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(54) Drive control method for linear oscillating motors and a linear oscillating motor

(57) A method for driving a linear oscillating motor
and a linear oscillating motor are provided. The motor
includes a fixed magnetic member, a movable member
having a magnet and being supported to oscillate rela-
tive to the fixed magnetic member, a detector that
detects displacement of the movable member, and a
control that oscillates the movable member by sending
drive current to a coil of the fixed magnetic member. The
method includes controlling, during a first half-period
that occurs within a full amplitude period of the movable
member, the drive current based upon the output of the
detector. The method also includes controlling, during a
second half-period that occurs within a full amplitude
period of the movable member, the drive current based
upon a fixed drive current waveform.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a method for
driving of a linear oscillating motor during reciprocating
oscillation, and a linear oscillating motor.

2. Discussion of Background Information

[0002] A linear oscillating motor includes a fixed mag-
net (e.g., an electromagnet). A movable member, which
includes a magnet (e.g., an electromagnet or a perma-
nent magnet), is supported relative to the fixed magnet
to freely oscillate. A detector detects various oscillation
parameters (e.g., amplitude, velocity, acceleration, etc.)
of the movable member. In response to the output of the
detector, a controller applies current to a coil of the fixed
magnet to control oscillation of the movable member.
[0003] As the movable member oscillates, it generates
a generally sinusoidal induced voltage within a mag-
netic detection coil adjacent the movable member. The
period of full oscillation is separated into two half-peri-
ods (defined by the points at which the induced voltage
is zero) over which drive control occurs.
[0004] When the oscillation frequency is relatively
high, a high performance controller must be used to
control the drive current since control must be based on
a period shorter than the half-period. Such high per-
formance controllers are expensive, and increase the
overall cost of the device.

SUMMARY OF THE INVENTION

[0005] The present invention provides a method for
driving a linear oscillating motor with high frequency
oscillation without requiring the use of a high perform-
ance controller. The linear oscillating motor includes a
fixed magnet (e.g., an electromagnet or a permanent
magnet). A movable member is supported so as to
freely oscillate relative to the fixed magnet, and is pro-
vided with an electromagnet or a permanent magnet. A
detector detects displacement of the movable member
relative to the fixed magnet. A controller generates a
control current to control oscillation of the movable
member, in response to the output of the detector. The
controller provides a variable drive current (based upon
the output of the detector) to oscillate the movable
member during only one (a first half-period) of the two
half-periods (making up the oscillation period of the
movable member). During the other half-period (a sec-
ond half-period), the controller oscillates the movable
member according to a fixed drive current (waveform)
which has a predetermined constant energy.
[0006] Based upon the output of the detector, the con-
troller may optionally not apply the fixed drive current

waveform during the other half-period (which may be
considered as applying a zero current waveform). A var-
iable drive current control region, defined as the region
over the portion of the full period over which the control-
ler applies variable drive current, may be expanded into
the second half-period. Furthermore, when the fixed
drive current is not applied, the variable drive current
control region may be adjusted based upon output of
the detector. This can reduce fluctuation in amplitude of
drive current within a full oscillation period.

[0007] The detector can detect displacement of the
movable member during either or both of the half-peri-
ods.
[0008] According to an embodiment of the invention,
a method for driving a linear oscillating motor is pro-
vided. The motor includes a fixed magnetic member, a
movable member having a magnet and being supported
to oscillate relative to the fixed magnetic member, a
detector that detects displacement of the movable
member, and a controller that oscillates the movable
member by sending drive current to a coil of the fixed
magnetic member. The method includes controlling,
during a first half-period that occurs within a full ampli-
tude period of the movable member, the drive current
based upon the output of the detector. The method also
includes controlling, during a second half-period that
occurs within a full amplitude period of the movable
member, the drive current based on a fixed drive current
waveform.
[0009] A feature of the above embodiment provides for
monitoring an output of the detector, and suppressing
the fixed drive current waveform during the second half-
period, such that no drive current is applied to the coil
during the second half-period. The suppression of the
drive current control can be adjusted based upon the
output of the detector.
[0010] Detection of displacement of the movable
member can occur during either or both of the first and
second half-periods.
[0011] According to another embodiment of the inven-
tion, a method for driving a linear oscillating motor is
provided. The motor includes a fixed magnetic member,
a movable member having a magnet and being sup-
ported to oscillate relative to the fixed magnetic mem-
ber, a detector that detects displacement of the movable
member, and a control that controls oscillation of the
movable member. The method includes detecting an
oscillation parameter of the movable member; triggering
variable control of oscillation of the movable member,
where the variable control is based upon the oscillation
parameter; terminating variable control triggering, fixed
control of oscillation of the movable member, where the
fixed control is independent of the oscillation parameter;
and terminating fixed control.
[0012] According to features of the above embodi-
ment, the magnet is a permanent magnet or an electro-
magnet.
[0013] According to another feature, after terminating
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fixed control, the method repeats from one of the detect-
ing and the triggering variable control.

[0014] The above noted motor preferably includes a
coil, and the further control applies a predetermined
current waveform to the coil. The predetermined current
waveform is zero current, or at least a portion of the pre-
determined current waveform is a non-zero current.
[0015] In another feature of the above embodiment,
the movable member oscillates to define a period con-
sisting of two half-periods, variable control occurs over
one of the two half-periods, and fixed control occurs
over the other of the two half-periods.
[0016] According to another embodiment of the inven-
tion, a linear motor is provided. A fixed magnet is pro-
vided. A movable magnet is supported by movable
member. The movable member is supported to oscillate
over a full-period relative to the fixed magnet. At least
one of the fixed and movable magnets has a coil. The
full-period includes first and second half-periods. A
detector, mounted adjacent to the movable member,
generates an output voltage based upon movement of
the movable member. A control unit outputs a drive con-
trol current to the first coil over at least a portion of the
first and second half-periods. The drive control current
is based upon the output voltage during the first half-
period, and is independent of the output voltage during
the second half- period.
[0017] According to a feature of the above embodi-
ment, the drive control is based on a predetermined
drive current waveform during the second half-period.
The predetermined current waveform is zero, or at least
a portion of the predetermined drive current waveform is
not zero.
[0018] Other exemplary embodiments and advan-
tages of the present invention may be ascertained by
reviewing the present disclosure and the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present invention is further described in
the detailed description which follows, in reference to
the noted plurality of drawings by way of non-limiting
examples of certain embodiments of the present inven-
tion, in which like numerals represent like elements
throughout the several views of the drawings, and
wherein:

Fig. 1 is a timing chart of operation of the above
embodiment based on output from the oscillation of
the motor of the above-noted embodiment;

Fig. 2 is a block circuit diagram of an embodiment of
the present invention;

Fig. 3 is a timing chart of operation of another
embodiment of the present invention based on out-
put from the oscillation of the motor;

Fig. 4 is a timing chart of another embodiment of
the present invention based on output from the
oscillation of the motor;

Fig. 5 is a block circuit diagram of another embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE EXEMPLARY
EMBODIMENT

[0020] Referring now to Fig. 2, an example of a linear
oscillation motor is shown. A fixed member 1, which is
an electromagnet with a coil 11 in the exemplary
embodiment is mounted to a frame 3. A movable mem-
ber 2 supports a first magnet 20 and a second magnet
29 (e.g., a permanent or electromagnets). Movable
member 2 is mounted to opposing sides of frame 3 by
springs 4 such that it can oscillate freely relative to
frame 3. A magnetic detection coil 39, mounted on
frame 3, outputs a voltage responsive to an oscillation
parameter (e.g., displacement, amplitude, velocity,
acceleration, etc.) of magnet 29 (and thus of movable
member 2) relative to frame 3; in the exemplary embod-
iment, the parameter is displacement. A sensor 6
detects the oscillation parameter of movable member 2
from changes in the output of a magnetic detection coil
39. Controller 5 receives the output of sensor 6, and
responds through a controller output 50 with a control
drive current pulse width to coil 11 of fixed member 1.
[0021] Referring now to Fig. 1, as movable member 2
oscillates, it generates a generally sinusoidal induced
voltage A within magnetic detection coil 39. The
induced voltage A is zero at the beginning and end of
each half-period (i.e., an oscillation amplitude extreme),
designated in Fig. 1 as time t. The amplitude of induced
voltage A depends upon various parameters of the
oscillation, e.g., amplitude, velocity, direction, etc. As
discussed in more detail below, controller 5 sends a
drive current B to coil 11 responsive to the amplitude of
induced voltage A.
[0022] As noted above, induced voltage A is zero
when movable member 2 is at an oscillation amplitude
extreme. At a time t0 after time t, the oscillation of mov-
able member 2 generates a voltage V0 (this can be
regarded as equivalent to an oscillation amplitude
value). Controller 5 responds with variable drive current
B pulse width control to coil 11 between times t1-t2,
where time t1 is a slightly delayed from time t0. During
this time, controller 5 continues to monitor the output of
coil 39 and adjust variable current drive B accordingly. If
V0 is large, then the oscillation amplitude is also large,
and the corresponding interval between t2 and t1 is
shorter. If V0 is small, then the oscillation amplitude is
also small, and the corresponding interval between t2
and t1 is longer.
[0023] As noted above, control in response to the
detected oscillation parameter occurs during the noted
half-period within a full oscillation amplitude period. For
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the other half-period, a fixed drive current waveform B'
is supplied to coil 11 from a time t3 to time t4, where time
t3 and time t4 are fixed based upon the time t at which
the oscillation crosses zero. Controller 5 can perform
other control operations during this half-period, in addi-
tion to providing fixed drive current waveform B' to drive
coil 11. The fixed drive current waveform is independent
from the output of detector 6 during this half-period.

[0024] In the above embodiment, the variable drive
current triggers and terminates in response to the out-
put of coil 39 crossing the V0 and - V0 thresholds as
noted. However, the invention is not so limited. Drive
control can be carried out during a subsequent half-
period based upon the voltage value V0 detected during
a current half-period. In response to the output of coil
39, the application of drive current is shifted by a period,
such that control can be carried out even when the
operation is slow. Such control is shown in Fig. 4, in
which times t5 and t6 in the third half-period are based
on the voltage value V0 in the second half-period.
[0025] When applying a fixed drive current waveform
within an amplitude oscillation half-period, the variable
drive current control region is much shorter in compari-
son to an entire amplitude oscillation period, such that
the amplitude oscillation control region decreases. In an
alternative embodiment, in response to a certain volt-
age value V0, controller 5 may optionally not apply (i.e.,
cut) the fixed current waveform (in essence suppressing
the waveform, or applying a zero current waveform).
This typically occurs when V0 is so high that t1-t2=0,
such that no drive current is applied at all over the
period.
[0026] In another alternative, when controller 5 does
not apply the fixed current waveform, it can extend the
region over which it applies variable drive current, such
as in Fig. 3. The variable drive current region should
not, however, expand to include the full oscillation
period.
[0027] When the fixed drive current is cut, the drive
current sum time (t2 - t1) + (t4 - t3) may greatly decrease.
This allows for the cut portion of the fixed drive current
to adjust the t2 time period to t2', where (t2' - t2) < (t4 - t3)
so that the (t2' - t1) time period is longer based upon
voltage value V0.
[0028] As described above, movable member 2 oscil-
lates responsive to drive current sent to coil 11 of fixed
member 1, and the drive current is responsive to the
output of sensor 6. A variable drive current drives the
coil during a half-period within a full oscillation ampli-
tude period, and a predetermined current waveform
drives the coil during the other half-period. Simultane-
ous performance (or high speed performance) controls
are therefore unnecessary, which can eliminate the
expense for the same. In the alternative or in addition,
other operations become possible during the output
time interval.
[0029] If the fixed drive current waveform (during the
other half-period) is cut, controller 5 can expand the

drive current control region during a full amplitude oscil-
lation, as in Fig. 3. When adjustment of the drive current
control is carried out based upon output of the detector,
drive current fluctuation within a full amplitude oscilla-
tion period can be lessened, and driving can be carried
out more smoothly.

[0030] Detection of movable member displacement
may be carried out during either half-period. High speed
control operation becomes unnecessary.
[0031] Referring now to Fig. 5, another embodiment of
the invention in which permanent magnet 20 is mounted
on frame 3, and an electromagnet with coil 11 is
mounted on movable member 2. The operation and per-
formance of this embodiment is the same as that
described above for the embodiment shown in Fig. 2.
[0032] It is noted that the foregoing examples have
been provided merely for the purpose of explanation
and are in no way to be construed as limiting of the
present invention. While the present invention has been
described with reference to certain embodiments, it is
understood that the words which have been used herein
are words of description and illustration, rather than
words of limitation. Changes may be made, within the
purview of the appended claims, as presently stated
and as amended, without departing from the scope and
spirit of the present invention in its aspects. Although
the present invention has been described herein with
reference to particular means, materials and embodi-
ments, the present invention is not intended to be lim-
ited to the particulars disclosed herein; rather, the
present invention extends to all functionally equivalent
structures, methods and uses, such as are within the
scope of the appended claims.
[0033] By way of non-limiting example, the application
of fixed and variable currents are not limited to the spe-
cific half-periods discussed herein. Although control 5
applies the variable and fixed drive currents during the
positive and negative output of coil 39 in the disclosed
embodiment, the reverse also falls within the scope and
spirit of the invention.

Claims

1. A method for driving a linear oscillating motor, the
motor comprising a fixed magnetic member, a mov-
able member having a magnet and supported to
oscillate relative to the fixed magnetic member, a
detector that detects displacement of the movable
member, and a controller that oscillates the mova-
ble member by sending a drive current to a coil of
the fixed magnetic member, characterized by

controlling, during a first half-period that occurs
within a full amplitude period of the movable
member, the drive current based upon the out-
put of the detector; and

controlling, during a second half-period that
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occurs within a full amplitude period of the
movable member, the drive current based on a
fixed drive current waveform.

2. The method of claim 1, further comprising:

monitoring an output of said detector, and

suppressing said fixed drive current waveform
during said second half-period, such that no
drive current is applied to said coil.

3. The method of claim 2, wherein during the suppres-
sion, the drive current control is adjusted based
upon the output of said detector.

4. The method of any of claims 1 to 3, further compris-
ing detecting displacement of the movable member
during at least one of the first and second half-peri-
ods.

5. A method for driving a linear oscillating motor, the
motor comprising a fixed magnetic member, a mov-
able member having a magnet and being supported
to oscillate relative to the fixed magnetic member, a
detector that detects displacement of the movable
member, and a controller that controls oscillation of
the movable member, characterized by

detecting an oscillation parameter of the mova-
ble member;

triggering variable control of oscillation of the
movable member, where the variable control is
based upon the oscillation parameter;

terminating variable control;

triggering fixed control of oscillation of the mov-
able member, where the fixed control is inde-
pendent of the oscillation parameter; and

terminating fixed control.

6. The method of claim 5, wherein said magnet is an
electromagnet.

7. The method of claim 5, wherein said magnet is a
permanent magent.

8. The method of any of claims 5 to 7, wherein follow-
ing said terminating fixed control, said method
repeats from one of said detecting and triggering
variable control.

9. The method of any of claims 5 to 8, wherein said
motor includes a coil, and the fixed control applies a
predetermined current waveform to the coil.

10. The method of claim 9, wherein the predetermined
current waveform is zero current.

11. The method of claim 9, wherein at least a portion of
the predetermined current waveform is a non-zero
current.

12. The method of any of claims 5 to 11, wherein the
movable member oscillates to define a period con-
sisting of two half-periods, variable control occurs
over one of the two half-periods, and fixed control
occurs over the other of the two half-periods.

13. A linear motor, characterized by

a fixed magnet;

a movable magnet supported on a movable
member, said movable member being sup-
ported to oscillate over a full-period relative to
said fixed magnet, said full-period including
first and second half-periods;

at least one of said fixed and movable magnets
having a coil;

a detector, mounted adjacent to said movable
member, which generates an output voltage
based upon movement of said movable mem-
ber;

a control unit, said control unit outputting a
drive control current to said coil over at least a
portion of said first and second half-periods;

said drive control current being based upon
said output voltage during said first half-period,
and independent of said output voltage during
said second half-period.

14. The motor of claim 13, wherein said drive control is
based upon a predetermined drive current wave-
form during said second half-period.

15. The motor of claim 14, wherein said predetermined
current waveform is zero.

16. The motor of claim 14, wherein at least a portion of
said predetermined drive current waveform is not
zero.
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