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ARMSTRONG.WESTERMAN & HATTORI, In a miniature electric motor for generating vibration, 
LLP output portion of a rotary shaft is formed into an irregular 
1725 KSTREET, N.W. shape in cross-section other than a circular shape in croSS 
SUTE 1000 Section. An engaging hole having a predetermined shape in 
WASHINGTON, DC 20006 (US) croSS-Section, which corresponds to the irregular shape in 

croSS-Section of the output portion and which makes a 
(21) Appl. No.: 09/946,957 vibrator to be kept under a relatively non-rotatable condition 

to the rotary shaft, is formed in the vibrator. The output 
(22) Filed: Sep. 6, 2001 portion is engaged with the engaging hole and the vibrator 

is positioned and held in a thrust direction relative to the 
(30) Foreign Application Priority Data output portion to thereby fix the vibrator to the rotary shaft. 

This motor is used as a vibration generator for a mobile 
Sep. 11, 2000 (JP).................................... P2000-274283 phone and the like. 
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MINATURE ELECTRIC MOTOR FOR 
GENERATING WIBRATION 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a miniature electric 
motor for generating vibration used as a vibration generator, 
Such as a mobile phone. 
0003 2. Description of the Related Art 
0004. In some current portable type telecommunication 
devices, Such as mobile phones (cellular phone), a mecha 
nism for paging a specific perSon by utilizing vibration in 
order not to cause troubles to other perSons in the neigh 
borhood of him or her instead of generating paging Sound 
has been extensively used. 
0005. A miniature electric motor for generating vibration 
is provided in Such a portable type telecommunication 
device. In Such a motor, a rotary Shaft is inserted into a hole 
of a vibrator So that the vibrator is mounted on the motor. 

0006 While the motor rotates, the rotary shaft vibrates 
due to imbalance of the center of gravity of the vibrator. 
Then, the motor as a whole vibrates to thereby vibrate the 
portable type telecommunication device. 
0007. The rotary shaft of the motor has a circular shape 
in cross-section and has to Stand against the vibration. 
Accordingly, there have conventionally been proposed vari 
ous approaches for technical means for fixing the vibrator to 
the rotary Shaft. In many cases, the Vibrator is crimped and 
plastically deformed so that the vibrator may be fixed to the 
rotary shaft. AS another technical approach, the rotary shaft 
is preSS-fitted in a hole, having a circular shape in croSS 
Section, of a vibrator. 
0008 AS still another technique, an annular recess por 
tion is formed around an overall circumferential area of the 
rotary shaft. Then, a crimped portion of the vibrator is 
gripped in the receSS portion and is plastically deformed to 
enter through the Outer circumferential Surface of the rotary 
shaft. Thus, the retaining strength of the vibrator to the 
rotary shaft may be obtained. 
0009. In these related art, assuming that the rotary shaft 
has a circular shape in cross-section, a variety of approaches 
have been taken on the vibrator side to fix the vibrator to the 
rotary shaft. However, in any approach, it is difficult to 
positively fix the vibrator to the rotary shaft with a large 
force under the condition in which the vibrator is not rotated 
relative to the rotary shaft having the circular shape in 
croSS-Section. For this reason, there is a limit to the improve 
ment in retaining force of the vibrator to the rotary shaft. 
0.010 Also, in the case in which the rotary shaft is 
preSS-fitted and fixed in the hole of the vibrator, a large 
preSSure is needed. As a result, there is a fear that a load 
would be applied to a motor body to cause adverse affects. 
0.011 AS another technique for an approach to the rotary 
shaft per Se, in addition to the case in which the receSS 
portion is formed around the entire circumference of the 
rotary shaft as described above, there is a case in which 
knurled mesh is applied to the Surface of the rotary shaft 
through a knurling method to thereby perform the mat 
finishing. 
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0012) If this mat finishing is performed, the retaining 
force of the vibrator to the rotary shaft is rather enhanced but 
there is a demand for the technique to further enhance the 
retaining force. Also, in order to perform the above-de 
Scribed mat finishing, it is necessary to spend time, work and 
high cost with rather complicated Steps. 

0013 By the way, in case of the miniature electric motor 
for generating vibration, one force in a thrust direction (in 
the center axis direction) and the other force in a rotational 
direction are applied between the rotary Shaft and the 
vibrator. The force in the rotational direction is a force to 
rotate the rotary shaft relative to the vibrator round the center 
axis. The force in the thrust direction is a force to move the 
vibrator relative to the rotary shaft in the center axis direc 
tion. In this motor, Since the vibrator having a large mass 
relative to the motor is rotated, the force in the rotational 
direction is much larger than the force in the thrust direction. 

0014. However, in each conventional technique 
described above, Since the rotary shaft has a circular shape 
in cross-section, it is difficult to fix the vibrator to the rotary 
shaft with a large force under a relatively non-rotatable 
condition of the vibrator against the force of the rotational 
force. 

SUMMARY OF THE INVENTION 

0015. In order to overcome the above-noted defects, an 
object of the present invention is to provide a miniature 
electric motor for generating vibration in which a vibrator 
may be positively fixed to a rotary shaft with a large 
retaining force under a relatively non-rotatable condition So 
as not to be moved in the thrust direction. 

0016. In order to attain this and other objects, according 
to the present invention, there is provided a miniature 
electric motor for generating vibration on which a vibrator 
is mounted on an output portion of a rotary shaft rotatably 
Supported to a casing, wherein the output portion of the 
rotary shaft is formed into an irregular shape in cross-section 
other than a circular shape in cross-section, an engaging hole 
having a predetermined shape in cross-section, which cor 
responds to the irregular shape in cross-section of the output 
portion and which makes the vibrator to be kept under a 
relatively non-rotatable condition to the rotary shaft, is 
formed in the vibrator, and the output portion is engaged 
with the engaging hole and the Vibrator is positioned and 
held in a thrust direction relative to the output portion to 
thereby fix the vibrator to the rotary shaft. 

0017. In the miniature motor for generating vibration in 
accordance with a preferred specific embodiment, the output 
portion of the rotary shaft is depressed from at least one side 
to form at least one flat Surface portion in a longitudinal 
direction of the output portion, the engaging hole having the 
predetermined shape in cross-section corresponding to the 
irregular shape in cross-section of the output portion is 
formed in the vibrator, and the output portion is fitted in the 
engaging hole So that the vibrator is kept under the non 
rotatable condition relative to the rotary shaft, and wherein 
a tip end portion of the output portion projecting from the 
engaging hole to the outside is depressed So that a part of the 
tip end portion is plastically deformed radially outwardly, 
and the vibrator is positioned and held in the thrust direction 
to the output portion by the tip end portion and a stepped 
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portion formed at an end portion of the flat Surface portion 
toward the casing, whereby the vibrator is fixed to the rotary 
shaft. 

0.018 Preferably, both sides of the output portion are 
depressed So that the output portion is plastically deformed 
and a couple of flat Surface portions are Simultaneously 
formed in parallel with each other in a longitudinal direction 
of the output portion. 
0.019 Incidentally, a couple of flat surface portions may 
be formed in parallel with each other on the output portion 
by machining. 
0020 Preferably, an end face of an tip end portion of the 
output portion is substantially flush with or somewhat 
retracted from a flat end face of the vibrator located away 
from the casing, and the end face is not projecting at least 
from the flat end face to the outside. 

0021 Preferably, under the condition in which the output 
portion is fitted in the engaging hole for a clearance fitting, 
a projecting portion of the vibrator in which the engaging 
hole is formed is depressed and plastically deformed, 
whereby an Outer Surface of the output portion and an inner 
Surface of the engaging hole of the projecting portion are 
brought into intimate contact with each other. 
0022. Also, it is preferable that the output portion is 
preSS-fitted into the engaging hole under Such a Small 
preSSure in which the vibrator does not fall apart. 
0023. It is preferable that the projecting portion provided 
to a body portion of the vibrator and provided with the 
engaging hole has a predetermined dimension in a center 
axis direction which is shorter than a full length of the 
Vibrator in the center axis direction and the projecting 
portion is disposed in a position in the vicinity of the casing. 
0024. In another embodiment of the present invention, 
the projecting portion provided in a body portion of the 
Vibrator and provided with the engaging hole has a prede 
termined dimension in a center axis direction which is 
shorter than a full length of the vibrator in the center axis 
direction and the projecting portion is disposed in a Sub 
Stantially central portion in the center axis direction of the 
body portion. 
0.025 In one embodiment, the vibrator has symmetrical 
shape in the center axis direction, and if the vibrator is turned 
through 180 degrees and then is mounted on the rotary Shaft, 
the same posture is obtained, therefore there is no orientation 
when the vibrator is to be mounted. 

0026. It is preferable that a projecting portion of the 
Vibrator in which the engaging hole is formed is positioned 
and held in the thrust direction under the condition in which 
the projecting portion is Supported between the Stepped 
portion and the tip end portion of the output portion. 
0027. In another embodiment of the present invention, 
the engaging hole having a rectangular shape in croSS 
Section is formed in the vibrator, one flat Surface portion is 
formed in the output portion, and the flat Surface portion is 
brought into contact with one inner Surface of the engaging 
hole, and while the output portion is engaged with the 
engaging hole, the flat Surface portion and the inner Surface 
are brought into contact with each other whereby the vibra 
tor is fixed to the rotary shaft under the relatively non 
rotatable condition. 
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0028. In still another embodiment of the present inven 
tion, the output portion has an ellipse shape in cross-section 
and the engaging hole has a rectangular shape in croSS 
section whereby the vibrator is fixed to the rotary shaft under 
the relatively non-rotatable condition. 

0029. Incidentally, wherein the output portion may have 
an oval figure in cross-section and the engaging hole has a 
rectangular shape in cross-section whereby the vibrator is 
fixed to the rotary shaft under the relatively non-rotatable 
condition. The output portion and the engaging hole may 
have a triangle shape in cross-section together whereby the 
vibrator is fixed to the rotary shaft under the relatively 
non-rotatable condition. The output portion and the engag 
ing hole may have a rectangular shape in cross-section 
together whereby the vibrator is fixed to the rotary shaft 
under the relatively non-rotatable condition. The output 
portion may have a hexagonal shape in cross-section and the 
engaging hole has a rectangular shape in croSS-Section 
whereby the vibrator is fixed to the rotary shaft under the 
relatively non-rotatable condition. 

0030) Incidentally, an adhesive may be applied or 
impregnated into a gap between the output portion of the 
rotary Shaft and the engaging hole of the vibrator whereby 
the vibrator is fixed to the rotary shaft. 

0031. In another embodiment, the tip end portion of the 
output portion is projected to the outside from the engaging 
hole of the vibrator, and an adhesive is applied to the tip end 
portion whereby the adhesive fixed to the tip end portion is 
retained at the projecting portion of the Vibrator So that the 
vibrator is fixed to the rotary shaft so as not to move in the 
thrust direction. 

0032) Preferably, the vibrator is formed out of metal 
material Selected from tungsten alloy, gold alloy and plati 
num alloy through a sintering method. 

0033 Incidentally, the tungsten alloy is selected from a 
W-Ni-Fe system, a W-Ni-Cu system and a W-Mo-Ni-Fe 
System. 

0034. In one embodiment, in the case in which the 
Vibrator is formed through an injection molding, after fine 
powder of the metal material and binder are kneaded and 
pelletized, the mixture is formed by the injection molding 
and then the unnecessary binder is removed by Sintering So 
that the vibrator is formed with high precision. 

0035) Preferably, a material of the rotary shaft is one 
Selected from the group consisting of iron, copper and metal 
alloy thereof. 

0036) Also, it is preferable that a material of the rotary 
shaft is one Selected from the group consisting of Stainless 
Steels and high carbon Steel wire rods. 

0037 Preferably, the miniature electric motor is used in 
one Selected from the group consisting of a mobile phone, a 
pager and a massager. 

0038 According to the present invention, as described 
above, the vibrator may be positively fixed to the rotary shaft 
with a large retaining force under a relatively non-rotatable 
condition So as not to be moved in the thrust direction. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0039) 
0040 FIGS. 1 to 7 are views showing examples of 
embodiments of the present invention, FIG. 1 is a side 
elevational croSS-Sectional view of a miniature electric 
motor for generating Vibration in accordance with a first 
embodiment of the present invention; 
0041 FIGS. 2A to 2D are perspective views showing 
Steps for mounting a vibrator to a rotary shaft of the motor 
shown in FIG. 1; 
0042 FIGS. 3A to 3F are partial cross-sectional views 
showing respective shapes of an engaging hole of the 
Vibrator and an output portion of the rotary shaft in the Steps 
shown in FIGS. 2A to 2D; 
0043 FIGS. 4A and 4B are views showing a miniature 
electric motor for generating vibration in accordance with a 
Second embodiment of the present invention; 
0044 FIGS. 5A to 5F are partial cross-sectional views 
showing respective modifications of the Shapes of the output 
portion of the rotary Shaft and the engaging hole of the 
vibrator; 

In the accompanying drawings: 

004.5 FIG. 6 is a perspective view showing a modifica 
tion of a means for fixing the vibrator to the rotary shaft in 
a thrust direction; and 
0.046 FIG. 7 is a perspective view showing another 
modification of a means for fixing the vibrator to the rotary 
shaft in the thrust direction. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0047 Examples of embodiments of the present invention 
will now be described with reference to FIGS. 1 to 7. 

First Embodiment 

0.048 FIG. 1 is a side elevational cross-sectional view of 
a miniature electric motor for generating vibration in accor 
dance with a first embodiment of the present invention. 
FIGS. 2A to 2D are perspective views showing steps for 
mounting a vibrator to a rotary shaft of the motor shown in 
FIG. 1. FIGS. 3A to 3F are partial cross-sectional views 
showing respective shapes of an engaging hole of the 
Vibrator and an output portion of the rotary shaft in the Steps 
shown in FIGS. 2A to 2D. 

0049. As shown in FIG. 1 and FIGS. 2A to 2D, the 
miniature electric motor for generating vibration (hereinaf 
ter referred to as a motor) 1 is a DC motor in which a 
vibrator 5 is mounted on an output portion 4 of a rotary shaft 
3 rotatably Supported to a casing 2. The motor 1 is mounted 
in, for example, a portable type telecommunication device, 
Such as a mobile phone (cellular phone) and a pager, or a 
maSSager. 

0050 First of all, an overall structure of the motor 1 will 
be described. 

0051. The motor 1 is provided with the casing 2 and a 
rotor 7 disposed in an interior of the casing 2. A pair of 
Stators 6 are mounted on an inner circumferential Surface of 
the casing 2. The rotary shaft 3 is rotatably Supported to 

Apr. 25, 2002 

bearing portions 8 and 9 provided on the casing 2 and 
extends in a direction of a center axis CL. 

0.052 The rotor 7 is provided with the rotary shaft 3, an 
armature 10 in which armature windings are wound in the 
form of a coil around an iron core mounted on the rotary 
shaft 3, and a commutator 11 mounted on the rotary shaft 3 
and electrically connected to the armature windings. 
0053 Brushes 12 mounted on the casing 2 are slidingly 
engaged with the commutator 11. Power feed terminals 13 
are electrically connected to the brushes 12. Thus, a motor 
body 14 in which the rotary shaft 3 projects from the casing 
2 is constituted. 

0054 The vibrator 5 for generating vibration is mounted 
on the motor body 14 and is formed to have a substantially 
Sector-shape in cross-section. A position of the center of 
gravity G of the vibrator 5 is eccentric from the rotational 
center to cause imbalance in the center of gravity to form the 
rotational imbalance. 

0055. The vibrator 5 has a body portion 16 having a 
Substantially Sector-shape in croSS-Section and has a project 
ing portion 17 provided integrally with or Separately from 
the body portion 16. An engaging hole 15 into which the 
rotary Shaft 3 is inserted is formed through the projecting 
portion 17. 
0056. The output portion 4 of the rotary shaft 3 is inserted 
in the engaging hole 15 to position and fix the vibrator 5 to 
the rotary shaft 3. The projecting portion 17 has a predeter 
mined dimension L2, in a center axis direction CL, which is 
Smaller than a full length L1 of the vibrator 5 in the center 
axis direction CL. The projecting portion 17 is arranged in 
the vicinity of the casing 2. 
0057 While an electric current is fed to the armature 
windings through the terminals 13, the brushes 12 and the 
commutator 11, the rotor 7 makes a rotary motion. Thus, the 
motor 1 rotates the vibrator 5 mounted on the rotary shaft 3. 
0.058. The position of the center of gravity G of the 
vibrator 5 is eccentric from the center axis CL of the rotary 
shaft 3. Accordingly, while the vibrator 5 rotates, the rota 
tional imbalance occurs due to the imbalance of the center 
of gravity G. Then, the vibration occurs in the rotational 
shaft 3 So that the motor 1 as a whole is vibrated. The motor 
1 vibrates to thereby vibrate a mobile phone, and the like, to 
make it possible to page a specific person without generating 
Sound. 

0059) The structure and the steps for fixing the vibrator 5 
to the rotary shaft 3 will now be described. 
0060 FIG. 3A is a cross-sectional view of the rotary 
shaft 3 shown in FIG. 2B, FIG. 3B is a view as viewed in 
the direction indicated by the arrows B-B of FIG. 3A, and 
FIG. 3C is a cross-sectional view of the rotary shaft 3 and 
the vibrator 5 shown in FIG. 2C. F.G. 3D is a cross 
sectional view taken along the line D-D of FIG. 3C, FIG. 
3E is a cross-sectional view of the rotary shaft 3 and the 
vibrator 5 shown in FIG. 2D, and FIG. 3F is a cross 
sectional view taken along the line F-F of FIG. 3E. 
0061 AS described above, conventionally, assuming that 
the rotary shaft has a circular shape in cross-section, in order 
to fix the vibrator to the rotary shaft, there have been a 
variety of approaches, Such as plastically deforming the 
vibrator and so on. In contrast, as shown in FIG. 1 and 
FIGS. 2A to 2D, the present invention is based upon a novel 
concept for forming the output portion 4 of the rotary shaft 
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Sintered alloy and the like, there is no fear that the projecting 
portion 17 would be cracked. 
0078. According to the above-described steps, the motor 
1 with the structure shown in FIGS. 1 and 2D has been 
completed. Incidentally, the output portion 4 may be preSS 
fitted in the engaging hole 15. 
0079 According to the present invention, since the out 
put portion 4 has no circular shape in cross-section, the 
vibrator 5 no longer rotates relative to the rotary shaft 3. 
Accordingly, the large press-fitting force as in the conven 
tional case is dispensed with. It is Sufficient to press-fit the 
output portion 4 in the engaging hole 15 under Such a slight 
insertion pressure in which the vibrator 5 will not fall apart. 

0080. In addition, in the case in which the above-de 
scribed gap is fine so that there is no fear that the vibrator 5 
would move relative to the rotary shaft 3 and in the case in 
which the output portion 4 is press-fitted in the engaging 
hole 15, it is unnecessary to perform the above-described 
Step for plastically deforming the projecting portion 17. 

0081. In this embodiment, the projecting portion 17 has 
a predetermined dimension L2, in the center axis direction, 
which is smaller than the full length L1 of the vibrator 5 and 
the projecting portion 17 is disposed in the vicinity of the 
casing 2. Thus, the tip end portion 23 of the output portion 
4 to be plastically deformed is received in a Space for the 
vibrator 5. 

0082 Namely, there is no fear that the end face 26 of the 
rotary shaft 3 projects outwardly from the vibrator 5 in the 
direction of the center axis CL. Accordingly, the full length 
L3 of the motor 1 including the vibrator 5 is not elongated. 
Also, the tip end portion 23 of the rotary shaft 3 no longer 
Serves as any obstruction. 

0083. By the way, as shown in FIG. 1 and FIGS. 3A to 
3F, the force F1 in the rotational direction round the center 
axis CL and the force F2 in the thrust direction in parallel 
with the center axis CL are applied between the rotary shaft 
3 and the vibrator 5 (see FIG.2D). In general, the force F1 
in the rotational direction is much greater than the force F2 
in the thrust direction. 

0084. The output portion 4 and the engaging hole 15 have 
the irregular shape in cross-section other than a circular 
shape in cross-section. Accordingly, if the large force F1 in 
the rotational direction is applied between the rotary shaft 3 
and the vibrator 5, the vibrator 5 is fixed to the rotary shaft 
3 in the rotational direction with a large retaining force, So 
far as either one or both of the rotary shaft 3 and the vibrator 
5 are not destroyed. 

0085 Also, the stepped portions 21 are formed in the 
vicinity of the casing 2 in the rotary shaft 3. The parts 
(curved surface portions 24) of the tip end portion 23 located 
away from the casing 2 are plastically deformed radially 
outwardly. Thus, the projecting portion 17 is positioned and 
held in the thrust direction under the condition in which the 
projecting portion 21 is Supported between the Stepped 
portions 21 and the tip end portion 23. 

0.086 Accordingly, it is possible to positively fix the 
vibrator 5 to the rotary shaft 3 with a large retaining force so 
as not to move the vibrator 5 in both directions of the thrust 
direction relative to the rotary shaft 3. If the force F2 in the 
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thrust direction is applied to the vibrator 5, there is no fear 
that the vibrator 5 would move in the thrust direction. 

0087. The press is used to depress both sides of the output 
portion 4 in the direction as indicated by the arrows P1 to 
plastically deform the output portion 4. Accordingly, it is 
possible to form Simultaneously the couple of flat Surface 
portions 20 in low cost with ease. Incidentally, it is possible 
to form the flat surface portions 20 in parallel with each 
other on the output portion 4 by machining. 
0088. The vibrator 5 may be formed by an injection 
molding. In the injection molding, after fine powder of the 
metal material, Such as tungsten alloy, and binder have been 
kneaded and pelletized, the mixture is formed by the injec 
tion molding. Finally the unnecessary binder is removed by 
sintering. Thus, the vibrator 5 may be formed with high 
precision. 
0089. According to the injection molding, it is possible to 
minimize the gap between the engaging hole 15 and the 
output portion 4. Accordingly, it is possible to dispense with 
the Step for depressing and plastically deforming the pro 
jecting portion 17 as indicated by the arrows P3. 
0090. In the case in which the output portion 4 is fitted in 
the engaging hole 15 for the clearance fitting, no load is 
applied to the motor body 14 when the output portion 4 is 
inserted into the engaging hole 15, unlike press-fitting. 
Accordingly, there is no fear of adverse affects to the motor 
body 14. 
0091. In the case in which the output portion 4 and the 
engaging hole 15 are fitted with each other for the clearance 
fitting, it is unnecessary to enhance the dimensional preci 
sion to a high level when the flat surface portions 20 are 
formed in the longitudinal direction of the output portion 4. 
Accordingly, it is easy to administrate the Step for forming 
the flat surface portions 20. 
0092. The amount of vibration generated by the rotation 
of the vibrator may be given by the centrifugal force f 
represented by the following formula. 

0093) in which f is the centrifugal force, 

0094 m is a mass of the vibrator, 

0095 r is a distance from the center of rotation to the 
center of gravity of the Vibrator, and 

0096) () is an angular velocity. 

0097 AS is apparent from this formula, in the case in 
which the mass m of the vibrator and the angular Velocity () 
are kept constant, the vibration amount (corresponding to 
the centrifugal force f) is in proportion to the distance r from 
the center of rotation to the center of gravity of the vibrator. 
In the vibrator 5 according to the present embodiment, the 
dimension L2 in the center axis direction of the projecting 
portion 17 is smaller than the full length L1 of the vibrator 
5. 

0098. Since the projecting portion 17 is originally 
adapted to Surround the rotational center CL, the projecting 
portion 17 has almost no contribution to the vibration 
amount. Accordingly, in order to increase the vibration 
amount, the Smaller the mass of the projecting portion 17, 
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the longer the distance r between the center of gravity G of 
the vibrator 5 and the rotational center CL. 

0099. In view of these points, since the projecting portion 
17 according to this embodiment has the small mass, it will 
be understood that the position of the center of gravity G is 
positioned away from the center axis CL and the distance r 
is elongated. Accordingly, from the above-described for 
mula, the large centrifugal force f (i.e., the vibration amount) 
may be generated. 

Second Embodiment 

0100 FIGS. 4A and 4B are views showing a miniature 
electric motor 1a for generating vibration in accordance with 
a second embodiment of the present invention. FIG. 4A 
corresponds to FIG. 2D and is a perspective view of the 
motor 1a. FIG. 4B corresponds to FIG. 3F and is a partial 
croSS-Sectional view of a vibrator 5a and an engaging hole 
15a. 

0101 Incidentally, in these drawing, the same reference 
numerals are used to indicate the corresponding components 
or the same components as those of the first embodiment. 
The explanation will be given only for the different portions. 
0102) In the motor 1a shown in FIGS. 4A and 4B, the 
Vibrator 5a is mounted on an output portion 4a of a rotary 
shaft 3a. A projecting portion 17a of the vibrator 5a is 
provided with the engaging hole 15a and provided in a body 
portion 16a. The projecting portion 17a has a predetermined 
dimension L2 in the center axis direction shorter than the full 
length L1 of the vibrator 5a in the direction of the center axis 
CL. 

0103) The projecting portion 17a is disposed substan 
tially in a central portion in the direction of the center axis 
CL of the body portion 16a. Extension portions 29 are 
provided respectively on both sides in the direction of the 
center axis CL of the projecting portion 17a. Two dimen 
sions L4 in the center axis of the two extension portions 29 
have Substantially the same dimension. The other structure 
of the motor 1a is substantially the same as that of the motor 
1 according to the first embodiment. 
0104. The vibrator 5a has a symmetrical shape in the 
direction of the center axis CL. If the vibrator 5a is turned 
through 180 degrees and then is mounted on the rotary shaft 
3a, the same posture may be obtained. Therefore, there is no 
orientation when the vibrator 5a is to be mounted. Accord 
ingly, when the vibrator 5a is mounted on the rotary shaft3a, 
the workability is enhanced. Also, this System of the Second 
embodiment has the same resultant effect as that of the first 
embodiment. 

Modifications of First and Second Embodiments 

01.05 FIGS. 5A to 5F correspond to FIG. 3C and are 
partial croSS-Sectional views showing a variety of modifi 
cations of a shape of an output portion of the rotary shaft 3, 
3a and an engaging hole of a vibrator. 
0106. In the rotary shaft 3,3a shown in FIGS. 5A to 5F, 
an output portion 4b is formed in an irregular shape in 
croSS-Section other than a circular shape in croSS-Section. An 
engaging hole 15b is formed in the vibrator 5b. The engag 
ing hole 15b has a predetermined shape in cross-section 
which corresponds to the irregular shape of the output 
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portion 4b and which may keep the vibrator 5b under the 
non-rotatable condition relative to the rotary shaft 3, 3a. 
0107 For example, as shown in FIG. 5A, the engaging 
hole 15b having a rectangular shape in cross-section is 
formed in the vibrator 5b and a single flat surface portion 
20a may be formed on the output portion 4b. The flat surface 
portion (outer surface of the output portion 4b) 20a may be 
brought into contact with one of the inner Surfaces 30 of the 
engaging hole 15b. While the output portion 4b is engaged 
with the engaging hole 15b, the flat surface portion 20a and 
the inner Surface 30 are brought into intimate contact with 
each other. Thus, the vibrator 5b is fixed to the rotary shaft 
3, 3a under the relatively non-rotatable condition. 
0108 FIG. 5B shows the case in which the output portion 
4b has an ellipse shape in cross-section and the engaging 
hole 15b has a rectangular shape in cross-section, FIG. 5C 
shows the case in which the output portion 4b has an Oval 
figure in croSS-Section and the engaging hole 15b has a 
rectangular shape in cross-section, FIG. 5D shows the case 
in which the output portion 4b and the engaging hole 15b 
have a triangular shape in cross-section together, FIG. 5E 
shows the case in which the output portion 4b and the 
engaging hole 15b have a rectangular shape in cross-section 
together, and FIG. 5F shows the case in which the output 
portion 4b has a hexagonal shape in croSS-Section and the 
engaging hole 15b has a rectangular shape in cross-section, 
respectively. Thus, the vibrator 5b is fixed to the rotary shaft 
3, 3a under the relatively non-rotatable condition. 
0109) Also in the case of the examples shown in FIGS. 
5A to 5F, the output portion 4b of the rotary shaft 3, 3a is 
fitted in the engaging hole 15b for the clearance fitting. 
Thereafter, the projecting portion 17 of the vibrator 5b in 
which the engaging hole 15b is formed is depressed and 
plastically deformed. Thus, the outer Surface of the output 
portion 4b and the inner Surface of the engaging hole 15b are 
brought into intimate contact with each other. As a result, it 
is possible to obtain Substantially the same resultant effect as 
that of the first embodiment. 

0110 FIGS. 6 and 7 are perspective views showing 
modifications of a means for fixing the vibrator to the rotary 
shaft in the thrust direction. 

0111. In FIGS. 6 and 7, the cross-sectional shapes of an 
output portion 4c and the engaging hole 15 are the same as 
that of the first and second embodiments. As shown in FIG. 
6, an adhesive 31 is applied or impregnated into a gap 
between the output portion 4c of the rotary shaft 3 and the 
engaging hole 15 of the vibrator 5, therefore the vibrator 5 
is fixed to the rotary shaft 3. 
0112. As shown in FIG. 7, the tip end portion 23 of the 
output portion 4c is projected to the outside from the 
engaging hole 15 of the vibrator 5 and an adhesive 32 may 
be applied to the tip end portion 23. Thus, the adhesive 32 
fixed to the tip end portion 23 is retained at the projecting 
portion 17. As a result, it is possible to fix the vibrator 5 to 
the rotary shaft 3 so as not to move in the thrust direction. 
0113 AS described above, the force F2 in the thrust 
direction applied between the vibrator and the rotary shaft is 
much smaller than the force F1 in the rotational direction. 
Accordingly, it is possible to fix the vibrator 5 to the output 
portion 4c in the thrust direction even with the fastening 
means shown in FIGS. 6 and 7. 
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0114. In the examples shown in FIGS. 6 and 7, since it 
is unnecessary to plastically deform the tip end portion of the 
output portion 4c, it is possible to dispense with this step. 
Also, it is possible to obtain the same resultant effect as that 
of the first and second embodiments. 

0115 Incidentally, the same reference numerals are used 
to indicate the like components or members throughout the 
accompanying drawings. 

0116 Various details of the invention may be changed 
without departing from its Scope. Furthermore, the foregoing 
description of the embodiments according to the present 
invention is provided for the purpose of illustration only, and 
not for the purpose of limiting the invention as defined by 
the appended claims and their equivalents. 
What is claimed is: 

1. A miniature electric motor for generating vibration on 
which a vibrator is mounted on an output portion of a rotary 
shaft rotatably Supported to a casing, 

wherein Said output portion of Said rotary shaft is formed 
into an irregular shape in cross-section other than a 
circular shape in cross-section, 

an engaging hole having a predetermined shape in croSS 
Section, which corresponds to Said irregular shape in 
croSS-Section of Said output portion and which makes 
said vibrator to be kept under a relatively non-rotatable 
condition to Said rotary shaft, is formed in Said vibrator, 
and 

Said output portion is engaged with Said engaging hole 
and Said vibrator is positioned and held in a thrust 
direction relative to Said output portion to thereby fix 
said vibrator to said rotary shaft. 

2. The miniature electric motor according to claim 1, 
wherein Said output portion of Said rotary Shaft is 

depressed from at least one Side to form at least one flat 
Surface portion in a longitudinal direction of Said output 
portion, Said engaging hole having Said predetermined 
shape in cross-section corresponding to Said irregular 
shape in croSS-Section of Said output portion is formed 
in Said vibrator, and Said output portion is fitted in Said 
engaging hole So that Said vibrator is kept under the 
non-rotatable condition relative to Said rotary shaft, and 

wherein a tip end portion of Said output portion projecting 
from Said engaging hole to the outside is depressed So 
that a part of Said tip end portion is plastically deformed 
radially outwardly, and Said Vibrator is positioned and 
held in the thrust direction to Said output portion by Said 
tip end portion and a stepped portion formed at an end 
portion of Said flat Surface portion toward Said casing, 

whereby said vibrator is fixed to said rotary shaft. 
3. The miniature electric motor according to claim 1, 

wherein both sides of Said output portion are depressed So 
that Said output portion is plastically deformed and a couple 
of flat Surface portions are Simultaneously formed in parallel 
with each other in a longitudinal direction of Said output 
portion. 

4. The miniature electric motor according to claim 1, 
wherein a couple of flat Surface portions are formed in 
parallel with each other on Said output portion by machining. 

5. The miniature electric motor according to claim 1, 
wherein an end face of an tip end portion of Said output 
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portion is substantially flush with or somewhat retracted 
from a flat end face of said vibrator located away from said 
casing, and 

Said end face is not projecting at least from Said flat end 
face to the outside. 

6. The miniature electric motor according to claim 1, 
wherein under the condition in which said output portion is 
fitted in Said engaging hole for a clearance fitting, a pro 
jecting portion of Said vibrator in which Said engaging hole 
is formed is depressed and plastically deformed, 
whereby an outer Surface of Said output portion and an 

inner Surface of Said engaging hole of Said projecting 
portion are brought into intimate contact with each 
other. 

7. The miniature electric motor according to claim 1, 
wherein Said output portion is press-fitted into Said engaging 
hole under Such a Small pressure in which Said vibrator does 
not fall apart. 

8. The miniature electric motor according to claim 1, 
wherein Said projecting portion provided to a body portion 
of Said vibrator and provided with Said engaging hole has a 
predetermined dimension in a center axis direction which is 
shorter than a full length of said vibrator in the center axis 
direction and Said projecting portion is disposed in a position 
in the vicinity of Said casing. 

9. The miniature electric motor according to claim 1, 
wherein Said projecting portion provided in a body portion 
of Said vibrator and provided with Said engaging hole has a 
predetermined dimension in a center axis direction which is 
shorter than a full length of said vibrator in the center axis 
direction and Said projecting portion is disposed in a Sub 
Stantially central portion in the center axis direction of Said 
body portion. 

10. The miniature electric motor according to claim 9, 
wherein Said vibrator has symmetrical shape in the center 
axis direction, and if the vibrator is turned through 180 
degrees and then is mounted on Said rotary Shaft, the same 
posture is obtained, therefore there is no orientation when 
said vibrator is to be mounted. 

11. The miniature electric motor according to claim 2, 
wherein a projecting portion of Said vibrator in which Said 
engaging hole is formed is positioned and held in the thrust 
direction under the condition in which Said projecting por 
tion is Supported between Said Stepped portion and Said tip 
end portion of Said output portion. 

12. The miniature electric motor according to claim 1, 
wherein Said engaging hole having a rectangular shape in 
croSS-Section is formed in Said vibrator, one flat Surface 
portion is formed in Said output portion, and Said flat Surface 
portion is brought into contact with one inner Surface of Said 
engaging hole, and 

while Said output portion is engaged with Said engaging 
hole, Said flat Surface portion and Said inner Surface are 
brought into contact with each other whereby said 
vibrator is fixed to said rotary shaft under the relatively 
non-rotatable condition. 

13. The miniature electric motor according to claim 1, 
wherein Said output portion has an ellipse shape in croSS 
Section and Said engaging hole has a rectangular shape in 
croSS-Section whereby said vibrator is fixed to Said rotary 
shaft under the relatively non-rotatable condition. 

14. The miniature electric motor according to claim 1, 
wherein Said output portion has an oval figure in croSS 
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Section and Said engaging hole has a rectangular shape in 
croSS-Section whereby said vibrator is fixed to Said rotary 
shaft under the relatively non-rotatable condition. 

15. The miniature electric motor according to claim 1, 
wherein Said output portion and Said engaging hole have a 
triangle shape in cross-section together whereby Said vibra 
tor is fixed to said rotary shaft under the relatively non 
rotatable condition. 

16. The miniature electric motor according to claim 1, 
wherein Said output portion and Said engaging hole have a 
rectangular shape in croSS-Section together whereby said 
vibrator is fixed to said rotary shaft under the relatively 
non-rotatable condition. 

17. The miniature electric motor according to claim 1, 
wherein Said output portion has a hexagonal shape in 
croSS-Section and Said engaging hole has a rectangular shape 
in croSS-Section whereby Said vibrator is fixed to Said rotary 
shaft under the relatively non-rotatable condition. 

18. The miniature electric motor according to claim 1, 
wherein an adhesive is applied or impregnated into a gap 
between Said output portion of Said rotary Shaft and Said 
engaging hole of Said vibrator whereby said vibrator is fixed 
to Said rotary shaft. 

19. The miniature electric motor according to claim 1, 
wherein Said tip end portion of Said output portion is 
projected to the outside from Said engaging hole of Said 
Vibrator, and an adhesive is applied to Said tip end portion 
whereby Said adhesive fixed to Said tip end portion is 
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retained at the projecting portion of Said vibrator So that Said 
vibrator is fixed to said rotary shaft so as not to move in the 
thrust direction. 

20. The miniature electric motor according to claim 1, 
wherein said vibrator is formed out of metal material 
Selected from tungsten alloy, gold alloy and platinum alloy 
through a Sintering method. 

21. The miniature electric motor according to claim 20, 
wherein said tungsten alloy is selected from a W-Ni-Fe 
system, a W-Ni-Cu system and a W-Mo-Ni-Fe system. 

22. The miniature electric motor according to claim 20, 
wherein in the case in which said vibrator is formed through 
an injection molding, after fine powder of Said metal mate 
rial and binder are kneaded and pelletized, the mixture is 
formed by the injection molding and then the unnecessary 
binder is removed by sintering so that said vibrator is formed 
with high precision. 

23. The miniature electric motor according to claim 1, 
wherein a material of Said rotary Shaft is one Selected from 
the group consisting of iron, copper and metal alloy thereof. 

24. The miniature electric motor according to claim 1, 
wherein a material of Said rotary Shaft is one Selected from 
the group consisting of Stainless Steels and high carbon Steel 
wire rods. 

25. The miniature electric motor according to claim 1, 
wherein Said miniature electric motor is used in one Selected 
from the group consisting of a mobile phone, a pager and a 
maSSager. 


