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An apparatus and method that controls the opening/closing 
of a discharge passage of refrigerant in a linear compressor. 
The apparatus of the present invention includes a discharge 
passage opening/closing control unit to control an opening/ 
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With a preset value and determining Whether the operating 
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the discharge passage of the linear compressor if the oper 
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FIG. 1 
(PRIOR ART) 
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FIG. 2 
(PRIOR ART) 
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FIG. 3 
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FIG. 4 
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FIG. 5A 
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APPARATUS AND METHOD TO CONTROLA 
LINEAR COMPRESSOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of Korean 
Application No. 2002-33820, ?led Jun. 17, 2002, in the 
Korean Industrial Property Of?ce, the disclosure of Which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to an appa 
ratus and method to control a linear compressor, and more 
particularly, to an apparatus and method Which controls the 
opening/closing of a discharge passage that is a passage 
through Which refrigerant discharged from the linear com 
pressor passes. 

[0004] 2. Description of the Related Art 

[0005] In general, a linear compressor is used in various 
kinds of refrigerating machines, and refers to a compressor 
that produces and discharges high-pressure refrigerant 
through a linear compression process, differently from a 
rotary compressor. 

[0006] Hereinafter, a conventional method of controlling a 
conventional linear compressor is described With reference 
to FIGS. 1 and 2. 

[0007] FIG. 1 is a sectional vieW illustrating the conven 
tional linear compressor. FIG. 2 is a block diagram illus 
trating the conventional linear compressor control method. 

[0008] Referring to the FIG. 1, the linear compressor 
generally comprises a sealed casing 101, a compression 
chamber that sucks and compresses refrigerant and then 
discharges the refrigerant, and a drive unit that generates 
poWer. 

[0009] In more detail, the compression chamber comprises 
a cylinder 103, a cylinder head 109, and a piston 107. The 
cylinder 103 is provided With a compression chamber 100. 
The cylinder head 109 is equipped With suction and dis 
charge valves to guide the suction and discharge of the 
refrigerant, and is combined With the upper part of the 
cylinder 103. The piston 107 is provided in the cylinder 103 
to perform linear reciprocal movement. 

[0010] The drive unit comprises a cylindrically shaped 
inner core 105, an outer core 104 and a permanent magnet 
102a. The cylindrically shaped inner core 105 is located 
around the cylinder 103. The outer core 104 is located to be 
spaced apart from the inner core 105 by a certain distance, 
and equipped With a coil 106 Wound around the inner core 
105 to generate a magnetic ?eld When current is applied to 
the coil 106. The permanent magnet 102a is located betWeen 
the inner core 105 and the outer core 104. The permanent 
magnet 102a is ?xedly supported by a mover 102, and the 
piston 107 is also ?xedly supported by the mover 102. The 
loWer part of the mover 102 is extended to form an extension 
part 112. The movement of the extension part 112 is sensed 
by a moving distance sensor 113. That is, the moving 
distance sensor 113 can sense the moving distance of the 
piston 107 by sensing the moving distance of the extension 
part 112. 

[0011] Hereinafter, the operation of the linear compressor 
is described. When a magnetic ?eld is generated around the 
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coil 106 by applying current to the coil 106, a certain amount 
of magnetic force formed by magnetic ?elds generated by 
the current application to the coil 106 and the permanent 
magnet 102a acts upon the permanent magnet 102a. HoW 
ever, since the current applied to the coil 106 is Alternating 
Current (AC), the directions of the magnetic poles of the 
magnetic ?eld generated by the coil 106 vary periodically, so 
the permanent magnet 102a periodically performs reciprocal 
movement. In this case, the mover 102 that ?xedly supports 
the permanent magnet 102a is moved together With the 
permanent magnet 102a, and the piston 107 ?xedly sup 
ported by the mover 102 is reciprocally moved by the mover 
102, thus achieving the suction and compression operations 
of the linear compressor. 

[0012] A reference numeral 108 designates a resonant 
spring that resonates in up and doWn directions along With 
the piston 107, and doubles the reciprocal movement of the 
piston 107. A reference numeral 111 designates a suction 
muf?er that decreases a suction noise When loW-pressure 
refrigerant is sucked to the linear compressor during the 
suction operation of the linear compressor. A reference 
numeral 111a designates a suction pipe that forms a passage 
through Which the loW-pressure refrigerant is moved and 
?oWs into the linear compressor during the suction operation 
of the linear compressor. Areference numeral 110 designates 
a discharge muf?er that decreases a discharge noise When 
high-pressure refrigerant, compressed in a compression 
chamber during the suction operation of the linear compres 
sor, is discharged outside of the linear compressor. A refer 
ence numeral 110a designates a discharge pipe that forms a 
discharge passage through Which high-pressure refrigerant 
compressed in the compression chamber during the suction 
operation of the linear compressor is sucked and moved. 

[0013] Next, a conventional method of controlling the 
conventional linear compressor is described With reference 
to FIG. 2. 

[0014] In general, the method of controlling the conven 
tional linear compressor 200 is carried out by sensing the 
movement of the piston 107 using the moving distance 
sensor 113 of FIG. 1, recogniZing and evaluating the move 
ment of the piston 107 using a control unit 201, and 
controlling a poWer sWitch 202 using the control unit 201 if 
excessive movement of the piston 107 occurs. Accordingly, 
current applied to the coil 106 is cut off and passed by 
cutting off and passing poWer supplied to the linear com 
pressor 200, respectively, thereby controlling the operation 
of the linear compressor. Alternatively, the conventional 
method of controlling the conventional linear compressor 
200 can be carried out by sensing the intensity of current 
using a current sensor that senses the intensity of the current 
applied to the linear compressor 200, recogniZing and deter 
mining the intensity of current using the control unit 201, 
and cutting off poWer supplied from a poWer supply by 
controlling the poWer sWitch 202 if excessive current is 
applied to the linear compressor 200. 

[0015] HoWever, the moving distance of the piston 107 
described above does not have a ?xed displacement value 
but a free displacement value. Accordingly, if excessive 
current is applied to the linear compressor 200, a generated 
magnetic ?eld is intensi?ed and, therefore, a magnetic ?eld 
acting on the permanent magnet 102a is increased, so there 
occurs a problem in that the piston 107 collides With the 
cylinder head 109 of the linear compressor. Additionally, the 
conventional linear compressor control method that Was 
proposed to solve this problem is carried out by sensing the 
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moving distance of the piston or the intensity of the current 
?owing through the coil, and stopping the operation of the 
linear compressor by cutting off the current that passes 
through the coil of the linear compressor if the value of the 
moving distance or current intensity exceeds a certain value, 
thereby resulting in the deterioration of reliability on the 
linear compressor due to the frequent ON/OFF operations of 
the linear compressor. 

SUMMARY OF THE INVENTION 

[0016] Accordingly, it is an object of the present invention 
to provide an apparatus and method to control a linear 
compressor in accordance With the present invention, Which 
is capable of preventing collisions betWeen a piston and a 
cylinder head caused by the excessive movement of the 
piston by controlling the operation of the linear compressor, 
thereby extending the life-span of the linear compressor, 
improving reliability on products and preventing the occur 
rence of abnormalities caused by the frequent ON/OFF 
operations of the compressor 

[0017] Additional objects and advantages of the invention 
Will be set forth in part in the description Which folloWs and, 
in part, Will be obvious from the description, or may be 
learned by practice of the invention. 

[0018] The foregoing and other objects of the present 
invention are achieved by providing an apparatus to control 
a linear compressor having a discharge passage opening/ 
closing control unit to control an opening/closing rate of a 
discharge passage through Which high-pressure refrigerant 
generated by a compression operation of the linear com 
pressor is discharged and moved. Additionally, the discharge 
passage opening/closing control means preferably includes 
an automatic control valve that opens or closes the discharge 
passage, an opening/closing control sWitch that directs the 
opening/closing of the automatic control valve, a sensor that 
senses the operating state of the linear compressor, and a 
control unit to recogniZe and evaluate information sensed by 
the sensor, and controls the automatic control valve or the 
opening/closing control sWitch. 

[0019] The foregoing and other objects of the present 
invention are also achieved by providing a method to control 
a linear compressor, comprising: sensing an operating state 
of the linear compressor; comparing the sensed information 
With a preset value and determining Whether the operating 
state of the linear compressor is abnormal; and controlling a 
discharge passage of the linear compressor if the operating 
state of the linear compressor is abnormal, Wherein the 
sensing of the operating state of the linear compressor is 
carried out by sensing a moving distance of a piston in the 
linear compressor or the intensity of current applied to the 
linear compressor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] These and other objects and advantages of the 
invention Will become apparent and more readily appreci 
ated from the folloWing description of the embodiments, 
taken in conjunction With the accompanying draWings of 
Which: 

[0021] FIG. 1 is a sectional vieW illustrating a conven 
tional linear compressor; 

[0022] FIG. 2 is a block diagram that is used to describe 
a conventional method of controlling the conventional linear 
compressor; 
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[0023] FIG. 3 is a vieW illustrating an apparatus to control 
a linear compressor according to an embodiment of the 
present invention; 
[0024] FIG. 4 is a vieW illustrating another apparatus to 
control a linear compressor according to another embodi 
ment of the present invention; 

[0025] FIGS. 5A and 5B are schematic vieWs illustrating 
the movement of a piston and the direction of force applied 
to the piston according to the embodiments of FIGS. 3 and 
4, respectively; and 

[0026] FIG. 6 is a ?oWchart illustrating a method of 
controlling a linear compressor according to an embodiment 
of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] Reference Will noW be made in detail to the 
embodiments of the present invention, examples of Which 
are illustrated in the accompanying draWings, Wherein like 
reference numerals refer to like elements throughout. The 
embodiments are described beloW in order to explain the 
present invention by referring to the ?gures. 

[0028] Hereinafter, the embodiments according to the 
present invention are described With reference to the accom 
panying draWings. 
[0029] FIG. 3 is a vieW illustrating an apparatus to control 
a linear compressor according to an embodiment of the 
present invention. FIG. 4 is a vieW illustrating another 
apparatus to control a linear compressor according to 
another embodiment of the present invention. FIGS. 5A and 
5B are schematic vieWs illustrating the movement of a 
piston and the direction of force applied to the piston 
according to an embodiment of the present invention, 
respectively. 
[0030] Referring to FIG. 3, there is illustrated a linear 
compressor 300. A suction pipe 305 is connected to a side of 
the linear compressor 300 and forms a passage through 
Which a loW-pressure refrigerant is moved during the suction 
operation of the linear compressor 300. Adischarge pipe 303 
is connected to another side of the linear compressor 300 and 
forms a discharge passage through Which compressed high 
pressure refrigerant is sucked and moved during the suction 
operation of the linear compressor 300. An automatic con 
trol valve 304 is positioned in the discharge pipe 303 and 
selectively opens and closes the discharge passage formed 
by the discharge pipe 303. An opening/closing control unit 
302 is connected to the automatic control valve 304 and 
directs the opening/closing of the automatic control valve 
304. Amoving distance sensor 306 is connected to the linear 
compressor 300 and senses a moving distance through 
Which the piston of the linear compressor 300 is moved. A 
control unit 301 recogniZes and evaluates information 
sensed by the opening/closing control sWitch 302, and 
commands the opening/closing control unit 302 to direct the 
automatic control valve 304 to selectively open and close the 
discharge passage. 

[0031] Hereinafter, the above-described embodiment is 
described in detail. 

[0032] When poWer is supplied to the linear compressor 
300 and the linear compressor 300 is operated, the piston in 
the cylinder of the linear compressor 300 carries out suction 
and compression operations While regularly moving Within 
a certain range. The loW-pressure refrigerant ?oWs into the 
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linear compressor through the suction pipe 305 When the 
suction operation is carried out, While the high-pressure 
refrigerant compressed in the linear compressor 300 is 
discharged from the linear compressor and moved through 
the discharge pipe 303 When a discharge operation is carried 
out. When excessive current flows at a moment While 
carrying out such suction and compression operations, the 
moving distance of the piston is lengthened. An excessive 
moving distance of the piston is sensed by the moving 
distance sensor 306, and sensed information is transmitted to 
the control unit 301. The control unit 301 recogniZes the 
sensed information, evaluates the operating state of the 
linear compressor 300 and commands the opening/closing 
control unit 302 to direct the automatic control valve 304 to 
block the discharge passage Within a certain range corre 
sponding to a distance by Which the excessive moving 
distance of the piston exceeds the normal moving distance of 
the piston. Accordingly, the opening/closing control unit 302 
directs the automatic control valve 304 to block the dis 
charge passage Within the certain range, and the automatic 
control valve 304 blocks the discharge passage Within the 
directed certain range. The discharge passage is not required 
to be completely blocked. The reason for this is that if the 
blocking of the discharge passage is performed Within the 
certain range, the discharge passage is blocked to the extent 
corresponding to the certain range and the movement of the 
high-pressure refrigerant is interrupted to the extent corre 
sponding to the certain range. Accordingly, it is preferable 
that the range of the discharge passage able to be blocked by 
the automatic control valve 304 is preferably designed to be 
from 0% to 100%. 0% means the complete opening of the 
discharge passage, and 100% means the complete closing of 
the discharge passage. The reason Why the above-described 
construction is used is that it is preferable to prevent the 
linear compressor from suddenly stopping or re-operating 
due to the fact that the compressor is forced to select 
complete opening or complete closing depending upon the 
extent of the abnormal operation of the linear compressor 
300, thus alloWing smooth control to be implemented. 

[0033] FIG. 4 illustrates another embodiment of the 
present invention, and the same reference numerals are used 
for the same components as in FIG. 3. 

[0034] As illustrated in FIG. 4, a linear compressor 300 
employs a current sensor 401 that senses the intensity of the 
current applied to the linear compressor 300, instead of the 
moving distance sensor 306, so as to determine the operating 
state of the linear compressor. Accordingly, the intensity of 
current is sensed by the current sensor 401, and the sensed 
information is transmitted to the control unit 301. Thereafter, 
the control unit 301 accordingly recogniZes the intensity of 
current and determines Whether the linear compressor 300 is 
in an abnormal state. Thereafter, the control unit 301 con 
trols the blocking of the discharge passage to correspond to 
the extent of the abnormal state. Additionally, it is preferable 
that an opening/closing rate of the automatic control valve 
304 ranges from 0% to 100% to complete the closing of the 
discharge passage. 

[0035] Referring to FIGS. 5A and 5B in conjunction With 
the embodiment described With reference to FIG. 3, FIG. 
5A illustrates a case Where, during the normal operation of 
the linear compressor, high-pressure refrigerant is moved to 
the head part 503 in a forWard direction and discharged by 
a stable compression operation in Which the How of high 
pressure refrigerant in the compression chamber 501 does 
not exceed a preset displacement of the piston 502. The 
high-pressure refrigerant moved to the head part 503 is 
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normally moved along the suction pipe through the suction 
valve (not shoWn). In contrast, FIG. 5B illustrates a case 
Where, as an abnormal movement, in Which the piston 502 
is moved an excessive distance more than the preset normal 
moving distance of the piston 502, the discharge passage is 
blocked Within a certain range corresponding to a distance 
by Which the excessive moving distance of the piston 
exceeds the normal moving distance of the piston, and, 
accordingly, the high-pressure refrigerant not discharged 
from the compression chamber 501 of the linear compressor 
300 exerts force in a reverse direction to hinder the piston 
502 from moving to the head part 503. 

[0036] That is, When the discharge passage formed by the 
discharge pipe 303 is blocked Within the certain range, the 
How of the refrigerant discharged from the linear compres 
sor 300 is interrupted by the automatic control valve 304 to 
an extent corresponding to the certain range during the 
discharge operation of the linear compressor, and high 
pressure refrigerant not discharged from the compression 
chamber 501 remains in the compression chamber 501. 
Since the remaining refrigerant applies hydraulic force in the 
direction opposite to the moving direction of the piston 502 
during the compression operation, a collision betWeen the 
piston 502 and the cylinder head part 503 due to the overload 
of the linear compressor 300 can be prevented. Of course, it 
Will be easily appreciated that the above-described control 
method has an effect in Which the moving distance of the 
piston 502 of the linear compressor 300, having a free 
displacement, approximates the moving distance of a piston 
having a ?xed displacement. MeanWhile, the same effect 
may be obtained by setting the intensity of current to a 
certain value instead of setting the preset displacement, and 
controlling the opening/closing of the automatic control 
valve 304 according to the set intensity of current. 

[0037] FIG. 6 is a ?oWchart illustrating the method of 
controlling the linear compressor according to the above 
embodiment. 

[0038] First, referring to FIG. 6, When the linear com 
pressor 300 starts to operate, the moving distance of the 
piston 502 of the linear compressor 300 is sensed by the 
moving distance sensor 306 at S601. Thereafter, the control 
unit 301 compares the value of an actually sensed moving 
distance With the value of a preset displacement and deter 
mines Whether the operating state of the linear compressor 
300 is abnormal at S602. That is, it is determined Whether 
the moving distance of the piston 502 is greater than the 
preset displacement. Thereafter, if it is determined that the 
operating state of the linear compressor 300 is normal on the 
basis of the determination, the operation in Which the 
moving distance of the piston 502 is continuously sensed 
and compared With the preset displacement is repeated. In 
contrast, if it is determined that the operating state of the 
linear compressor 300 is abnormal on the basis of the 
information of the determination, that is, the moving dis 
tance of the piston 502 is greater than the preset displace 
ment, the moving distance of the piston 502 is continuously 
sensed and compared With the preset displacement and the 
opening/closing control unit 302 is commanded to control 
the automatic control valve 304 at S603. Thereafter, the 
opening/closing control unit 302 transmits a certain electric 
signal to the automatic control valve 304 and the automatic 
control valve 304 is controlled to open or close the discharge 
passage in response to the electrical signal at S604. The 
operation of the linear compressor is smoothly carried out 
through the above-described process. Of course, the oper 
ating state of the linear compressor 300 can be sensed by the 
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intensity of current actually applied to the linear compressor 
300 at S601. Accordingly, in this case, the preset value of the 
intensity of current is compared With the intensity of current 
actually applied to the linear compressor 300, and it is 
determined Whether the operating state of the linear com 
pressor 300 is normal at S602. Of course, the discharge 
passage is blocked in a range from 0% to 100% to complete 
the closing of the discharge passage. 

[0039] As described above, the apparatus and method to 
control a linear compressor in accordance With the present 
invention is capable of preventing collisions betWeen the 
piston and the cylinder head caused by the excessive move 
ment of the piston by controlling the operation of the linear 
compressor, thereby extending the lifespan of the linear 
compressor, improving reliability on products and prevent 
ing the occurrence of abnormalities caused by the frequent 
ON/OFF operations of the compressor. 

[0040] Although a feW embodiments of the present inven 
tion have been shoWn and described, it Would be appreciated 
by those skilled in the art that changes may be made in this 
embodiment Without departing from the principles and spirit 
of the invention, the scope of Which is de?ned in the claims 
and their equivalents. 

What is claimed is: 
1. An apparatus to control a linear compressor, comprising 

a discharge passage opening/closing control unit to control 
an opening/closing rate of a discharge passage through 
Which high-pressure refrigerant discharged from the linear 
compressor is moved. 

2. The apparatus according to claim 1, Wherein the 
discharge passage opening/closing control unit comprises an 
automatic control valve. 

3. The apparatus according to claim 2, Wherein the 
automatic control valve is installed in a discharge pipe of the 
linear compressor. 

4. The apparatus according to claim 2, Wherein the 
automatic control valve is regulated to block the discharge 
passage in a range from 0% to 100%. 

5. The apparatus according to claim 2, Wherein the 
discharge passage opening/closing control unit further com 
prises a control unit to recogniZe and evaluate an operating 
state of the linear compressor and control an opening/closing 
rate of the automatic control valve. 

6. The apparatus according to claim 2, the discharge 
passage opening/closing control unit further comprises an 
opening/closing control unit to direct an opening/closing 
rate of the automatic control valve in response to an elec 
trical signal. 

7. The apparatus according to claim 6, Wherein the 
discharge passage opening/closing control unit further com 
prises a control unit to determine the operating state of the 
linear compressor and control the opening/closing control 
unit. 

8. The apparatus according to claim 6, Wherein the 
discharge passage opening/closing control unit further com 
prises a moving distance sensor to sense a moving distance 
of a piston in the linear compressor and transmit information 
on the sensed moving distance to the control unit. 
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9. The apparatus according to claim 6, Wherein the 
discharge passage opening/closing control unit further com 
prises a current sensor to sense intensity of current applied 
to the linear compressor and transmitting information on the 
sensed intensity of current to the control unit. 

10. A method of controlling a linear compressor, com 
prising: 

sensing an operating state of the linear compressor; 

comparing the sensed information With a preset value and 
determining Whether the operating state of the linear 
compressor is abnormal; and 

controlling a discharge passage of the linear compressor 
if the operating state of the linear compressor is abnor 
mal. 

11. The method according to claim 10, Wherein the 
sensing of the operating state of the linear compressor is 
carried out by sensing a moving distance of a piston in the 
linear compressor. 

12. The method according to claim 10, Wherein the 
sensing of the operating state of the linear compressor is 
carried out by sensing the intensity of current applied to the 
linear compressor. 

13. The method according to claim 10, Wherein the 
comparing of the sensed information With the preset value is 
carried out by a control unit. 

14. The method according to claim 13, Wherein the 
controlling of the discharge passage of the linear compressor 
comprises: 

alloWing the control unit to command an opening/closing 
control sWitch so that an automatic control valve is 
directed to open or close the discharge passage if the 
operating state of the linear compressor is abnormal; 

directing the automatic control valve to open or close the 
discharge passage; and 

alloWing the automatic control valve to control the dis 
charge passage. 

15. The method according to claim 14, Wherein the 
directing of the automatic control valve to open or close the 
discharge passage is carried out by applying an electrical 
signal to the automatic control valve. 

16. The method according to claim 10, Wherein the 
discharge passage is blocked Within a range from 0% to 
100%. 

17. The apparatus according to claim 7, Wherein the 
discharge passage opening/closing control unit further com 
prises a moving distance sensor to sense a moving distance 
of a piston in the linear compressor and transmitting infor 
mation on the sensed moving distance to the control unit. 

18. The apparatus according to claim 7, Wherein the 
discharge passage opening/closing control unit further com 
prises a current sensor to sense intensity of current applied 
to the linear compressor and transmit information on the 
sensed intensity of current to the control unit. 


