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LINEAR VIBRATION MOTOR AND
METHOD FOR CONTROLLING VIBRATION
THEREOF

BACKGROUND OF THE INVENTION

The present invention relates generally to linear motors,
and more particularly, to a linear vibration motor that is
suitable for use in an electric shaver, and a method for
controlling vibration of the linear vibration motor. This
application claims priority under 35 US.C. § 119 of Japa-
nese Patent Application No. 09-041238, filed Feb. 25, 1997,
the disclosure of which is incorporated herein by reference.

Japanese Unexamined Patent Publication No. 2-52692
discloses a linear motor that is utilized as a source of
reciprocating vibration for a reciprocating type electric
shaver. This linear vibration motor is a single-phase syn-
chronous motor that includes a reciprocator (or needle)
comprised of a rod-like permanent magnet, and a stator
having U-shaped iron cores around which coils are wound.
A dc voltage having a frequency two times greater than ac
frequency is supplied to the coils by a full-wave rectifying
circuit to thereby induce reciprocating movement
(oscillation) of the reciprocator, and thereby generate vibra-
tion.

The electromagnetic force that is required to induce the
reciprocating movement of the reciprocator (or needle) is
greater than desired. If the reciprocator were supported with
a spring to thereby form a spring vibration system (including
the reciprocator), and the spring vibration system driven at
a frequency equal to a characteristic (resonant) frequency
thereof, it would be possible to reduce the amount of energy
necessary to drive the spring vibration system. However, the
amplitude of the reciprocating vibration could not be kept
stable when the spring vibration system is loaded.

As a solution to this problem, there has been proposed a
linear motor including a stator comprised of an electromag-
net or permanent magnet, a reciprocator comprised of a
permanent magnet or electromagnet and supported with a
spring, a detection system that detects the displacement,
velocity, or acceleration of the reciprocator and produces a
feedback signal indicative thereof, and a control system that
controls the amount of electric power supplied to a coil of
the electromagnet in response to the feedback signal. With
this linear motor, even when a characteristic (resonant)
frequency of the vibration system varies, e.g., due to
changes in load, the control system automatically varies the
amount of electric power supplied to the coil of the elec-
tromagnet in such a manner as to drive the vibration system
at the current resonant frequency (i.e., to drive the vibration
system in resonant condition). This is possible because the
variation of the resonant frequency is related in a known
manner to the displacement, velocity and acceleration of the
reciprocator, at least one of which is detected by the detec-
tion system.

However, when the vibration system is heavily loaded,
with the result that the amplitude of the reciprocating
vibration is considerably reduced, the detection system is
rendered inoperative, thereby making it impossible to drive
the vibration system in resonant condition. In addition, it
takes a considerable amount of time for the vibration system
to return to resonant condition even after it is unloaded,
thereby resulting in a considerable reduction in the effi-
ciency of the linear motor.

Based on the above, it can be appreciated that there
presently exists a need in the art for a linear vibration motor
which overcomes the above-described drawbacks and short-
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2

comings of the presently available technology. More
particularly, there is presently a need for a linear vibration
motor which has the capability of appropriately driving the
vibration system when the detection system becomes inca-
pable of carrying out its detection function, and the further
capability of rapidly returning the vibration system to reso-
nant condition when the detection system becomes capable
of carrying out its detection function. The present invention
fulfills this need in the art.

SUMMARY OF THE INVENTION

The present invention encompasses a linear vibration
motor which includes a vibration system, an electromagnetic
driver, a detection system, and a control system. The vibra-
tion system includes a driven member which is mounted to
a magnetic member for reciprocating movement. The ampli-
tude of the reciprocating movement varies as an inverse
function of load on the motor. The electromagnetic driver
includes a coil and drives the vibration system by applying
an electromagnetic force to the magnetic member, the elec-
tromagnetic force being produced by a driving current
flowing through the coil. The detection system detects at
least one characteristic of the vibration system that is related
to a characteristic frequency of the vibration system, and
produces a feedback signal indicative of a value of the at
least one characteristic. The control system is responsive to
the feedback signal, during a primary mode of operation, to
controllably vary the driving current flowing through the
coil in such a manner as to drive the vibration system in
resonance with the characteristic frequency, and determines
the existence of a condition that renders the detection system
non-functional, and drives the vibration system at a pre-
scribed frequency when it is determined that the condition
exists, during a back-up mode of operation.

In a presently preferred embodiment, the at least one
characteristic of the vibration system is the displacement,
velocity and/or acceleration of the driven member, and the
condition is the start-up mode of the motor and/or the
amplitude of the reciprocating movement of the driven
member falling below a prescribed minimum threshold
level. Also, in the presently preferred embodiment, the
driven member is a reciprocator assembly, and the vibration
system further includes a spring system which supports the
driven member. Further, in the presently preferred
embodiment, the control system pulse-width modulates the
driving current in response to the feedback signal.

The control system can drive the vibration system at a
prescribed frequency which is a single, predetermined fixed
frequency, or, alternatively, can either controllably vary the
prescribed frequency in accordance with variations in the
driving current, or successively use a plurality of different
frequencies each of which constitutes the prescribed fre-
quency at the time it is produced. In particularly preferred
embodiment, the control system includes a portion which
determines the instantaneous value of the characteristic
frequency of the vibration system and stores the last instan-
taneous value of the characteristic frequency before the
detection system becomes non-functional for use as the
prescribed frequency.

The present invention also encompasses, in another of its
aspects, a corresponding method of controlling a linear
vibration motor of a type which is suitable for use in an
electric shaver. Such a linear vibration motor includes a
stator comprised of an electromagnet or permanent magnet,
a reciprocator comprised of a permanent magnet or electro-
magnet and supported with a spring, a detection system

NINTENDO-1025, p. 11
Nintendo v. Resonant
IPR2025-01098



5,955,799

3

which detects at least one of displacement, velocity and
acceleration of the reciprocator, and a control system which
controls a driving current supplied to a coil of the electro-
magnet in accordance with a feedback output of the detec-
tion system to thereby drive a vibration system including the
reciprocator and the spring in resonance with a characteristic
frequency of the vibration system. The method includes the
steps of determining when a condition exists which prevents
the detection system from detecting at least one of
displacement, velocity and acceleration of the reciprocator,
and using the control system to drive the vibration system at
a prescribed frequency when it is determined that the
condition exists.

BRIEF DESCRIPTION OF THE DRAWINGS

These and various other objects, features, and advantages
of the present invention will be clearly understood with
reference to the following Detailed Description of the Pre-
ferred Embodiments read in conjunction with the accompa-

15
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coil 11 wound around a central projection of the yoke 10.
Pins 12 stand at opposite end surfaces of the yoke 10.

The frame 3 has a pair of sidewalls 30, 30 connected at
longitudinal lower ends thereof to each other through bottom
plates 31, 31, and hence has a U-shaped cross-section. The
pins 12 are fixed into grooves 32 of the sidewalls 30 by
welding or caulking to thereby fix the stator 1 to the frame
3.

Each of the reciprocators 21 and 22 includes a driven
body 23 composed of synthetic resin, a reinforcing plate 25
and a back yoke 26 both composed of a non-magnetic metal,
and a permanent magnet 20 fixed to a lower surface of the
driven body 23 through the reinforcing plate 25 and the back
yoke 26. The driven body 23 of the reciprocator 21 is a
rectangular frame, and includes a reinforcing plate 25, a
back yoke 26 and a permanent magnet 20 at lower ends of
side walls thereof. The reinforcing plates at the opposite
sides of the driven body 23 are integrally formed to thereby
form the single reinforcing plate 25. The reinforcing plate 25

nying drawings, in which: 20 js integrally formed with the driven body 23 by insert (or
FIG. 1is a block diagram of an exemplary embodiment of outsert) molding. A coupling 24 that is integrally formed
the linear vibration motor of the present invention; with the driven body 23 is designed to accept internal blades
FIG. 2 is a diagram which illustrates the relationship of of a reciprocating type electric shaver.
resonant frequency, current, and load, in the operation of the s The reciprocators 21 and 22 are connected to the frame 3
linear vibration motor of the present invention; through leaf springs 4, 4. The leaf spring 4 is formed by
FIG. 3 is a block diagram of another exemplary embodi- punching a metal plate, and includes a support plate 40
ment of the linear vibration motor of the present invention; attached to the frame 3, and connecting plates attached to the
FIG. 4 is a block diagram of another exemplary embodi- reciprocators 21 and 22. A central leaf spring 41 connected
ment of the linear vibration motor of the present invention; , to the reciprocator 22 and a pair of leaf springs 42, 42
FIG. 5 is a block diagram of another exemplary embodi- connected to the reciprocator 21 are integral with each other
ment of the linear vibration motor of the present invention; ‘hrough the support plate 40 By virtue of the support plate
FIG. 6 is a timing diagram which illustrates the wave- 40 bf;mg fixed to the opposite ends O.f the frame 3, e.g.,‘by
forms and timing relationship of various operational char- welding or the like, and further, by virtue of the connecting
g p P . : . .
acteristics of and signals produced by the linear vibration 35 plates 43 being ﬁx§d to the opposite ends of th.c reinforcing
. - . plates 25 of the reciprocators 21 and 22, the reciprocators 21
motor during operation thereof; .
. . . L. and 22 are suspended from the frame 3, and the coupling 24

. FIG. 7 154 partial block, partial sghemane dlagram_ of a of the reciprocator 22 is located in the reciprocator 21. A pair
linear vibration motor constructed in accqrdance with a of compression coil springs 28, 28 are supported in a
preferred ejmbodlmcnt F)f the present 1nvcnt}on; 4 direction of reciprocating movement of the reciprocators 21

FIG. 8 is a blOCk d}agrél.m of the detection and control and 22 between spring receivers 26, 26 formed at an inner
systems of the linear V1brat10p motor of the hnear' V1braF10n surface of the reciprocator 21 and spring receivers 27, 27
motor of the preferred embodiment of the present invention; formed at the coupling 24 of the reciprocator 22.

_FIG. 9 is an exploded, perspective view of the linear The permanent magnet 20 attached to the reciprocator
vibration motor of the preferred embodiment of the present | 5ssemply 2 vertically faces the stator 1 with a predetermined
Invention; gap therebetween, and is magnetized in a direction of the

FIG. 10 is an exploded, perspective view of the recipro- reciprocating movement (oscillation) of the reciprocator
cator assembly of the linear vibration motor of the preferred assembly 2. As illustrated in FIG. 7, the permanent magnet
embodiment depicted in FIG. 9; and 20 moves to the right or left in accordance with the direction

FIG. 11 is a partial block, partial circuit schematic dia- 53 in which current flows through the coil 11 of the stator 1,
gram of the linear vibration motor of the preferred embodi- with the leaf springs 4 being deformed. Reciprocating move-
ment of the present invention. ment and vibration of the reciprocator assembly 2 is effected

by switching the direction in which the current flows
DETAILED DESCRIPTION OF THE through the coil 11 at the characteristic (resonant) frequency
PREFERRED EMBODIMENTS 55 of the vibration system which includes the reciprocator

With reference now to FIGS. 9 and 10, there can be seen assembly 2, the leaf springs 4, and the compression coil
a linear vibration motor constructed in accordance with a  springs 28 (a spring constant component caused. by mag-
preferred embodiment of the present invention. Although the netic attractive force is further added to the system, to be
linear vibration motor of the present invention has particular precise).
utility in a reciprocating type electric shaver, it should be ¢g Since the magnetic poles of the permanent magnet 20 of
clearly understood that the present invention is not limited to the reciprocator 21 are arranged oppositely to the magnetic
this or any other particular application. The linear vibration poles of the permanent magnet 20 of the reciprocator 22, the
motor includes a stator 1, a reciprocator assembly 2 (see reciprocating movements of the reciprocators 21 and 22 are
FIG. 7,) comprised of two reciprocators 21 and 22, and a  out of phase by 180 degrees. When the reciprocators 21 and
frame 3. 65 22 are urged to move in the outward direction under the

The stator 1 is comprised of an E-shaped yoke 10 con-
stituted of sintered magnetic material or iron plates, and a

influence of the current flowing through the coil 11 of the
stator 1, the springs 28, 28 are compressed.

NINTENDO-1025, p. 12
Nintendo v. Resonant
IPR2025-01098



5,955,799

5

It is preferable to vibrate the vibration system in synchro-
nization with a characteristic (resonant) frequency of the
vibration system, i.e., to put the vibration system in resonant
condition with the dual goals of stable vibration and reduc-
tion in vibration energy. In order to achieve these dual goals,
the linear vibration motor of the present invention is pro-
vided with a detection system which detects a characteristic
of the vibration system indicative of the resonant frequency
thereof under current load conditions, and a control system
which is responsive to feedback signals generated by the
detection system to control the magnitude and direction of
the current flowing through the coil 11 in such a manner as
to maintain resonant operation of the vibration system.

With reference to FIG. 7, the detection system includes a
sensing magnet 29 mounted on the reciprocator assembly 2,
the sensing magnet 29 having magnetic poles arranged in the
direction of reciprocating movement of the reciprocators,
and a sensor 39 comprised of sensing windings, and sup-
ported in an opening 34 of the frame 3. The control system
includes a control output section 5 that controls the magni-
tude and direction of the current flowing through the coil 11
in accordance with a current (voltage) induced in the sensor
39 when the reciprocator assembly 2 is in vibration.

More particularly, as is illustrated in FIG. 6, a current
induced in the sensor 39 varies in accordance with the
amplitude of the reciprocating vibration, the location of the
reciprocator assembly 2, and/or the velocity and direction of
the movement of the reciprocator assembly 2. (The termi-
nology amplitude of the reciprocating vibration as used
herein is intended to mean the magnitude of the range of
reciprocating movement of the reciprocator assembly 2.) For
example, when the reciprocator assembly 2 reaches a first
limit of its range of reciprocating movement, the magnet 29
stops (due to zero velocity of the attached reciprocator
assembly 2), and accordingly, the magnetic flux produced
thereby is not changed. Thus, at this time, the voltage output
of the sensor 39 is zero. When the reciprocator assembly 2
reaches a midpoint of its range of reciprocating movement,
the reciprocator assembly 2 is moving at its maximum
velocity, and thus, at this time, the voltage output of the
sensor 39 is at its maximum. Accordingly, the maximum
velocity of the reciprocator assembly 2 can be detected by
detecting the maximum voltage output by the sensor 39, and
the time at which the reciprocator assembly 2 reaches a dead
point (i.e., a limit of its range of reciprocating movement)
can be detected by detecting the zero output of the sensor 39.
In addition, the direction in which the reciprocator assembly
2 moves can be detected based on the polarity of the output
of the sensor 39.

An exemplary implementation of the detection system
and control system employed in the preferred embodiment
of the present invention is illustrated in FIG. 11. As can be
seen, the detection system includes the sensor 39, an ampli-
fying circuit 51, and an A/D conversion circuit 52. In
operation, the output voltage transmitted by the sensor 39
(which has a sinusoidal waveform, as can be seen in FIG. 6)
is amplified by the amplifying circuit 51. The amplified
output voltage produced by the amplifying circuit 51 is then
converted into a digital value by the A/D conversion circuit
52. The maximum velocity of the reciprocator assembly 2
can be detected by detecting the voltage level of the sensor
output a prescribed period of time (t) after the time when the
sensor output is zero, or by detecting a maximum voltage
level of the sensor output between successive zero outputs.
The time at which the direction of movement of the recip-
rocator assembly 2 reverses can also be detected by detect-
ing when the sensor output is zero. In addition, since current
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flows through the coil 11 in opposite directions depending
upon the direction of movement of the reciprocator assem-
bly 2, it is possible to detect the direction of movement (i.e.,
positive or negative stroke) of the reciprocator assembly by
detecting the polarity of the output voltage of the sensor 39.

The control system includes the control output section 5
and driver section 53 coupled to the coil 11. In operation, the
control output section 5 receives the digital output of the
A/D conversion circuit 52, which constitutes a feedback
signal indicative of at least one of the displacement,
acceleration, and velocity of the reciprocator assembly 2.
The control Output section 5 and driver 53 then adjusts the
magnitude and/or direction of the driving current flowing
through the coil 11 in accordance with the value of the
feedback signal, to thereby maintain operation of the vibra-
tion system of the linear vibration motor at the resonant
frequency, i.e., to maintain the resonant condition of the
vibration system.

For example, if the detection system detects a reduction in
the amplitude of the reciprocating vibration (i.e., a reduction
in the range of reciprocating movement of the reciprocator
assembly 2), e.g., due to an increased load, the control
output section 5 will, in response to the feedback signal from
the detection system, increase the driving current (e.g., by
increasing a period of time T during which the current is
supplied and/or by increasing the maximum current) by an
amount sufficient to increase the velocity of the reciprocator
assembly 2 in such a manner as to maintain a substantially
constant amplitude of the reciprocating vibration. In an
exemplary embodiment, the detection system detects the
velocity of the reciprocator assembly 2 and produces a
digital feedback signal indicative thereof. The control output
section 5 includes a memory (e.g., a ROM) which stores a
different PWM value for each detected velocity value. In
operation, the control output section 5 reads the PWM value
from its memory that corresponds to the detected velocity
value, and then controls the pulse width of the driving
current supplied to the coil 11 in accordance with the
read-out PWM value. Since velocity is correlated with
displacement and acceleration, displacement or acceleration
may be detected in place of velocity, as is diagrammatically
illustrated in FIG. 8. The driver 53 includes four FET
switching devices Q1-Q4. By turning on either the switch-
ing devices Q1 and Q3 or the switching devices Q2 and Q4,
the direction of the current flowing through the coil 11 can
be switched, to thereby facilitate reciprocating movement of
the reciprocator assembly 2.

The control output section 5 only permits the driving
current to flow in a direction determined in accordance with
the detected direction in which the reciprocator assembly 2
moves, in order to thereby prevent the driving current from
braking the reciprocator assembly 2. In addition, the control
output section 5 minimizes any required increases of the
driving current by utilizing the biasing movement of the
spring system, specifically, by allowing the driving current
to flow when a prescribed period of time t has passed after
the time t; at which the direction of movement of the
reciprocator assembly 2 reverses. If the driving current were
allowed to flow through the coil 11 in a reverse direction
before the time t,, the vibration of the reciprocator assembly
2 would be braked. If the driving current were allowed to
flow through the coil 11 in the direction of movement of the
reciprocator assembly 2 after the reciprocator assembly 2
has passed the midpoint of its range of reciprocating
movement, it would be impossible to realize a multiplied
force of the driving (electromagnetic) force exerted by the
coil 11 and the driving (repulsion) force exerted by the
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spring system, since the driving force caused by the repul-
sion force of the spring system compressed by the recipro-
cator assembly 2 will have already diminished. Hence, the
time at which the driving current starts to be applied to the

8

type detection system is preferred in order not to prevent
vibration of the reciprocator assembly 2.

With the above-described linear vibration motor and
control system therefor, if the detection system is rendered

coil 11 is prescribed to be in a range between the time at the 5 incapable of performing its detection function due to the
direction of movement of the reciprocator assembly 2 is  amplitude of the reciprocating vibration of the vibration
reversed and the time at which the reciprocator assembly 2 system falling below a minimum (threshold) level (e.g.,
reaches the midpoint of its range of reciprocating move- when the motor is heavily loaded), the control system
ment. The time at which the reciprocator assembly 2 reaches supplies the necessary driving current to the coil 11 because
the midpoint of its range of reciprocating movement can be ,, the control system no longer receives the feedback signal
easily detected as it corresponds to the time at which the from the detection system which is necessary for its opera-
sensor 39 transmits its maximum output. The time t may be tion (i.e., the servo feedback loop is opened or interrupted).
dynamically adjusted in accordance with the detected veloc- The present invention is designed to overcome this short-
ity or acceleration of the reciprocator assembly 2. coming.

With the above-described drive control system, it is not 15  More particularly, the linear vibration motor of the present
necessary to detect the direction of movement of the recip- invention includes a fixed frequency setting section 50, as
rocator assembly 2 since the direction of movement of the depicted in FIG. 1, which stores one (or a plurality of) fixed
reciprocator assembly 2 is related in a known manner to the frequency values which is (are) utilized by the control
polarity of the applied driving current, thereby making it system when it is determined that a condition exists (e.g., the
possible to simply successively switch the direction in which ,, amplitude of the reciprocating vibration of the vibration
the driving current flows through the coil 11, e.g., by system falling below the minimum threshold level) which
appropriately controlling the switching action of the driver renders the detection system temporarily incapable of per-
53. Further, with the above-described drive control system, forming its detection function (i.e., non-functional).
it is not necessary to detect the time at which the direction ~ Specifically, when it is determined that the detection system
of movement of the reciprocator assembly 2 is reversed, o5 I8 temporarily nonfunctional, the control output section 5
since the frequency at which the direction of current flow reads a fixed frequency value from the fixed frequency
through the coil 11 is switched by the driver 53 is synchro- setting section 50, and then switches the driver 53 at that
nized with the characteristic or resonant frequency of the fixed frequency until the operation of the detection system is
vibration system, thereby making it possible to simply apply restored. In this manner, the direction in which the current
the driving current in each direction for a prescribed time 3o flows through the coil 11 is switched by the control system
interval which can be dynamically adjusted in accordance at the fixed frequency during times when the detection
with the detected resonant frequency of the vibration sys- system is non-functional.
tem. With this technique, the driving current can be applied As is depicted in FIG. 2, when a load N on the linear
to flow through the coil 11 in the appropriate direction, even vibration motor increases from N; to N,, the resonant
if the reciprocator assembly 2 is so heavily loaded as to be 35 frequency of the vibration system changes from f, to f,. If
temporarily stopped, and the driving current can be applied it is assumed that the detection system is rendered non-
to flow through the coil 11, even if there is dispersion in the functional when the load N exceeds N,, any one or more
characteristic frequency of the vibration system, e.g., due to frequencies between f; and f, may be advantageously
a difference between the masses of the reciprocators 21, 22, employed as the fixed frequency(ies) stored in the fixed
or between the spring constants of the compression coil 4, frequency setting section 50. It is most preferable to use the
springs 28, 28. Thus, it can be ensured that the vibration frequency f,, since the frequency £, has a range of variance
system converges to the instantaneous characteristic fre- due to differences between the masses of the reciprocators
quency of the vibration system and that the vibration system 21, 22 or differences between the spring constants of the
is vibrated at a substantially constant amplitude of recipro- compression coil springs 28, 28. More particularly, as is
cating vibration. 45 depicted in FIG. 3, the linear vibration motor of the present

As previously discussed, the velocity of the reciprocator invention most preferably includes a resonant frequency (f,)
assembly 2 can be detected on the basis of either the storing section 55 which stores the resonant frequency (f,)
maximum voltage value output by the sensor 39 or on the which is detected by the detection system immediately
basis of the time interval between successive times at which before detection of the condition which causes the detection
the output of the sensor 39 is zero. The latter approach sy System to be rendered temporarily non-functional (e.g., the
ensures detection of the time at which the direction of value of N exceeding (N,). The resonant frequency £, stored
movement of the reciprocator assembly 2 reverses without by the resonant frequency storing section 55 can then be
being influenced by any dispersion or variation in the supplied to the fixed frequency setting section 50 for storage
magnetic force of the magnet 29, and any dispersion or therein and subsequent use by the control system.
variation in the gap between the magnet 29 and the sensor s5  With additional reference to FIG. 2, when the load N is
39. Accordingly, the velocity of the reciprocator assembly 2 increased to N;>N,,, the driving current I is increased by Al
can be detected more reliably and precisely on the basis of Hence, a frequency variation Af in dependence on the
the time interval between successive times at which the current variation AI may be predicted, and the fixed fre-
output of the sensor 39 is zero. quency f, may be adjusted in accordance with the predicted

As an alternative to the detection system which includes 60 frequency variation to thereby produce a frequency f; (=f,+
the magnet 29 and the sensor 39, it is possible to use a Af) for driving the coil 11. FIG. 4 is a block diagram of
detection system which includes a slit plate 60 attached to another exemplary embodiment of the linear motor of the
the reciprocator assembly 2 (see FIGS. 9 and 10) and a present invention that incorporates a driving current detect-
photosensor (not shown) aligned with the slit in the slit plate ing section 56 which performs this operation and supplies
60, whereby the output of the photosensor would vary in 65 the predicted current and/or frequency variations to the fixed

dependence on the displacement, acceleration, and/or veloc-
ity of the reciprocator assembly 2. In general, a non-contact

frequency setting section 55 for use thereby in adjusting the
fixed frequency f,.
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Another exemplary embodiment of the linear vibration
motor of the present invention is depicted in FIG. 5, wherein
it can be seen that the fixed frequency setting section 50 is
designed to store a plurality of prescribed frequencies f,, f,
and f.. With this embodiment, the control output section 5
can successively read out the different frequency values f,,
f,, and f,, and then successively drive the coil 11 at these
frequencies during times when the detection system is
non-functional. For instance, with additional reference to
FIG. 2, the frequencies £, f, and f. may be set equal to f,,
f, and f;, respectively.

The detection system is also non-functional during start-
up of the linear vibration motor. Accordingly, the control
system can drive the coil 11 at the prescribed frequency(ies)
stored in the fixed frequency setting section 50 during

10

10

3. The method of controlling a linear vibration motor as
set forth in claim 1, further including the step of varying the
prescribed frequency in accordance with variations in the
driving current.

4. The method of controlling a linear vibration motor as
set forth in claim 1, further including the step of driving the
vibration system at the prescribed frequency during start-up
of the vibration system.

5. The method of controlling a linear vibration motor as
set forth in claim 1, wherein the prescribed frequency is
varied by successively using a plurality of different prede-
termined fixed frequencies.

6. A linear vibration motor, including:

a vibration system that includes a driven member which

is mounted to a magnetic member for reciprocating

start-up of the linear vibration motor. Otherwise stated, the 15 movement, wherein an amplitude of the reciprocating
start-up mode of the motor is also a condition of the motor movemcnt’varics as an inverse function of Ioad on the
which can be detected to switch the control system into the motor:
. b
back-up mode of OPeratlon. . . an electromagnetic driver that includes a coil and which
Because the spring system is driven even when the drives the vibration system by applying an electromag-
detection system is non-functional, it is possﬁ_)lp to rapidly netic force to the magnetic member, the electromag-
return the spring system back to resonant condition after the netic force being produced by a driving current flowing
detection system becomes functional again. It is believed through the coil;
Lhatk usu;g the resfo nant Afrﬁquengy df? as the prescrl?eg a detection system which detects at least one character-
ack-up Irequency for switching the driving current applied istic of the vibration system that is related to a char-
to the coil 11 enables the' Spring system K,) .be I.nOSt r'ap1d1y acteristic frequency of the vibration system, and which
;eturned to resonfml condn'lon (l'e" a COHdll{OI} in which thp produces a feedback signal indicative of a value of the
requency at which the direction of the driving current is at least one characteristic: and
switched is synchronized with the characteristic (resonant) L .

L . . a control system which is responsive to the feedback
frequgncy .Of the .VlbratIOIl system), partlf:ularly Wh?n th.l S 30 signal, during a primary mode of operation, to control-
value is adjusted in accordance with predicted variations in labl \,/ar the drivine current flowin lhr01’1 h the coil
the driving current based on predicted variations in the in s?lch aymanner asg to drive the Vi%rationgsystem in

t f .g., due t iati in load. . e .
rcSZIll;H r;quer?cy, ¢ g;) (1116 © Vamfl IEHS 1 loac. . resonance with the characteristic frequency, and which
h tboug dvarlqgs dem Od lmﬁnils ot k ]j present lglvelrétl(gn determines the existence of a condition that renders the

ave been described in detail hereinabove, it should ‘be 5 detection system non-functional, and drives the vibra-
clearly understood that many variations and/or modifica- tion system at a prescribed frequency when it is deter-
tions of the basic inventive concepts taught herein that may mined that the condition exists, during a back-up mode
appear to those reasonably skilled in the art will still fall of operation ?
within t.he spirit and scope of the present invention as 7. The linear vibration motor as set forth in claim 6,
defined in the appended claims. 40 wherein the at least one characteristic of the vibration

What is claimed is:

1. A method of controlling a linear vibration motor which
includes a stator comprised of an electromagnet or perma-
nent magnet, a reciprocator comprised of a permanent
magnet or electromagnet and supported with a spring; a
detection system which detects at least one of displacement,
velocity and acceleration of the reciprocator; and a control
system which controls a driving current supplied to a coil of
the electromagnet in accordance with a feedback output of
the detection system to thereby drive a vibration system
including the reciprocator and the spring in resonance with
a characteristic frequency of the vibration system, the
method including the steps of:

determining when a condition exists which prevents the

detection system from detecting at least one of
displacement, velocity and acceleration of the recipro-
cator; and

using the control system to drive the vibration system at

a prescribed frequency when it is determined that the
condition exists.

2. The method of controlling a linear vibration motor as
set forth in claim 1, further including the steps of:

determining and storing an instantaneous value of said

characteristic frequency, and

setting said prescribed frequency to a last instantaneous

value of the characteristic frequency when it is deter-
mined that the condition exists.

45

60

system comprises at least one of displacement, velocity, and
acceleration of the driven member.

8. The linear vibration motor as set forth in claim 6,
wherein the condition comprises a start-up mode of the
motor.

9. The linear vibration motor as set forth in claim 6,
wherein the condition comprises the load on the motor
exceeding a prescribed maximum threshold level.

10. The linear vibration motor as set forth in claim 6,
wherein the condition comprises the amplitude of the recip-
rocating movement falling below a prescribed minimum
threshold level.

11. The linear vibration motor as set forth in claim 6,
wherein the driven member comprises a reciprocator.

12. The linear vibration motor as set forth in claim 6,
wherein the control system is responsive to the feedback
signal to controllably vary the driving current flowing
through the coil in such a manner as to maintain a substan-
tially constant value of the amplitude of the reciprocating
movement.

13. The linear vibration motor as set forth in claim 6,
wherein the vibration system further includes a spring
system which supports the driven member.

14. The linear vibration motor as set forth in claim 6,
wherein the control system includes means for pulse-width
modulating the driving current in response to the feedback
signal.
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15. The linear vibration motor as set forth in claim 6, 20. A linear vibration motor, including:
wherein the control system includes a frequency setting a vibration system that includes a driven member which
section which stores the prescribed frequency. is mounted to a magnetic member for reciprocating

16. The linear vibration motor as set forth in claim 6,
wherein the control system includes a frequency governing 5
section which includes:

movement, wherein an amplitude of the reciprocating
movement varies as an inverse function of load on the

) 3 ) ) motor;
a first portion which determines the instantaneous value of

o electromagnetic driver means for driving the vibration
the characteristic frequency; and, & wing

system by applying an electromagnetic force to the
10 magnetic member, the electromagnetic driver means
including a coil and the electromagnetic force being
produced by a driving current flowing through the coil;

a second portion which determines and stores the last
instantaneous value of the characteristic frequency
before the existence of the condition that renders the
detection system non-functional is determined, wherein

the last instantancous value constitutes the prescribed detection means for detecting at least one characteristic of
frequency. the vibration system that is related to a characteristic
17. The linear vibration motor as set forth in claim 6, 15 frequency of the vibration system, and which produces
wherein the control system includes: a feedback signal indicative of a value of the at least
a first portion which stores a plurality of different fre- one characteristic; and,
quencies; and control means responsive to the feedback signal, during a
a second portion which successively produces the differ- 5 primary mode of operation, for controllably varying the
ent frequencies at prescribed time intervals, wherein driving current flowing through the coil in such a
cach of the different frequencies constitutes the pre- manner as to drive the vibration system in resonance
scribed frequency at the time it is produced. with the characteristic frequency, and for determining
18. The linear vibration motor as set forth in claim 6, the existence of a condition that renders the detection
wherein the control system varies the prescribed frequency 55 system non-functional, and driving the vibration sys-
in accordance with variations in the driving current. tem at a prescribed frequency when it is determined
19. The linear vibration motor as set forth in claim 6, that the condition exists, during a back-up mode of
wherein the electromagnetic driver includes a stator com- operation.
prised of an electromagnet having the coil wound there-
around. ok w k%
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