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(57) ABSTRACT 

A motor driving apparatus for driving a linear Vibration 
motor is provided with an order output determining unit for 
determining a motor output required of the linear Vibration 
motor, and a driving frequency determining unit for deter 
mining a driving frequency of the linear Vibration motor on 
the basis of the determined motor output, and an amplitude 
fixed AC voltage having a frequency equal to the determined 
driving frequency is applied to the linear Vibration motor, 
whereby the output of the linear vibration motor can be 
controlled without changing the amplitude value of the 
driving Voltage applied to the linear Vibration motor. 
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CONTROL SYSTEM FOR A LINEAR VIBRATION 
MOTOR 

TECHNICAL FIELD 

0001. The present invention relates to motor driving 
apparatuses and, more particularly, to a motor driving appa 
ratus for driving a linear Vibration motor having a mover and 
a Spring member for Supporting the mover. 

BACKGROUND ART 

0002 Conventional equipment using linear vibration 
motors include Vibration generators for informing incoming 
calls by mechanical vibration, Such handy phones, compres 
Sors for compressing -and circulating gases or fluids, and 
reciprocating electric razors. The compressors and electric 
razors use the linear Vibration motors as their driving 
SOUCCS. 

0003) A typical linear vibration motor has a structure of 
a single-phase Sync motor, that is, it has a mover comprising 
a permanent magnet and a Stator obtained by winding a coil 
around an iron core, and the mover reciprocates when an AC 
Voltage is applied to the coil. 
0004. As described above, when generating vibration by 
reciprocating motion of the mover, a strong electromagnetic 
force is needed. However, an energy required for driving the 
linear Vibration motor can be minimized by forming a Spring 
vibration system including the mover and a spring member 
Supporting the mover. That is, in the linear Vibration motor 
in which the mover is Supported by the Spring member, the 
Spring vibration System including the mover is vibrated at its 
natural resonance frequency, whereby the linear Vibration 
motor can be driven with a relatively low energy. 
0005. As a method for controlling an output of the linear 
vibration motor in which the mover is supported with the 
Spring, the amplitude value of a Voltage or current Supplied 
to the linear vibration motor may be adjusted while driving 
the linear vibration motor with its resonance frequency (for 
example, refer to Japanese Published Patent Application No. 
2001-193993). 
0006. In the linear vibration motor, however, when the 
Stroke length of the mover becomes larger than a predeter 
mined allowable value, a problem Such as a collision 
between the mover and the motor body or breakage of the 
Support Spring may occur. Therefore, the Stroke length of the 
mover is restricted by the structure of the linear vibration 
motor. 

0007 For example, when the extension of the support 
Spring exceeds a predetermined value due to an increase in 
the Stroke length-of the mover, the Support Spring may occur 
plastic deformation to be broken. Further, when the stroke 
length of the mover is increased to about the size of the 
motor body in the mover Vibrating direction, the mover may 
collide against the inner wall of the motor body to be broken. 
0008 So, there has been proposed an apparatus for driv 
ing a linear Vibration motor which Solves the above-men 
tioned problems. That is, this linear vibration motor driving 
apparatus is provided with a detector Such as a position 
Sensor for detecting the position of the mover of the linear 
Vibration motor, and reduces the output of the linear Vibra 
tion motor when the Stroke length of the mover exceeds a 
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predetermined allowable value, that is, decreases the ampli 
tude value of the Voltage or current applied to the linear 
vibration motor, thereby preventing the linear vibration 
motor from being destroyed due to a collision between the 
mover and the motor body or extension of the Support Spring 
over a critical value (for example, refer to Japanese Pub 
lished Patent Application No. Hei. 11-324911). 
0009. However, since the conventional linear vibration 
motor driving apparatus (hereinafter also referred to as a 
motor driving apparatus) drives the linear vibration motor 
with the frequency of the reciprocating motion being main 
tained at the resonance frequency of the Spring vibration 
System including the mover, adjustment of the output of the 
linear Vibration motor is carried out by only the Stroke length 
of the mover. As a result, the maximum output of the linear 
vibration motor is undesirably restricted by the structure of 
the linear Vibration motor, and further, the maximum output 
of the linear vibration motor is undesirably restricted by the 
power Supply Voltage applied to the motor driving appara 
tuS. 

0010 First of all, restriction on the motor output by the 
structure of the linear vibration motor will be described in 
detail. 

0011. In the linear vibration motor, the maximum stroke 
length of the mover can be increased up to only the shorter 
one between the length of the body of the linear vibration 
motor containing the mover in the mover vibration direction, 
and the length corresponding to the elastic limit of the mover 
Supporting Spring. 

0012. Accordingly, in order to increase the maximum 
output of the linear vibration motor, the size of the motor 
body in the mover vibrating direction should be increased to 
Secure a larger Stroke length of the mover and, further, a 
Spring having a larger elastic limit length should be used as 
the mover Supporting Spring. Alternatively, the Spring con 
Stant of the mover Supporting Spring should be increased to 
increase the resonance frequency of the linear Vibration 
motor. 

0013. Accordingly, in the conventional linear vibration 
motor, the mechanical construction is determined on the 
basis of the required maximum output, and therefore, an 
increase in the maximum output may lead to not only an 
increase in Size but also a reduction in motor efficiency in an 
output region of the highest frequency of use, i.e., a reduc 
tion in the ratio of the motor output to the motor input. 
0014. The above-mentioned problem will be specifically 
described taking, as an example, a case where the linear 
Vibration motor is applied to a compressor of an air condi 
tioner. In this case, an output region of the highest frequency 
of use is not a high output region where a high motor output 
is generated for rapid heating operation or rapid cooling 
operation but a low output region where the motor output is 
about 10-20% of the motor output in the high output region. 
In the low output region, Since the Stroke length of the mover 
is reduced, the motor efficiency is reduced. Further, in the 
compressor, the top clearance is extended due to a reduction 
in the Stroke length of a piston, leading to a reduction in 
work efficiency. 

0015) Next, restriction on the motor output by the power 
supply voltage of the linear vibration motor will be 
described in detail. 
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0016. In the conventional motor driving apparatus 
described above, the value of the applied Voltage is adjusted 
by intermittently applying the driving Voltage to the linear 
vibration motor So that the mover has a desired stroke 
length. To be specific, when the output power required of the 
linear Vibration motor is increased, the value of the Voltage 
applied to the linear Vibration motor is increased to increase 
the stroke length of the mover. 
0.017. However, when a general inverter is used for the 
motor driving apparatus, the motor driving apparatus cannot 
output an AC voltage whose amplitude value is larger than 
the voltage level of an inputted DC voltage. In other words, 
even when the amplitude value of the driving Voltage 
applied to the linear Vibration motor is increased to increase 
the Stroke length of the mover, the motor driving apparatus 
can apply only an AC voltage whose amplitude value is 
equal to or lower than the Voltage level of the input Voltage, 
to the linear vibration motor. As a result, the maximum 
output of the linear vibration motor is restricted by the 
Voltage level of the DC voltage applied to the motor driving 
apparatuS. 

0.018. In this case, in order to increase the maximum 
output of the linear Vibration motor, there is no choice but 
reducing the number of winding of the coil which is a 
component of the stator of the linear vibration motor. That 
is, by reducing the number of winding of the coil, the 
magnitude of an induced Voltage generated by the linear 
vibration motor is changed, whereby the balance between 
the driving Voltage and the driving current, i.e., the driving 
power that is a product of the driving current and the driving 
Voltage, is changed. 

0.019 Accordingly, in the conventional linear vibration 
motor, the number of winding of the coil as a component of 
the stator of the linear vibration motor is determined on the 
basis of the required maximum output, leading to a possi 
bility that the motor efficiency might be reduced in the 
output region of the highest frequency of use. 
0020 For example, when the number of winding of the 
motor coil is reduced to increase the maximum output of the 
linear driving motor, the amount of current in the output 
region of the highest frequency of use, i.e., in the output 
region where the motor output power is low, is increased, 
resulting in a reduction in motor efficiency due to an increase 
in copper loSS or core loSS in the motor, or an increase in loSS 
in the inverter. 

0021. The present invention is made to solve the above 
described problems and has for its object to provide a motor 
driving apparatus which can control the motor output in the 
State where the Voltage level of the driving Voltage of the 
linear Vibration motor is kept constant, thereby to facilitate 
output control for the linear vibration motor, and which can 
increase the maximum output of the linear Vibration motor 
without modifying the Specifications of the linear Vibration 
motor or the power Supply thereof. 

DISCLOSURE OF THE INVENTION 

0022. According to the present invention (claim 1), there 
is provided a motor driving apparatus for driving a linear 
Vibration motor having a mover which is reciprocatably 
provided, and a Spring member which Supports the mover, 
and the apparatus includes a motor driver for Supplying an 
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AC Voltage as a driving Voltage to the linear Vibration motor, 
which motor driver controls at least one of a motor output of 
the linear vibration motor and a stroke of the mover by 
adjusting a frequency of the AC voltage. Therefore, the 
motor output can be adjusted with the driving Voltage of the 
linear Vibration motor being kept constant, whereby the 
maximum output of the linear Vibration motor can be 
increased without modifying the Specifications of the linear 
Vibration motor or the power Supply thereof. 

0023. Further, since the output of the linear vibration 
motor or the Stroke of the mover is changed by adjusting the 
frequency of the AC voltage, output control for the linear 
vibration motor or stroke control for the mover can be easily 
carried out using a Voltage-controlled oscillator or the like as 
an oscillator incorporated in the motor driver, by changing 
a control Voltage for the Voltage-controlled oscillator. 

0024. According to the present invention (claim 2), the 
motor driving apparatus according to claim 1 further 
includes a target output determining unit for determining a 
target output as a motor output required of the linear 
Vibration motor; and a driving frequency determining unit 
for determining a driving frequency of the linear Vibration 
motor on the basis of the determined target output; and the 
motor driver controls the motor output by adjusting the 
frequency of the AC voltage Supplied to the linear Vibration 
motor So as to be equal to the driving frequency determined 
by the driving frequency determining unit. Therefore, the 
output of the linear vibration motor can be brought to the 
target output without considerably changing the amplitude 
level of the AC voltage supplied to the linear vibration 
motor. 

0025. According to the present invention (claim 3), the 
motor driving apparatus according to claim 2 further 
includes an output detection unit for detecting the motor 
output of the linear vibration motor; and the driving fre 
quency determining unit determines the driving frequency 
So that a difference between the detected motor output and 
the determined target output becomes Zero. Therefore, out 
put control for the linear vibration motor becomes feedback 
control in which the motor output required of the linear 
Vibration motor is the target output, whereby output control 
for the linear vibration motor or stroke control for the mover 
can be performed with Stability and accuracy. 

0026. According to the present invention (claim 4), the. 
motor driving apparatus according to claim 1 further 
includes a driving frequency determining unit for determin 
ing a driving frequency of the linear Vibration motor; and a 
position detection unit for detecting a position of the mover; 
and the driving frequency determining unit Sets the driving 
frequency at a resonance frequency which brings a Spring 
Vibration System including the mover into a resonance State 
when the detected position of the mover does not exceed a 
predetermined reference position, and Sets the driving fre 
quency at a frequency higher than the resonance frequency 
when the detected position of the mover exceeds the refer 
ence position; and the motor driver controls the Stroke of the 
mover by adjusting the frequency of the AC Voltage Supplied 
to the linear Vibration motor So as to be equal to the driving 
frequency determined by the driving frequency determining 
unit. Therefore, under the state where the Stoke of the mover 
is within an allowable range, the linear Vibration motor can 
be driven at high efficiency by Setting the driving efficiency 
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at the resonance efficiency. Moreover, even in a high output 
region where the Stroke of the mover might exceed the 
allowable range if the linear vibration motor is driven at the 
resonance frequency, the linear motor can be driven with the 
Stroke of the mover being restricted to the allowable range. 

0027) According to the present invention (claim 5), in the 
motor driving apparatus according to claim 4, the driving 
frequency determining unit changes the driving frequency to 
a frequency at which the detected position of the mover does 
not exceed the reference position when the detected position 
of the mover exceeds the reference position. Therefore, in a 
high output region where the Stroke of the mover might 
exceed an allowable range if the linear vibration motor is 
driven at the resonance frequency, the driving frequency is 
Set at a frequency closest to the resonance frequency, at 
which the stroke of the mover does not exceed the allowable 
range, whereby the linear Vibration motor can be driven at 
maximum efficiency while preventing a collision of the 
mover or extension of the Support Spring over its elastic 
limit. Furthermore, Since, in the high output region, the 
driving frequency is Set at a frequency closest to the reso 
nance frequency, at which the Stroke of the mover does not 
exceed the allowable range, when the motor output required 
of the linear Vibration motor is decreased, the driving 
frequency can be Smoothly returned to the resonance fre 
quency. 

0028. According to the present invention (claim 6), the 
motor driving apparatus according to claim 4 further 
includes a target output determining unit for determining a 
target output as a motor output required of the linear 
Vibration motor; an output detection unit for detecting the 
motor output of the linear Vibration motor; and a driving 
Voltage determining unit for determining a target Voltage 
value of the driving voltage of the linear vibration motor so 
that a difference between the detected motor output and the 
determined target output becomes Zero; and the motor driver 
adjusts the frequency and Voltage value of the AC Voltage 
Supplied to the linear Vibration motor So that the Voltage 
value of the AC voltage becomes equal to the target Voltage 
value determined by the driving Voltage determining unit, 
and the frequency of the AC Voltage becomes equal to the 
driving frequency determined by the driving frequency 
determining unit. Therefore, output control for the linear 
vibration motor becomes feedback control in which the 
Voltage value of the driving Voltage is adjusted with the 
motor output required of the linear vibration motor being the 
target output, whereby output control for the linear Vibration 
motor can be carried out with high accuracy, Stability, and 
responsivity, while keeping the Stroke of the mover within 
an allowable range. 

0029 According to the present invention (claim 7), in the 
motor driving apparatus according to any of claims 4 to 6, 
the reference position is determined on the basis of an elastic 
limit value of the Spring member Supporting the mover. 
Therefore, even when a high motor output is required, the 
required motor output can be generated while Suppressing 
the Stroke length of the mover to an extent that the extension 
of the Support Spring of the mover does not exceed the 
elastic limit value. As a result, the reliability of the linear 
Vibration motor can be enhanced, as well as the linear 
Vibration motor can be driven even in a high output region 
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where driving of the linear Vibration motor at the resonance 
frequency is impossible due to the elastic limit of extension 
of the Support Spring. 

0030. According to the present invention (claim 8), in the 
motor driving apparatus according to any of claims 4 to 6, 
the reference position is determined on the basis of a 
position in which the mover might collide with parts con 
Stituting the linear Vibration motor, or parts of a device 
containing the linear vibration motor. Therefore, even when 
a high motor output is required, the required motor output 
can be generated by Suppressing the Stroke length of the 
mover to an extent that the mover does not collide with the 
parts of the linear Vibration motor or the parts of equipment 
in which the linear Vibration motor is incorporated. AS a 
result, the reliability of the linear vibration motor can be 
enhanced, as well as the linear Vibration motor can be driven 
even in a high output region where driving of the linear 
Vibration motor at the resonance frequency is impossible due 
to the size of the motor body in the mover vibrating 
direction. 

0031. According to the present invention (claim 9), the 
motor driving apparatus according to claim 1 further 
includes a driving frequency determining unit for determin 
ing a driving frequency of the linear Vibration motor; a target 
output determining unit for determining a target output as a 
motor output required of the linear Vibration motor; an 
output detection unit for detecting the motor output of the 
linear vibration motor; and a driving Voltage determining 
unit for determining a target Voltage value of the driving 
voltage of the linear vibration motor so that a difference 
between the detected motor output and the determined target 
output becomes Zero; and the driving frequency determining 
unit Sets the driving frequency at a resonance frequency 
which brings a Spring vibration System including the mover 
into a resonance State when the determined target Voltage 
value does not exceed a predetermined reference value, and 
Sets the driving frequency at a frequency higher than the 
resonance frequency when the determined target Voltage 
value exceeds the reference value; and the motor driver 
controls the motor output and the stroke of the mover by 
adjusting the frequency and Voltage value of the AC Voltage 
Supplied to the linear Vibration motor So that the Voltage 
value of the AC voltage becomes equal to the target Voltage 
value determined by the driving Voltage determining unit, 
and the frequency of the AC Voltage becomes equal to the 
driving frequency determined by the driving frequency 
determining unit. Therefore, the linear Vibration motor can 
be efficiently driven at the resonance frequency until the 
required motor output reaches the maximum output at which 
driving of the linear Vibration motor at the resonance fre 
quency is restricted by the Voltage level of the power Supply. 
Furthermore, in a high output region where the required 
motor output exceeds the maximum output, the linear Vibra 
tion motor can be driven at a frequency higher than the 
resonance frequency without a considerable reduction in the 
driving efficiency. 

0032. Furthermore, output control for the linear vibration 
motor becomes feedback control in which the Voltage value 
of the driving Voltage is adjusted with the motor output 
required of the linear Vibration motor being the target output, 
whereby output control for the linear vibration motor can be 
carried out with high accuracy, Stability, and responsivity. 
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0033 According to the present invention (claim 10), in 
the motor driving apparatus according to claim 9, the 
reference value is determined on the basis of the Voltage 
value of a DC power Supply provided for the motor driver; 
and the driving frequency determining unit changes the 
driving frequency to a frequency at which the determined 
target Voltage value does not exceed the reference value 
when the determined target Voltage value exceeds the ref 
erence value. Therefore, in a high output region where the 
motor output exceeds the maximum output restricted by the 
power Supply Voltage, the driving frequency is Set at a 
frequency closest to the resonance frequency, whereby 
highly efficient driving of the linear vibration motor is 
realized. Further, when the motor output required of the 
linear vibration motor is decreased, the driving frequency 
can be Smoothly returned to the resonance frequency. 
0034). According to the present invention (claim 11), the 
motor driving apparatus according to claim 1 further 
includes a driving frequency determining unit for determin 
ing a driving frequency of the linear Vibration motor; a target 
output determining unit for determining a target output as a 
motor output required of the linear Vibration motor; an 
output detection unit for detecting the motor output of the 
linear Vibration motor; a driving Voltage determining unit for 
determining a target Voltage value of the driving Voltage of 
the linear vibration motor So that a difference between the 
detected motor output and the determined target output 
becomes Zero; and a driving Voltage detection unit for 
detecting an actual Voltage Value of the driving Voltage of 
the linear Vibration motor; and the driving frequency deter 
mining unit Sets the driving frequency at a resonance fre 
quency which brings a Spring vibration System including the 
mover into a resonance State when the detected actual 
Voltage value does not exceed a reference value that is 
determined on the basis of the voltage value of a DC voltage 
Supplied to the motor driver, and Sets the driving frequency 
at a frequency higher than the resonance frequency when the 
detected actual Voltage value exceeds the reference value; 
and the motor driver controls the motor output and the Stroke 
of the mover by adjusting the frequency and Voltage value 
of the AC voltage Supplied to the linear Vibration motor So 
that the Voltage value of the AC voltage becomes equal to 
the target Voltage value determined by the driving Voltage 
determining unit, and the frequency of the AC voltage 
becomes equal to the driving frequency determined by the 
driving frequency determining unit. Therefore, the linear 
vibration motor can be efficiently driven even in a high 
output region, without being restricted by the Voltage level 
of the power Supply. 
0035) To be specific, even when the actual motor output 
is not equal to the required motor output, the linear Vibration 
motor can be efficiently driven at the resonance frequency 
until the actual motor output reaches the maximum output at 
which driving of the linear vibration motor at the resonance 
frequency is restricted by the Voltage level of the power 
Supply. Further, in a high output region where the actual 
motor output of the linear vibration motor that is driven at 
the resonance frequency exceeds the maximum output, the 
linear Vibration motor can be driven at a frequency higher 
than the resonance frequency, without Significantly reducing 
the driving frequency. Moreover, in the high output region, 
the driving frequency is Set at a frequency closest to the 
resonance frequency, at which the required motor output can 
be generated, whereby the driving frequency can be 

Sep. 2, 2004 

Smoothly returned to the resonance frequency when the 
required motor output is decreased. 
0036) According to the present invention (claim 12), 
there is provided an air conditioner equipped with a com 
preSSor which has a cylinder and a piston, and compresses 
a fluid in the cylinder by a reciprocating motion of the 
piston, and the air conditioner includes a linear Vibration 
motor for making the piston reciprocate, having a Stator and 
a mover, the mover being Supported by a Spring So as to form 
a Spring vibration System including the mover; and a motor 
driving unit for driving the linear vibration motor, which 
motor driving unit is a motor driving apparatus as defined in 
any of claims 1 to 11. Therefore, friction loss can be reduced 
as compared with a conventional rotation-type motor, and 
further, Sealability of the refrigerant between the high 
preSSure Side and the low-pressure Side is increased, 
whereby efficiency of the compressor is enhanced. More 
over, Since friction loSS is reduced, the amount of lubricating 
oil that is indispensable in the rotation-type motor can be 
Significantly reduced. Thereby, recyclability is enhanced, 
and the amount of refrigerant to be filled in the compressor 
is reduced because the amount of refrigerant that dissolves 
into the oil is reduced, resulting in a contribution to conser 
Vation of global environment. Further, Since performance of 
the linear compressor is controlled by the driving frequency, 
the linear compressor can be driven at maximum perfor 
mance without being restricted by the construction, whereby 
design that provides maximum efficiency at rated perfor 
mance can be carried out. As a result, the air conditioner 
using the linear compressor can be reduced in size and 
increased in efficiency. 
0037 According to the present invention (claim 13), 
there is provided a refrigerator equipped with a compressor 
which has a cylinder and a piston, and compresses a fluid in 
the cylinder by a reciprocating motion of the piston, and the 
refrigerator includes a linear Vibration motor for making the 
piston reciprocate, having a Stator and a mover, the mover 
being Supported by a Spring So as to form a Spring vibration 
System including the mover; and a motor driving unit for 
driving the linear Vibration motor, which motor driving unit 
is a motor driving apparatus as defined in any of claims 1 to 
11. Therefore, friction loss can be reduced as compared with 
a conventional rotation-type motor, and further, Sealability 
of the refrigerant between the high-pressure Side and the 
low-pressure Side is increased, whereby efficiency of the 
compressor is enhanced. Moreover, Since friction loSS is 
reduced, the amount of lubricating oil that is indispensable 
in the rotation-type motor can be significantly reduced. 
Thereby, recyclability is enhanced, and the amount of refrig 
erant to be filled in the compressor is reduced because the 
amount of refrigerant that dissolves into the oil is reduced, 
resulting in a contribution to conservation of global envi 
ronment. Further, Since performance-of the linear compres 
Sor is controlled by the driving frequency, the linear com 
preSSor can be driven at maximum performance without 
being restricted by the construction, whereby design that 
provides maximum efficiency at rated performance can be 
carried out. As a result, the refrigerator using the linear 
compressor can be reduced in size and increased in effi 
ciency. 

0038 According to the present invention (claim 14), 
there is provided a cryogenic freezer equipped with a 
compressor which has a cylinder and a piston, and com 
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presses a fluid in the cylinder by a reciprocating motion of 
the piston, and the cryogenic freezer includes a linear 
Vibration motor for making the piston reciprocate, having a 
Stator and a mover, the mover being Supported by a Spring 
So as to form a Spring vibration System including the mover, 
and a motor driving unit for driving the linear Vibration 
motor, which motor driving unit is a motor driving apparatus 
as defined in any of claims 1 to 11. Therefore, friction loss 
can be reduced as compared with a conventional rotation 
type motor, and further, Sealability of the refrigerant 
between the high-pressure Side and the low-pressure Side is 
increased, whereby efficiency of the compressor is 
enhanced. Moreover, Since friction loSS is reduced, the 
amount of lubricating oil that is indispensable in the rota 
tion-type motor can be significantly reduced. Thereby, recy 
clability is enhanced, and the amount of refrigerant to be 
filled in the compressor is reduced because the amount of 
refrigerant that dissolves into the oil is reduced, resulting in 
a contribution to conservation of global environment. Fur 
ther, Since performance of the linear compressor is con 
trolled by the driving frequency, the linear compressor can 
be driven at maximum performance without being restricted 
by the construction, whereby design that provides maximum 
efficiency at rated performance can be carried out. AS a 
result, the cryogenic freezer using the linear compressor can 
be reduced in Size and increased in efficiency. 
0039 According to the present invention (claim 15), 
there is provided a hot-water Supply unit equipped with a 
compreSSor which has a cylinder and a piston, and com 
presses a fluid in the cylinder by a reciprocating motion of 
the piston, and the hot-water Supply unit includes a linear 
Vibration motor for making the piston reciprocate, having a 
Stator and a mover, the mover being Supported by a Spring 
So as to form a Spring vibration System including the mover; 
and a motor driving unit for driving the linear Vibration 
motor, which motor driving unit is a motor driving apparatus 
as defined in any of claims 1 to 11. Therefore, friction loss 
can be reduced as compared with a conventional rotation 
type motor, and further, Sealability of the refrigerant 
between the high-pressure Side and the low-pressure Side is 
increased, whereby efficiency of the compressor is 
enhanced. Moreover, Since friction loSS is reduced, the 
amount of lubricating oil that is indispensable in the rota 
tion-type motor can be significantly reduced. Thereby, recy 
clability is enhanced, and the amount of refrigerant to be 
filled in the compressor is reduced because the amount of 
refrigerant that dissolves into the oil is reduced, resulting in 
a contribution to conservation of global environment. Fur 
ther, Since performance of the linear compressor is con 
trolled by the driving frequency, the linear compressor can 
be driven at maximum performance without being restricted 
by the construction, whereby design that provides maximum 
efficiency at rated performance can be carried out. AS a 
result, the hot-water Supply unit using the linear compressor 
can be reduced in size and increased in efficiency. 
0040 According to the present invention (claim 16), 
there is provided a handy phone equipped with a linear 
Vibration motor for generating vibration, and a motor driv 
ing unit for driving the linear Vibration motor, wherein the 
linear Vibration motor has a Stator and a mover, which mover 
is Supported by a Spring So as to form a Spring vibration 
System including the mover; and the motor driving unit is a 
motor driving apparatus as defined in any of claims 1 to 11. 
Therefore, vibration can be informed to the outside with the 
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two decrees of freedom, i.e., the number of vibrations and 
the amplitude (vibration), whereby variations of vibration 
patterns can be increased as compared with the case where 
Vibration is generated using the conventional rotation-type 
motor. Moreover, since the output of the linear vibration 
motor is controlled by adjusting the driving frequency, the 
linear Vibration motor can be driven at the maximum per 
formance without being restricted by the construction, 
thereby generating more powerful vibration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0041 FIG. 1 is a block diagram for explaining a motor 
driving apparatus according to a first embodiment of the 
present invention. 
0042 FIG. 2 is a block diagram for explaining a motor 
driving apparatus according to a Second embodiment of the 
present invention. 
0043 FIGS. 3(a)-3(c) are diagrams for explaining a 
motor driving apparatus according to a third embodiment of 
the present invention, wherein FIG.3(a) is a block diagram 
of the motor driving apparatus, and FIGS. 3(b) and 3(c) are 
diagrams illustrating examples of operations of the motor 
driving apparatus. 
0044 FIGS. 4(a) and 4(b) are diagrams for explaining a 
motor driving apparatus according to a fourth embodiment 
of the present invention, wherein FIG. 4(a) is a block 
diagram of the motor driving apparatus, and FIG. 4(b) is a 
diagram illustrating an example of operation of the motor 
driving apparatus. 

004.5 FIGS. 5(a)-5(c) are diagrams for explaining a 
motor driving apparatus according to a fifth embodiment of 
the present invention, wherein FIG. 5(a) is a block diagram 
of the motor driving apparatus, and FIGS. 5(b) and 5(c) are 
diagrams illustrating examples of operations of the motor 
driving apparatus. 

0046 FIGS. 6(a) and 6(b) are diagrams for explaining the 
driving principle of the motor driving apparatus according to 
the fifth embodiment, wherein FIG. 6(a) illustrates an 
equivalent circuit of a linear vibration motor to be driven by 
the motor driving apparatus, and FIG. 6(b) illustrates mod 
eled dynamic characteristics of the equivalent circuit. 
0047 FIGS. 7(a)-7(d) are diagrams for explaining the 
driving principle of the motor driving apparatus according to 
the fifth embodiment, wherein the relations in phases among 
the terminal Voltages of the respective elements of the 
equivalent circuit, the driving Voltage, and the driving 
current in the case where the driving frequency varies, are 
shown by vectors. 
0048 FIGS. 8(a)-8(c) are diagrams for explaining a 
motor driving apparatus according to a Sixth embodiment of 
the present invention, wherein FIG. 8(a) is a block diagram 
of the motor driving apparatus, and FIGS. 8(b) and 8(c) are 
diagrams illustrating examples of operations of the motor 
driving apparatus. 
0049 FIG. 9 is a schematic diagram for explaining a 
motor driving apparatus according to a Seventh embodiment 
of the present invention. 
0050 FIG. 10 is a schematic diagram for explaining an 
air conditioner according to an eighth embodiment of the 
present invention. 
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0051 FIG. 11 is a schematic diagram for explaining a 
refrigerator according to a ninth embodiment of the present 
invention. 

0.052 FIG. 12 is a schematic diagram for explaining a 
cryogenic freezer according to a tenth embodiment of the 
present invention. 
0.053 FIG. 13 is a schematic diagram for explaining a 
hot-water Supply unit according to an eleventh embodiment 
of the present invention. 
0.054 FIG. 14 is a schematic diagram for explaining a 
handy phone according to a twelfth embodiment of the 
present invention. 

BEST MODE TO EXECUTE THE INVENTION 

0.055 Hereinafter, embodiments of the present invention 
will be described. 

0056. Embodiment 1 
0057 FIG. 1 is a block diagram for explaining a motor 
driving apparatus according to a first embodiment of the 
present invention. 
0.058 A motor driving apparatus 101 according to the 

first embodiment drives a linear vibration motor 100 having 
a Stator, a mover, and a Support Spring which Supports the 
mover So as to form a Spring vibration System including the 
mover, at a driving frequency according to a required motor 
output. The stator comprises an electromagnet obtained by 
winding a coil around an iron core, and the mover comprises 
a permanent magnet. 

0059 More specifically, the motor driving apparatus 101 
includes an order output determining unit 3 for determining 
a target output that is a motor output required of the linear 
Vibration motor 100, and outputting an output order Signal 
Oop indicating the determined target output. 
0060) Further, the motor driving apparatus 101 includes a 
driving frequency determining unit 2 for determining a 
driving frequency of the linear vibration motor 100 on the 
basis of the output order Signal Oop to output a driving 
frequency signal Ifr indicating the determined driving fre 
quency; and a motor driver 1 for applying, as a driving 
Voltage, an AC voltage Vd having a predetermined fre 
quency to the linear vibration motor 100 on the basis of the 
driving frequency Signal Ifr. 

0061 Hereinafter, the motor driver 1, the driving fre 
quency determining unit 2, and the order output determining 
unit 3 which are constituents of the motor driving apparatus 
101 will be described in detail. 

0062) The motor driver 1 receives a DC voltage Vp 
having a constant Voltage level from an external power 
Supply 10, generates an AC Voltage Vd having a constant 
amplitude value and a frequency equal to the driving fre 
quency determined by the driving frequency determining 
unit 2, on the basis of the driving frequency signal Ifr from 
the driving frequency determining unit 2, and applies the AC 
Voltage Vd as a driving Voltage to the linear Vibration motor 
100. While the motor driver 1 outputs the AC voltage Vd 
having a constant amplitude value, the motor driver 1 may 
change the amplitude value of the AC voltage Vd to be 
output. In this case, the output of the linear Vibration motor 
100 can be controlled more minutely. Further, the motor 
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driver 1 may apply an AC Voltage on which a DC voltage for 
correcting the center of vibration of the reciprocating mover 
is superposed, to the linear vibration motor 100. 
0063 More specifically, the motor driver 1 can be imple 
mented by a power amplifier using a transistor or an inverter 
using a Switching element. The power amplifier with a 
transistor can be easily implemented using a circuit structure 
that is generally used for an audio power amplifier or the 
like. Moreover, this power amplifier is characterized by that 
the noise level of the output Voltage is low because it 
generates an AC voltage by a Smooth increase/decrease in 
the transistor output. On the other hand, the inverter with a 
Switching element is characterized by that the energy loSS 
during the Switching operation is ideally Zero because the 
ON resistance is zero and the OFF resistance is infinity, and 
thereby it can drive the linear vibration motor 100 at high 
efficiency. 

0064. The order output determining unit 3 determines a 
target output as a motor output required of the linear 
vibration motor 100, on the basis of at least one of the 
operating condition of the linear vibration motor 100 and the 
operating condition of equipment which uses the linear 
Vibration motor as a driving Source. 
0065. The operating condition of the linear vibration 
motor 100 depends on, for example, performance required 
of the linear Vibration motor, and the performance varies 
depending on the application patterns of the linear Vibration 
motor. For example, when the linear vibration motor 100 is 
applied to a vibration generator of a handy phone, which 
informs an incoming call to the user by Vibration, the 
performance required of the linear Vibration motor is rhyth 
mically changing the intensity of vibration that informs an 
incoming call to the user. 
0066. On the other hand, the operating condition of 
equipment utilizing the linear vibration motor 100 as a 
driving Source varies depending on the type of the equip 
ment. For example, when the linear vibration motor 100 is 
applied to a compressor, the operating condition of the 
equipment is the pressure or temperature of a fluid to be 
compressed. Especially when the compressor is incorpo 
rated in an air conditioner, the operating condition of the 
equipment is the indoor temperature or outdoor temperature. 
Further, when the compressor is incorporated in a refrigera 
tor, the operating condition of the equipment is the tempera 
ture inside the refrigerator, or the like. Furthermore, when 
the linear vibration motor 100 is applied to a shaver, the 
operating condition of the equipment is the thickness of 
beard. Thus, the operating condition of the equipment is the 
condition of load on the equipment. 
0067. The driving frequency determining unit 2 deter 
mines a driving frequency of the linear vibration motor 100 
on the basis of the order output indicated by the output order 
Signal Oop, i.e., the motor output required of the linear 
vibration motor 100, which is determined by the order 
output determining unit 3, and then outputs a driving fre 
quency Signal Ifr indicating the determined driving fre 
quency to the motor driver 1. 
0068. As a concrete method for determining the driving 
frequency, there is considered a method using a table or a 
computational expression in which the values of the order 
output indicated by the output order Signal Oop are associ 
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ated with the values of the driving frequency. Further, 
Specific relationship between the value of the order output 
and the value of the driving frequency is as follows. That is, 
as the value of the order output corresponding to the value 
of the driving frequency is Smaller, the value of driving 
frequency is farther from the resonance frequency. Such 
relationship is based on a phenomenon that the motor output 
generated by the linear Vibration motor becomes maximum 
when the driving frequency of the linear Vibration motor is 
equal to the resonance frequency, and the generated motor 
output is reduced as the driving frequency of the linear 
Vibration motor gets farther from the resonance frequency. 
The resonance frequency is the driving frequency of the 
linear Vibration motor at which the Spring vibration System 
including the mover is in the resonance State. 
0069. Next, the operation of the motor driving apparatus 
101 will be described. 

0070. In this first embodiment, the motor driving appa 
ratus 101 determines a driving frequency at which the linear 
vibration motor 100 generates a desired motor output, and 
applies an AC voltage Vd having a constant amplitude value 
and a frequency equal to the determined driving frequency, 
to the linear vibration motor 100, thereby driving the linear 
vibration motor 100. 

0.071) To be specific, in the motor driving apparatus 101, 
when the AC voltage Vd outputted from the motor driver 1 
is applied to the linear vibration motor 100 to start the 
operation of the linear vibration motor 100, a motor output 
required of the linear vibration motor 100 is determined by 
the order output determining unit 3 on the basis of the 
operating condition of the linear vibration motor 100 or the 
operating condition of the equipment having the linear 
vibration motor 100 as a driving source, and an output order 
Signal Oop indicating the determined motor output is output 
to the driving frequency determining unit 2. 
0.072 Then, in the driving frequency determining unit 2, 
a driving frequency of the linear vibration motor 100 is 
determined on the basis of the output order Signal Oop from 
the order output determining unit 3, and a driving frequency 
Signal Ifr indicating the determined driving frequency is 
output to the motor driver 1. 
0073. In the motor driver 1, the frequency of the gener 
ated AC Voltage Vd is adjusted to be equal to the driving 
frequency determined by the driving frequency determining 
unit 2, on the basis of the driving frequency Signal Ifr, and 
the amplitude-fixed AC voltage Vd having the frequency 
equal to the driving frequency is output from the motor 
driver 1 to the linear vibration motor 100. 

0074) When the linear vibration motor is driven by a 
pulse Voltage Supplied from the motor driver 1, adjustment 
of the AC current is carried out by changing the frequency 
of a pulse signal outputted from an oscillator. When this 
oscillator is a VCO (Voltage-Controlled Oscillator) in which 
the frequency of an output pulse is varied by Voltage control, 
the motor output is controlled by adjusting the control 
voltage of the VCO. This output control is relatively simple 
as compared with the case where the duty ratio of the pulse 
Signal outputted from the oscillator is controlled using 
Specific hardware or the like. 
0075 AS described above, the motor driving apparatus 
101 according to the first embodiment is provided with the 
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order output determining unit 3 for determining the motor 
output required of the linear vibration motor 100 on the basis 
of the operating condition of the linear vibration motor 100 
or the like, and the driving frequency determining unit 2 for 
determining the driving frequency of the linear Vibration 
motor 100 on the basis of the motor output determined by 
the order output determining unit 3, and applies the ampli 
tude-fixed AC voltage Vd having the frequency equal to the 
determined driving frequency to the linear Vibration motor 
100. Therefore, the output of the linear vibration motor 100 
can be controlled with its amplitude level being kept con 
Stant, by adjusting the frequency of the AC Voltage applied 
to the linear vibration motor, whereby output control for the 
linear Vibration motor can be easily carried out. 

0076 Furthermore, since the output of the linear vibra 
tion motor can be adjusted according to the frequency of the 
AC voltage, the maximum output of the linear Vibration 
motor can be increased without modifying the Specification 
of the linear Vibration motor or the power Supply thereof, 
and the maximum output of the linear vibration motor is not 
restricted by the structure of the linear vibration motor or the 
Voltage level of the external DC power Supply. 

0.077 Embodiment 2) 
0078 FIG. 2 is a block diagram for explaining a motor 
driving apparatus according to a Second embodiment of the 
present invention. 

0079 A motor driving apparatus 102 according to the 
Second embodiment drives a linear vibration motor 100 
having a Stator, a mover, and a Support Spring which 
Supports the mover So as to form a Spring vibration System 
including the mover, while adjusting the driving frequency 
So as to reduce a difference between the motor output and a 
desired motor output. The linear vibration motor 100 accord 
ing to this Second embodiment is identical to that of the first 
embodiment. 

0080 More specifically, the motor driving apparatus 102 
includes an order output determining unit 3 for determining 
a target output that is a motor output required of the linear 
vibration motor 100 to output an output order signal Oop 
indicating the determined target output; and an output detec 
tor 4 for detecting a motor output Omp generated by the 
linear vibration motor 100 to output an output detection 
Signal Dop indicating the detected motor output. 

0081 Further, the motor driving apparatus 102 includes a 
driving frequency determining unit 2a for determining a 
driving frequency of the linear vibration motor 100 on the 
basis of the output order Signal Oop and the output detection 
Signal Dop, and outputting a driving frequency Signal Ifr 
indicating the determined driving frequency; and a motor 
driver 1 for applying a driving voltage (AC Voltage) Vd 
having a predetermined frequency to the linear Vibration 
motor 100 on the basis of the driving frequency signal Ifr. 

0082 Hereinafter, the motor driver 1, the driving fre 
quency determining unit 2a, the order output determining 
unit 3, and the output detector 4, which are constituents of 
the motor driving apparatus 102, will be described in detail. 

0083. The motor driver 1 and the order output determin 
ing unit 3 are identical to those of the motor driving 
apparatuS 101 according to the first embodiment. 
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0084. The output detector 4 detects a motor output Omp 
generated by the linear vibration motor 100 to output an 
output detection Signal Dop indicating the detected motor 
output. A concrete detection method adopted by the output 
detector 4 includes detecting at least one of the operating 
condition of the linear vibration motor 100 and the operating 
condition of a system in which the linear vibration motor 
100 is incorporated, and estimating a motor output Omp to 
be generated by the linear vibration motor 100 on the basis 
of the detected operating condition. 
0085. The driving frequency determining unit 2a adjusts 
a driving frequency of the linear vibration motor 100 so that 
a difference between the motor output which is determined 
by the order output determining unit 3 and indicated by the 
output order Signal Oop, and the motor output which is 
detected by the output detector 4 and indicated by the output 
detection signal Dop, becomes Zero, thereby determining the 
driving frequency. 
0.086 To be specific, the driving frequency determining 
unit 2a compares the order output with the detected output, 
and changes the driving frequency to increase the detected 
output when the detected output is lower than the order 
output, and conversely, changes the driving frequency to 
decrease the detected output when the detected output is 
higher than the order output. 
0.087 However, a change in the driving frequency with 
which the detected output increases and a change in the 
driving frequency with which the detected output decreases 
cannot be uniquely determined as a change in either direc 
tion between the driving frequency increasing direction and 
the driving frequency decreasing direction. The reason is as 
follows. Depending on the operating conditions of the linear 
vibration motor 100, there are cases where the motor output 
increases even when the driving frequency is decreased, and 
where the motor output decreases even when the driving 
frequency is increased. 
0088 Accordingly, in this second embodiment, the driv 
ing frequency determining unit 2a judges whether the motor 
output is increased or decreased when the driving frequency 
is changed last time, on the basis of the motor outputs 
detected before and after the change of the driving fre 
quency, and then changes the driving frequency in an 
appropriate direction between the increasing direction and 
the decreasing direction So that the detected motor output 
approaches the desired motor output, on the basis of the 
judgment result. 
0089 Next, the operation of the motor driving apparatus 
102 will be described. 

0090. In this second embodiment, the motor driving 
apparatus 102 drives the linear vibration motor 100 while 
performing feedback control So that the motor output of the 
linear vibration motor 100 matches the required motor 
output. 

0.091 To be specific, in the motor driving apparatus 101, 
when the AC voltage Vd outputted from the motor driver 1 
is applied to the linear vibration motor 100 to start the 
operation of the linear vibration motor 100, a motor output 
required of the linear vibration motor 100 is determined by 
the order output determining unit 3 on the basis of the 
operating condition of the linear vibration motor 100 or the 
operating condition of the equipment including the linear 
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vibration motor 100 as a driving source, as in the motor 
driving apparatuS 101 according to the first embodiment, 
and an output order Signal Oop indicating the determined 
motor output is sent to the driving frequency determining 
unit 2a. 

0092. In the output detector 4, a motor output Omp 
generated by the linear vibration motor 100 is detected, and 
an output detection Signal Dop indicating the detected motor 
output is Sent to the driving frequency determining unit 2a. 
0093. In the driving frequency determining unit 2a, a 
driving frequency of the linear vibration motor 100 is 
determined So that the detected output matches the order 
output, on the basis of the output order Signal Oop from the 
order output determining unit 3 and the output detection 
Signal Dop from the output detector 4, and a driving fre 
quency Signal Ifr indicating the determined driving fre 
quency is output to the motor driver 1. 
0094) More specifically, in the driving frequency deter 
mining unit 2a, the order output and the detected output are 
compared. When the detected output is lower than the order 
output, the driving frequency is changed to increase the 
detected output. Conversely, when the detected output is 
higher than the order output, the driving frequency is 
changed to decrease the detected output. 

0.095. In the motor driver 1, as in the first embodiment, 
the frequency of the generated AC voltage Vd is adjusted to 
be equal to the driving frequency determined by the driving 
frequency determining unit 2a, on the basis of the driving 
frequency Signal Ifr, and then the amplitude-fixed AC volt 
age Vd having the frequency equal to the driving frequency 
is output from the motor driver 1 to the linear vibration 
motor 100. 

0096. As described above, the motor driving apparatus 
102 according to the second embodiment is provided with 
the order output determining unit 3 for determining the 
motor output required of the linear vibration motor 100, the 
output detector 4 for detecting the motor output Omp 
generated by the linear vibration motor 100, and the driving 
frequency determining unit 2a for determining the driving 
frequency of the linear vibration motor 100 so that the motor 
output detected by the output detector 4 matches the motor 
output determined by the order output determining unit 3. 
The motor driving apparatus 102 So constructed applies the 
amplitude-fixed AC voltage Vd having the frequency equal 
to the determined driving frequency, to the linear Vibration 
motor 100. Therefore, as in the first embodiment, the output 
of the linear vibration motor 100 can be controlled in the 
State where the amplitude level of the AC voltage applied to 
the linear Vibration motor is kept constant, and further, the 
maximum output of the linear Vibration motor can be 
increased without modifying the Specification of the linear 
Vibration motor or the power Supply thereof. 

0097. Furthermore, in this second embodiment, the motor 
output from the linear vibration motor 100 is detected, and 
the driving frequency of the linear vibration motor 100 is 
adjusted So that the detected motor output matches the order 
output. Therefore, control for the motor output of the linear 
Vibration motor becomes feedback control targeted at the 
order output determined by the order output determining 
unit 3, resulting in Stable and precise output control for the 
linear vibration motor. 
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0.098 Embodiment 3) 
0099 FIG.3(a) is a block diagram for explaining a motor 
driving apparatus according to a third embodiment of the 
present invention. 
0100. A motor driving apparatus 103 according to the 
third embodiment drives a linear vibration motor 100 having 
a Stator, a mover, and a Support Spring which Supports the 
mover So as to form a Spring vibration System including the 
mover, at a driving frequency that is determined on the basis 
of the position of the mover. The linear vibration motor 100 
of this third embodiment is identical to that of the first 
embodiment. 

0101 To be specific, the motor driving apparatus 103 
includes a position detector 5 for detecting the position of 
the reciprocating mover, and outputting a position detection 
Signal Dposi indicating the detected mover position; a 
resonance frequency determining unit 6 for Outputting a 
resonance frequency signal Dreso indicating the resonance 
frequency of the linear vibration motor 100; a driving 
frequency determining unit 2b for determining a driving 
frequency of the linear vibration motor 100 on the basis of 
the position detection Signal Dposi and the resonance fre 
quency Signal Dreso, and outputting a driving frequency 
Signal Ifr indicating the determined driving frequency; and 
a motor driver 1 for applying an AC voltage Vd having a 
constant amplitude value and a predetermined frequency to 
the linear vibration motor 100 on the basis of the driving 
frequency Signal Ifr. 
0102 Hereinafter, the motor driver 1, the position detec 
tor 5, the resonance frequency determining unit 6, and the 
driving frequency determining unit 2b, which are constitu 
ents of the motor driving apparatus 103, will be described in 
detail. 

0103) The motor driver 1 is identical to that of the motor 
driving apparatuS 101 according to the first embodiment. 
0104. The position detector 5 detects the position of the 
reciprocating mover. A concrete method for detecting the 
mover position is as follows. That is, using a position Sensor 
incorporated in the linear Vibration motor, the position of the 
reciprocating mover when the mover is closest to the posi 
tion Sensor is detected. Preferably, the position Sensor is 
placed in a predetermined position on a Straight line along 
the mover Vibrating direction. 
0105. Alternatively, the mover position may be detected 
by measuring a distance between the mover and a specific 
position in the System including the linear Vibration motor 
100 using a position Sensor. Further, without using a position 
Sensor, the mover position may be estimated on the basis of 
the mass of the mover, the Spring constant of the Support 
Spring, and the driving Voltage and driving current applied 
to the linear vibration motor. 

0106 The resonance frequency determining unit 6 out 
puts a resonance frequency Signal Dreso indicating a reso 
nance frequency as a Single natural frequency of the Spring 
vibration system, which is estimated from the mass of the 
mover and the Spring constant. 
0107 However, the resonance frequency determining 
unit 6 is not restricted to one outputting a signal indicating 
the Single natural frequency estimated from the mass of the 
mover and the Spring constant. The resonance frequency 
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determining unit 6 may determine the resonance frequency 
of the Spring vibration System on the basis of the load 
condition of the linear vibration motor 100 as well as the 
mass of the mover and the Spring constant, thereby to output 
a signal indicating the determined resonance frequency. In 
this case, the resonance frequency can be determined 
according to the operating conditions, utilizing a table or the 
like including a plurality of correspondences between reso 
nance frequencies and combinations of the mass of the 
mover, the Spring constant, and the load conditions of the 
linear vibration motor 100. Since the mass of the mover and 
the Spring constant have constant values, the above-de 
Scribed table Substantially includes a plurality of correspon 
dences between the values of parameters indicating plural 
load conditions of the linear Vibration motor, and the values 
of resonance frequencies at the respective load conditions. 
Further, when fluctuations in the resonance frequency with 
variations in the load condition of the linear vibration motor 
can be ignored, the resonance frequency determining unit 6 
may output a resonance frequency signal indicating a single 
typical value of the resonance frequency. In this case, the 
above-mentioned table is not necessary. 
0.108 Further, when the resonance frequency signifi 
cantly fluctuates according to the load conditions of the 
linear vibration motor 100, there is employed a method for 
determining the resonance frequency by adjusting the fre 
quency of the AC current Supplied to the linear Vibration 
motor So as to Satisfy predetermined conditions. For 
example, two resonance frequency determining methods are 
proposed as follows. 
0109 The first resonance frequency determining method 
utilizes that, when the phase of displacement of the mover 
and the phase of the AC current Supplied to the linear 
vibration motor 100 deviate by 90° from each other, the 
frequency of this Supply current is the resonance frequency 
of the linear vibration motor. In this method, the frequency 
of the Supply current is adjusted So that the phase of 
displacement of the mover and the phase of the Supply 
current deviate by 90, and the frequency obtained by this 
adjustment is determined as the resonance frequency. 
0110. The second resonance frequency determining 
method utilizes that, when the power applied to the linear 
vibration motor 100 becomes maximum under the state 
where the amplitude of the AC current supplied to the motor 
100 is kept constant, the frequency of this Supply current is 
the resonance frequency of the linear Vibration motor. In this 
method, the frequency of the Supply current is adjusted So 
that the Supply power becomes maximum with the ampli 
tude of the Supply current being kept constant, and the 
frequency obtained by the adjustment is determined as the 
resonance frequency. 
0111. In the allowable stroke state where the mover 
position detected by the position detector 5 does not exceed 
a predetermined reference position, the driving frequency 
determining unit 2b Sets the driving frequency of the linear 
vibration motor 100 at the resonance frequency determined 
by the resonance frequency determining unit 6. On the other 
hand, in the over Stroke State where the detected position 
exceeds the predetermined reference position, the driving 
frequency determining unit 2b Sets the driving frequency of 
the linear vibration motor 100 at a frequency higher than the 
resonance frequency determined by the resonance frequency 
determining unit 6. 
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0112 The reference position is determined on the basis of 
an elastic limit of the Spring member Supporting the mover. 
However, the reference position may be determined on the 
basis of the critical position of the mover at which the mover 
collides against the parts of the linear Vibration motor or the 
parts of the equipment including the linear vibration motor. 
Actually, when the possibility of collision of the mover is 
higher than the possibility of breakage of the Spring member, 
the reference position is determined on the basis of the 
critical mover position. Conversely, when the possibility of 
breakage of the Spring member is higher than the possibility 
of collision of the mover, the reference position is deter 
mined on the basis of the elastic limit of the Spring member. 
0113. Next, the operation of the motor driving apparatus 
103 will be described. 

0114. In this third embodiment, the motor driving appa 
ratus 103 drives the linear vibration motor 100 at a driving 
frequency according to the position of the reciprocating 
OVC. 

0115) To be specific, in the motor driving apparatus 103, 
when the AC voltage Vd is supplied from the motor driver 
1 to the linear vibration motor 100 to start the operation of 
the linear vibration motor, the position detector 5 detects the 
position of the reciprocating mover of the linear Vibration 
motor 100, and a position detection Signal Dposi indicating 
the detected mover position is output from the position 
detector 5 to the driving frequency determining unit 2b. 
0116 Further, a resonance frequency signal Dreso indi 
cating the resonance frequency of the linear Vibration motor 
100 is output from the resonance frequency determining unit 
6 to the driving frequency determining unit 2b. 
0117. In the driving frequency determining unit 2b, a 
driving frequency of the linear vibration motor 100 is 
determined on the basis of the position detection signal 
Dposi from the position detector 5 and the resonance fre 
quency Signal Dreso from the resonance frequency deter 
mining unit 6, and a driving frequency Signal Ifr indicating 
the determined driving frequency is output to the motor 
driver 1. 

0118. To be specific, in the driving frequency determin 
ing unit 2b, when the mover is in the allowable Stroke State 
where the mover position detected by the position detector 
5 does not exceed the predetermined reference, the driving 
frequency of the linear vibration motor 100 is set at the 
resonance frequency determined by the resonance frequency 
determining unit 6. On the other hand, when the mover is in 
the over Stroke State where the detected mover position 
exceeds the reference position, the driving frequency of the 
linear vibration motor 100 is set at a frequency higher than 
the resonance frequency determined by the resonance fre 
quency determining unit 6. 
0119). In the motor driver 1, as in the first embodiment, 
the frequency of the generated AC voltage Vd is adjusted So 
as to be equal to the driving frequency determined by the 
driving frequency determining unit 2b, on the basis of the 
driving frequency Signal Ifr, and the amplitude-fixed AC 
Voltage Vd having the frequency equal to the driving fre 
quency is output from the motor driver 1 to the linear 
vibration motor 100. 

0120 AS described above, the motor driving apparatus 
103 according to the third embodiment is provided with the 
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motor driver 1 for driving the linear vibration motor 100 
with the AC Voltage having a frequency equal to the deter 
mined driving frequency; and the position detector 5 for 
detecting the position of the mover of the linear vibration 
motor 100. In the motor driving apparatus 103 so con 
Structed, the driving frequency is set at the resonance 
frequency of the linear vibration motor when the mover is in 
the allowable stroke state where the detected mover position 
does not exceed a predetermined reference position, while 
the driving frequency is Set at a frequency higher than the 
resonance frequency when the mover is in the over Stroke 
State where the detected position exceeds the reference 
position. Therefore, in a low output region where the Stroke 
length of the mover does not exceed the allowable range 
even if the linear Vibration motor is driven at the resonance 
frequency, the linear Vibration motor can be driven with 
higher efficiency. On the other hand, in a high output region 
where the stroke length of the mover exceeds the allowable 
range if the linear Vibration motor is driven at the resonance 
frequency, the Stroke length of the mover can be restricted to 
the allowable range by changing the driving frequency. 
Thereby, the mover can be prevented from breaking due to 
a collision against the motor body, and the mover Supporting 
Spring can be prevented from breaking due to extension over 
a limitation. 

0121 While in this third embodiment the driving fre 
quency determining unit 2b performs determination of the 
driving frequency according to whether the detected mover 
position exceeds a predetermined reference position or not, 
determination of the driving frequency may be carried out 
by other methods as follows. 
0.122 <Modification 1 of Driving Frequency Determin 
ing Methodd 
0123 FIG. 3(b) is a diagram for explaining a driving 
frequency determining method using two reference posi 
tions, according to a first modification of the third embodi 
ment. 

0.124. In this first modification, the driving frequency 
determining unit 2b uses, for determining a driving fre 
quency FX, a first reference position Pb1 and a Second 
reference position Pb2 which are set in order of proximity 
from a critical position Plmt of the mover. 
0.125 Under the state where the stroke of the mover is 
increasing (refer to arrow X1 in FIG. 3(b)), the driving 
frequency is Set at a frequency Fh higher than the resonance 
frequency only when the Stoke increases to Such extent that 
the detected position PX exceeds the first reference position 
Pb1. That is, when the detected position PX is between the 
Second reference position Pb2 and the first reference posi 
tion Pb1, the driving frequency FX is maintained at the 
resonance frequency Freso. On the other hand, under the 
State where the Stroke of the mover is decreasing (refer to 
arrow Y1 in FIG.3(b)), the driving frequency FX is set at the 
resonance frequency Freso only when the Stroke decreases 
to Such extent that the detected position PX does not reach 
the second reference position Pb2. That is, when the detected 
position px is between the first reference position Pb1 and 
the Second reference position Pb2, the driving frequency FX 
is maintained at the frequency Fh higher than the resonance 
frequency Freso. 
0.126 AS described above, in the method of determining 
the driving frequency using two reference positions, deter 
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mination of the driving frequency can be carried out with 
Stability even when the detected position changes in the 
vicinity of the reference positions. 
0127 <Modification 2 of Driving Frequency Determin 
ing Methodd 
0128 FIG. 3(c) is a diagram for explaining a driving 
frequency determining method using a predetermined criti 
cal Zone instead of the reference position, according to a 
Second modification of the third embodiment. 

0129. In this second modification, the driving frequency 
determining unit 2b adjusts the driving frequency to 
decrease the stroke of the mover when the detected mover 
position is in a predetermined critical Zone between the 
reference position and the critical position. 
0130. The lower-limit position Prb of the critical Zone Z1 
matches the reference position that is predetermined on the 
basis of the critical position, and the upper-limit position Pru 
of the critical Zone Z1 is by a predetermined distance apart 
from the critical position Plim. 
0131. In the driving frequency determining unit 2b, the 
driving frequency FX is maintained at the resonance fre 
quency FreSO until the detected position PX enters the critical 
Zone Z1 due to an increase in the stroke of the mover. When 
the detected position PX enters the critical Zone Z1, fre 
quency adjustment is started to increase the driving fre 
quency So that the driving frequency deviates from the 
resonance frequency. While the detected position PX is in the 
critical Zone Z1, the driving frequency FX is set at a 
frequency more distant from the resonance frequency Freso 
as the detected position PX gets closer to the upper-limit 
position Pru of the critical Zone Z1. When the detected 
position PX reaches the upper-limit position Pru of the 
critical Zone Z1, the driving frequency FX is Set at the 
maximum frequency Fmax that is most distant from the 
resonance frequency Freso. Under the State where the 
detected position PX crosses the critical Zone Z1 and 
approaches the critical position Plim, the driving frequency 
FX is maintained at the maximum frequency FmaX. 
0132) Further, when the detected position Px is getting 
away from the critical position Plim, the driving frequency 
FX gradually approaches the resonance frequency Freso 
under the state where the detected position PX is in the 
critical Zone Z1. When the detected position PX is away from 
the critical position Plim beyond the lower-limit position Prb 
of the critical Zone Z1, the driving frequency FX is Set at the 
resonance frequency Freso. 
0.133 Setting of the driving frequency FX under the state 
where the detected position Px is in the critical Zone Z1 
employs a table or a function indicating correspondences 
between the values of frequencies to be used as the driving 
frequency FX, and the distances of the detected position PX 
from the lower-limit position Prb of the critical Zone Z1. The 
function is not restricted to the linear function shown in 
FIG. 3(c). It may be a higher-order function, such as a 
Second-order or third-order function, in which an increase in 
the driving frequency is larger as the distance between the 
detected position PX and the lower-limit position Prb of the 
critical Zone Z1 is longer. 
0134. As described above, in the method of determining 
the driving frequency using the critical Zone, when the 
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mover is in the allowable stroke state where the detected 
position PX is away from the critical position Plim beyond 
the lower-limit position Prb, the linear vibration motor can 
be driven with the maximum efficiency by setting the driving 
frequency FX at the resonance frequency Freso. Further, 
when the mover is in the over stroke state where the detected 
position PX approaches the critical position Plim acroSS the 
lower-limit position Prb, reduction in the driving efficiency 
can be minimized while preventing breakage of the mover 
due to a collision with the inner wall of the body of the linear 
vibration motor 100, or breakage of the mover supporting 
Spring due to extension over its limitation. 
0135) <Modification 3 of Driving Frequency Determin 
ing Methodd 
0.136. In a third modification of the third embodiment, the 
driving frequency determining unit 2b Simply Sets the driv 
ing frequency FX at a frequency higher than the resonance 
frequency Freso as the distance between the detected posi 
tion PX and the reference position is longer, when the mover 
is in the over stroke state where the detected position Px 
exceeds the reference position. Also in this case, Setting of 
the driving frequency may employ a table or the like 
indicating correspondences between the distances of the 
detected position from the reference position, and the values 
of frequencies to be used as the driving frequency. 
0.137 AS described above, in the method of determining 
the driving frequency according to the distance between the 
detected position and the reference position, the over stroke 
State of the mover can be quickly and reliably returned to the 
allowable Stroke State, and moreover, the driving frequency 
determining unit 2b can be implemented with a relatively 
Simple circuit Structure. 
0138 Embodiment 4 
0139 FIG.4(a) is a block diagram for explaining a motor 
driving apparatus according to a fourth embodiment of the 
present invention. 
0140. A motor driving apparatus 104 according to the 
fourth embodiment drives a linear vibration motor 100 
having a Stator, a mover, and a Support Spring which 
Supports the mover So as to form a Spring vibration System 
including the mover, at a driving frequency determined on 
the basis of the position of the mover, and Simultaneously, 
adjusts an amplitude value of an AC Voltage to be applied as 
a driving voltage to the linear vibration motor 100 so that the 
motor output matches a desired motor output. The linear 
vibration motor 100 of this fourth embodiment is identical to 
that of the first embodiment. 

0141 More specifically, the motor driving apparatus 104 
includes an output detector 4 for detecting the motor output 
generated by the linear vibration motor 100, and outputting 
an output detection Signal Dop indicating the detected motor 
output; an order output determining unit 3 for determining a 
target output as a motor output required of the linear 
Vibration motor 100, and outputting an output order Signal 
Oop indicating the determined target output; and a driving 
Voltage determining unit 7 for determining an amplitude 
value of an AC Voltage to be Supplied as a driving Voltage 
to the linear vibration motor 100, on the basis of the output 
detection signal Dop and the output order Signal Oop, and 
outputting a Voltage amplitude Signal Odv indicating the 
determined amplitude value. 
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0142. The motor driving apparatus 104 further includes a 
position detector 5 for detecting the position of the recip 
rocating mover of the linear vibration motor 100, and 
outputting a position detection signal Dposi indicating the 
detected mover position; and a resonance frequency deter 
mining unit 6 for outputting a resonance frequency Signal 
Dreso indicating the resonance frequency of the linear 
vibration motor 100. 

0143. The motor driving apparatus 104 further includes a 
driving frequency determining unit 2c for determining a 
driving frequency of the linear vibration motor 100 on the 
basis of the position of the mover indicated by the position 
detection signal Dposi and the resonance frequency of the 
linear Vibration motor indicated by the resonance frequency 
Signal Dreso, and outputting a driving frequency Signal Ifr 
indicating the determined driving frequency; and a motor 
driver 1a for applying, to the linear vibration motor 100, an 
AC voltage Vd having a frequency equal to the driving 
frequency indicated by the driving frequency signal Ifr, and 
having the amplitude value indicated by the Voltage ampli 
tude Signal Odv. 
0144. Hereinafter, the motor driver 1a and the respective 
units 2c and 3-7 constituting the motor driving apparatus 
104 will be described in detail. 

0145 The order output determining unit 3 is identical to 
that of the motor driving apparatuS 101 according to the first 
embodiment. The output detector 4 is identical to that of the 
motor driving apparatus 102 according to the second 
embodiment. Further, the position detector 5 and the reso 
nance frequency determining unit 6 are identical to those of 
the motor driving apparatus 103 according to the third 
embodiment. 

0146 The motor driver 1a of this fourth embodiment 
receives a DC voltage Vp having a constant Voltage level 
from an external power Supply 10, and applies an AC 
Voltage Vd having a frequency equal to the driving fre 
quency determined by the driving frequency determining 
unit 2c and having the amplitude value determined by the 
driving Voltage determining unit 7, to the linear Vibration 
motor 100, on the basis of the driving frequency signal Ifr 
and the voltage amplitude signal Odv. The AC voltage Vd 
applied to the linear vibration motor 100 may include a DC 
Voltage component that corrects the center position of Vibra 
tion of the reciprocating mover of the linear Vibration motor 
100. 

0147 Further, the motor driver 1a can be implemented by 
a power amplifier using a transistor or an inverter using a 
Switching element. 
0148 AS described for the first embodiment, a power 
amplifier using a transistor is characterized by that its circuit 
Structure can easily be realized, and noise in its output 
Voltage is relatively Small. Further, an inverter using a 
Switching element is characterized by that it can drive the 
linear vibration motor 100 with high efficiency. 
014.9 The driving voltage determining unit 7 receives the 
output order Signal Oop from the order output determining 
unit 3 and the output detection signal Dop from the output 
detector 4, and determines an amplitude value of the driving 
voltage of the linear vibration motor 100, i.e., an amplitude 
value of the AC voltage Vd to be supplied from the motor 
driver 1a to the linear vibration motor 100, on the basis of 
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a result of comparison between the magnitude of the order 
output indicated by the output order Signal Oop and the 
magnitude of the detection output indicated by the output 
detection Signal Dop. 
0150 More specifically, the amplitude value of the AC 
Voltage Vd is determined at a larger value when the detec 
tion output is Smaller than the order output, and conversely, 
the amplitude value of the AC voltage Vd is determined at 
a Smaller value when the detection output is larger than the 
order output. 
0151. While in this fourth embodiment the driving volt 
age determining unit 7 determines an amplitude value of the 
AC voltage to be applied as a driving Voltage to the linear 
vibration motor 100, it may determine an rms (root mean 
Square) value of the AC voltage Vd. Also in this case, the 
Same effect as in the case of determining an amplitude value 
of the AC voltage can be achieved. 
0152 The driving frequency determining unit 2c deter 
mines a driving frequency of the linear vibration motor 100 
according to the position of the mover indicated by the 
position detection signal Dposi. 
0153. That is, the driving frequency determining unit 2c 
Sets the driving frequency at the resonance frequency indi 
cated by the resonance frequency signal Dreso when the 
position of the mover detected by the position detector 5 
does not exceed a predetermined reference position. On the 
other hand, the driving frequency determining unit 2c Sets 
the driving frequency at a frequency higher than the reso 
nance frequency indicated by the resonance frequency Signal 
Dreso when the detected mover position exceeds the pre 
determined reference position. 
0154) The reference position is determined on the basis of 
an elastic limit of the Spring member that Supports the 
mover. Alternatively, the reference position may be deter 
mined on the basis of a critical position of the mover at 
which the mover might collide against the parts constituting 
the linear Vibration motor or the parts of the equipment 
including the linear vibration motor. 
0.155) Next, the operation of the motor driving apparatus 
104 will be described. 

0156. In this fourth embodiment, the motor driving appa 
ratus 104 drives the linear vibration motor 100 while adjust 
ing the amplitude value of the AC Voltage to be applied as 
a driving voltage to the linear vibration motor 100 so that the 
motor output matches the required output, and adjusts the 
driving frequency of the linear vibration motor 100 on the 
basis of the position of the mover. 
O157 That is, in the motor driving apparatus 104, when 
the output AC voltage Vd of the motor driver 1a is applied 
to the linear vibration motor 100 to start the operation of the 
linear vibration motor 100, a position Prm of the recipro 
cating mover of the linear vibration motor 100 is detected by 
the position detector 5, and a position detection Signal Dposi 
indicating the detected position Prm of the mover is output 
from the position detector 5 to the driving frequency deter 
mining unit 2c. 
0158. Further, a resonance frequency signal Dreso indi 
cating the resonance frequency of the linear Vibration motor 
100 is output from the resonance frequency determining unit 
6 to the driving frequency determining unit 2c. 
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0159. In the driving frequency determining unit 2c, a 
driving frequency of the linear vibration motor 100 is 
determined on the basis of the position detection signal 
Dposi from the position detector 5 and the resonance fre 
quency Signal Dreso from the resonance frequency deter 
mining unit 6, and a driving frequency Signal Ifr indicating 
the determined driving frequency is output to the motor 
driver 1a. 

0160 To be specific, in the driving frequency determin 
ing unit 2c, as in the driving frequency determining unit 2b 
of the third embodiment, when the mover of the linear 
vibration motor 100 is in the allowable stroke state where the 
detected position does not exceed a predetermined reference 
position, the driving frequency of the linear Vibration motor 
100 is set at the resonance frequency determined by the 
resonance frequency determining unit 6. On the other hand, 
when the mover is in the over stroke state where the detected 
position exceeds the predetermined reference position, the 
driving frequency of the linear vibration motor 100 is set at 
a frequency. higher than the resonance frequency deter 
mined by the resonance frequency determining unit 6. 

0.161 Further, in the output detector 4, a motor output 
Omp from the linear vibration motor 100 is detected, and an 
output detection Signal Dop indicating the detected motor 
output is output to the driving Voltage determining unit 7. In 
the order output determining unit 3., a target output as a 
motor output required of the linear vibration motor 100 is 
determined, and an output order signal Oop indicating the 
determined target output is output to the driving Voltage 
determining unit 7. 

0162. In the driving voltage determining unit 7, an ampli 
tude value of the AC voltage Vd to be supplied to the linear 
vibration motor 100 is determined on the basis of the output 
detection signal Dop and the output order Signal Oop, and a 
Voltage amplitude Signal Odv indicating the determined 
amplitude value is Supplied to the motor driver 1a. In 
determining the amplitude value, the amplitude value of the 
AC voltage Vd is changed to a larger value when the 
detected output Dop is Smaller than the order output Oop, 
and conversely, the amplitude value of the AC voltage Vd is 
changed to a Smaller value when the detected output Dop is 
larger than the order output Oop. 

0163. In the motor driver 1a, the AC voltage Vd to be 
applied to the linear vibration motor 100 is adjusted so that 
the frequency of the AC voltage Vd matches the driving 
frequency determined by the driving frequency determining 
unit 2c and the amplitude value thereof matches the ampli 
tude value determined by the driving Voltage determining 
unit 7, on the basis of the driving frequency Signal Ifr and the 
Voltage amplitude Signal Odv. 

0164. As described above, the motor driving apparatus 
104 according to the fourth embodiment is provided with the 
position detector 5 for detecting the position of the mover, 
and the output detector 4 for detecting the motor output of 
the linear vibration motor 100, and adjusts the amplitude 
value of the AC voltage applied to the linear vibration motor 
100 so that the motor output matches a required output, and 
further, determines the driving frequency of the linear Vibra 
tion motor 100 on the basis of the detected mover position. 
Therefore, feedback control for the motor output is carried 
out by the adjustment of the amplitude value of the AC 
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Voltage, and the mover is prevented from getting too close 
to the critical position by the adjustment of the driving 
frequency. 
0.165 That is, the motor output is always maintained at 
the required output by the feedback control. Further, in the 
allowable Stroke State where the detected mover position 
does not reach the reference position, the driving frequency 
of the linear Vibration motor is Set at the resonance fre 
quency to perform highly-efficient drive of the linear Vibra 
tion motor. In the over stroke state where the detected mover 
position exceeds the reference position, the driving fre 
quency of the linear Vibration motor is Set at a frequency 
higher than the resonance frequency to decrease the Stroke 
of the mover. 

0166 As a result, even in the state where a further 
increase in the Stroke of the mover might cause a collision 
of the mover against the inner wall of the linear vibration 
motor 100 or a breakage of the spring that supports the 
mover due to its extension over a critical eXtension value, 
the output of the linear Vibration motor can be increased 
while avoiding Such a collision between the mover and the 
motor body or a breakage of the Support Spring. 
0167. In other words, in this fourth embodiment, it is 
possible to increase the motor output of the linear Vibration 
motor 100 to the required output by increasing the driving 
frequency under the State where the Stroke length of the 
mover is fixed at an allowable maximum Stroke length. 
Therefore, the Stroke length of the mover is maintained So 
that the position of the mover does not exceed the reference 
position, and the AC voltage generating the required motor 
output is applied to the linear Vibration motor, whereby the 
linear Vibration motor can be driven at the required motor 
output without incurring a collision between the mover and 
the motor body or a breakage of the Support Spring. 
0168 While in this fourth embodiment the driving fre 
quency determining unit 2c performs determination of a 
driving Voltage according to whether the detected mover 
position exceeds the predetermined reference position or 
not, other methods as follows may be employed for deter 
mination of a driving Voltage. 
0169 <Modification 1 of Driving Frequency Determin 
ing Methodd 
0170 FIG. 4(b) is a diagram for explaining a driving 
frequency determining method employing two reference 
positions according to a first modification of the fourth 
embodiment, which is similar to the example shown in FIG. 
3(b). 
0171 In the first modification, as shown in FIG. 4(b), the 
driving frequency determining unit 2c uses, for determining 
the driving frequency, a first reference position Pb1 and a 
second reference position Pb2 which are set in order of 
proximity from the critical position Plim of the mover, like 
the driving frequency determining unit 2b of the third 
embodiment. The driving frequency determining unit 2c 
compares the detected position Px of the mover with the first 
reference position Pb1 when the stroke of the mover is 
increasing, and compares the detected position PX with the 
Second reference position Pb2 when the Stroke is decreasing, 
thereby to determine the driving frequency. 
0172. As described above, in the method of determining 
the driving frequency using the two reference positions, 
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even when the detected position changes in the vicinity of 
the reference points, determination of the driving frequency 
can be carried out with stability. 
0173 <Modification 2 of Driving Frequency Determin 
ing Methodd 
0.174. The driving frequency determining unit 2c may set 
the driving frequency FX at a higher frequency that is larger 
than the resonance frequency as the detected position PX 
gets closer to the critical position Plim, when the detected 
position PX of the mover is in a predetermined critical Zone 
Z1 (refer to FIG. 3(c)). 
0.175. As described above, in the method of determining 
the driving frequency using the critical Zone, the driving 
frequency can be maximized in the low output region, while 
the driving frequency can be maintained as high as possible 
in the high output region while avoiding a collision of the 
mover or a breakage of the Support Spring. 
0176) <Modification of Driving Voltage Amplitude 
Determining Methodd 
0177. While in this fourth embodiment the motor driving 
apparatus 104 determines the amplitude value of the driving 
voltage Vd to be applied to the linear vibration motor 100 on 
the basis of the detected motor output and the required motor 
output, the amplitude value of the driving Voltage Vd may be 
determined on the basis of the detected mover position as 
well as the detected motor output and the required motor 
Output. 

0178 FIG. 4(b) is a diagram for explaining a modifica 
tion of the driving Voltage amplitude determining method 
according to the fourth embodiment, illustrating four oper 
ating conditions DS1-DS4 of the linear vibration motor. 
0179. In this modification, the driving voltage determin 
ing unit 7 determines the amplitude value of the AC voltage 
Vd So that the detected motor output matches the required 
motor output, when the the detected mover position does not 
exceed the reference position. That is, the driving Voltage 
determining unit 7 increases the amplitude value of the AC 
voltage Vd in the driving state DS1 where the detected 
motor output is Smaller than the required motor output, and 
decreases the amplitude value of the AC voltage Vd in the 
driving State DS2 where the detected motor output is larger 
than the required motor output. 
0180 Further, in the driving state DS3 where the detected 
mover position exceeds the reference position, and the 
detected motor output is Smaller than the required motor 
output, the driving Voltage determining unit 7 adjusts the 
amplitude value of the Supply Voltage Vd So that the detected 
mover position is in the predetermined range. That is, the 
driving Voltage determining unit 7 decreases the amplitude 
value of the Supply Voltage Vd when the detected position is 
likely to go out of the predetermined range due to an 
increase in the Stroke length of the mover, and conversely, 
the driving Voltage determining unit 7 increases the ampli 
tude value of the AC voltage Vd when the detected position 
is likely to go out of the predetermined range due to a 
decrease in the Stroke length of the mover. 
0181 Furthermore, in the driving state DS4 where the 
detected mover position exceeds the reference position and 
the detected motor output is larger than the required motor 
output, the driving Voltage determining unit 7 decreases the 
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amplitude value of the AC voltage Vd so that the detected 
motor output matches the required motor output. 
0182. As described above, the amplitude value of the 
supply voltage Vd to the linear vibration motor 100 is 
determined on the basis of the detected motor output, the 
required motor output, and the detected mover position. 
Therefore, in the over Stroke State, the motor output control 
and mover position control by the driving Voltage determin 
ing unit 7 are carried out on the basis of the detected 
position, like the motor output control and mover position 
control by the driving frequency determining unit 2c, 
whereby the control by the driving Voltage determining unit 
7 and the control by the driving frequency determining unit 
2c can be smoothly and reliably carried out without incur 
ring interference between these controls. 
0183) Embodiment 5 
0184 FIG. 5(a) is a block diagram for explaining a motor 
driving apparatus according to a fifth embodiment of the 
present invention. 
0185. A motor driving apparatus 105 according to the 
fifth embodiment is provided with a driving frequency 
determining unit 2d for determining a driving frequency of 
a linear vibration motor 100 on the basis of a voltage 
amplitude Signal OdV as an output of a driving Voltage 
determining unit 7, instead of the position detector 5 and the 
driving frequency determining unit 2c of the motor driving 
apparatus 104 according to the fourth embodiment. The 
other constituents of the motor driving apparatus 105 are 
identical to those of the motor driving apparatus 104 of the 
fourth embodiment. 

0186 To be specific, a motor driver 1a, an order output 
detector 3, an output detector 4, a resonance frequency 
determining unit 6, and a driving frequency determining unit 
7 which are included in the motor driving apparatus 105 of 
the fifth embodiment, are identical to those of the motor 
driving apparatus 104 of the fourth embodiment. 
0187. The driving frequency determining unit 2d of this 
fifth embodiment determines a driving frequency of the 
linear vibration motor 100 according to whether the ampli 
tude value indicated by the Voltage amplitude Signal Odv 
from the driving Voltage determining unit 7, in other words, 
the amplitude value of the driving Voltage determined So that 
the motor output matches the required output, exceeds a 
predetermined reference value or not. 
0188 That is, the driving frequency determining unit 2d 
sets the driving frequency of the linear vibration motor 100 
at the resonance frequency indicated by the resonance 
frequency Signal Dreso outputted from the resonance fre 
quency determining unit 6 when the amplitude value indi 
cated by the Voltage amplitude Signal Odv does not exceeds 
a predetermined constant reference value. On the other hand, 
the driving frequency determining unit 2d Sets the driving 
frequency of the linear vibration motor 100 at a specific 
frequency higher than the resonance frequency indicated by 
the resonance frequency Signal Dreso when the amplitude 
value indicated by the Voltage amplitude Signal OdV exceeds 
the predetermined constant reference value. To be specific, 
the Specific frequency is a frequency that is by a predeter 
mined frequency higher than the resonance frequency. 
0189 While in this fifth embodiment the driving fre 
quency determining unit 2d compares the amplitude value 
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indicated by the Voltage amplitude Signal Odv from the 
driving Voltage determining unit 7 with the predetermined 
constant reference value, the driving frequency determining 
unit 2d may compare the amplitude value with a Voltage 
value of a DC power supply inputted to the motor driver 1a, 
or a Voltage value obtained by a predetermined calculation 
using the Voltage value of the DC power Supply. 
0190. Next, the operation of the motor driving apparatus 
105 according to the fifth embodiment will be described. 
0191 In this fifth embodiment, the motor driving appa 
ratus 105 adjusts the amplitude value of the AC voltage to 
be applied to the linear vibration motor 100 so that the motor 
output matches the required output, and Simultaneously, 
drives the linear vibration motor 100 at a driving frequency 
according to the adjusted amplitude value of the AC voltage. 
0.192 More specifically, in the motor driving apparatus 
105, when the output AV voltage Vd of the motor driver 1a 
is applied to the linear vibration motor 100 to start the 
operation of the linear vibration motor 100, the output 
detector 4 detects the motor output generated by the linear 
vibration motor 100, and an output detection signal Dop 
indicating the detected motor output to the driving Voltage 
determining unit 7. In the order output determining unit 3., a 
motor output required of the linear vibration motor 100 is 
determined, and an output order Signal Oop indicating the 
determined motor output is output to the driving Voltage 
determining unit 7. 
0193 Then, in the driving voltage determining unit 7, an 
amplitude value of the AC voltage to be Supplied to the 
linear vibration motor 100 is determined on the basis of the 
output detection Signal Dop and the output order Signal Oop, 
and a Voltage amplitude Signal OdV indicating the deter 
mined amplitude value is output to the driving frequency 
determining unit 2d and to the motor driver 1a. 
0194 Further, a resonance frequency signal Dreso indi 
cating the resonance frequency of the linear Vibration motor 
100 is output from the resonance frequency determining unit 
6 to the driving frequency determining unit 2d. 
0.195. In the driving frequency determining unit 2d., a 
driving frequency of the linear vibration motor 100 is 
determined on the basis of the Voltage amplitude Signal Odv 
from the driving Voltage determining unit 7 and the reso 
nance frequency Signal Dreso from the resonance frequency 
determining unit 6, and a driving frequency Signal Ifr 
indicating the determined driving frequency is output to the 
motor driver 1a. To be specific, in the driving frequency 
determining unit 2d, when the amplitude value indicated by 
the Voltage amplitude Signal OdV does not exceed the 
predetermined reference value, the driving frequency of the 
linear vibration motor 100 is determined at the resonance 
frequency thereof. On the other hand, when the amplitude 
value exceeds the predetermined reference value, the driving 
frequency of the linear vibration motor 100 is determined at 
a frequency higher than the resonance frequency. 
0196) In the motor driver 1a, the AC voltage Vd to be 
applied to the linear vibration motor 100 is adjusted so as to 
have a frequency equal to the driving frequency determined 
by the driving frequency determining unit 2d and an ampli 
tude value equal to the amplitude value determined by the 
driving Voltage determining unit 7, on the basis of the 
driving frequency Signal Ifr and the Voltage amplitude Signal 
OdV. 
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0.197 Next, the characteristics of the motor driving appa 
ratus 105 according to the fifth embodiment will be 
described using mathematical expressions and figures Show 
ing logical grounds. 

0198 FIG. 6(a) is a diagram illustrating an equivalent 
circuit of the linear vibration motor. 

0199. In FIG. 6(a), L is the equivalent inductance H of 
a coil as a constituent of the linear Vibration motor, and R is 
the equivalent resistance S2 of the coil. Further, Vd(t) is the 
instantaneous value IV of the AC voltage applied to the 
linear vibration motor, and Id(t) is the instantaneous value 
A of the AC current supplied to the linear vibration motor. 
Furthermore, C. is the thrust constant N/A of the linear 
vibration motor, V(t) is the instantaneous value m/s of 
velocity of the mover of the linear vibration motor, and 
C. V(t) is the instantaneous value IV of an induced electro 
motive Voltage Vind that occurs due to driving of the linear 
vibration motor. 

0200. The thrust constant C. of the linear vibration motor 
shows a force N that occurs when a unit current A is 
applied to the linear vibration motor. Further, while the unit 
of the thrust constant C. is expressed by N/A), this unit is 
equivalent to Wb/s and IV:S/m). 
0201 The equivalent circuit shown in FIG. 6(a) is 
derived from the Kirchhoff's low. From the equivalent 
circuit, formula (1) showing the relationship among the 
instantaneous value of Velocity of the mover of the linear 
Vibration motor, the instantaneous value of the driving 
current, and the instantaneous value of the driving Voltage, 
is derived as follows. 

1 
a ... y = W - R. - L- (1) 

0202 Since the factors CN/A), RS2), and LH used in 
formula (1) are constants unique to the motor, variables that 
vary with time are the vector V showing the instantaneous 
value V(t) m/s) of velocity of the mover, the vector V 
showing the instantaneous value Vd(t)V of the driving 
Voltage, and the Vector I showing the instantaneous value 
Id(t)A) of the driving current. 
0203 FIGS. 7(a)-7(d) are vector diagrams showing the 
variables in formula (1). In FIGS. 7(a)-7(d), the phase 
relationships among the instantaneous value V(t) m/s) of 
velocity of the mover, the instantaneous value Vd(t)V of 
the applied voltage, and the instantaneous value Id(t)A of 
the driving current are shown using the Velocity vector V, 
Voltage vector V, and current vector I corresponding to the 
respective values. 

0204 Further, in FIGS. 7(a)-7(d), terminal voltages gen 
erated at the respective circuit elements in the equivalent 
circuit are shown by vectors with reference to the phase of 
the Supply current Id(t). In the figures, () is the frequency of 
the AC current Id(t) supplied to the linear vibration motor, 
C.V is the Voltage vector showing the included Voltage Vind 
(=OXV(t)), RI is the Voltage vector indicating the terminal 
voltage R-Id(t) of the equivalent resistance, co-LI is the 
voltage vector indicating the terminal voltage (D-L-Idot) of 
the equivalent inductance, and V0-V3 are the voltage vec 
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tors indicating the Voltages Vd(t) applied to the linear 
vibration motor. Further, cp is the phase difference between 
the voltage Vd(t) and the current Id(t) supplied to the linear 
vibration motor, and B is the phase difference between the 
current Id(t) supplied to the linear vibration motor and the 
induced voltage Vind (=O v(t)). 
0205 The dynamic characteristics of the linear vibration 
motor 100 are modeled by a single-degree-of-freedom vis 
cous damping vibration system shown in FIG. 6(b). The 
Single-degree-of-freedom Viscous damping Vibration System 
is obtained by adding a damper D for damping vibration of 
a mass M to a Single-degree-of-freedom vibration System, 
i.e., a vibration System in which the mass M is Supported by 
a Spring S against a base B So that it can vibrate in a single 
direction (Y direction). 
0206 When the linear vibration motor is in the driving 
state, as shown in FIGS. 7(a)-7(d), the sum of the voltage 
vector C.V indicating the induced Voltage Vind (=C.V(t)), the 
voltage vector R-I indicating the terminal voltage R-Id(t) of 
the equivalent resistance, and the Voltage vector (DLI 
indicating the terminal Voltage co-L-Idot) of the equivalent 
inductance is equal to the Voltage vector V indicating the 
applied Voltage Vd. 
0207 Further, when the linear vibration motor is in the 
resonance State, the phase of the velocity V(t) of the mover 
of the linear vibration motor is equal to the phase of the 
electromagnetic force that moves the mover. Further, in the 
linear vibration motor, the induced voltage Vind (=C.V(t)) is 
a constant multiple of the velocity V(t) of the mover, and the 
Supplied current Id(t) is proportional to the force that moves 
the mover. Accordingly, when the linear Vibration motor is 
in the resonance state (voltage vector V=V0), the phase of 
the driving current Id(t) is equal to the phase of the induced 
voltage Vind (=C. v(t)) (refer to FIG. 7(a)). 
0208 Likewise, when the frequency of the exciting force 
that is repeatedly applied to the linear Vibration motor, i.e., 
the frequency of the driving current Id(t), is lower than the 
resonance frequency (voltage vector V=V1), the phase of the 
velocity V(t) of the mover of the linear vibration motor is 
delayed by a phase difference f3 from the phase of the 
electromagnetic force that moves the mover, i.e., the phase 
of the driving current Id(t) (refer to FIG. 7(b)). Conversely, 
when the frequency of the exciting force is higher than the 
resonance frequency (voltage vector V=V2), the phase of the 
velocity V(t) of the mover of the linear vibration motor is 
advanced by a phase difference f3 from the phase of the 
electromagnetic force that moves the mover, i.e., the phase 
of the driving current Id(t) (refer to FIG. 7(c)). 
0209 As can be seen from FIG. 7(d), the phase of the 
Supply current Id(t) and the phase of the Supply Voltage 
Vdct) become equal to each other by Setting the frequency () 
of the current Id(t) to be supplied to the linear vibration 
motor 100 at an appropriate frequency higher than the 
resonance frequency of the linear Vibration motor. The 
voltage vector V at this time is V3 (V3<V2<V0<V1). 
0210 When the frequency () of the Supply current Id(t) is 
Set at a frequency higher than the resonance frequency (refer 
to FIG. 7(d)), the voltage V (=V3<V0) applied to the linear 
Vibration motor is decreased as compared with the case 
where the frequency () of the Supply current Id(t) to the 
linear Vibration motor is the resonance frequency of the 
linear vibration motor (refer to FIG. 7(a)). 
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0211. Accordingly, when the amplitude value of the AC 
Voltage Vd applied to the linear Vibration motor cannot be 
increased due to the limitation of the output Voltage of the 
motor driver 1a, the amplitude value of the required Voltage 
to be applied to the linear Vibration motor can be reduced 
with the motor output being kept constant by Setting the 
frequency of the AC Voltage applied to the linear Vibration 
motor at an appropriate frequency higher than the resonance 
frequency, whereby the linear Vibration motor can be driven 
in a higher output region. 
0212. As described above, the motor driving apparatus 
105 according to the fifth embodiment is provided with the 
order output determining unit 3 for determining a motor 
output required of the linear vibration motor 100, the output 
detector 4 for detecting the motor output generated by the 
linear vibration motor 100, and the driving voltage deter 
mining unit 7 for determining the amplitude value of the AC 
voltage to be applied to the linear vibration motor 100 on the 
basis of the detected motor output and the required motor 
output. In the motor driving apparatuS 105 So constructed, 
the amplitude value of the Voltage applied to the linear 
vibration motor 100 is determined so that the motor output 
matches the required output, and the driving frequency of 
the linear vibration motor is Set at the resonance frequency 
until the amplitude value of the determined AC voltage 
exceeds a predetermined constant value. When the required 
amplitude value of the AC voltage exceeds the predeter 
mined value, the driving frequency of the linear Vibration 
motor is set at a frequency higher than the resonance 
frequency. Therefore, the linear Vibration motor can be 
driven at the maximum efficiency until the determined 
Supply Voltage exceeds the predetermined value and, when 
the amplitude value of the determined Voltage exceeds the 
predetermined value, the amplitude value of the Supply 
Voltage can be decreased with the motor output being kept 
constant, by adjusting the driving frequency of the linear 
Vibration motor. As a result, the linear Vibration motor can 
be driven even in a high output region where driving of the 
linear Vibration motor at the resonance frequency is impos 
Sible due to restrictions by the power Supply Voltage. 
0213. In other words, in the motor driving apparatus 105 
of the fifth embodiment, the amplitude of the driving voltage 
of the linear vibration motor is maintained at the allowable 
maximum value, and moreover, the driving frequency 
thereof is Set at a frequency as close as possible to the 
resonance frequency, whereby a high motor output, which 
cannot be generated in driving at the resonance frequency, 
can be achieved without reducing the driving efficiency. 
0214) While in this fifth embodiment the driving fre 
quency determining unit 2d performs determination of the 
driving frequency according to whether the amplitude value 
of the driving Voltage determined by the driving Voltage 
determining unit 7 exceeds a predetermined reference value 
or not, determination of the driving frequency may be 
performed by other methods as follows. 
0215 <Modification 1 of Driving Frequency Determin 
ing Methodd 
0216 FIG. 5(b) is a diagram for explaining a driving 
frequency determining method employing two reference 
positions, according to a first modification of the fifth 
embodiment. 

0217. In this first modification, as shown in FIG.5(b), the 
driving frequency determining unit 2d employs a first ref 
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erence value Ab1 and a Second reference value Ab2 Smaller 
than the first reference value for determining the driving 
frequency FX. In this case, the driving frequency determin 
ing unit 2d compares the determined amplitude value AX 
with the first reference value Ab1 when the stroke of the 
mover is increasing (refer to arrow X2 in FIG. 5(b)), and 
compares the determined amplitude value AX with the 
Second reference value Ab2 when the Stroke is decreasing 
(refer to arrow Y2 in FIG. 5(b)), thereby determining the 
driving frequency FX. In FIG. 5(b), Alim is a maximum 
value of the determined amplitude value AX, and the con 
crete method for determining the driving frequency FX is 
identical to the method of determining the driving frequency 
Fx on the basis of the detected position Px as shown in FIG. 
3(b). 
0218. As described above, in the method of determining 
the driving frequency using the two reference values, deter 
mination of the driving frequency can be carried out with 
Stability even when the determined amplitude value changes 
in the vicinity of the reference values. 
0219 <Modification 2 of Driving Frequency Determin 
ing Methodd 
0220 FIG. 5(c) is a diagram for explaining a driving 
frequency determining method using a predetermined criti 
cal Zone instead of the reference value, according to a 
Second modification of the fifth embodiment. 

0221) In this second modification, as shown in FIG. 5(c), 
the driving frequency determining unit 2d changes the 
driving frequency FX according to a change in the deter 
mined amplitude value AX, when the determined amplitude 
value AX enters a predetermined critical Zone Z2 provided 
between the reference value Arb and the critical value Alim. 

0222. The lower-limit value Arb of the critical Zone Z2 is 
equal to the predetermined reference value used for the fifth 
embodiment, and the upper-limit value Aru of the critical 
Zone Z2 is Smaller than the critical value Alim by a prede 
termined amount. Further, in the critical Zone Z2, the rela 
tionship between the determined amplitude value AX and the 
driving frequency FX is a primary monotone increasing 
function. When the determined amplitude value AX is 
Smaller than the lower-limit value Arb of the critical Zone 
Z2, the driving frequency FX is maintained at the resonance 
frequency Freso. When the determined amplitude value AX 
exceeds the upper-limit value Aru of the critical Zone Z2, the 
driving frequency FX is Set at the maximum frequency FmaX 
that is farthest from the resonance frequency. 
0223 Setting of the driving frequency FX in the critical 
Zone Z2 may employ, not only the primary monotone 
increasing function, but also a table or another function 
which indicates the correspondences between the values of 
frequencies used as the driving frequency and the differ 
ences between the determined amplitude values AX and the 
lower-limit value Arb of the critical Zone Z2. 

0224. As described above, in the method of determining 
the driving frequency using the critical Zone, when the 
determined amplitude value AX is Smaller than the lower 
limit value Arb of the critical Zone Z2, the linear vibration 
motor can be driven at the resonance frequency with maxi 
mum efficiency. On the other hand, when the determined 
amplitude value AX is in the critical Zone Z2, reduction in the 
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driving efficiency can be Suppressed as much as possible 
while avoiding a collision of the mover or a breakage of the 
mover Supporting Spring. 

0225 Embodiment 6 
0226 FIG. 8(a) is a block diagram for explaining a motor 
driving apparatus according to a sixth embodiment of the 
present invention. 

0227. A motor driving apparatus 106 according to the 
Sixth embodiment is provided with a Supply Voltage detector 
8 for detecting an output AC voltage Vd of the motor driver 
1a, and a driving frequency determining unit 2e for deter 
mining a driving frequency on the basis of the detected 
output voltage of a motor driver 1a, instead of the driving 
frequency determining unit 2d of the motor driving appa 
ratus 105 according to the fifth embodiment. The other 
constituents of the motor driving apparatuS 106 are identical 
to those of the motor driving apparatus 105 of the fifth 
embodiment. 

0228 That is, a motor driver 1a, an order output detector 
3, an output detector 4, a resonance frequency determining 
unit 6, and a driving frequency determining unit 7 according 
to the sixth embodiment are identical to those of the motor 
driving apparatus 105 of the fifth embodiment. 

0229. The Supply voltage detector 8 detects the voltage 
value of an AC voltage supplied from the motor driver 1a to 
the linear vibration motor 100, and outputs a voltage detec 
tion Signal Ddv indicating the detected Voltage value. The 
Voltage detection signal Ddv indicates the amplitude value 
of the output voltage of the motor driver 1a, and there is a 
detection method using resistance-type potential division as 
a concrete method for detecting the amplitude value. 

0230. The driving frequency determining unit 2e deter 
mines the driving frequency of the linear Vibration motor 
100 according to whether the voltage value indicated by the 
Voltage detection signal Ddv from the Supply Voltage detec 
tor 8 exceeds a predetermined constant reference value or 
not. 

0231. More specifically, when the voltage value indicated 
by the Voltage detection Signal Ddv does not exceed the 
predetermined reference value, the driving frequency deter 
mining unit 2e Sets the driving frequency of the linear 
Vibration motor at the resonance frequency indicated by the 
output signal Dreso of the resonance frequency determining 
unit 6. On the other hand, when the detected voltage value 
exceeds the predetermined reference value, the driving fre 
quency determining unit 2e Sets the driving frequency of the 
linear Vibration motor at a frequency higher than the reso 
nance frequency indicated by the output Signal Dreso of the 
resonance frequency determining unit 6. 

0232 While in this sixth embodiment the driving fre 
quency determining unit 2e compares the Voltage value 
indicated by the voltage detection signal Ddv from the 
driving Voltage detector 8 with the predetermined reference 
value, the driving frequency determining unit 2e may com 
pare the Voltage value indicated by the Voltage detection 
signal Ddv with the voltage value of the DV power supply 
inputted to the motor driver 1a or the voltage value obtained 
by a predetermined calculation using the Voltage value of the 
DC power Supply. 
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0233. Next, the operation of the motor driving apparatus 
106 will be described. 

0234. In this sixth embodiment, the motor driving appa 
ratus 106 drives the linear vibration motor 100 at a driving 
frequency according to the detected level of the driving 
Voltage thereof while adjusting the amplitude value of the 
AC voltage to be applied the linear vibration motor 100 so 
that the motor output matches a required motor output. 
0235 That is, in the motor driving apparatus 106, when 
the output AC voltage Vd from the motor driver 1a is 
applied to the linear vibration motor 100 to start the opera 
tion of the linear vibration motor 100, a motor output Omp 
generated by the linear vibration motor 100 is detected by 
the output detector 4, and an output detection signal Dop 
indicating the detected motor output is output to the driving 
Voltage determining unit 7. In the order output determining 
unit 3, a target output as a motor output required of the linear 
vibration motor 100 is determined, and an output order 
Signal Oop indicating the determined target output is output 
to the driving Voltage determining unit 7. 
0236. Then, in the driving voltage determining unit 7, an 
amplitude value of the driving Voltage of the linear Vibration 
motor 100 is determined on the basis of the output detection 
Signal Dop and the output order Signal Oop, and a Voltage 
amplitude Signal Odv indicating the determined amplitude 
value is Supplied to the motor driver 1a. 
0237. In the Supply voltage detector 8, the output voltage 
of the motor driver 1a, i.e., the Voltage value of the actual 
AC voltage Vd supplied to the linear vibration motor 100 is 
detected, and a Voltage detection signal Ddv indicating the 
Voltage value of the detected AC Voltage is output to the 
driving frequency determining unit 2e. 
0238 Further, a resonance frequency signal Dreso indi 
cating the resonance frequency of the linear Vibration motor 
100 is output to the driving frequency determining unit 2e. 
0239). In the driving frequency determining unit 2e, a 
driving frequency of the linear vibration motor 100 is 
determined on the basis of the resonance frequency Signal 
Dreso and the Voltage detection signal Ddv, and a driving 
frequency signal Ifr indicating the determined driving fre 
quency is output to the motor driver 1a. 
0240. To be specific, in the driving frequency determin 
ing unit 2e, when the Voltage value of the detected Supply 
Voltage does not exceed a predetermined constant reference 
value, the driving frequency of the linear Vibration motor is 
determined at the resonance frequency indicated by the 
output of the resonance frequency determining unit 6. On the 
other hand, when the Voltage value of the detected Supply 
Voltage exceeds the predetermined reference value, the 
driving frequency of the linear vibration motor 100 is 
determined at a frequency higher than the resonance fre 
quency indicated by the output of the resonance frequency 
determining unit 6. 
0241. In the motor driver 1a, the AC voltage Vd applied 
to the linear Vibration motor is adjusted So that the frequency 
thereof matches the driving frequency determined by the 
driving frequency determining unit 2e, and the amplitude 
value thereof becomes equal to the amplitude value deter 
mined by the driving Voltage determining unit 7, on the basis 
of the Voltage amplitude Signal Odv and the driving fre 
quency Signal Ifr. 
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0242. As described above, the motor driving apparatus 
106 according to the sixth embodiment is provided with the 
output detector 4 for detecting the motor output Omp of the 
linear vibration motor 100, and the Supply voltage detector 
8 for detecting the voltage value of the voltage Vd supplied 
from the motor driver 1a to the linear vibration motor 100, 
and drives the linear vibration motor at the driving fre 
quency according to the detected value of the output voltage 
of the motor driver 1a while adjusting the amplitude value 
of the output voltage from the motor driver 1a to be applied 
to the linear vibration motor 100 so that the motor output 
matches the required motor output. Therefore, the linear 
Vibration motor can be driven at the maximum efficiency in 
the low output region, while a motor output higher than the 
maximum output that is determined by the maximum ampli 
tude of the driving Voltage can be generated in the high 
output region. 

0243 That is, until the detected value of the output from 
the driver exceeds the predetermined reference value, even 
when there is a difference between the motor output of the 
linear Vibration motor and the motor output required of the 
linear vibration motor, the linear vibration motor can be 
driven with the maximum efficiency by adjusting the motor 
output according to the amplitude value of the driving 
Voltage under the State where the driving frequency of the 
linear Vibration motor is set at the resonance frequency. 
Further, when the detected level of the driver output voltage 
exceeds the predetermined value, the required motor output 
can be generated by setting the driving frequency of the 
linear Vibration motor at a frequency higher than the reso 
nance frequency, without increasing the amplitude value of 
the driving Voltage. Thereby, the linear Vibration motor can 
be driven in the high output region, without being restricted 
by the Voltage level of the power Supply, with minimizing a 
reduction in the motor driving efficiency, and furthermore, a 
collision between the mover and the motor body or a 
breakage of the Support Spring can be avoided. 

0244. Furthermore, under the state where the detected 
level of the driver output voltage exceeds the predetermined 
level, the driving frequency is changed to a frequency close 
to the resonance frequency according to a decrease in the 
detected level, whereby the driving frequency can be 
Smoothly returned to the resonance frequency when the 
required motor output is decreased to Such extent that the 
detected level of the driver output voltage becomes lower 
than the predetermined level. 

0245 While in this sixth embodiment the driving fre 
quency determining unit 2e performs determination of the 
driving frequency according to whether the Voltage value of 
the driving Voltage detected by the driving Voltage detector 
8 exceeds a predetermined reference value or not, determi 
nation of the driving frequency may be performed by other 
methods as follows. 

0246 <Modification 1 of Driving Frequency Determin 
ing Methodd 
0247 FIG. 8(b) is a diagram for explaining a driving 
frequency determining method using two reference values, 
according to a first modification of the Sixth embodiment. 

0248. In this first modification, as shown in FIG. 8(b), the 
driving frequency determining unit 2e employs a first ref 
erence value Vb1 and a second reference value Vb2 Smaller 
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than the first reference value for determining the driving 
frequency FX. In this case, the driving frequency determin 
ing unit 2e compares the detected Voltage value VX with the 
first reference value Vb1 when the stroke of the mover is 
increasing (refer to arrow X3 in FIG. 8(b)), and compares 
the detected voltage value Vx with the second reference 
value Vb2 when the stroke is decreasing (refer to arrow Y3 
in FIG.8(b)), thereby determining the driving frequency FX. 
In FIG. 8(b), Vlim is a maximum value of the detected 
Voltage value VX, and the concrete method for determining 
the driving frequency FX is identical to the method of 
determining the driving frequency FX on the basis of the 
detected position Px as shown in FIG. 3(b). 

0249. As described above, in the method of determining 
the driving frequency using the two reference values, deter 
mination of the driving frequency can be carried out with 
Stability even when the detected Voltage value changes in the 
vicinity of the reference values. pS <Modification 2 of 
Driving Frequency Determining Methodd 

0250 FIG. 8(c) is a diagram for explaining a driving 
frequency determining method using a predetermined criti 
cal Zone instead of the reference value, according to a 
Second modification of the sixth embodiment. 

0251. In this sixth embodiment, as shown in FIG. 8(c), 
the driving frequency determining unit 2e changes the 
driving frequency FX according to a change in the detected 
voltage value Vx when the detected voltage value Vx is in 
a predetermined critical Zone Z3 between the reference 
value Vrb and the critical value Vlim. 

0252) The lower-limit value Vrb of the critical Zone Z3 is 
equal to the constant reference value used for the Sixth 
embodiment, and the upper-limit value Vru of the critical 
Zone Z3 is smaller than the critical value Vlim by a prede 
termined amount. Further, in the critical Zone Z3, the rela 
tionship between the detected voltage value Vx and the 
driving frequency FX is a primary monotone increasing 
function. When the detected voltage value Vx is smaller than 
the lower-limit value Vrb of the critical Zone Z3, the driving 
frequency FX is maintained at the resonance frequency 
Freso. When the detected voltage value Vx exceeds the 
upper-limit value Vru of the critical Zone Z3, the driving 
frequency FX is Set at the maximum frequency Fmax that is 
farthest from the resonance frequency. 

0253) Setting of the driving frequency FX in the critical 
Zone Z3 may employ, not only the primary monotone 
increasing function, but also a table or another function 
which indicates correspondences between the values of 
frequencies used as the driving frequency, and differences 
between the determined amplitude values Ax and the lower 
limit value Arb of the critical Zone Z3. 

0254. As described above, in the method of determining 
the driving frequency using the critical Zone, when the 
detected voltage value Vx is smaller than the lower-limit 
value Vrb of the critical Zone Z3, the linear vibration motor 
can be driven at the resonance frequency with the maximum 
efficiency. On the other hand, when the detected voltage 
value Vx is in the critical Zone Z3, reduction in the driving 
efficiency can be minimized while avoiding a collision of the 
mover or a breakage of the mover Supporting Spring. 
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0255 Embodiment 7 
0256 FIG. 9 is a schematic diagram for explaining a 
compressor driving apparatus according to a Seventh 
embodiment of the present invention. 
0257. A compressor driving apparatus 207 according to 
the seventh embodiment drives a compressor 40 for com 
pressing air, gas, or the like. A power Source of the com 
pressor 40 is a linear vibration motor 46 which is identical 
to the linear vibration motor 100 according to the first 
embodiment. Further, the compressor driving apparatus 207 
is a motor driving apparatus for driving the linear Vibration 
motor 46, and it has the same construction as the motor 
driving apparatus 101 of the first embodiment. Hereinafter, 
the compressor 40 according to this Seventh embodiment is 
referred to as a linear compressor, and this linear compressor 
40 will be briefly described. 
0258. The linear compressor 40 has a cylinder section 
41a and a motor Section 41b which are adjacent to each other 
along a predetermined axis line. In the cylinder Section 41a, 
a piston 42 which is slidably Supported along the axis 
direction is placed. A piston rod 42a an end of which is fixed 
to the rear Side of the piston 42 is placed acroSS the cylinder 
Section 41a and the motor Section 41b, and a Support Spring 
43 which applies a force to the piston rod 42a in the axis 
direction is provided on the other end of the piston rod 42a. 
0259 Further, a magnet 44 is fixed to the piston rod 42a, 
and an electromagnet 45 comprising an outer yoke 45a and 
a stator coil 45b embedded in the outer yoke 45a is fixed to 
a portion of the motor section 41b which is opposed to the 
magnet 44. In this linear compressor 40, the linear vibration 
motor 46 is constituted by the electromagnet 45 and the 
magnet 44 fixed to the piston rod 42a. Accordingly, in the 
linear compressor 40, the piston 42 reciprocates in its axis 
direction due to an electromagnetic force generated between 
the electromagnet 45 and the magnet 44, and elasticity of the 
Spring 43. 
0260 Further, in the cylinder section 41a, a compression 
chamber 48 is formed, which is a closed space Surrounded 
by a cylinder upper portion inner wall 47a, a piston com 
pression wall 42b, and a cylinder peripheral wall 41b. An 
end of a gas inlet tube 4.0a for Sucking a low-pressure gas Lg 
from a gas flow path into the compression chamber 48 is 
opened at the cylinder upper portion inner wall 47a. Further, 
an end of a discharge tube 40b for discharging a high 
preSSure gas Hg from the compression chamber 48 to the gas 
flow path is opened at the cylinder upper portion inner wall 
47a. An inlet valve 49a and a discharge valve 49b for 
preventing back flow of the gas are fixed to the inlet tube 40a 
and the discharge tube 40b, respectively. 
0261) The motor driving apparatus 207 converts a DC 
output Voltage Vp from an external power Supply 10 into an 
AC driving Voltage Vd, and applies the AC driving Voltage 
Vd to the linear vibration motor 46. That is, the motor drive 
control apparatus 207 includes a motor driver 1, a driving 
frequency determining unit 2, and an order output determin 
ing unit 3 as shown in FIG. 1. The motor driving apparatus 
207 controls a motor output required of the linear vibration 
motor 46 by adjusting the frequency of the AC driving 
voltage Vd applied to the linear vibration motor 46. 
0262. In the linear compressor 40 so constructed, the 
piston 42 reciprocates in its axis direction by intermittent 
application of the driving Voltage from the motor driving 
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apparatus 207 to the linear vibration motor 46, whereby 
Suction of the low-pressure gas Lg into the compression 
chamber 48, compression of the gas in the compression 
chamber 48, and discharge of the compressed high-pressure 
gas Hg from the compression chamber 48 are repeatedly 
carried out. 

0263. Under the state where the linear compressor 40 is 
operating, a motor output required of the linear Vibration 
motor 46 is determined on the basis of the operating con 
dition of the linear vibration motor 46, and a driving 
frequency of the linear vibration motor 46 is determined on 
the basis of the determined motor output, and further, an 
amplitude-fixed AC voltage Vd having a frequency equal to 
the determined driving frequency is applied to the linear 
vibration motor 46. 

0264. As described above, in the linear compressor 40 
according to the Seventh embodiment, the motor output of 
the linear vibration motor 46 which is a power source of the 
linear compressor 40 is controlled by adjusting the fre 
quency of the AC Voltage applied to the linear Vibration 
motor 46. Therefore, the output of the linear compressor 40 
can be controlled without changing the level of the driving 
Voltage applied to the linear Vibration motor, whereby the 
output control is facilitated. Further, Since the output of the 
linear compressor 40 is controlled by the driving frequency, 
the linear compressor can be operated with maximum per 
formance without being restricted by its construction, 
whereby design that provides maximum driving efficiency at 
rated performance can be carried out, like a compressor 
having a rotation-type motor as a driving Source. As a result, 
a compact and efficient linear compressor is realized. 
0265 Embodiment 8 
0266 FIG. 10 is a block diagram for explaining an air 
conditioner according to an eighth embodiment of the 
present invention. 
0267 An air conditioner 208 according to the eighth 
embodiment has an indoor unit 55 and an outdoor unit 56, 
and performs cooling and heating. The air conditioner 208 
comprises a linear compressor 50a for circulating a refrig 
erant between the indoor unit 55 and the outdoor unit 56, and 
a compressor driving unit 50b for driving the linear com 
pressor 50a. The compressor 50a is identical to the linear 
compressor 40 having the linear vibration motor 46 accord 
ing to the Seventh embodiment. Further, the compressor 
driving unit 50b is a motor driving unit which converts the 
DC output voltage Vp from the external power supply 10 
into the AC driving Voltage Vd, and applies the AC driving 
voltage Vd to the linear vibration motor of the linear 
compressor 50a, and it is identical in construction as the 
motor driving apparatus 207 according to the Seventh 
embodiment. 

0268 More specifically, the air conditioner 208 has the 
linear compressor 50a for forming a refrigerant circulation 
path, a four-way valve 54, a throttle (expansion valve) 53, an 
indoor heat eXchanger 51, an outdoor heat eXchanger 52, and 
the motor driving unit 50b for driving the linear vibration 
motor as a driving Source of the linear compressor 50a. 
0269. The indoor heat exchanger 51 constitutes the 
indoor unit 55, while the throttle 53, the outdoor heat 
exchanger 52, the linear compressor 50a, the four-way valve 
54, and the motor driving unit 50b constitute the outdoor 
unit 52. 
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0270. The indoor heat exchanger 51 has an air blower 
51a for increasing the efficiency of heat eXchange, and a 
temperature Sensor 51b for measuring the temperature of the 
heat exchanger 51 or the ambient temperature thereof. The 
outdoor heat exchanger 52 has an air blower 52a for 
increasing the efficiency of heat eXchange, and a temperature 
Sensor 52b for measuring the temperature of the heat 
eXchanger 52 or the ambient temperature thereof. 
0271 In this eighth embodiment, the linear compressor 
50a and the four-way valve 54 are placed in the refrigerant 
path between the indoor heat exchanger 51 and the outdoor 
heat exchanger 52. That is, in this air conditioner 208, the 
four-way valve 54 Switches between two states as follows: 
the state where the refrigerant flows in the direction of arrow 
A, the refrigerant that has passed through the outdoor heat 
eXchanger 52 is Sucked into the linear compressor 50a, and 
the refrigerant discharged from the linear compressor 50a is 
Supplied to the indoor heat eXchanger 51, and the State where 
the refrigerant flows in the direction of arrow B, the refrig 
erant that has passed through the indoor heat eXchanger 51 
is Sucked into the linear compressor 50a, and the refrigerant 
discharged from the linear compressor 50a is Supplied to the 
outdoor heat eXchanger 52. 
0272 Further, the throttle 53 has both the function of 
reducing the flow rate of the circulating refrigerant, and the 
function as a valve for automatically controlling the flow 
rate of the refrigerant. That is, under the State where the 
refrigerant is circulating in the refrigerant circulation path, 
the throttle 53 reduces the flow rate of the fluid refrigerant 
outputted from a condenser to an evaporator to expand the 
fluid refrigerant, and Supplies a proper amount of refrigerant 
that is required for the evaporator. 
0273. The indoor heat exchanger 51 operates as a con 
denser during heating and as an evaporator during cooling. 
The outdoor heat eXchanger 52 operates as an evaporator 
during heating and as a condenser during cooling. In the 
condenser, the high-temperature and high-pressure refriger 
ant gas flowing therein loses heat to the air blown into the 
condenser, and gradually liquefies, resulting in a high 
pressure fluid refrigerant in the vicinity of the outlet of the 
condenser. This is equivalent to that the refrigerant radiates 
heat into the air to liquefy. Further, the fluid refrigerant 
whose temperature and pressure are reduced by the throttle 
53 flows into the evaporator. When the indoor air is blown 
into the evaporator in this State, the fluid refrigerant takes a 
great amount of heat from the air and evaporates, resulting 
in a low-temperature and low-pressure gas refrigerant. The 
air which has lost a great amount of heat in the evaporator 
is discharged as cool air from the blowoff port of the air 
conditioner. 

0274. In the air conditioner 208 according to the eighth 
embodiment, when the driving Voltage Vd is Supplied from 
the motor drive control unit 50b to the linear compressor 
50a, the refrigerant circulates in the refrigerant circulation 
path, and heat eXchange is carried out in the heat eXchanger 
51 of the indoor unit 55 and the heat exchanger 52 of the 
outdoor unit 56. That is, in the air conditioner 50, a well 
known heat pump cycle is formed in the refrigerant circu 
lation path by circulating the refrigerant Sealed in the 
circulation path with the linear compressor 50a. Thereby 
heating or cooling for a room is carried out. 
0275 For example, when the air conditioner 50 performs 
heating, the four-way valve 54 is set by user operation So 
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that the refrigerant flows in the direction of arrow A. In this 
case, the indoor heat eXchanger 51 operates as a condenser, 
and discharges heat due to circulation of the refrigerant in 
the refrigerant circulation path. Thereby, the room is heated. 
0276 Conversely, when the air conditioner 50 performs 
cooling, the four-way valve 54 is Set by user operation So 
that the refrigerant flows in the direction of arrow B. In this 
case, the indoor heat eXchanger 51 operates as an evaporator, 
and absorbs heat from the ambient air due to circulation of 
the refrigerant in the refrigerant circulation path. Thereby 
the room is cooled. 

0277. In the air conditioner 208, the motor driving unit 
50b controls the output of the linear vibration motor of the 
linear compressor 50a on the basis of the target temperature 
Set on the air conditioner and the actual room temperature 
and outdoor temperature. Thereby, the air conditioner 208 
performs comfortable cooling and heating. 

0278. As described above, in the air conditioner 208 
according to the eighth embodiment, Since the compressor 
50a having the linear vibration motor as a power source is 
used as the compressor for compressing and circulating a 
refrigerant, friction loSS in the compressor is reduced as 
compared with an air conditioner using a compressor having 
a rotation-type motor as a power Source, and furthermore, 
Sealability of the compressor for Sealing a high-pressure 
refrigerant and a low-pressure refrigerant is enhanced, 
resulting an increase in efficiency of the compressor. 

0279. Furthermore, in the compressor 50a using the 
linear Vibration motor according to the eighth embodiment, 
Since friction loSS is reduced, the amount of use of lubri 
cating oil that is indispensable in the compressor using the 
rotation-type motor can be significantly reduced. Thereby, 
the amount of waste oil that needs recycling or the like can 
be reduced, and the amount of refrigerant to be filled in the 
compressor can be reduced because the amount of refriger 
ant that dissolves into the oil is reduced, resulting in a 
contribution to conservation of global environment. 
0280 Further, in the air conditioner 208, since the motor 
output of the linear Vibration motor of the compressor is 
controlled by adjusting the frequency of the AC voltage 
applied to the linear Vibration motor, the output of the linear 
compressor 50a can be controlled without changing the level 
of the driving Voltage applied to the linear Vibration motor, 
whereby performance control for the air conditioner is 
facilitated. Further, Since the output of the linear compressor 
50a is controlled by the driving frequency, the linear com 
preSSor can be operated with maximum performance without 
being restricted by its construction, resulting whereby 
design that provides maximum efficiency at rated perfor 
mance can be carried out, as in the Seventh embodiment. AS 
a result, a compact and efficient linear compressor and, 
furthermore, a compact and efficient air conditioner are 
realized. 

0281 Embodiment 9 
0282 FIG. 11 is a block diagram for explaining a refrig 
erator according to a ninth embodiment of the present 
invention. 

0283) A refrigerator 209 of this ninth embodiment com 
prises a linear compressor 60a, a compressor driving unit 
60b, a condenser 61, an evaporator 62, and a throttle 63. 
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0284. The linear compressor 60a, the condenser 61, the 
throttle 63, and the evaporator 62 form a refrigerant circu 
lation path, and the compressor driving unit 6b is a motor 
driving unit for driving a linear vibration motor as a driving 
Source of the linear compressor 60a. The linear compressor 
60a and the motor driving unit 60b are identical to the linear 
compressor 40 and the motor driving apparatus 207 accord 
ing to the Seventh embodiment, respectively. 
0285) Like the throttle 53 of the air conditioner 208 
according to the eighth embodiment, the throttle 63 reduces 
the flow rate of the fluid refrigerant outputted from the 
condenser 61 to expand the fluid refrigerant, and Supplies a 
proper amount of refrigerant to the evaporator 62, under the 
State where the refrigerant is circulating in the refrigerant 
circulation path. 
0286 The condenser 61 condenses the high-temperature 
and high-pressure refrigerant gas flowing therein, and dis 
charges heat of the refrigerant to the outside air. The 
refrigerant gas introduced in the condenser 61 loses heat to 
the outside air and gradually liquefies, resulting in a high 
pressure fluid refrigerant in the vicinity of the outlet of the 
condenser. 

0287. The evaporator 62 evaporates the low-temperature 
refrigerant fluid to cool the inside of the refrigerator. The 
evaporator 62 has an air blower 62a for increasing efficiency 
of heat eXchange, and a temperature Sensor 62b for detecting 
the temperature inside the refrigerator. 
0288. In the refrigerator 209, the motor driving unit 60b 
controls the output of the linear vibration motor of the linear 
compressor 60a on the basis of the operating conditions of 
the refrigerator, i.e., the target temperature Set on the refrig 
erator and the temperature inside the refrigerator. 
0289 Next, the operation will be described. 
0290. In the refrigerator 209, when a driving voltage Vd 
is supplied from the motor driving unit 60b to the linear 
vibration motor of the linear compressor 60a, the linear 
compressor 60a is operated and the refrigerant circulates in 
the refrigerant circulation path in the direction of arrow C, 
and thereby heat eXchange is carried out in the condenser 61 
and in the evaporator 62. Thus, the inside of the refrigerator 
is cooled. 

0291 To be specific, the refrigerant is liquefied in the 
condenser 61, and the flow rate of the refrigerant is reduced 
by the throttle 63 to expand the refrigerant, resulting in a 
low-temperature fluid refrigerant. When the low-tempera 
ture fluid refrigerant is Sent to the evaporator 62, the 
low-temperature fluid refrigerant is evaporated, whereby the 
inside of the refrigerator is cooled. At this time, the air in the 
refrigerator is compulsory Sent to the evaporator 62 by the 
air blower 62a, whereby heat eXchange is efficiently carried 
out in the evaporator 62. 
0292 Further, in the refrigerator 209, the motor driving 
unit 60b controls the output of the linear vibration motor of 
the linear compressor 60a on the basis of the target tem 
perature set on the refrigerator 209 and the temperature 
inside the refrigerator. Thereby, the temperature inside the 
refrigerator 209 is maintained at the target temperature. 
0293 As described above, in the refrigerator 209 accord 
ing to the ninth embodiment, Since the linear compressor 
60a having the linear Vibration motor as a power Source is 
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used as the compressor for compressing and circulating the 
refrigerant, friction loSS in the compressor is reduced as 
compared with a refrigerator using a compressor having a 
rotation-type motor as a power Source, and furthermore, 
Sealability for Sealing the refrigerant in the compressor is 
enhanced, resulting an increase in operation efficiency of the 
compressor. 

0294 Furthermore, in the refrigerator 209, since friction 
loSS in the compressor is reduced, the amount of waste oil 
(spent lubricating oil) and the amount of refrigerant to be 
filled in the compressor are reduced, as in the air conditioner 
208 of the eighth embodiment. Therefore, the refrigerator 
209 can contribute to conservation of global environment. 
0295) Moreover, in the air conditioner 209, since the 
motor output of the linear Vibration motor of the compressor 
is controlled by adjusting the frequency of the AC voltage 
applied to the linear Vibration motor, the output of the linear 
compressor 60a can be controlled without changing the level 
of the driving Voltage thereof as in the eighth embodiment, 
whereby performance control for the refrigerator is facili 
tated. Further, since the output of the linear compressor 60a 
is controlled by adjusting the driving frequency, the linear 
compressor can be operated with maximum performance 
without being restricted by its construction, whereby design 
that provides maximum efficiency at rated performance can 
be carried out as in the Seventh embodiment. As a result, a 
compact and efficient linear compressor and, furthermore, a 
compact and efficient refrigerator are realized. 
0296 Embodiment 10 
0297 FIG. 12 is a block diagram for explaining a cryo 
genic freezer according to a tenth embodiment of the present 
invention. 

0298. A cryogenic freezer 210 according to the tenth 
embodiment has a freezing chamber (not shown), and cools 
the inside of the chamber at a cryogenic temperature (lower 
than -50° C.). As for objects to be frozen by the cryogenic 
freezer 210, there are electromagnetic circuit elements Such 
as resistors, coils, magnets to be used as Superconducting 
elements, electronic elements Such as low-temperature ref 
erence parts for infrared Sensors, medical objects Such as 
blood and Viscera, and foods Such as tunas. 

0299 Electronic elements are preserved in the cryogenic 
States to increase their operating efficiencies or increase their 
Sensitivities by removing thermal noises. AS for foods, 
perishable foods are preserved in the cryogenic States to 
facilitate transportation, maintain freshness, or perform 
freeze-dry. 

0300 Although the freezing temperature of the cryogenic 
freezer 210 varies with applications, it is lower than -50 C. 
and, especially in applications for Superconducting, the 
temperature varies over a wide range of 0-100 K. (Kelvin). 
For example, the freezing temperature of the cryogenic 
freezer 210 is set at about 50-100 K. in applications for 
high-temperature Superconducting, and about 0-50 K. in 
applications for normal Superconducting. Further, when the 
cryogenic freezer 210 is used for maintaining freshness of 
foods or the like, the freezing temperature is Set at a little 
under-50° C. 

0301 Hereinafter, the cryogenic freezer 210 will be 
described in detail. 
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0302) The cryogenic freezer 210 comprises a linear com 
pressor 70a, a compressor driving unit 70b, a heat radiator 
71, a heat storage 72, and a throttle 73. 
0303) The linear compressor 70a, the heat radiator 71, the 
throttle 73, and the heat storage 72 forms a refrigerant 
circulation path. The compressor driving unit 70b is a motor 
driving unit for driving and controlling a linear Vibration 
motor as a driving source of the linear compressor 70a. The 
linear compressor 70a and the motor driving unit 70b are 
identical to the linear compressor 40 and the motor driving 
apparatus 207 according to the Seventh embodiment, respec 
tively. 

0304) The throttle 73 reduces the fluid refrigerant sent 
from the heat radiator 71 to the heat storage 72 to expand the 
refrigerant, like the throttle 53 of the eighth embodiment. 
0305 The heat radiator 71 condenses the high-tempera 
ture and high-pressure refrigerant gas flowing in it, and 
discharges heat of the refrigerant to the outside air, like the 
condenser 61 of the refrigerator 209 of the ninth embodi 
ment. 

0306 The heat storage 72 evaporates the low-tempera 
ture refrigerant fluid to cool the inside of the freezing 
chamber, thereby to preserve the objects at the cryogenic 
temperature, like the evaporator 62 of the ninth embodiment. 
The heat storage 72 has a temperature sensor 72b for 
detecting the temperature of the objects. The heat Storage 72 
may have an air blower 72a for increasing efficiency of heat 
exchange as shown in FIG. 12. 
0307 In the cryogenic freezer 210, the motor driving unit 
70b controls the output of the linear vibration motor of the 
linear compressor 70a on the basis of the operating condi 
tions of the cryogenic freezer 210, i.e., the target temperature 
Set on the cryogenic freezer 210 and the temperature of the 
objects to be frozen. 
0308. In the cryogenic freezer 210, when an AC voltage 
Vd is supplied from the motor driving unit 70b to the linear 
vibration motor of the linear compressor 70a, the linear 
compressor 70a is operated, and the refrigerant circulates in 
the refrigerant circulation path in the direction of arrow D, 
whereby heat eXchange is carried out in the heat radiator 71 
and the heat storage 72. Thereby, the inside of the freezing 
chamber is cooled, and the objects in the chamber are frozen. 
0309 That is, the refrigerant is liquefied in the heat 
radiator 71, and the flow rate of the refrigerant is reduced by 
the throttle 73 to expand the refrigerant, resulting in a 
low-temperature fluid refrigerant. When the low-tempera 
ture fluid refrigerant is sent to the heat storage 72, the fluid 
refrigerant is evaporated, whereby the freezing chamber is 
cooled. 

0310. Further, in the cryogenic freezer 210, the motor 
driving unit 70b controls the output of the linear vibration 
motor of the linear compressor 70a on the basis of the target 
temperature Set on the cryogenic freezer 210 and the tem 
perature of the object to be frozen. Thereby, in the cryogenic 
freezer 210, the temperature of the object to be frozen is 
maintained at the target temperature. 
0311 AS described above, in the cryogenic freezer 210 
according to the tenth embodiment, Since the linear com 
pressor 70a having the linear vibration motor as a power 
Source is used as the compressor for compressing and 
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circulating the refrigerant, friction loSS in the compressor is 
reduced as compared with a cryogenic freezer using a 
compressor having a rotation-type motor as a power Source, 
and furthermore, Sealability for Sealing the refrigerant in the 
compressor is enhanced, resulting an increase in operation 
efficiency of the compressor. 
0312 Furthermore, in the cryogenic freezer 210, since 
friction loSS in the compressor is reduced, the amount of 
waste oil (spent lubricating oil) and the amount of refriger 
ant to be filled in the compressor can be reduced, as in the 
air conditioner 208 of the eighth embodiment. Therefore, the 
freezer 210 can contribute to conservation of global envi 
rOnment. 

0313 Moreover, in the cryogenic freezer 210, since the 
output of the linear Vibration motor of the compressor is 
controlled by adjusting the frequency of the AC voltage 
applied to the linear Vibration motor, the output of the linear 
compressor 70a can be controlled without changing the level 
of the driving Voltage thereof as in the eighth embodiment, 
whereby performance control for the cryogenic freezer 210 
is facilitated. Further, Since the output of the linear com 
preSSor 70a is controlled by adjusting the driving frequency, 
the linear compressor can be operated with maximum per 
formance without being restricted by its construction, 
whereby design that provides maximum efficiency at rated 
performance can be carried out, as in the Seventh embodi 
ment. As a result, a compact and efficient linear compressor 
and, furthermore, a compact and efficient cryogenic freezer 
are realized. 

0314 Embodiment 11 
0315 FIG. 13 is a block diagram for explaining a hot 
water Supply unit according to an eleventh embodiment of 
the present invention. 
0316 A hot-water supply unit 211 according to the elev 
enth embodiment has a refrigeration cycle unit 81a for 
heating Supplied water to discharge hot water, a hot-water 
storage 81b in which the hot water discharged from the 
refrigeration cycle unit 81a is stored, and pipes 86a, 86b, 
87a, and 87b connecting the unit 81a and the storage 81b. 
0317. The refrigeration cycle unit 81a has a linear com 
pressor 80a, a compressor driving unit 80b, an air-refriger 
ant heat eXchanger 82, a throttle 83, and a water-refrigerant 
heat exchanger 85. 
0318. The linear compressor 80a, the air-refrigerant heat 
exchanger 82, the throttle 83, and the water-refrigerant heat 
eXchanger 85 form a refrigerant circulation path. 
03.19. The compressor driving unit 80b drives a linear 
vibration motor (not shown) as a driving Source of the linear 
compressor 80a. The linear compressor 80a is identical to 
the linear compressor 40 having the linear vibration motor 
46 according to the seventh embodiment. Further, the com 
pressor driving unit 80b is supplied with a DC voltage Vp 
from an external power Supply 10, and it is identical in 
construction to the motor driving apparatus 207 of the 
Seventh embodiment. Hereinafter, the compressor driving 
unit 80b is referred to as a motor driving unit 80b in this 
eleventh embodiment. 

0320. The throttle 83 reduces the flow rate of the fluid 
refrigerant Sent from the water-refrigerant heat eXchanger 85 
to the air-refrigerant heat eXchanger 82 to expand the fluid 
refrigerant. 
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0321) The water-refrigerant heat exchanger 85 is a con 
denser for heating up the water Supplied to the refrigeration 
cycle unit 81a, and has a temperature sensor 85a for 
detecting the temperature of the heated water. The air 
refrigerant heat eXchanger 82 is an evaporator for absorbing 
heat from the ambient atmosphere, and has an air blower 82a 
for increasing the efficiency of heat eXchange and a tem 
perature Sensor 82b for detecting the ambient temperature. 
0322. In FIG. 13, reference numeral 84 denotes a refrig 
erant pipe for circulating the refrigerant along the refrigerant 
circulation path that is formed by the linear compressor 80a, 
the water-refrigerant heat exchanger 85, the throttle 83, and 
the air-refrigerant heat eXchanger 82. A defrost bypass pipe 
84a for Supplying the refrigerant discharged from the linear 
compressor 80a to the air-refrigerant heat eXchanger 82, 
bypassing the water-refrigerant heat eXchanger 85 and the 
throttle 83, is connected to the refrigerant pipe 84, and a 
defrost bypass valve 84b is provided in a portion of the 
bypass pipe 84a. 
0323 The hot-water storage 81b has a hot-water storage 
tank 88 for Storing water or hot water. A water Supply pipe 
88c for Supplying water from the outside to the Storage tank 
88 is connected to a water intake port 88c1 of the storage 
tank 88, and a hot-water supply pipe 88d for supplying 
hot-water from the storage tank 88 to a bathtub is connected 
to a hot-water discharge port 88d1 of the storage tank 88. 
Further, a hot-water Supply pipe 89 for supplying the hot 
water stored in the storage tank 88 to the outside is con 
nected to a water intake/discharge port 88a of the Storage 
tank 88. 

0324. The storage tank 88 and the water-refrigerant heat 
exchanger 85 of the refrigeration cycle unit 81a are con 
nected by pipes 86a, 86b, 87a, and 87b, and a water 
circulation path is formed between the storage tank 88 and 
the water-refrigerant heat eXchanger 85. 
0325 The water supply pipe 86b is a pipe for supplying 
water from the storage tank 88 to the water-refrigerant heat 
eXchanger 85, and an end of this pipe is connected to a water 
discharge port 88b of the storage tank 88 while the other end 
is connected to a water intake side pipe 87b of the water 
refrigerant heat exchanger 85 through a joint 87b1. Further, 
a discharge valve 88b1 for discharging the water or hot 
water stored in the storage tank 88 is fixed to an end of the 
water Supply pipe 86b. The water Supply pipe 86a is a pipe 
for returning the water from the water-refrigerant heat 
exchanger 85 to the storage tank 88, and an end of this pipe 
is connected to the water intake/discharge port 88a of the 
storage tank 88 while the other end is connected to a 
discharge Side pipe 87a of the water-refrigerant heat 
exchanger 85 through a joint 87a 1. 
0326. A pump 87 for circulating the water in the water 
circulation path is provided in a portion of the water intake 
side pipe 87b of the water-refrigerant heat exchanger 85. 
0327 Further, in the hot-water supply unit 211, the motor 
driving unit 80b determines a motor output required of the 
linear vibration motor of the linear compressor 80a on the 
basis of the operating conditions of the hot-water Supply 
unit, i.e., the target temperature of the hot water that is Set 
on the hot-water Supply unit, the temperature of the water 
supplied from the hot-water storage 81b to the water 
refrigerant heat eXchanger 85 of the refrigeration cycle unit 
81a, and the outdoor temperature. 
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0328 Next, the operation will be described. 
0329. When an AC voltage Vd from the motor driving 
unit 80b is applied to the linear vibration motor (not shown) 
of the linear compressor 80a to operate the linear compres 
Sor 80a, the high-temperature refrigerant compressed by the 
linear compressor 80a circulates in the direction of arrow E, 
i.e., it passes through the refrigerant pipe 84, to be Supplied 
to the water-refrigerant heat exchanger 85. Further, when the 
pump 87 in the water circulation path is driven, water is 
Supplied from the Storage tank 88 to the water-refrigerant 
heat exchanger 85. 
0330. In the water-refrigerant heat exchanger 85, heat 
eXchange is carried out between the refrigerant and the water 
supplied from the storage tank 88, whereby heat moves from 
the refrigerant to the water. That is, the Supplied water is 
heated, and the heated water is Supplied to the Storage tank 
88. At this time, the temperature of the heated water is 
observed by the condensation temperature sensor 85a. 
0331 Further, in the water-refrigerant heat exchanger 85, 
the refrigerant is condensed by the above-mentioned heat 
eXchange, and the flow rate of the condensed fluid refrig 
erant is reduced by the throttle 83, whereby the refrigerant 
is expanded and Sent to the air-refrigerant heat eXchanger 82. 
In the hot-water Supply unit 211, the air-refrigerant heat 
eXchanger 82 Serves as an evaporator. That is, the air 
refrigerant heat eXchanger 82 absorbs heat from the outside 
air that is sent by the air blower 82b, thereby to evaporate the 
low-temperature fluid refrigerant. At this time, the tempera 
ture of the ambient atmosphere of the air-refrigerant heat 
exchanger 82 is observed by the temperature sensor 82b. 
0332 Further, in the refrigeration cycle unit 81a, when 
the air-refrigerant heat eXchanger 82 is frosted, the defrost 
bypass valve 84b opens, and the high-temperature refriger 
ant is Supplied to the air-refrigerant heat eXchanger 82 
through the defrost bypass line 84a. Thereby, the air-refrig 
erant heat eXchanger 82 is defrosted. 
0333) On the other hand, the hot water is supplied from 
the water-refrigerant heat eXchanger 85 of the refrigeration 
cycle unit 81a to the hot-water storage 81b through the pipes 
87a and 86a, and the supplied hot water is stored in the 
storage tank 88. The hot water in the storage tank 88 is 
supplied to the outside through the hot-water supply pipe 89 
as required. Especially when the hot water is Supplied to a 
bathtub, the hot water in the storage tank 88 is supplied to 
the bathtub through a hot-water supply pipe 88d for the 
bathtub. 

0334) Further, when the amount of water or hot water 
stored in the storage tank 88 becomes lower than a prede 
termined amount, water is Supplied from the outside through 
the water Supply pipe 88c. 
0335). As described above, in the hot-water supply unit 
211 according to the eleventh embodiment, Since the linear 
compressor 80a having the linear Vibration motor as a power 
Source is used as the compressor for compressing and 
circulating the refrigerant in the refrigeration cycle unit 81a, 
friction loSS in the compressor is reduced as compared with 
a hot-water Supply unit using a compressor having a rota 
tion-type motor as a power Source, and furthermore, Seal 
ability for Sealing the refrigerant in the compressor is 
enhanced, resulting an increase in operation efficiency of the 
compressor. 
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0336 Furthermore, in the hot-water supply unit 211, 
Since friction loSS in the compressor is reduced, the amount 
of waste oil (spent lubricating oil) and the amount of 
refrigerant to be filled in the compressor can be reduced, as 
in the air conditioner 208 of the eighth embodiment. There 
fore, the hot-water Supply unit 211 can contribute to con 
Servation of global environment. 
0337 Moreover, in the hot-water supply unit 211, since 
the output of the linear Vibration motor of the compressor is 
controlled by adjusting the frequency of the AC voltage 
applied to the linear Vibration motor, the output of the linear 
compressor 80a can be controlled without changing the level 
of the driving Voltage thereof as in the eighth embodiment, 
whereby performance control for the hot-water Supply unit 
211 is facilitated. Further, since the output of the linear 
compressor 80a is controlled by adjusting the driving fre 
quency, the linear compressor can be operated with maxi 
mum performance without being restricted by its construc 
tion, whereby design that provides maximum efficiency at 
rated performance can be carried out, as in the Seventh 
embodiment. As a result, a compact and efficient linear 
compressor and, furthermore, a compact and efficient hot 
water Supply unit are realized. 
0338 Embodiment 12 
0339 FIG. 14 is a block diagram for explaining a handy 
phone according to a twelfth embodiment of the present 
invention. 

0340. A handy phone 212 of this twelfth embodiment has 
a vibrator 90a that mechanically vibrates, and a driving unit 
90b for driving the vibrator 90a. The handy phone 212 
informs an incoming call or the like to the user by vibration. 
0341 The vibrator 90a is provided with a weight member 
93 that is placed in a case 91 and is vibratably supported by 
a spring member 92, a magnet 93a fixed to a portion of the 
weight member 93, and a stator 94 in which a coil 94a is 
embedded, which stator 94 is placed in the case 91 to be 
opposed to the magnet 93a of the weight member 93. A 
linear vibration motor 95 is constituted by the magnet 93a 
fixed to the weight member 93, and the coil 94a embedded 
in the stator 94. In this linear vibration motor 95, the weight 
member 93 reciprocates in the expansion direction of the 
Spring member 92 due to an electromagnetic power gener 
ated between the coil 94a and the magnet 93a, and elasticity 
of the spring member 92. 
0342. The driving unit 90b converts an output voltage Vp 
of a battery 10a incorporated in the handy phone 212 into an 
AC voltage Vd, and Supplies the AC voltage Vd as a driving 
voltage to the linear vibration motor 95 of the vibrator 90a. 
Hereinafter, the driving unit 90b is referred to as a motor 
driving unit 90b in this twelfth embodiment. The motor 
driving unit 90b has a motor driver 1, a driving frequency 
determining unit 2, and an order output determining unit 3 
shown in FIG. 1, like the motor driving apparatus 101 
according to the first embodiment. Further, the motor driving 
unit 90b controls a motor output required of the linear 
vibration motor 95 by adjusting the frequency of the AC 
driving voltage Vd applied to the linear vibration motor 95, 
like the motor driving apparatuS 101 according to the first 
embodiment. 

0343. In the handy phone 212 so constructed, when 
receiving a call, power is Supplied from the motor drive 
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control unit 90b to the linear vibration motor 95 of the 
vibrator 90a, whereby the weight member 93 reciprocates in 
the expansion direction of the Spring member 92, and the 
vibrator 90a vibrates. 

0344) That is, when the AC voltage Vd is applied to the 
coil 94a, an AC magnetic field is generated in the stator 94, 
and the magnetic field attracts the magnet 93a, whereby the 
magnet 93a and the weight member 93 to which the magnet 
93a is fixed start to reciprocate. 
0345 Under the state where the vibrator 90a is operating, 
a motor output required of the linear vibration motor 95 is 
determined on the basis of the operating condition of the 
linear vibration motor 95, and a driving frequency of the 
linear vibration motor 95 is determined on the basis of the 
determined motor output, and further, the amplitude-fixed 
AC voltage Vd having a frequency equal to the determined 
driving frequency is applied to the linear vibration motor 95. 
Thereby, in the handy phone 212, the magnitude of vibration 
at reception of an incoming call is controlled as a required 
pattern, and the incoming call is informed to the user by 
Vibration of the pattern according to user preference or the 
like. 

0346. As described above, in the handy phone 212 
according to the twelfth embodiment, Since mechanical 
vibration is generated by the linear vibration motor 95, the 
mechanical vibration can be varied with two degrees of 
freedom, i.e., the number of vibrations and the amplitude, as 
compared with the case where vibration is generated by a 
rotation-type motor, whereby the vibrator 91 which informs 
an incoming call or the like to the user by Vibration can be 
provided with a variety of vibration patterns. 
0347. Further, in the handy phone 212 of the twelfth 
embodiment, Since the motor output of the linear Vibration 
motor as a power source of the vibration unit 90a is 
controlled by adjusting the frequency of the AC voltage 
applied to the linear Vibration motor, the motor output can be 
controlled with the level of the driving voltage of the linear 
Vibration motor being kept constant, whereby the magnitude 
of vibration of the handy phone can be easily controlled. 
Further, since the output of the linear vibration motor 95 is 
controlled by adjusting the driving frequency, the linear 
vibration motor 95 can be operated at the maximum perfor 
mance without being restricted by the construction, thereby 
generating more powerful vibration. 
0348 While in this twelfth embodiment the linear vibra 
tion motor and the driving apparatus thereof according to the 
first embodiment are used as a vibrator for informing an 
incoming call in a handy phone to the user and a driving 
apparatus thereof, respectively, the linear vibration motor 
and the driving apparatus according to the first embodiment 
may be used as a power Source of a reciprocation-type 
electric razor and a driving apparatus thereof, respectively. 
0349 Moreover, while in the seventh to twelfth embodi 
ments the motor driving units have the Same construction as 
the motor driving apparatus 101 of the first embodiment, the 
motor driving units may have the same construction as any 
of the motor driving apparatuses 102-106 according to the 
Second to Sixth embodiments. 

Applicability in Industry 
0350 A motor driving apparatus according to the present 
invention controls at least one of an output of a linear 
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Vibration motor and a stroke of a mover on the basis of a 
frequency of an AC current applied to the linear Vibration 
motor, whereby the linear Vibration motor can be operated at 
maximum output without being restricted by its construc 
tion, resulting in maximum efficiency at rated output. 

1. A motor driving apparatus for driving a linear Vibration 
motor having a mover which is reciprocatably provided, and 
a Spring member which Supports the mover, including: 

a motor driver for Supplying an AC voltage as a driving 
Voltage to the linear Vibration motor; and 

Said motor driver controlling at least one of a motor output 
of the linear vibration motor and a stroke of the mover 
by adjusting a frequency of the AC Voltage. 

2. A motor driving apparatus as defined in claim 1 further 
including: 

a target output determining unit for determining a target 
output as a motor output required of the linear Vibration 
motor, 

a driving frequency determining unit for determining a 
driving frequency of the linear vibration motor on the 
basis of the determined target output; and 

Said motor driver controlling the motor output by adjust 
ing the frequency of the AC voltage Supplied to the 
linear Vibration motor So as to be equal to the driving 
frequency determined by the driving frequency deter 
mining unit. 

3. A motor driving apparatus as defined in claim 2 further 
including: 

an output detection unit for detecting the motor output of 
the linear vibration motor; and 

Said driving frequency determining unit determining the 
driving frequency So that a difference between the 
detected motor output and the determined target output 
becomes Zero. 

4. A motor driving apparatus as defined in claim 1 further 
including: 

a driving frequency determining unit for determining a 
driving frequency of the linear Vibration motor; 

a position detection unit for detecting a position of the 
moVer, 

Said driving frequency determining unit Setting the driv 
ing frequency at a resonance frequency which brings a 
Spring Vibration System including the mover into a 
resonance State when the detected position of the mover 
does not exceed a predetermined reference position, 
and Setting the driving frequency at a frequency higher 
than the resonance frequency when the detected posi 
tion of the mover exceeds the reference position; and 

said motor driver controlling the stroke of the mover by 
adjusting the frequency of the AC Voltage Supplied to 
the linear vibration motor So as to be equal to the 
driving frequency determined by the driving frequency 
determining unit. 

5. A motor driving apparatus as defined in claim 4, 
wherein Said driving frequency determining unit changes the 
driving frequency to a frequency at which the detected 
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position of the mover does not exceed the reference position 
when the detected position of the mover exceeds the refer 
ence position. 

6. A motor driving apparatus as defined in claim 4 further 
including: 

a target output determining unit for determining a target 
output as a motor output required of the linear Vibration 
motor, 

an output detection unit for detecting the motor output of 
the linear vibration motor; 

a driving Voltage determining unit for determining a target 
Voltage value of the driving Voltage of the linear 
vibration motor So that a difference between the 
detected motor output and the determined target output 
becomes Zero; and 

Said motor driver adjusting the frequency and Voltage 
value of the AC voltage supplied to the linear vibration 
motor So that the Voltage value of the AC voltage 
becomes equal to the target Voltage value determined 
by the driving Voltage determining unit, and the fre 
quency of the AC voltage becomes equal to the driving 
frequency determined by the driving frequency deter 
mining unit. 

7. A motor driving apparatus as defined in any of claims 
4 to 7, wherein Said reference position is determined on the 
basis of an elastic limit value of the Spring member Sup 
porting the mover. 

8. A motor driving apparatus as defined in any of claims 
4 to 6, wherein Said reference position is determined on the 
basis of a position in which the mover might collide with 
parts constituting the linear Vibration motor, or parts of a 
device containing the linear Vibration motor. 

9. A motor driving apparatus as defined in claim 1 further 
including: 

a driving frequency determining unit for determining a 
driving frequency of the linear Vibration motor; 

a target output determining unit for determining a target 
output as a motor output required of the linear Vibration 
motor, 

an output detection unit for detecting the motor output of 
the linear vibration motor; 

a driving Voltage determining unit for determining a target 
Voltage value of the driving Voltage of the linear 
vibration motor So that a difference between the 
detected motor output and the determined target output 
becomes Zero; 

Said driving frequency determining unit Setting the driv 
ing frequency at a resonance frequency which brings a 
Spring Vibration System including the mover into a 
resonance State when the determined target Voltage 
value does not exceed a predetermined reference value, 
and Setting the driving frequency at a frequency higher 
than the resonance frequency when the determined 
target Voltage value exceeds the reference value; and 

Said motor driver controlling the motor output and the 
Stroke of the mover by adjusting the frequency and 
Voltage value of the AC voltage Supplied to the linear 
vibration motor so that the voltage value of the AC 
Voltage becomes equal to the target Voltage value 
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determined by the driving Voltage determining unit, 
and the frequency of the AC voltage becomes equal to 
the driving frequency determined by the driving fre 
quency determining unit. 

10. A motor driving apparatus as defined in claim 9, 
wherein 

Said reference value is determined on the basis of the 
voltage value of a DC power supply provided for the 
motor driver; and 

Said driving frequency determining unit changes the driv 
ing frequency to a frequency at which the determined 
target Voltage value does not exceed the reference value 
when the determined target Voltage value exceeds the 
reference value. 

11. A motor driving apparatus as defined in claim 1 further 
including: 

a driving frequency determining unit for determining a 
driving frequency of the linear Vibration motor; 

a target output determining unit for determining a target 
output as a motor output required of the linear Vibration 
motor, 

an output detection unit for detecting the motor output of 
the linear vibration motor; 

a driving Voltage determining unit for determining a target 
Voltage value of the driving Voltage of the linear 
vibration motor So that a difference between the 
detected motor output and the determined target output 
becomes Zero; 

a driving Voltage detection unit for detecting an actual 
Voltage value of the driving Voltage of the linear 
vibration motor; 

Said driving frequency determining unit Setting the driv 
ing frequency at a resonance frequency which brings a 
Spring Vibration System including the mover into a 
resonance State when the detected actual Voltage value 
does not exceed a reference value that is determined on 
the basis of the Voltage value of a DC voltage Supplied 
to the motor driver, and Setting the driving frequency at 
a frequency higher than the resonance frequency when 
the detected actual Voltage value exceeds the reference 
value; and 

Said motor driver controlling the motor output and the 
Stroke of the mover by adjusting the frequency and 
Voltage value of the AC voltage Supplied to the linear 
vibration motor so that the voltage value of the AC 
Voltage becomes equal to the target Voltage value 
determined by the driving Voltage determining unit, 
and the frequency of the AC voltage becomes equal to 
the driving frequency determined by the driving fre 
quency determining unit. 

12. An air conditioner provided with a compressor which 
has a cylinder and a piston, and compresses a fluid in the 
cylinder by a reciprocating motion of the piston, including: 

a linear Vibration motor for making the piston reciprocate, 
having a Stator and a mover, Said mover being Sup 
ported by a Spring So as to form a Spring vibration 
System including the mover, 

a motor driving unit for driving the linear Vibration motor; 
and 
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Said motor driving unit being a motor driving apparatus as 
defined in any of claims 1 to 11. 

13. A refrigerator provided with a compressor which has 
a cylinder and a piston, and compresses a fluid in the 
cylinder by a reciprocating motion of the piston, including: 

a linear vibration motor for making the piston reciprocate, 
having a Stator and a mover, Said mover being Sup 
ported by a Spring So as to form a Spring vibration 
System including the mover, 

a motor driving unit for driving the linear vibration motor; 
and 

Said motor driving unit being a motor driving apparatus as 
defined in any of claims 1 to 11. 

14. A cryogenic freezer provided with a compressor 
which has a cylinder and a piston, and compresses a fluid in 
the cylinder by a reciprocating motion of the piston, includ 
Ing: 

a linear vibration motor for making the piston reciprocate, 
having a Stator and a mover, Said mover being Sup 
ported by a Spring So as to form a Spring vibration 
System including the mover, 

a motor driving unit for driving the linear vibration motor; 
and 
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Said motor driving unit being a motor driving apparatus as 
defined in any of claims 1 to 11. 

15. A hot-water Supply unit provided with a compressor 
which has a cylinder and a piston, and compresses a fluid in 
the cylinder by a reciprocating motion of the piston, includ 
ing: 

a linear Vibration motor for making the piston reciprocate, 
having a Stator and a mover, Said mover being Sup 
ported by a Spring So as to form a Spring vibration 
System including the mover, 

a motor driving unit for driving the linear Vibration motor; 
and 

Said motor driving unit being a motor driving apparatus as 
defined in any of claims 1 to 11. 

16. A handy phone provided with a linear vibration motor 
for generating Vibration, and a motor driving unit for driving 
the linear vibration motor, including: 

Said linear Vibration motor having a Stator and a mover, 
Said mover being Supported by a Spring So as to form 
a Spring vibration System including the mover, and 

Said motor driving unit being a motor driving apparatus as 
defined in any of claims 1 to 11. 

k k k k k 
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