 
prevents the mover 15 from flattening out relative to the 
output shaft 18. 
0073. A pressure can be applied at a position distanced 
from the sliding portion of the mover 15 from the pressure 
applying spring 19 disposed between the gear member 20 
and the bearing 17. Thus, factors such as an offset of the 
point of the pressure application by the pressure applying 
spring 19 and inconsistent pressure application do not 
adversely affect the mover 15. 

Second Embodiment 

0074 FIG. 4 illustrates a vibrational wave motor 
achieved in the second embodiment of the present invention. 
0075 An ultrasonic motor 200 achieved in the second 
embodiment includes a pressure applying spring (coil 
spring) 24 with a diameter assuming a value different from 
that of the pressure applying spring 19 in the ultrasonic 
motor 100 achieved in the first embodiment. It is to be noted 
that the same reference numerals are assigned to compo 
nents of the second embodiment described below, which 
have functions similar to those of the ultrasonic motor 100 
in the first embodiment, so as to preclude the necessity for 
a repeated explanation thereof. 
0.076 The pressure applying spring 24 in the ultrasonic 
motor 200 in the second embodiment is disposed in close 
proximity to the outer circumferential surface of the output 
shaft 18 and its coil diameter is smaller than that of the 
pressure applying spring 19 in the first embodiment. In 
addition, a bearing receptacle member 26 and the output 
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shaft 18 fit with each other over a range shorter than the 
fitting range of the bearing receptacle member 21 in the first 
embodiment. A pressure application adjustment washer 27 is 
disposed between the pressure applying spring 24 and the 
bearing receptacle member 26. 
0077. The pressure applying spring 24 in the second 
embodiment is allowed to apply pressure at a position closer 
to the rotational center of the mover 15, i.e., the first axis X1 
compared to the pressure application position in the first 
embodiment. This means that the extent to which the mover 
15 becomes tilted relative to the output shaft 18 due to 
uneven application of pressure to the mover 15 is mini 
mized. As the drive surface of the oscillator 11 and the 
sliding surface 15a of the mover 15 are allowed to slide 
against each other in a stable manner, noise does not occur 
readily even in a more compact motor that needs to rotate at 
higher speed in order to obtain a specific output and better 
drive efficiency is assured. 

Third Embodiment 

0078 FIG. 5 illustrates a vibrational wave motor 
achieved in the third embodiment of the present invention. 
0079 An ultrasonic motor 3 achieved in the third 
embodiment includes a mover 28 and an output shaft 29 
assuming shapes different from those of the mover 15 and 
the output shaft 18 in the ultrasonic motor 100 in the first 
embodiment. 

0080. The mover 28 includes a sliding surface 28a that is 
pressed in contact with the drive surface of the oscillator 11 
and slides against the drive surface, a fitting portion 28b that 
is fitted with the output shaft 29, a contact surface 28d that 
comes into contact with a flange portion 29a of the output 
shaft 29 to be detailed later over its entire surface via a 
rubber member 30, a bottleneck portion 28e formed at the 
fitting portion 28b and a connecting portion 28c that con 
nects the sliding surface 28a with the fitting portion 28b. 

0081. The mover 28 in the third embodiment, which does 
not assume a Substantially cylindrical shape, includes the 
connecting portion 28c in conjunction with which the bottle 
neck portion 28e is formed. In this structure, the flexure of 
the connecting portion 28c is used to advantage so that even 
if the mover 28 becomes tilted relative to the output shaft 29, 
the drive surface of the oscillator 11 and the sliding surface 
28a of the mover 28 are still allowed to slide against each 
other in a stable manner without forming an angle. 

0082 The output shaft 29 includes a substantially disk 
shaped flange portion 29a formed at one end thereof. The 
diameter of the flange portion 29a is equal to the outer 
diameter of the contact surface 28d of the mover 28. The 
radius corresponding to the outer diameter of the portion 
over which the position of the contact surface 28d is 
regulated by the flange portion 29a is Substantially equal to 
the radius, i.e., half the outer diameter of the contact surface 
28a. 

0083. In the third embodiment, the radius r corresponding 
to the outer diameter at the contact surface 28d (the distance 
from the first axis X1 to the outer edge of the portion of the 
mover 28 pressed by the flange 29a) and the radius R 
corresponding to the outer diameter at the sliding Surface 
28a are set so that the ratio r?R is equal to, for instance, 0.95. 
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0084 With the ratio of the radius r corresponding to the 
outer diameter at the contact surface 28d and the radius R 
corresponding to the outer diameter at the sliding Surface 
28a further increased, the extent to which the mover 28 is 
allowed to flatten out relative to the output shaft 18 can be 
further reduced, and thus, noise can be effectively reduced. 

Fourth Embodiment 

0085 FIG. 6 illustrates a vibrational wave motor 
achieved in the fourth embodiment of the present invention. 

0.086 An ultrasonic motor 4 achieved in the fourth 
embodiment includes a mover 31 and an output shaft 33 
assuming shapes different from those of the mover 15 and 
the output shaft 18 in the ultrasonic motor 100 in the first 
embodiment. 

0087. The mover 31 includes a sliding surface 31a that is 
pressed in contact with the drive surface of the oscillator 11 
and slides against the drive surface, a fitting portion 31b that 
fits with an output shaft-side fitting portion 33b of the output 
shaft 33 to be detailed later and a contact surface 31d that 
comes into contact with a flange portion 33a of the output 
shaft 33 over its entire surface via a rubber member 32. 

0088. The output shaft 33 includes the flange portion 33a 
assuming a Substantially annular shape and formed at the 
front end thereof and the output shaft-side fitting portion33b 
that fits with the mover 31. The diameter of the flange 
portion 33a is equal to the outer diameter at the sliding 
surface 31a and the contact surface 31d of the mover 31. The 
radius r corresponding to the outer diameter at the contact 
surface 31d (the radius, i.e., half the outer diameter of the 
area, the position of which is regulated by the flange portion 
33a) is equal to the diameter R corresponding to the outer 
diameter at the sliding surface 31a and thus, there ratio riR 
is equal to 1.0. 

0089. By adopting the fourth embodiment in which the 
radius r corresponding to the outer diameter at the contact 
Surface 31d is set equal to the radius R corresponding to the 
outer diameter at the sliding surface 31a, the extent to which 
the mover 31 is allowed to flatten out relative to the output 
shaft 33 can be further reduced. As a result, noise occurs to 
an even lesser extent. 

0090 (Examples of Variations) 

0.091 The present invention is not limited to the first 
through fourth embodiments explained above and allows for 
numerous variations and modifications which are equally 
considered to be within the scope of the present invention. 

0092 (1) The bearing receptacle member 26 in the sec 
ond embodiment does not include an extended portion over 
the area where it fits with the output shaft 18 and thus, the 
range over which the bearing receptacle member 26 fits with 
the output shaft 18 is shorter than that of the bearing 
receptacle member 21 in the first embodiment. However, the 
present invention is not limited to this example and the 
bearing receptacle member 26 may also include an extended 
portion similar to that in the bearing receptacle portion 21 in 
the first embodiment so as to lengthen the fitting range. In 
addition, the pressure applying spring 24 may be disposed in 
close proximity to the outer circumferential surface of the 
output shaft 18. 
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0093 (2) In the third and fourth embodiments, one end of 
the pressure applying spring 19 is set in contact with the 
bearing receptacle member 21 that includes the extended 
portion 21a. However, the present invention is not limited to 
this example and the pressure applying spring may instead 
be disposed in close proximity to the outer circumferential 
surface of the output shaft as has been explained in reference 
to the second embodiment. 

0094 (3) In the first through fourth embodiments, the 
pressure applying springs 19 and 24 are respectively dis 
posed in contact with the gear members 20 and 25 at one end 
thereof. However, the present invention is not limited to this 
example and one end of the pressure applying spring 19 or 
24 may be disposed so as to be in contact with a retaining 
ring that holds one end of the pressure applying spring 19 or 
24. 

Fifth Embodiment 

0.095 FIG. 7 is a schematic sectional view of a vibra 
tional actuator achieved in the fifth embodiment of the 
present invention. 

0096) A vibrational actuator 300 achieved in the fifth 
embodiment includes a fixed oscillator 11, a rotor (mover) 5 
that is rotationally driven and the like. 

0097 As the piezoelectric body 13 is excited, a progres 
sive vibrational wave (hereafter referred to as the “progres 
sive wave') is generated at the oscillator 11. The following 
explanation is given by assuming that the progressive wave 
generated at the oscillator 11 contains 4 waves per cycle. 

0098. The oscillator 11 is mounted at a stator mounting 
base 6 via an elastic flange portion 2b. An output shaft 81 to 
be detailed later is rotatably mounted at the stator mounting 
base 6 via a bearing 7. 

0099. The rotor 5 is a rotating element formed around a 
central axis set at the center of its rotation (first axis X1). 
with a substantially cylindrical through hole 5a formed at 
the center thereof. The output shaft 81 is fitted inside the 
through hole 5a, and the diameter of the through hole 5a is 
greater than the diameter of the output shaft 81 by an extent 
corresponding to the tolerance. 

0.100 The output shaft 81, which rotates around a second 
axis X2, is a Substantially cylindrical member constituted of 
for instance, a resin. The output shaft 81 is fitted inside the 
through hole 5a at the rotor 5, and functions as an output 
extracting member that extracts the rotational motion of the 
rotor 5 as the output shaft rotates together with the rotor 5. 
At least part of the end of the output shaft 81 that fits in the 
through hole 5a of the rotor 5 is D-cut, and the other end of 
the output shaft 81 is bonded to a gear or the like (not shown) 
that transmits the output to the driven member. 

0101. A flange ring 86, which fits with the output shaft 81 
and is allowed to move along the line of rotational center 
(the second axis X2) of the output shaft 81, rotates together 
with the output shaft 81. A buffer member 84 is disposed 
between the flange ring 86 and the rotor 5. The buffer 
member 84 assuming a Substantially annular shape and 
constituted of, for instance, rubber or the like, fits with the 
output shaft 81 and absorbs vibration of the rotor 5 along the 
line of the center of its rotation (the first axis X1). 
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0102) An E-ring 85b, which is fitted in a groove 13a 
formed at an end of the output shaft 81, is a regulating 
member that regulates the positions of the flange ring 86 and 
the rotor 5 relative to the output shaft 81 along the direction 
in which the pressure is applied by a pressure applying 
portion 9 to be detailed later. 
0103) The pressure applying portion 9 is a mechanism 
that presses the oscillator 11 and the rotor 5 against each 
other in contact, and is disposed at the output shaft 81. The 
pressure applying portion 9 includes a spring 9a that gen 
erates a pressure to be applied, a retaining ring 9b that is 
disposed in contact with the bearing 7 and holds one end of 
the spring 9a, a retaining ring 9c that holds the other end of 
the spring 9a and an E-ring 85a that is inserted in a groove 
formed at the output shaft 81 and regulates the position of 
the retaining ring 9c. 
0104. The pressure applying portion 9 presses the oscil 
lator 11 onto the rotor 5 along the line of the rotational center 
of the output shaft 81. 
0105. The output shaft 81 and the rotor 5 in the fifth 
embodiment are allowed to rotate freely while rocking 
relative to each other even when the line of the rotational 
center of the output shaft 81 (the second axis X2) and the 
line of the rotational center of the rotor 5 (the first axis X1) 
form an angle within a predetermined range. As a result, a 
compact vibrational actuator in which noise occurs to a 
lesser extent can be provided. 
0106 Namely, even when an external force is applied to 
the output shaft 81 along a direction other than the direction 
in which the line of the rotational center extends and the line 
of the rotational center of the output shaft 81 (the second 
axis X2) forms an angle relative to the line of the rotational 
center of the rotor 5 (the first axis X1), the sliding surface of 
the rotor 5 in the fifth embodiment is allowed to slide in a 
stable manner against the drive surface of the oscillator 11 
without forming an angle. As a result, the startup charac 
teristics and the drive efficiency are improved and the 
occurrence of noise is reduced. In addition, even if the 
oscillator 11 is not fixed perpendicular to the output extract 
ing member, i.e., the output shaft 81, due to inconsistent 
assembly, a dimensional defect or the like or even if the 
drive surface of the oscillator 11 becomes tilted due to a 
temperature change, the drive Surface at the oscillator 11 and 
the sliding surface of the rotor 5 are allowed to slide against 
each other in a stable manner, thereby providing an actuator 
with desirable startup performance and drive efficiency, in 
which abnormal noise does not occur readily. 
0107 The flange ring 86 in the fifth embodiment fits with 
the output shaft 81, is allowed to move along the line of the 
rotational center of the output shaft 81 and rotates together 
with the output shaft 81. The regulating member, e.g., the 
e-ring 85b, regulates the positions of the flange ring 86 and 
the rotor 5 relative to the output shaft 81 along the direction 
in which the pressure is applied by the pressure applying 
portion 9. By adopting Such a structure, the flange ring 86 
provided as a separate member independent of the output 
shaft 81 does not readily follow a tilting movement of the 
output shaft 81 to become tilted even when, for instance, an 
external force is applied to the output shaft 81 along a 
direction other than the direction in which the line of its 
rotational center extends to allow an angle to be formed by 
the line of the rotational center of the output shaft 81 and the 
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line of the rotational center of the rotor 5 and thus, the line 
of the rotational center of the output shaft 81 is no longer 
perpendicular to the drive surface at the oscillator 11. 
Consequently, the drive surface of the oscillator 11 and the 
sliding Surface at the rotor 5 can slide against each other in 
a stable manner. 

0108. In addition, the regulating member, e.g., the E-ring 
85b which is a retainer ring fitted in the groove 13a formed 
at the output shaft 81, can be constituted with a universal 
member, which makes it possible to keep down the produc 
tion cost. 

0109) Furthermore, the buffer member 84 disposed 
between the flange ring 86 and the rotor 5 absorbs the 
vibration of the rotor 5 along the line of its rotational center. 
As a result, abnormal noise occurring when the rotor 5 is 
driven and generates noise as it vibrates along the line of its 
rotational center is reduced. At the same time, the rotating 
motion of the rotor 5 is stabilized, which, in turn, improves 
the drive efficiency. 
0110. Next, the advantages of the vibrational actuator 300 
achieved in the fifth embodiment are explained in further 
detail in comparison to another vibrational actuator. It is to 
be noted that the following explanation is provided to 
describe outstanding advantages of the fifth embodiment, 
and its intention is not to discredit the performance viability 
of the vibrational actuator presented as the comparison 
example. 

0111 FIG. 8 is a schematic sectional view of the vibra 
tional actuator representing an example to be compared with 
the vibrational actuator according to the present invention. 
0112 A vibrational actuator 500 in the comparison 
example differs from the vibrational actuator 300 in the fifth 
embodiment shown in FIG. 7 in the shape adopted in its 
output shaft 82 and the like. Accordingly, the same reference 
numerals are assigned to components thereof that have 
functions substantially identical to those of the vibrational 
actuator 300 in the fifth embodiment shown in FIG. 7 so as 
to eliminate the necessity for a repeated explanation thereof. 
0113. The output shaft 82 in FIG. 8 assuming a substan 

tially cylindrical shape is an output extracting member that 
fits in the through hole 5a at the rotor 5, rotates together with 
the rotor 5 and extracts the rotational motion of the rotor as 
an output. A Substantially disk-shaped flange portion 8a is 
formed at the end of the output shaft 82 that is fitted in the 
through hole 5a, whereas a gear or the like (not shown) that 
communicates the output to a driven member (not shown) is 
bonded to the other end of the output shaft 82. 
0114. The buffer member 84 that absorbs vibration of the 
rotor 5 along the line of the rotational center of the rotor 5 
is disposed between the flange portion 8a and the rotor 5. 
0115 Generally speaking, the drive surface of the rotor 
and the drive surface of the elastic body in such a vibrational 
actuator are allowed to slide against each other in a stable 
manner when the line of the rotational center of the output 
shaft (the second axis) and the line of the rotational center 
of the rotor (the first axis) are aligned with each other and the 
drive force is perpendicular to the drive surface of the stator. 
In other words, these are the ideal conditions under which 
the vibrational actuator will not generate any abnormal noise 
and achieves desirable startup performance and drive effi 
ciency. 
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0116. However, in the vibrational actuator 500 in the 
comparison example shown in FIG. 8, the flange portion 8a 
of the output shaft 82 regulates the movement of the rotor 5 
along the line of its rotational center via the buffer member 
84 and the like and also the portion of the output shaft 8 that 
fits in the through hole 5a regulates the movement of the 
rotor 5 along the radius of its rotational motion. 
0117 For this reason, if an external force is applied to the 
output shaft 82 from a direction other than the direction in 
which the line of its rotational center extends, e.g., if the 
output shaft 82 is subjected to the external force indicated by 
the arrow F in the figure, the line of the rotational center of 
the output shaft 82 (the second axis X2) becomes tilted to 
form an angle relative to the line of the rotational center of 
the rotor 5 (the first axis X1). As a result, the output axis is 
no longer perpendicular to the drive surface of the elastic 
body 12. Under an offset load, the rotor 5 follows the tilting 
motion of the output shaft 82 and becomes tilted as well. 
Thus, its sliding Surface forms an angle relative to the drive 
surface of the elastic body 12, which may somewhat lower 
the stability of the sliding motion of the drive surface at the 
elastic body 12 and the sliding surface at the rotor 5 against 
each other. 

0118. As the vibrational actuator 500 in the comparison 
example is driven in this state, the progressive wave at the 
elastic body 12 is not fully transmitted to the rotor 5, which 
leads to a concern that the drive efficiency of the vibrational 
actuator 500 in the comparison example may be somewhat 
lowered and that noise may occur in the vibrational actuator 
SOO. 

0119) The vibrational actuator 300 in the fifth embodi 
ment, on the other hand, includes the flange ring 86 provided 
as a separate member independent of the output shaft 81. 
Thus, even if an external force is applied to the output shaft 
81 from a direction other than the direction in which the line 
of its rotational center extends and the output shaft 81 
becomes tilted, the flange ring 86 does not follow the tilting 
displacement of the output shaft 81 readily. Since the flange 
ring 86 does not become tilted, the rotor 5 does not become 
tilted, either. 

0120 In short, in the actuator 300 that includes the output 
shaft 81 the flange ring 86 and the like described above, the 
rotor 5 and the output shaft 81 are allowed to rock relative 
to each other while they rotate together. Consequently, the 
sliding surface of the rotor 5 and the drive surface of the 
elastic body 12 are allowed to slide against each other in a 
stable manner, which makes it possible to provide a compact 
vibrational actuator with high startup performance and high 
drive efficiency while ensuring that noise does not occur 
readily regardless of the speed range over which the rotor 5 
is driven. 

0121 Furthermore, similar operational effects can be 
achieved in the vibrational actuator 300 in the fifth embodi 
ment even when the elastic body 12 is not fixed perpen 
dicular to the output shaft 81 due to inconsistent assembly, 
a dimensional defect or the like or the drive surface of the 
elastic body 12 becomes tilted due to a temperature change 
or the like. 

0122) If the drive surface of the elastic body 12 is not 
fixed perpendicular to the line of the rotational center of the 
output shaft 82 due to inconsistent assembly, a dimensional 
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defect or the like that may occur during the manufacturing 
process or if the drive surface of the elastic body 12 becomes 
tilted due to a temperature change or the like, the sliding 
surface of the rotor 5 will follow the tilting motion of the 
drive surface of the elastic body 12 and will become tilted 
as well. As the rotor 5 becomes tilted, the line of the 
rotational center of the output shaft 82, too, will become 
tilted. Under Such conditions, noise may occur in the vibra 
tional actuator 500 or the startup performance or the drive 
efficiency of the vibrational actuator 500 may be somewhat 
compromised. 

0123. In the vibrational actuator 300 achieved in the fifth 
embodiment, the output shaft 81 and the flange ring 86 are 
formed as separate, independent members. By adopting Such 
a structure, a level of freedom between the output shaft 81 
and the flange ring 86 is assured, and thus the output shaft 
81 does not readily follow the tilted rotor 5 to become tilted 
even when, for instance, the drive surface of the elastic body 
12 is tilted, causing the sliding surface of the rotor 5 and the 
flange ring 86 to be tilted. 

Sixth Embodiment 

0.124 FIG. 9 is a schematic sectional view of a vibra 
tional actuator achieved in the sixth embodiment of the 
present invention. 

0.125. A vibrational actuator 400 achieved in the sixth 
embodiment includes an output shaft 83 assuming a shape 
different from that of the output shaft 81 in the vibrational 
actuator 300 in the fifth embodiment. The same reference 
numerals are assigned to components having Substantially 
identical functions to those of the vibrational actuator 300 in 
the fifth embodiment shown in FIG. 7 to preclude the 
necessity for a repeated explanation thereof. 

0.126 The output shaft 83 is a substantially cylindrical 
member constituted of a resin, with a flange portion 73, a 
fitting portion 87 and a recess portion 88 formed at one end 
thereof and a gear or the like (not shown) that transmits an 
output to the driven member bonded to the other end thereof. 
Namely, the output shaft 83 is an integrated member that 
includes the flange portion 73, the fitting portion 87 and the 
recess portion 88 formed as integrated parts thereof. 

0127. The flange portion 73, located at an end of the 
output shaft 83, assumes a Substantially disk-like shape and 
regulates the position of the rotor 5 relative to the output 
shaft 83 along the direction in which the pressure is applied 
from the pressure applying portion 9. A buffer member 84 is 
disposed between the flange portion 83 and the rotor 5. 

0128. The fitting portion 87, located between the flange 
portion 73 and the recess portion 88 to be detailed later, fits 
with part of the inner wall of the through hole 5a at the rotor 
5. 

0129. The recess portion 88 is formed by ensuring that its 
external dimensions are small enough so as not to contact the 
inner wall of the through hole 5a. 

0130. As shown in FIG. 9, the output shaft 83 and the 
rotor 5 fit with each other only via the fitting portion 87 and 
the inner wall of the through hole 5a at the end thereof 
toward the flange portion 73. At the output shaft 83 further 
toward the bearing 7 relative to the fitting portion 87, the 
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recess portion 88 is formed and thus, the output shaft 83 does 
not contact the inner wall of the through hole 5a over the 
recess portion 88. 
0131) With the output shaft 83 structured as described 
above, the point at which the fitting portion 87 regulates the 
movement of the rotor 5 along the radius of the rotational 
motion of the rotor 5 and the point at which the flange 
portion 73 regulates the movement of the rotor 5 along the 
line of the rotational center of the rotor 5 are set closer to 
each other. Thus, the output shaft 83 and the rotor 5 are 
allowed to rotate together to transmit the drive force, while 
maintaining a higher level of freedom. 
0132) In addition, even if the output shaft 83, which 
includes the fitting portion 87 and the recess portion 88. 
becomes tilted relative to the rotor 5 to result in an angle 
formed by the line of the rotational center of the rotor 5 (the 
first axis X1) and the line of the rotational center of the 
output shaft 83 (the second axis X2), no part of the output 
shaft 83 other than the fitting portion 87 comes in contact 
with the inner wall of the through hole 5a at the rotor 5. As 
a result, the rotor 5 is able to slide in a stable manner without 
its drive Surface forming an angle relative to the drive 
surface of the elastic body 12. 
0133. Furthermore, even when an angle is formed by the 
line of the rotational center of the output shaft 83 and the line 
of the rotational center of the rotor 5, the output shaft 83 
does not come in contact with the inner wall of the through 
hole 5a at the rotor 50 to tilt the rotor 5 in the structure 
achieved in the sixth embodiment. Consequently, the drive 
surface of the oscillator 11 and the sliding surface of the 
rotor 5 are allowed to slide against each other in a stable 
manner to improve the startup performance and the drive 
efficiency while reducing the occurrence of noise. 
0134. In addition, the fitting portion 87, formed between 
the flange portion 73 and the recess portion 88, fits with the 
inner wall of the through hole 5a over the area toward the 
flange portion 73. As a result, when the line of the rotational 
center of the output shaft 83 and the line of the rotational 
center of the rotor 5 form an angle, the point at which the 
fitting portion 87 regulates the movement of the rotor 5 and 
the point at which the flange portion 73 regulates the 
movement of the rotor 5 are set closer to each other. Thus, 
the output shaft 83 and the rotor 5 are allowed to rotate 
together to transmit the drive force, while maintaining a 
higher level of freedom. 
0135) Moreover, the actuator 400 includes the buffer 
member 84 which is disposed between the flange portion 73, 
and the relative motion member, e.g., the rotor 5, and 
absorbs the vibration of the rotor 5 along the line of its 
rotational center. As a result, any noise that may result from 
vibration of the rotor 5 along the line of its rotational center 
is prevented and, at the same time, the drive efficiency is 
improved by stabilizing the rotational motion of the rotor 5. 
0136. The rotor 5 and the output shaft 83 in the sixth 
embodiment are allowed to rock relative to each other while 
they both rotate as in the vibrational actuator 300 in the fifth 
embodiment. Thus, a vibrational actuator with superior 
startup performance and drive efficiency, in which noise 
does not occur readily, can be provided. 
0137) Furthermore, since the vibrational actuator 400 in 
the sixth embodiment can be achieved with fewer parts 
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compared to the vibrational actuator 300 in the fifth embodi 
ment, its manufacturing process can be simplified, which, in 
turn, leads to a reduction in the production cost. 
0.138 (Examples of Variations) 
0.139. The present invention is not limited to the fifth and 
sixth embodiments explained above and allows for numer 
ous variations and modifications which are equally consid 
ered to be within the scope of the present invention. 
0140 (1) While the output shafts 81 and 83 in the fifth 
and sixth embodiments are formed by using a resin, no 
specific limitations are imposed with regard to the material 
to constitute the output shaft. For instance, the output shaft 
may be constituted of a metal or the like. 
0141 (2) While the output shaft 81 in the fifth embodi 
ment includes the flange ring 86 and the E-ring 85b and the 
output shaft 83 in the sixth embodiment includes the flange 
portion 73, the fitting portion 87 and the recess portion 88. 
an output shaft that includes the above listed features in an 
optimal combination may be used. 
0142 (3) While the output shaft 83 in the sixth embodi 
ment is an integrated member constituted of a resin, the 
present invention is not limited to this example and the 
flange portion 73 may be formed as a separate part inde 
pendent of the output shaft, instead. 

Seventh Embodiment 

0.143. The following is a detailed explanation of the 
seventh embodiment of the present invention, given in 
reference to attached drawings. It is to be noted that the 
explanation on the current embodiment and the Subsequent 
embodiment is given by assuming that the vibrational motor 
(vibrational actuator) is an ultrasonic motor that operates in 
the ultrasonic vibration range. 
014.4 FIG. 10 is a schematic sectional view of a vibra 
tional actuator achieved in the seventh embodiment of the 
present invention. 
0145 An ultrasonic motor 600 includes an oscillator 11, 
a moving body 92, a noise reducing member 96, Supporting 
bodies 16A and 16B, a pressure applying portion 74 and the 
like. 

0146 An elastic body 12 of the oscillator 11 is a sub 
stantially annular member constituted of a ferroalloy such as 
stainless steel or an invar material. A piezoelectric body 13 
is bonded onto one surface of the elastic body 12 via an 
electrically conductive adhesive or the like, whereas a 
tooth-comb portion (not shown) formed by cutting a plural 
ity of grooves is disposed at the other Surface. 
0147 The moving body 92 assuming a substantially 
annular shape is a relative motion member that is pressed in 
contact with the elastic body 12 by the pressure applying 
portion 74 to be detailed later and is frictionally-driven by 
the progressive wave-generated at the drive surface of the 
elastic body 12. 
0.148. The noise reducing member 96, which is a sub 
stantially annular member constituted of EPDM (ethylene 
propylene-diene-methylene linkage), i.e., a type of ethylene 
propylene rubber, is disposed at a position Sandwiched 
between the moving body 92 and the supporting body 16A 
along the direction in which the pressure is applied by the 
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pressure applying portion 74 to be detailed later. The Sup 
porting body 16A is a relative motion member-side Support 
ing member that supports the moving body 92. The Sup 
porting body 16A and the moving body 92 are engaged with 
each other via an engaging portion (not shown) so that the 
supporting body 16A and the moving body 92 rotate 
together as one. The Supporting body 16A transmits the 
rotational motion of the moving body 92 to the driven 
member (not shown). 
014.9 The pressure applying portion 74, which sets the 
oscillator 11 and the moving body 92 in contact with each 
other through pressure application, includes a pressure 
applying plate 78, a disc spring 98a and the like. The 
pressure applying plate 78 is a plate to which the pressure 
generated by the plate spring 98a is applied. 

0150. A buffer member 61, constituted of unwoven cloth 
or felt, blocks the vibration of the oscillator 11 so that the 
vibration is not transmitted to the pressure applying portion 
74 and is disposed between the piezoelectric body 13 and the 
pressure applying plate 78. 
0151. The supporting body 16B is an oscillator-side 
supporting member that locks the ultrasonic motor 600 to, 
for instance, a lens barrel or the like of a camera. 
0152 Next, the noise reducing member 96 of the ultra 
sonic motor 600 achieved in the seventh embodiment is 
explained in further detail. 
0153. The elastic body 12 is constituted of stainless steel 
(SUS 304). The piezoelectric body 13 is bonded with epoxy 
adhesive to the surface of the elastic body 12 on the side 
opposite from its drive Surface. 
0154) The moving body 92, on the other hand, is consti 
tuted of an Al alloy (A 6063) and an oxide film such as 
alumite is formed at the surface of the moving body through 
an anodizing process. 
0155 The noise reducing member 96, formed by punch 
ing a sheet material constituted of EPDM, has a glossy 
Surface. The shore hardness of the noise reducing member 
96 achieved in the seventh embodiment is equal to or less 
than 50, and the compressibility calculated by dividing the 
surface pressure applied to the noise reducing member 96 by 
the modulus of compressive elasticity is set within a range 
of 0.002-0.25. 

0156. In order to evaluate the noise reducing effect 
achieved in the seventh embodiment, a plurality of noise 
reducing member samples assuming Substantially identical 
shapes to the shape of the noise reducing member 96 in the 
embodiment but constituted with varying materials and 
having varying shore hardness levels, compressibility levels 
and the like were prepared, ultrasonic motors similar to the 
ultrasonic motor 600 equipped with these noise reducing 
members were driven and the noise conditions during the 
drive were measured. 

0157 (Relationship Between Shore Hardness and Noise 
Generation) 
0158 FIG. 11 is a table presenting the results of mea 
Surements related to shore hardness and noise generation. 
0159) Noise reducing member samples 1 through 8 used 
in the measurement all assumed a substantially annular 
shape and had a thickness of 0.5 mm. Samples 1 through 6 
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were constituted of EPDM, achieving shore hardness levels 
of 10, 20, 30, 40, 50 and 60 respectively, whereas samples 
7 and 8 constituted of IIR (butyl rubber) respectively 
achieved shore hardness levels of 40 and 60. As the ultra 
Sonic motors were driven, the various samples were all 
subjected to a surface pressure of 0.4 MPa. 

0.160) As indicated in FIG. 11, no abnormal noise 
occurred over the entire temperature range in the noise 
reducing member samples 1 through 5 achieving shore 
hardness levels equal to or lower than 50 were driven. 
0.161. However, noise occurrence was observed in the 
tests conducted in a low-temperature environment on the 
noise reduction member sample 6 constituted of EPDM with 
its shore hardness set at 60 or over and on the noise reducing 
member samples 7 and 8 constituted of IIR and achieving 
shore hardness levels of 40 through 60. 
0162 The measurement results indicate that a noise 
reducing member 96 constituted of EPDM with its shore 
hardness equal to or less than 50, Such as that achieved in the 
seventh embodiment, is effective in applications in which 
noise must be reduced in a low-temperature environment. 
0.163 While it is known in the related art that noise may 
be reduced by utilizing a rubber vibration isolator to con 
stitute part of the moving body, there are numerous different 
types of rubber material and there is a concern that unless the 
correct type of rubber is used, noise may actually increase. 

0164. For instance, if a rubber member constituted of 
butyl rubber, the physical characteristics of which tend to 
change readily as the temperature changes and the vibration 
absorbing performance of which deteriorates particularly in 
a low-temperature environment, is disposed between the 
moving body and the driven element, a serious noise prob 
lem can occur. 

0.165 (Relationship Between Compressibility and Noise 
Generation) 
0166 FIG. 12 is a table presenting the results of mea 
Surement related to the compressibility and noise generation. 
0.167 The noise reducing member sample used in this 
measurement was constituted of EPDM, and had a shore 
hardness of 40. Its modulus of 10% compressive elasticity 
was 3.0 MPa. The measurement was executed at room 
temperature and the compressibility was altered by adjusting 
the pressure applied from the disk spring 98a. 
0.168. The measurement results presented in FIG. 12 
indicate that noise can be effectively reduced by using a 
noise reducing member with its compressibility within a 
range of 0.002-0.25. 
0169. The results presented in FIGS. 11 and 12 indicate 
that the noise reducing member 96 should be constituted of 
EPDM, its shore hardness should be equal to or less than 50 
and its compressibility is within the range of 0.002-0.25 to 
ensure that it can be effectively used to reduce noise in any 
operating environment. 
0170 In addition, as the extent of energy loss is reduced 
by reducing noise, the drive efficiency of the ultrasonic 
motor 600 is improved. 
0171 Furthermore, since EPDM is a lightweight mate 

rial, the product itself can be provided as a lightweight unit. 
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0172 We drove the ultrasonic motor 600 equipped with 
a noise reducing member 96 with a shore hardness of 40 and 
compressibility of 0.1 as a test. The results of the test 
confirmed that no abnormal noise occurred while the ultra 
Sonic motor was being driven in a low-temperature envi 
ronment in which noise tends to occur readily, demonstrat 
ing Superior performance over vibrational motors in the 
related art. 

Eighth Embodiment 

0173 FIG. 13 is a schematic sectional view of an ultra 
sonic motor achieved in the eighth embodiment of the 
present invention. 
0174 An ultrasonic motor 700 achieved in the eighth 
embodiment includes an oscillator 91, a moving body 93, a 
fixed member 72, a bearing 99, an output shaft 95, a pressure 
applying portion 75 and the like. 
0175. The oscillator 91 is a substantially annular member 
that includes an elastic body 12, a piezoelectric body 94 
bonded to the elastic body 12 and the like. As the piezo 
electric body 94 expands and contracts, a progressive wave 
is generated at the oscillator 91. 
0176) The elastic body 12 constituted of a metal with a 
high level of resonance sharpness, such as stainless steel, 
assumes a Substantially annular shape. The elastic body 12 
includes a tooth-comb portion 22a having a plurality of 
comb teeth formed along the circumferential direction and a 
base portion 22b formed continuously along the circumfer 
ential direction. The front end surface of the tooth-comb 
portion 22a constitutes a drive Surface that is pressed in 
contact with the moving body 93 to be detailed later. 
0177. At the elastic body 12, a flange portion 22c is 
disposed on the inner circumferential side of the base 
portion 22b and the elastic body 12 is supported and fixed at 
the fixed member 72 via the flange portion 22c. 
0178 The piezoelectric body 94 is an electromechanical 
conversion element Such as a piezoelectric element or an 
electrostrictive element that converts electrical energy to 
mechanical energy. The piezoelectric body 94 includes 
ranges along the circumferential direction over which two 
phases (A-phase and B-phase) electrical signals are input. 
Over the range corresponding to either phase, elements with 
alternating polarities are disposed over half-wavelength 
intervals, with an interval corresponding to a quarter-wave 
length formed between the A-phase and the B-phase. 
0179. In addition, the wiring of a flexible printed circuit 
board 71 is connected to electrodes with the individual 
phases at the piezoelectric body 94, and thus, the piezoelec 
tric body 94 expands and contracts as a drive signal is 
provided from the outside to the flexible printed circuit 
board 71, thereby causing vibration of the elastic body 12. 
0180. The moving body 93 is a member that is pressed in 
contact with the drive surface of the elastic body 12, and the 
rotationally driven elliptical motion caused by the progres 
sive wave generated at the drive surface. The moving body 
93 is fitted with an output shaft 95 and is constituted of a 
light metals such as aluminum. 
0181. The output shaft 95, assuming a substantially cylin 
drical shape, includes a Substantially disk-shaped flange 
portion 95a formed at one end thereof and is rotatably 
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mounted at a fixed member 72 via a bearing 99. The output 
shaft 95 and the moving body 93, fitted with each other via 
a D-cut, rotate as one so that the rotational motion of the 
moving body 93 is transmitted by the output shaft 95 to the 
driven member (not shown). 
0182. In addition, the output shaft 95 regulates the posi 
tion of the moving body 93 along the direction in which 
pressure is applied by a pressure applying portion 75 to the 
moving body 93 and the oscillator 91, and it also functions 
as a relative motion member-side Supporting member that 
supports the moving body 93. 

0183) A noise reducing member 97, which is a substan 
tially annular member disposed at a position enclosed 
between the flange portion 95a of the output shaft 95 and the 
moving body 93 along the direction in which the pressure is 
applied by the pressure applying portion 75 to be detailed 
later. As is the noise reducing member 96 achieved in the 
seventh embodiment, the noise reducing member 97 is 
formed by punching a sheet material constituted of EPDM 
having a glossy Surface and a thickness of 0.5 mm. The shore 
hardness of the noise reducing member 97 is equal to or less 
than 50, and the compressibility is set within a range of 
O.OO2-0.25. 

0.184 The pressure applying portion 75 is a mechanism 
that applies pressure to the oscillator 91 and the moving 
body 93, and is disposed at the output shaft 95. The pressure 
applying portion 75 includes a disk spring 98b that generates 
the pressure to be applied, a retaining ring 76 that is disposed 
in contact with the bearing 99 and holds one end of the disk 
spring 98b, a retaining ring 77 that holds the other end of the 
plate spring 98b and an E-ring 29d inserted in a groove 
formed at the output shaft 95 to regulate the position of the 
retaining ring 77. 

0185. By equipping the ultrasonic motor 700 achieved in 
the eighth embodiment with the noise reducing member 97. 
noise is reduced and ultimately, the drive efficiency of the 
ultrasonic motor 700 is improved as in the seventh embodi 
ment. 

0186 (Examples of Variations) 

0187. The present invention is not limited to the seventh 
and eighth embodiments explained above and allows for 
numerous variations and modifications which are equally 
considered to be within the scope of the present invention. 

0188 (1) The noise reducing member 96 achieved in the 
seventh embodiment is disposed at a position sandwiched 
between the moving body 92 and the supporting body 16A 
along the direction in which pressure is applied from the 
pressure applying portion 74. However, the present inven 
tion is not limited to this example and Such a noise reducing 
member may be disposed at a position (the position of the 
buffer member 61) sandwiched between the oscillator 11 and 
the supporting body 16B along the direction in which 
pressure is applied from the pressure applying portion 74. 
for instance. 

0189 In addition, the noise reducing member may be 
disposed at two locations, i.e., at the position sandwiched 
between the moving body 92 and the supporting body 16A 
along the direction in which pressure is applied by the 
pressure applying portion 74 and at the position Sandwiched 
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between the oscillator 11 and the supporting body 16B along 
the direction in which pressure is applied by the pressure 
applying portion 74. 
0.190 (2) The noise reducing member 97 achieved in the 
eighth embodiment is disposed between the moving body 93 
and the flange portion 95a of the output shaft 95. However, 
the present invention is not limited to this example and the 
noise reducing member 97 may be disposed between, for 
instance, the fixed member 72 and the oscillator 91 (the 
flexible printed circuit board 71). 
0191 (3) The noise reducing members 96 and 97 
achieved in the seventh and eighth embodiments are both 
formed by punching and have glossy Surfaces. However, the 
present invention is not limited to this example and a noise 
reducing member formed through another method Such as 
injection molding may be used. In addition, no specific 
limitations are imposed with regard to the surface finish of 
the noise reducing members 96 and 97 and they may have 
matte Surfaces instead. 

0.192 (4) The noise reducing members 96 and 97 
achieved in the seventh and eighth embodiments are con 
stituted of EPDM only. However, the present invention is 
not limited to this example and a noise reducing member that 
includes film, an adhesive or the like bonded onto EPDM 
may be used. 
0193 (5) While the noise reducing members 96 and 97 
achieved in the seventh and eighth embodiments are both 
adopted in rotary ultrasonic motors 600 and 700, the present 
invention is not limited to this example and a noise reducing 
member according to the present invention may be used in 
a linear vibrational wave motor, as well. 
0194 (6) The noise reducing members 96 and 97 
achieved in the seventh and eighth embodiments are 
mounted in ultrasonic motors 600 and 700 that respectively 
drive the moving bodies 92 and 93 with progressive vibra 
tional ways. However, the present invention is not limited to 
this example and either the noise reducing member 96 or the 
noise reducing member 97 may be utilized in a vibrational 
wave motor that drives a moving body through vibration of 
a torsional oscillator. 

0.195 (7) While the noise reducing members 96 and 97 
achieved in the seventh and eighth embodiments are both 
adopted in ultrasonic motors 600 and 700, the present 
invention is not limited to this example and a noise reducing 
member according to the present invention may be used in 
a vibrational wave motor that does not use vibration in the 
ultrasonic range. 
0196. A wavy washer is also available instead of the plate 
spring 98B. 
0197) The above described embodiments are examples 
and various modifications can be made without departing 
from the scope of the invention. 

What is claimed is: 

1. A vibrational actuator, comprising: 

an oscillator that generates vibrational energy; 

a mover that is rotationally driven around a first axis by 
the vibrational energy; 
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an output shaft that rotates around a second axis by using 
a rotational force communicated from the mover, and 

a flange portion projecting out from the output shaft along 
a direction intersecting the second axis, that rotates 
together with the output shaft, wherein: 

pressure is applied to the mover at a position between the 
flange portion and the oscillator, and 

a distance from the first axis to an outer portion of the 
mover over an area where the mover is pressed against 
the flange portion is set to a value large enough to 
prevent the first axis and the second axis from becom 
ing tilted relative to each other. 

2. A vibrational actuator according to claim 1, wherein: 
when r represents the distance from the first axis to the 

outer portion of the mover over the area where the 
mover is pressed against the flange portion and R 
represents a distance from the first axis to an outer 
portion of the mover over an area where the mover is 
pressed against the oscillator, a relationship expressed 
as riR20.5 is satisfied. 

3. A vibrational actuator according to claim 1, wherein: 
the output shaft and the mover assure a level of freedom 

that allows the output shaft and the mover to rock 
relative to each other within a predetermined angle 
range with regard to an angle formed by the first axis 
and the second axis. 

4. A vibrational, actuator according to claim 3, wherein: 
the flange portion is capable of moving relative to the 

output shaft. 
5. A vibrational actuator according to claim 4, further 

comprising: 

a regulating member that regulates positions of the flange 
portion and the output shaft relative to each other along 
a direction in which the pressure is applied to the 
OW. 

6. A vibrational actuator according to claim 5, wherein: 
the regulating member is a retaining ring fitted inside a 

groove formed at the output shaft. 
7. A vibrational actuator according to claim 3, wherein: 
the mover includes a through hole in which the output 

shaft is at least partially fitted. 
8. A vibrational actuator according to claim 7, wherein: 
the output shaft comprises a fitting portion that fits with 

part of an inner wall of the through hole and a recess 
portion assuming external dimensions Small enough to 
ensure that the recess portion does not come into 
contact with the inner wall of the through hole. 

9. A vibrational actuator according to claim 8, wherein: 
the fitting portion is formed between the flange portion 

and the recess portion and fits with the part of the inner 
wall of the through hole toward the flange portion. 

10. A vibrational actuator according to claim 1, wherein: 
the oscillator comprises a piezoelectric body excited by a 

drive signal and an elastic body bonded to the piezo 
electric body, that generates the vibrational energy at a 
drive surface as the piezoelectric body becomes 
excited. 
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11. A vibrational actuator according to claim 1, further 
comprising: 

a pressure applying member that presses the oscillator in 
contact with the mover, wherein: 

the pressure applying member is disposed in close proX 
imity to an outer circumferential surface of the output 
shaft on a side of the oscillator opposite from a side 
where the mover is disposed, applies a pressure to the 
mover at a position between the flange portion and the 
oscillator, and rotates together with the output shaft. 

12. A vibrational actuator according to claim 11, further 
comprising: 

a fixed member that locks the oscillator; 
an output transmitting member that rotates together with 

the output shaft and transmits a drive force to a driven 
member; and 

a bearing portion disposed between the flange portion and 
the output transmitting member, that determines a 
position of the output shaft along a radius of a rotational 
motion of the output shaft relative to the fixed member 
and is Subjected to the pressure applied by the pressure 
applying member, wherein: 

the pressure applying member is disposed between the 
bearing portion and the output transmitting member. 

13. A vibrational actuator according to claim 1, further 
comprising: 

a noise reducing member disposed at a position sand 
wiched between the mover and the flange portion. 

14. A vibrational actuator according to claim 13, wherein: 
the noise reducing member is constituted with a material 

containing ethylene-propylene rubber. 
15. A vibrational actuator according to claim 14, wherein: 
the ethylene-propylene rubber is EPDM (ethylene-propy 

lene-diene-methylene linkage). 
16. A vibrational actuator according to claim 13, wherein: 
shore hardness of the noise reducing member is equal to 

or less than 50. 
17. A vibrational actuator according to claim 13, wherein: 
compressibility calculated for the noise reducing member 
by dividing a surface pressure applied to the noise 
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reducing member by a modulus of compressive elas 
ticity is within a range of 0.002-0.25. 

18. A method for driving a vibrational actuator, compris 
ing: 

rotationally driving a mover around a first axis with 
vibrational energy generated at an oscillator, 

rotating an output shaft around a second axis by using a 
rotational force of the mover; 

applying pressure to the mover at a position between a 
flange portion, that rotates together with the output 
shaft, and the oscillator, and 

driving the mover so as to prevent the first axis and the 
second axis from becoming tilted relative to each other 
by using an outer portion of the mover over an area 
where the mover is pressed against the flange portion. 

19. A method for driving a vibrational actuator according 
to claim 18, wherein: 

when r represents a distance from the first axis to the outer 
portion of the mover over the area where the mover is 
pressed against the flange portion and R represents a 
distance from the first axis to an outer portion of the 
mover over an area where the mover is pressed against 
the oscillator, a relationship expressed as r(Re0.5 is 
satisfied. 

20. A method for driving a vibrational actuator according 
to claim 18, wherein: 

the output shaft and the mover assure a level of freedom 
that allows the output shaft and the mover to rock 
relative to each other within a predetermined angle 
range with regard to the angle formed by the first axis 
and the second axis. 

21. A method for driving a vibrational actuator according 
to claim 20, wherein: 

the flange portion is capable of moving relative to the 
output shaft. 

22. A method for driving a vibrational actuator according 
to claim 18, wherein: 

a noise reducing member is disposed at a position sand 
wiched between the mover and the flange portion. 


