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(54) LINEAR COMPRESSOR

(57)  The present invention relates to a linear com-
pressor which can perform the natural cooling capacity
modulation, even if a capacitor connected to a motor is
removed. The linear compressor includes a fixed mem-
ber having a compression space therein, a movable
member linearly reciprocated in the fixed member to
compress a refrigerant sucked into the compression
space, one or more springs provided to elastically sup-

Figure 3

Voltage(V)

port the movable member in the motion direction of the
movable member, a motor connected to the movable
member to linearly reciprocate the movable member in
the axial direction, and a motor control unit performing
the cooling capacity modulation by the reciprocation of
the movable member according to a load, by controlling
an AC voltage applied to the motor so that a stroke of
the movable member can be proportional to the magni-
tude of the AC voltage applied to the motor.
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Description
[Technical Field]

[0001] The present invention relates to a linear com-
pressor, and, more particularly, to a linear compressor
which can perform the natural cooling capacity modula-
tion, even if a capacitor connected to a motor is removed.

[Background Art]

[0002] In general, a motor is provided in a compressor
which is a mechanical apparatus for receiving power from
a power generation apparatus, such as an electric motor,
aturbine, etc. and compressing the air, refrigerant or oth-
er various operating gases to raise a pressure. The motor
has been widely used in electric home appliances such
as refrigerators, air conditioners, etc., and its application
has been expanded to the whole industry.

[0003] Specifically, the compressors are roughly clas-
sified into a reciprocating compressor in which a com-
pression space for sucking and discharging an operating
gas is defined between a piston and a cylinder so that
the piston can be linearly reciprocated in the cylinder to
compress a refrigerant, a rotary compressor in which a
compression space for sucking and discharging an op-
erating gas is defined between an eccentrically-rotated
roller and a cylinder so that the roller can be eccentrically
rotated along the inner wall of the cylinder to compress
a refrigerant, and a scroll compressor in which a com-
pression space for sucking and discharging an operating
gasis defined between an orbiting scroll and a fixed scroll
so that the orbiting scroll can be rotated along the fixed
scroll to compress a refrigerant.

[0004] Recently, a linear compressor which not only
improves a compression efficiency but also has a simple
structure has been actively developed among the recip-
rocating compressors. In particular, the linear compres-
sor does not have a mechanical loss caused by a motion
conversion since a piston is directly connected to a line-
arly-reciprocating driving motor.

[0005] FIG. 1 is a block diagram of a motor control
device used in a conventional linear compressor. As il-
lustrated in FIG. 1, the motor control device includes a
rectification unit having a diode bridge 11 receiving, rec-
tifying and outputting AC power which is commercial
power and a capacitor C1 smoothing the rectified voltage,
aninverter unit 12 receiving a DC voltage, converting the
DC voltage to an AC voltage according to a control signal
from a control unit 17, and supplying the AC voltage to
a motor unit, the motor unit having a motor 13 and a
capacitor C2 connected in series to the motor 13, a volt-
age sensing unit 14 sensing a both-end voltage of the
capacitor C1, a current sensing unit 15 sensing a current
flowing through the motor unit, an operation unit 16 op-
erating a counter electromotive force (EMF) from the volt-
age sensed by the voltage sensing unit 14 and the current
sensed by the current sensing unit 15, and the control
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unit 17 generating a control signal by reflecting the coun-
ter EMF from the operation unit 16 and the current sensed
by the current sensing unit 15.

[0006] Inthe conventional linear compressor shown in
FIG. 1, additional costs and space are needed because
the capacitor C2 connected in series to the motor 13 is
provided in the linear compressor. In addition, although
the cooling capacity modulation characteristics based on
the load are determined by the capacity of the capacitor
C2, in the prior art, it is not easy to change the capacity
of the capacitor C2. Moreover, the preparation and se-
lective confection of a plurality of capacitors cause diffi-
culties in terms of cost, space, and design.

[0007] FIG. 2 is a graph showing changes of a stroke
and an input voltage of the motor of FIG. 1. In the con-
ventional linear compressor, if the capacitor C2 is re-
moved in a simple manner, as shown in FIG. 2, a phe-
nomenon in which a voltage applied to the motor is re-
duced, i.e., ajump phenomenon occurs near the top dead
center (TDC), so that the cooling capacity modulation
(under stroke operation) is impossible. In the graph of
FIG. 2, the closer to 0.00, the closer to the TDC.

[Disclosure]
[Technical Problem]

[0008] An object of the present invention is to provide
a linear compressor which can control the cooling capac-
ity modulation, even if a capacitor connected to a motor
of the linear compressor is removed.

[0009] Anotherobject ofthe presentinvention is to pro-
vide a linear compressor which can control a natural cool-
ing capacity modulation rate according to a load capacity.
[0010] A further object of the present invention is to
provide a linear compressor which can prevent a stroke
jump phenomenon during its control operation.

[Technical Solution]

[0011] According to an aspect of the presentinvention,
there is provided a linear compressor including: a fixed
member having a compression space therein; a movable
member linearly reciprocated in the fixed member to
compress a refrigerant sucked into the compression
space; one or more springs provided to elastically sup-
port the movable member in the motion direction of the
movable member; a motor connected to the movable
member to linearly reciprocate the movable member in
the axial direction; and a motor control unit performing
the cooling capacity modulation by the reciprocation of
the movable member according to a load, by controlling
an AC voltage applied to the motor so that a stroke of
the movable member can be proportional to the magni-
tude of the AC voltage applied to the motor.

[0012] In addition, the stroke of the movable member
may be proportional to the magnitude of the AC voltage
applied to the motor at least in close proximity to the top
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dead center of the movable member.

[0013] Moreover, the motor control unit may include
an attenuation operation unit attenuating an inductance
effect of a coil of the motor by using a current flowing
through the motor.

[0014] Additionally, the motor control unit may include
a rectification unit receiving AC power and outputting a
DC voltage, an inverter unit receiving the DC voltage,
converting the DC voltage to an AC voltage according to
a control signal, and supplying the AC voltage to the mo-
tor, a current sensing unit sensing a current flowing be-
tween the motor and the inverter unit, and a control unit
integrating the current from the current sensing unit, op-
erating an attenuation voltage by multiplying the integrat-
ed value by a constant (1/Cr), generating a control signal
for producing an AC voltage corresponding to a differ-
ence between the set voltage and the attenuation volt-
age, and applying the control signal to the inverter unit.
[0015] Further, the constant (1/Cr) may be variable.
[0016] Furthermore, the cooling capacity modulation
rate of the compressor may be changed by the variation
of the constant (1/Cr).

[0017] According to another aspect of the present in-
vention, there is provided a method for controlling a linear
compressor which includes a fixed member having a
compression space therein, a movable member provided
in the fixed member to compress a refrigerant sucked
into the compression space, one or more springs provid-
ed to elastically support the movable member, and a mo-
tor connected to the movable member to linearly recip-
rocate the movable member in the axial direction, the
method including: a first step of applying a preset initial
voltage to the motor; a second step of calculating a first
attenuation voltage with a current produced by the appli-
cation of the preset initial voltage; a third step of calcu-
lating a first required voltage corresponding to a differ-
ence between the initial voltage and the attenuation volt-
age; a fourth step of applying the calculated required volt-
age to the motor; a fifth step of calculating a second at-
tenuation voltage with a current produced by the appli-
cation of the calculated required voltage; a sixth step of
calculating a second required voltage corresponding to
a difference between the initial voltage and the second
attenuation voltage; and a seventh step of applying the
second required voltage to the motor.

[0018] According to a further aspect of the present in-
vention, there is provided a motor control device of a
linear compressor including: a rectification unit receiving
AC power and outputting a DC voltage; an inverter unit
receiving the DC voltage, converting the DC voltage to
an AC voltage according to a control signal, and supply-
ing the AC voltage to a motor; the motor driven by the
AC voltage applied from the inverter unit; a current sens-
ing unit sensing a current flowing between the motor and
the inverter unit; and a control unit integrating the current
from the current sensing unit, operating an attenuation
voltage by multiplying the integrated value by a constant
(1/Cr), generating a control signal for producing an AC
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voltage corresponding to a difference between the set
voltage and the attenuation voltage, and applying the
control signal to the inverter unit.

[Advantageous Effects]

[0019] According to the present invention, even if the
capacitor connected to the motor of the linear compres-
sor is removed, the cooling capacity modulation can be
controlled, which is advantageous in space and cost of
the compressor.

[0020] Additionally, according to the presentinvention,
it is possible to realize easy and fast modulation by con-
trolling the natural cooling capacity modulation rate ac-
cording to the load capacity. Moreover, according to the
presentinvention, itis possible to prevent the stroke jump
phenomenon during the control operation of the linear
compressor.

[Description of Drawings]
[0021]

FIG. 1 is a block diagram of a motor control device
used in a conventional linear compressor.

FIG. 2 is a graph showing changes of a stroke and
an input voltage of the motor of FIG. 1.

FIG. 3 is a block diagram of the control structure of
a linear compressor according to the present inven-
tion.

FIG. 4 is a circuit view of a control example of a con-
trol unit of FIG. 3.

FIG. 5 is a structure view of the linear compressor
according to the present invention.

FIG. 6 is a graph showing changes of a stroke and
an input voltage of a motor in the linear compressor
according to the present invention.

FIG. 7 is a graph showing changes of a cooling ca-
pacity and a load in the linear compressor according
to the present invention.

FIG. 8 is a graph showing voltages of the linear com-
pressor according to the present invention.

[Mode for Invention]

[0022] Hereinafter, exemplary embodiments of the
present invention will be described in detail with refer-
ence to the attached drawings.

[0023] FIG. 3is ablock diagram of the control structure
of alinear compressor according to the presentinvention
and FIG. 4 is a circuit view of a control example of a
control unit of FIG. 3.

[0024] As illustrated in FIG. 3, the control structure of
the linear compressor includes a rectification unit 21 re-
ceiving, rectifying, smoothing, and outputting AC power
which is commercial power, an inverter unit 22 receiving
a DC voltage, converting the DC voltage to an AC voltage
according to a control signal from a control unit 25, and
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supplying the AC voltage to a motor 23, the motor 23
including a coil L, a current sensing unit 24 sensing a
current flowing between the motor 23 and the inverter
unit 22 or a current flowing through the coil L in the motor
23, acontrol unit 25 operating a motor application voltage
Vmotorto be applied tothe motor 23, based onthe current
sensed by the current sensing unit 24, generating a cor-
responding control signal, and applying the control signal
totheinverter unit22, and a voltage sensing unit 26 sens-
ing the magnitude of the DC voltage from the rectification
unit 21. However, in this control structure, the structure
for supplying a required voltage to the control unit 25, the
current sensing unit 24, the voltage sensing unit 26, etc.
is obvious to a person of the ordinary skill in the art to
which the present invention pertains, and thus a descrip-
tion thereof will be omitted.

[0025] The rectification unit 21 is composed of a diode
bridge performing a general rectification function, a ca-
pacitor smoothing the rectified voltage, and so on.
[0026] The inverter unit 22, which is a means for re-
ceiving a DC voltage, generating an AC voltage, and ap-
plying the AC voltage to the motor 23, includes an IGBT
element which is a switching element, a gate control unit
turning on/off the IGBT element according to a control
signal from the control unit 25, and so on. The inverted
unit 22 is easily recognized by a person of the ordinary
skill in the art to which the present invention pertains, and
thus a description thereof will be omitted.

[0027] The motor 23 includes the coil L like a general
motor of other mechanical structures but does notinclude
a capacitor unlike the prior art.

[0028] The current sensing unit 24 is an element for
sensing a current flowing through a conductive line be-
tween the inverter unit 22 and the motor 23 or a current
flowing in the coil L of the motor 23. The voltage sensing
unit 26 is an element for sensing a DC voltage output
from the rectification unit 21.

[0029] Here, the voltage sensing unit 26 can sense the
entire DC voltage ora DC voltage reduced ata given ratio.
[0030] The control unit 25 generates a control signal
for applying a preset application voltage Vin to the motor
23 and applies the control signal to the inverter unit 22,
if it receives a linear compressor starting command from
the outside orreceives AC commercial power. As aresult,
the inverter unit 22 generates an AC voltage correspond-
ing to the application voltage Vin and applies the AC volt-
age to the motor 23.

[0031] Due to the application of this AC voltage, the
current sensing unit 24 senses a current i flowing from
the inverter unit 22 to the motor 23 or a current i flowing
through the coil L of the motor 23.

[0032] The control unit 25 receives the current i from
the current sensing unit 24 and performs the processing
shown in FIG. 4.

[0033] The control unit 25 includes an integrator 25a
integrating the current i from the current sensing unit 24,
an attenuator 25b operating an attenuation voltage Vc
by multiplying the integrated value by a constant 1/Cr,
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and an operation unit 25c operating a difference between
the set application voltage Vin and the attenuation volt-
age Vc. The application voltage Vin of this embodiment,
which corresponds to the voltage applied by the inverter
unit in the conventional compressor, is fixed or varied
according to the control algorithm of the linear compres-
Sor.

[0034] The integrator 25a and the attenuator 25b cor-
respond to the attenuation operation unit which attenu-
ates the inductance effect of the coil L of the motor, using
the current i flowing through the motor 23. That is, in this
embodiment, since there is no capacitor connected to
the coil L of the motor 23, the inductance effect of the
coil L is reduced by controlling the motor application volt-
age Vmotor applied to the motor 23.

[0035] In addition, the constant 1/Cr used in the atten-
uator 25b may be fixedly or variably set according to the
size of the coil L of the motor 23. For example, when an
LC resonance frequency is set to be equal to a mechan-
ical resonance frequency of the compressor, the constant
1/Cr may be determined accordingly. Or, if the LC reso-
nance frequency is set to be higher or lower than the
mechanical resonance frequency of the compressor, the
constant 1/Cr may be determined accordingly.

[0036] As such, after the motor application voltage
Vmotor is operated, the control unit 25 generates a con-
trol signal for allowing the inverter unit 22 to apply the
operated motor application voltage Vmotor to the motor
23 and applies the control signal to the inverter unit 22.
That is, the control unit 25 allows the sensed current i to
be fed back to the motor application voltage Vmotor, so
that the operation of the motor 23 can be controlled in a
state where the capacitor is not connected to the motor
23. In the present invention, since the counter electro-
motive force (EMF) is reflected to the current i and fed
back, it needs not to be considered separately. Thereaf-
ter, the control unit 25 repeatedly calculates and applies
the motor application voltage Vmotor according to a dif-
ference between the application voltage Vin which is an
initial voltage and an attenuation voltage which is ob-
tained by integrating the current produced by the applied
motor application voltage Vmotor (e.g., a first attenuation
voltage by the application voltage Vin, a second attenu-
ation voltage by the primarily calculated motor application
voltage Vmotor, etc.). The higher the load, the greater
the motor application voltage Vmotor which is the re-
quired voltage. In the present invention, if the motor ap-
plication voltage Vmotor (i.e., the maximum value) which
is the required voltage is smaller than the DC voltage
Vdc, a low load or a mid load is determined. In the case
of the low load or the mid load, the inverter unit 22 applies
an AC voltage (motor application voltage Vmotor) having
a magnitude equal to or smaller than the DC voltage Vdc
to the motor 23. Hence, the control unit 25 can maintain
the required cooling capacity by controlling the magni-
tude of the AC voltage applied from the inverter unit 22
to the motor 23.

[0037] Further, the control unit 25 can attain a required
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high cooling capacity by changing the frequency of the
motor application voltage Vmotor from the inverter unit
22, e.g., by increasing the frequency at a high load.
[0038] FIG.5 s astructure view of the linear compres-
sor according to the present invention. As illustrated in
FIG. 5, in the linear compressor according to the present
invention, aninlet pipe 32a and an outlet pipe 32b through
which a refrigerant flows in and out are provided at one
side of a hermetic container 32, a cylinder 34 is fixedly
installed in the hermetic container 32, a piston 36 is pro-
vided to be linearly reciprocated in the cylinder 34 to be
able to compress the refrigerant sucked into a compres-
sion space P in the cylinder 34, and various springs are
provided to elastically support the piston 36 in the motion
direction of the piston 36. The piston 36 is provided to be
connected to a linear motor 40 which produces a linear
reciprocation driving force. Although a natural frequency
fn of the piston 36 is changed according to a load, the
linear motor 40 induces a natural output change which
modulates the cooling capacity (output) according to the
changed load.

[0039] Moreover, a suction valve 52 is provided at one
end of the piston 36 which is in contact with the compres-
sion space P and a discharge valve assembly 54 is pro-
vided at one end of the cylinder 34 which is in contact
with the compression space P. The suction valve 52 and
the discharge valve assembly 54 are automatically
opened and closed according to the pressure inside the
compression space P, respectively.

[0040] Here, the hermetic container 32 has its upper
and lower shells coupled to each other to seal up the
inside, the inlet pipe 32a for introducing the refrigerant
and the outlet pipe 32b for discharging the refrigerant are
provided at one side of the hermetic container 32, the
piston 36 is elastically supported in the motion direction
to be linearly reciprocated in the cylinder 34, and the lin-
ear motor 40 is coupled to the outside of the cylinder 34
by a frame 48 to constitute an assembly. This assembly
is provided on the inside bottom surface of the hermetic
container 32 to be elastically supported by supporting
springs 59.

[0041] Further, given oil is filled in the inside bottom
surface of the hermetic container 32, an oil supply appa-
ratus 60 pumping the oil is provided at a bottom end of
the assembly, and an oil supply pipe 48a is provided in
the frame 48 on the lower side of the assembly to be able
to supply the oil between the piston 36 and the cylinder
34. Therefore, the oil supply apparatus 60 pumps out the
oil due to the vibration caused by linear reciprocation of
the piston 36, so that the oil is supplied to a gap between
the piston 36 and the cylinder 34 along the oil supply pipe
48a and performs cooling and lubricating functions.
[0042] Next, itis preferable that the cylinder 34 should
be formed in a hollow shape so that the piston 36 can be
linearly reciprocated in the cylinder 34, have the com-
pression space P at its one side, and be disposed in
alignment with the inlet pipe 32a when its one end is
positioned closely to the inside of the inlet pipe 32a.
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[0043] Of course, the piston 36 is provided at one end
of the cylinder 34 close to the inlet pipe 32a to be linearly
reciprocated in the cylinder 34, and the discharge valve
assembly 54 is provided at the other end of the cylinder
34 opposite to the inlet pipe 32a.

[0044] Here,thedischarge valve assembly 54 includes
a discharge cover 54a provided to define a given dis-
charge space at a one-end side of the cylinder 34, a dis-
charge valve 54b provided to open and close one end of
the cylinder 34 near the compression space P, and a
valve spring 54c which is a kind of coil spring applying
an elastic force between the discharge cover 54a and
the discharge valve 54b in the axial direction. An O-ring
R is fitted into the inner circumference of one end of the
cylinder 34 so that the discharge valve 54a can be closely
attached to the one end of the cylinder 34.

[0045] Moreover, a bentloop pipe 58 is connected be-
tween one side of the discharge cover 54a and the outlet
pipe 32b. The loop pipe 58 not only guides the com-
pressed refrigerant to be discharged to the outside, but
also prevents vibration produced by interactions between
the cylinder 34, the piston 36 and the linear motor 40
from being transferred to the entire hermetic container
32. Accordingly, as the piston 36 is linearly reciprocated
in the cylinder 34, if the pressure inside the compression
space P exceeds a given discharge pressure, the valve
spring 54c is compressed to open the discharge valve
54b, so that the refrigerant is completely discharged from
the compression space P to the outside along the loop
pipe 58 and the outlet pipe 32b.

[0046] Next, a refrigerant passage 36a is defined in
the center of the piston 36 so that the refrigerant intro-
duced from the inlet pipe 32a can flow therethrough, the
linear motor 40 is connected directly to one end of the
piston 36 close to the inlet pipe 32a by a connection mem-
ber 47, and the suction valve 52 is provided at the other
end of the piston 36 opposite to the inlet pipe 32a. The
piston 36 is elastically supported in its motion direction
by various springs.

[0047] Here, the suction valve 52 is formed in a thin
plate shape with its central portion partially cut away to
open and close the refrigerant passage 36a of the piston
36 and with its one side fixed to one end of the piston 36
by screws.

[0048] Therefore, as the piston 36 is linearly recipro-
cated in the cylinder 34, if the pressure of the compres-
sion space P becomes equal to or lower than a given
suction pressure which is lower than a discharge pres-
sure, the suction valve 52 is open, so that the refrigerant
is sucked into the compression space P, and if the pres-
sure of the compression space P exceeds the given suc-
tion pressure, the refrigerant is compressed in the com-
pression space P with the suction valve 52 closed.
[0049] Particularly, the piston 36 is elastically support-
ed in its motion direction. Specifically, a piston flange 36b
protruding in the radial direction from one end of the pis-
ton 36 close to the inlet pipe 32a is elastically supported
in the motion direction of the piston 36 by mechanical
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springs 38a and 38b such as coil springs, and the refrig-
erant contained in the compression space P on the op-
posite side to the inlet pipe 32a operates as a gas spring
due toits own elastic force, thereby elastically supporting
the piston 36.

[0050] Here,the mechanical springs 38aand 38b have
a constant mechanical spring constant Km regardless of
the load. It is preferable that the mechanical springs 38a
and 38b should be provided respectively on the cylinder
34 and a given supporting frame 56 fixed to the linear
motor 40 side by side in the axial direction, based on the
piston flange 36b. It is preferable that the mechanical
spring 38a supported on the supporting frame 56 and the
mechanical spring 38b provided on the cylinder 34 should
have the same mechanical spring constant Km. Howev-
er, the gas spring has a gas spring constant Kg changed
according to the load. As the ambient temperature rises,
the pressure of the refrigerant increases, and thus a own
elastic force of the gas contained in the compression
space P increases. Therefore, the higher the load, the
larger the gas spring constant Kg of the gas spring.
[0051] Here, while the mechanical spring constant Km
is constant, the gas spring constant Kg is changed ac-
cording to the load. As a result, the entire spring constant
is changed according to the load, and the natural fre-
quency fn of the piston 36 is also changed according to
the gas spring constant Kg.

[0052] Accordingly, even if the load is changed, the
mechanical spring constant Km and the mass M of the
piston 36 are constant, but the gas spring constant Kg is
changed, so that the natural frequency fn of the piston
36 is significantly influenced by the gas spring constant
Kg depending upon the load.

[0053] Of course, the load can be measured in various
ways. However, since the linear compressor includes a
freezing/air conditioning cycle for compressing, con-
densing, evaporating and expanding the refrigerant, the
load can be defined as a difference between a conden-
sation pressure at which the refrigerantis condensed and
an evaporation pressure at which the refrigerant is evap-
orated, and further is determined in consideration of an
average pressure which is an average of the condensa-
tion pressure and the evaporation pressure so as to im-
prove the accuracy.

[0054] Thatis, the load is calculated to be proportional
to the difference between the condensation pressure and
the evaporation pressure and the average pressure
thereof. The higher the load, the larger the gas spring
constant Kg. For example, the larger the difference be-
tween the condensation pressure and the evaporation
pressure, the higher the load. Although the difference
between the condensation pressure and the evaporation
pressure is the same, the higher the average pressure,
the higher the load. The gas spring constant Kg is calcu-
lated so that it can be increased according to such a load.
The linear compressor may include a sensor (pressure
sensor, temperature sensor, etc.) to calculate the load.
[0055] Here, a condensation temperature substantial-
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ly proportional to the condensation pressure and an
evaporation temperature substantially proportional to the
evaporation pressure are measured, and then the load
is calculated to be proportional to a difference between
the condensation temperature and the evaporation tem-
perature and an average temperature thereof.

[0056] Specifically, the mechanical spring constant
Km and the gas spring constant Kg can be determined
by means of various experiments. If the ratio of the gas
spring constant Kg to the entire spring constant increas-
es, a resonance frequency of the piston 36 can be
changed in a relatively wide range according to the load.
[0057] The linear motor 40 includes an inner stator 42
configured in a manner that a plurality of laminations 42a
are stacked in the circumferential direction and fixed to
the outside of the cylinder 34 by the frame 48, an outer
stator 44 configured in a manner that a plurality of lami-
nations 44b are stacked in the circumferential direction
around a coil winding body 44a wound with a coil and
provided outside the cylinder 34 by the frame 48 with a
given gap from the inner stator 42, and a permanent mag-
net 46 positioned in the gap between the inner stator 42
and the outer stator 44 and connected to the piston 36
by the connection member 47. The coil winding body 44a
may be fixed to the outside of the inner stator 42.
[0058] The linear motor 40 is one embodiment of the
motor 23 described above.

[0059] FIG. 6 is a graph showing changes of a stroke
and an input voltage of the motor in the linear compressor
according to the present invention.

[0060] Asillustratedin FIG. 6, in the linear compressor
according to the present invention, even if the piston 36
approaches the top dead center, the input voltage of the
motor rises, and thus the stroke jump phenomenon does
not occur. Therefore, the linear compressor according to
the present invention can perform the cooling capacity
modulation in a stable state. That is, the control unit 25
can perform the natural cooling capacity modulation by
the reciprocation of the piston 36 according to the load,
by controlling the AC voltage applied to the motor 23 so
that the stroke of the piston 36 can be proportional to the
magnitude of the AC voltage applied to the motor 23.
[0061] In particular, the stroke of the piston 36 is pro-
portional to the magnitude of the AC voltage applied to
the motor 23 at least in close proximity to the top dead
center of the piston 36, thereby preventing the stroke
jump phenomenon.

[0062] FIG. 7 is a graph showing changes of the cool-
ing capacity and the load in the linear compressor ac-
cording to the present invention.

[0063] The control unit 25 stores a variable constant
1/Cr. Referring to FIG. 7, in the case of Cr(10uF), it can
be seen thatthe cooling capacity of the linear compressor
is changed according to the load. As the value of Cr or
1/Cr varies, the cooling capacity modulation rate is
changed as shown in FIG. 7.

[0064] Accordingly, the control unit 25 according to the
present invention can control the cooling capacity mod-
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ulation rate by changing the constant 1/Cr or Cr.

[0065] As Cr varies, a phase difference between the
motor application voltage Vmotor and the current i de-
creases at a low load, so that a higher cooling capacity
can be accomplished at the same load. That is, the LC
resonance frequency is determined by the value of Cr,
and the phases of the motor application voltage Vmotor
and the current i are determined at a certain load. Here,
if Cr varies, the phases of the motor application voltage
Vmotor and the currenti are changed, and thus the entire
power is changed. In other words, the cooling capacity
increases or decreases, so that the natural cooling ca-
pacity modulation rate is changed.

[0066] FIG. 8 is a graph showing voltages of the linear
compressor according to the present invention. As
shown, the actual motor application voltage Vmotor is
operated by subtracting the attenuation voltage Vc op-
erated from the current i from the application voltage Vin.
The motor application voltage Vmotor becomes equal to
a voltage applied to a motor in a circuit in which a plurality
of capacitors are connected in series to a coil L. As a
result, the linear compressor can control the cooling ca-
pacity modulation.

[0067] The present invention has been described in
detail with reference to the exemplary embodiments and
the attached drawings. However, the scope of the
present invention is not limited to such embodiments and
drawings, but is defined by the appended claims.

Claims
1. Alinear compressor, comprising:

a fixed member having a compression space
therein;

a movable member linearly reciprocated in the
fixed member to compress a refrigerant sucked
into the compression space;

one or more springs provided to elastically sup-
port the movable member in the motion direction
of the movable member;

a motor connected to the movable member to
linearly reciprocate the movable member in the
axial direction; and

a motor control unit performing the cooling ca-
pacity modulation by the reciprocation of the
movable member according to a load, by con-
trolling an AC voltage applied to the motor so
that a stroke of the movable member can be
proportional to the magnitude of the AC voltage
applied to the motor.

2. Thelinear compressor of Claim 1, wherein the stroke
of the movable member is proportional to the mag-
nitude of the AC voltage applied to the motor at least
in close proximity to the top dead center of the mov-
able member.
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3.

The linear compressor of Claim 1, wherein the motor
control unit comprises an attenuation operation unit
attenuating an inductance effect of a coil of the motor
by using a current flowing through the motor.

The linear compressor of Claim 1, wherein the motor
control unit comprises a rectification unit receiving
AC power and outputting a DC voltage, an inverter
unitreceiving the DC voltage, converting the DC volt-
age to an AC voltage according to a control signal,
and supplying the AC voltage to the motor, a current
sensing unit sensing a current flowing between the
motor and the inverter unit, and a control unit inte-
grating the current from the current sensing unit, op-
erating an attenuation voltage by multiplying the in-
tegrated value by a constant (1/Cr), generating a
control signal for producing an AC voltage corre-
sponding to a difference between the set voltage and
the attenuation voltage, and applying the control sig-
nal to the inverter unit.

The linear compressor of Claim 4, wherein the set
voltage and the constant (1/Cr) are variable.

The linear compressor of Claim 4, wherein the cool-
ing capacity modulation rate of the compressor is
changed by variations of the set voltage and the con-
stant (1/Cr).

A method for controlling a linear compressor which
includes a fixed member having a compression
space therein, a movable member provided in the
fixed member to compress a refrigerant sucked into
the compression space, one or more springs provid-
ed to elastically support the movable member, and
amotor connected to the movable member to linearly
reciprocate the movable member in the axial direc-
tion, the method comprising:

a first step of applying a preset initial voltage to
the motor;

a second step of calculating a first attenuation
voltage with a current produced by the applica-
tion of the preset initial voltage;

a third step of calculating a first required voltage
corresponding to a difference between the initial
voltage and the attenuation voltage;

a fourth step of applying the calculated required
voltage to the motor;

a fifth step of calculating a second attenuation
voltage with a current produced by the applica-
tion of the calculated required voltage;

a sixth step of calculating a second required volt-
age corresponding to a difference between the
initial voltage and the second attenuation volt-
age; and

a seventh step of applying the second required
voltage to the motor.
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The method of Claim 7, wherein the method repeat-
edly performs the fifth to seventh steps.

The method of Claim 7, wherein the second or fifth
step integrates the current and operates a first or
second attenuation voltage by multiplying the inte-
grated value by a constant (1/Cr).

A motor control device of a linear compressor, com-
prising:

a rectification unit receiving AC power and out-
putting a DC voltage;

an inverter unit receiving the DC voltage, con-
verting the DC voltage to an AC voltage accord-
ing to a control signal, and supplying the AC volt-
age to a motor;

the motor driven by the AC voltage applied from
the inverter unit;

a current sensing unit sensing a current flowing
between the motor and the inverter unit; and

a control unitintegrating the currentfrom the cur-
rent sensing unit, operating an attenuation volt-
age by multiplying the integrated value by a con-
stant (1/Cr), generating a control signal for pro-
ducing an AC voltage corresponding to a differ-
ence between the set voltage and the attenua-
tion voltage, and applying the control signal to
the inverter unit.

The motor control device of Claim 10, wherein the
set voltage and the constant (1/Cr) are variable.

The motor control device of Claim 10, wherein the
cooling capacity modulation rate of the compressor
is changed by variations of the set voltage and the
constant (1/Cr).
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Figure 1
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Figure 3
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Figure 6
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Figure 8
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