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(54) Title: LINEAR COMPRESSOR

(57) Abstract: A linear compressor comprises: a sta

tionary member including a cylinder (200) for provid
ing a space for compressing a refrigerant; a movable
member linearly reciprocating with respect to the sta

tionary member, and including a piston (300) for com
pressing the refrigerant inside the cylinder (200) and
a supporter piston (320) connected to the piston (300)
and having a support portion extended in a radial direc
tion of the piston (300); a plurality of front main springs
(320) positioned so as to be symmetrical with the cen
ter of the piston (300) and the supporter piston (320),
one ends of which being supported by the front surface
of the support portion of the supporter piston and the
other ends of which being supported by the stationary
member; one rear main spring (840) positioned at the
opposite side of the piston (300), one end of which b e

ing supported by the supporter piston (320); and a back
cover (560) having a support portion for constraining
the other end of the rear main spring (840) from mov
ing in a transverse direction.



Description
LINEAR COMPRESSOR

Technical Field
[1] The present invention relates to a linear compressor, and more particularly, to a linear

compressor, which is provided with three main springs having a resonance frequency

matched to a driving frequency of the linear compressor, and includes a back cover

having a support portion for constraining the movement of a rear main spring in a

transverse direction.

[2] Additionally, the present invention relates to a linear compressor, which is provided

with three main springs having a resonance frequency matched to a driving frequency

of the linear compressor, and enables accuarate driving as the center of a rear main

spring coincides with the center of a piston.

Background Art
[3] In general, a compressor is a mechanical apparatus for compressing the air, re

frigerant or other various operation gases and raising a pressure thereof, by receiving

power from a power generation apparatus such as an electric motor or turbine. The

compressor has been widely used for an electric home appliance such as a refrigerator

and an air conditioner, or in the whole industry.

[4] The compressors are roughly classified into a reciprocating compressor in which a

compression space for sucking or discharging an operation gas is formed between a

piston and a cylinder, and the piston is linearly reciprocated inside the cylinder, for

compressing a refrigerant, a rotary compressor in which a compression space for

sucking or discharging an operation gas is formed between an eccentrically -rotated

roller and a cylinder, and the roller is eccentrically rotated along the inner wall of the

cylinder, for compressing a refrigerant, and a scroll compressor in which a com

pression space for sucking or discharging an operation gas is formed between an

orbiting scroll and a fixed scroll, and the orbiting scroll is rotated along the fixed

scroll, for compressing a refrigerant.

[5] Recently, a linear compressor which can improve compression efficiency and

simplify the whole structure without a mechanical loss resulting from motion

conversion by connecting a piston directly to a linearly -reciprocated driving motor has

been popularly developed among the reciprocating compressors.

[6] Normally, in the linear compressor, a piston is linearly reciprocated in a cylinder by a

linear motor inside a hermetic shell, for sucking, compressing and discharging a re

frigerant. The linear motor includes a permanent magnet disposed between an inner

stator and an outer stator, and the permanent magnet is linearly reciprocated due to a



mutual electromagnetic force. As the permanent magnet is driven in a state where it is

coupled to the piston, the piston is reciprocated linearly inside the cylinder to suck,

compress, and discharge the refrigerant.

[7] Fig. 1 is a view illustrating a conventional linear compressor. Fig. 2 is a side cross

sectional view enlargedly illustrating a portion A of Fig. 1. Fig. 3 is a graph illustrating

the amount transverse displacement of a rear spring in accordance with the amount of

compression in the conventional linear compressor.

[8] Referring to Fig. 1, in the conventional linear compressor 1, a piston 30 is linearly re

ciprocated inside a cylinder 20 by a linear motor 40 in a hermetic shell 10 so as to

suck, compress and discharge refrigerant. The linear motor 40 includes an inner stator

44, an outer stator 42, and a permanent magnet 46. The permanent magnet 46 is

linearly reciprocated between the inner stator 44 and the outer stator 42 due to a mutual

electromagnetic force. As the permanent magnet 46 is driven in a state where it is

coupled to the piston 30, the piston 30 is linearly reciprocated inside the cylinder 20 to

suck, compress and discharge refrigerant.

[9] The linear compressor 1 further includes a frame 52, a stator cover 54, and a back

cover 56. The linear compressor may have a configuration in which the cylinder 20 is

fixed by the frame 20, or a configuration in which the cylinder 20 and the frame 52 are

integrally formed. At the front of the cylinder 20, a discharge valve 62 is elastically

supported by an elastic member, and selectively opened and closed according to the

pressure of the refrigerant inside the cylinder. A discharge cap 64 and a discharge

muffler 66 are installed at the front of the discharge valve 62, and the discharge cap 64

and the discharge muffler 66 are fixed to the frame 52. One end of the inner stator 42

or outer stator 44 as well is supported by the frame 52, and an O-ring or the like of the

inner stator 42 is supported by a separate member or a projection formed on the

cylinder 20, and the other end of the outer stator 44 is supported by the stator cover 54.

The back cover 56 is installed on the stator cover 54, and a suction muffler 70 is p o

sitioned between the back cover 56 and the stator cover 54.

[10] Further, a supporter piston 32 is coupled to the rear of the piston 30. Main springs 80

whose natural frequency is adjusted are installed at the supporter piston 32 so that the

piston 30 can be resonantly moved. The main springs 80 are divided into front springs

82 whose both ends are supported by the supporter piston 32 and the stator cover 54

and rear springs 84 whose both ends are supported by the supporter piston 32 and the

back cover 56. Here, the main springs 80 include four front springs 82 and four rear

springs 84. Accordingly, this large number of the main springs 80 leads to a large

number of positional parameters to be controlled in order to maintain balance upon

movement of the piston 30. Consequently, the manufacturing process becomes com

plicated and longer and the manufacturing cost is high.



[11] Referring to Fig. 2 enlargedly illustrating a portion A of Fig. 1, members for

supporting the rear spring 84 inside the back cover 56 in the conventional art can be

understood in detail. A support portion 58 of the supporter piston 32 and a support

portion 59 of the back cover 56 assists the rear spring 84 for resonant movement of the

piston 30 while supporting both ends of the rear spring 84.

[12] Referring to Fig. 3, the amount transverse displacement of the rear spring in ac

cordance with the amount of compression in the conventional linear compressor can be

understood.

[13] First, with regard to the generation of an amount of transverse displacement upon

compression of the rear spring 84 shown in the upper part of the graph, the rear spring

84 is compressed and expanded to repeat resonant movement by being supported by

the supporter piston 32 and the back cover 56. Now, a case will be assumed in which

the amount transverse displacement of the rear spring 84 is large because of the com

pression of the rear spring 84. By measurement of the movement of the rear spring 84,

a measured value can be shown by a graph wherein the amount of compression and the

amount of transverse displacement are an X-axis and a Y-axis, respectively.

[14] In other words, if the rear spring 84 is compressed and moved at δmin to δmax, a

measured value having a amount of transverse displacement of Ymin to Ymax of the

rear spring 84 is shown by a graph in which the amount of transverse displacement is

the smallest when the amount of compression is the smallest and the largest, and the

amount of transverse displacement is the largest when the amount of compression is

intermediate.

[15] Here, as an amount of transverse displacement is generated at the rear springs 84, this

causes an unnecessary contact inside the back cover, produces impurities caused by

damage and abrasion of the rear springs, and generates noise.

[16] Fig. 4 is a side view schematically illustrating a case where a gap between the rear

spring and the back cover support portion is made larger in the conventional art.

[17] Referring to Fig. 4, it can be seen that when a gap between the lower end of the rear

spring 84 and the back cover support portion 59 is made larger, there is no gap formed

between the upper end of the rear spring 84 and the support portion. Compared with

Fig. 3, it is adjusted so as to avoid contact by forming a gap between the support

portion of the back cover and rear spring. However, axial eccentricity is generated at

the upper end portion and the lower end portion due to a manufacturing tolerance

caused upon manufacturing of the rear springs 84. As shown in Fig. 4, this gives rise to

abrasion of the upper end portions of the rear springs 84 and the support portion 58 of

the supporter piston, thereby generating impurities and causing noise.

[18] Fig. 5 is a side view schematically illustrating the shape of a real object in ac

cordance with an eccentricity (e) generated from the rear spring in the conventional art.



[19] Referring to Fig. 5, it can be understood that there exists an axial eccentricity at the

upper end portion and lower end portion due to a manufacturing tolerance upon manu

facturing of the rear springs 84. Due to the eccentricity, when the rear spring 84

receives an external force, as shown in Fig. 4, abrasion takes place at the upper end

portion of the rear spring 84 and the support portion 58 of the supporter piston. Of

course, the lower end portion of the rear spring 84 also may undergo unnecessary

abrasion at the back cover 56.

[20] As such, in Figs. 2 to 4, an amount of transverse displacement generated upon com

pression and expansion of the rear spring 84 and an axial eccentricity of the rear spring

give rise to unnecessary contact inside the back cover, produce impurities caused by

damage and abrasion of the rear springs, and generate noise.

[21] As described above, since the conventional linear compressor includes four front

springs and four rear springs at longitudinally and laterally symmetrical positions, this

requires a large number of main springs and a large number of positional parameters to

be controlled in order to maintain balance upon movement of the piston. Consequently,

the manufacturing process becomes complicated and longer and the manufacturing

cost is high.

[22] In addition, when the rear springs are compressed and expanded, an amount of

transverse displacement is generated, thereby leading to an interference at the skirt

portion of the back cover, generating impurities due to the abrasion and damage of the

rear springs, and causing a noise problem.

[23] Fig. 6 is a side cross sectional view schematically illustrating a conventional linear

compressor. Fig. 7 is a side cross sectional view enlargedly illustrating a front main

spring part of Fig. 6.

[24] Referring to Fig. 6, in the conventional linear compressor 1, a piston 30 is linearly re

ciprocated inside a cylinder 20 by a linear motor 40 in a hermetic shell 10 so as to

suck, compress and discharge refrigerant. The linear motor 10 includes an inner stator

44, an outer stator 42, and a permanent magnet 46. The permanent magnet 46 is

linearly reciprocated between the inner stator 44 and the outer stator 42 due to a mutual

electromagnetic force. As the permanent magnet 46 is driven in a state where it is

coupled to the piston 30, the piston 30 is linearly reciprocated inside the cylinder 20 to

suck, compress and discharge refrigerant.

[25] The linear compressor 1 further includes a frame 52 and a back cover 56. The linear

compressor may have a configuration in which the cylinder 20 is fixed by the frame

20, or a configuration in which the cylinder 20 and the frame 52 are integrally formed.

At the front of the cylinder 20, a discharge valve 62 is elastically supported by an

elastic member, and selectively opened and closed according to the pressure of the re

frigerant inside the cylinder. A discharge cap 64 and a discharge muffler 66 are



installed at the front of the discharge valve 62, and the discharge cap 64 and the

discharge muffler 66 are fixed to the frame 52.

[26] One end of the inner stator 42 or outer stator 44 as well is supported by the frame 52,

and the back cover 56 is supported by the outer stator 44.

[27] A piston flange 32 projected at one end of the piston 30 in a radial direction is

elastically supported in the movement direction of the piston 30 by the front springs 82

and rear springs 84 whose natural frequency is adjusted so that the piston 30 can

perform resonant movement.

[28] Here, there is formed a simple structure having one front spring 82 and one rear

spring 84 respectively mounted therein. Such a structure of main springs can be

referred to as an 1+1 structure.

[29] Referring to Fig. 7, the front springs 82 mounted at the outer side of the cylinder 20

and the inner side of the inner stator 42 supported by the frame 52 form a structure

which the piston 30 penetrates.

[30] Here, the cylinder 20 having the front springs 82 mounted at the outer side is difficult

to change the dimension of the inner diameter øD. This puts some limitation in

designing the cylinder 20, thereby making it difficult to develop a model of a linear

compressor.

[31] Fig. 8 is a side cross sectional view schematically illustrating another structure of the

conventional linear compressor. Fig. 9 is a perspective view illustrating a main spring

assembly of Fig. 8.

[32] In Fig. 8, in the linear compressor 1, a piston 30 is linearly reciprocated inside a

cylinder 20 by a linear motor 40 in a hermetic shell 10 so as to suck, compress and

discharge refrigerant. The linear motor 40 includes an inner stator 42, an outer stator

44, and a permanent magnet 46. The permanent magnet 46 is linearly reciprocated

between the inner stator 42 and the outer stator 44 due to a mutual electromagnetic

force. As the permanent magnet 46 is driven in a state where it is coupled t the piston

30, the piston 30 is linearly reciprocated inside the cylinder 20 to suck, compress and

discharge refrigerant.

[33] The linear compressor may have a configuration in which the cylinder 20 is fixed by

the frame 20, or a configuration in which the cylinder 20 and the frame 52 are in

tegrally formed. At the front of the cylinder 20, a discharge valve 62 is elastically

supported by an elastic member, and selectively opened and closed according to the

pressure of the refrigerant inside the cylinder. A discharge cap 64 and a discharge

muffler 66 are installed at the front of the discharge valve 62, and the discharge cap 64

and the discharge muffler 66 are fixed to the frame 52. A main spring assembly 33 is

supported between one ends of the front springs 82 and rear springs 84, and a back

cover 56 is supported on the other ends of the rear springs 84. The main spring



assembly 33 may have a structure integrated and fixed by a first spring supporter and a

second spring supporter. A structure in which four front main springs and four rear

main springs are respectively arranged on outer side portions is formed. The back

muffler 75 is connected to the flange of the piston 30. As a suction muffler (not shown)

is provided at an inner side of the back muffler 75, it may also be formed at an inner

side of the piston 30.

[34] In Fig. 9, the main spring assembly 33 includes a first spring supporter 32a and a

second spring supporter 32b connected to the piston 30 so as to move integrally with

the piston, front springs 82 mounted between the first spring supporter 32a and a stator

cover (not shown), and rear springs 84 mounted between the second spring supporter

32b and a back cover (not shown). As four front springs 82 and four rear springs 84 are

alternately arranged, a total of eight main springs are arranged.

[35] As shown in Figs. 7 and 8, there is provided a structure in which four main springs

respectively at the front and rear are mounted at outer side portions, thus enabling a

change in the inner diameter of the cylinder 20. As a result, this will be useful in de

veloping various models. Such a structure for main springs can be referred to as a 4+4

structure.

[36] As described above, in the conventional linear compressor, if one front spring and

one rear spring are mounted, it is difficult to change the dimension of the inner

diameter of the cylinder, thereby making it difficult to develop a model.

[37] Additionally, if four main springs are mounted at the front and rear, respectively,

production costs increase, and any problem making it difficult to manufacture and

manage the linear compressor occurs.

[38] Moreover, there is a large number of positional parameters to be controlled in order

to maintain balance upon movement of the piston. Consequently, the manufacturing

process becomes complicated and longer and the manufacturing cost is high.

[39]

Disclosure of Invention

Technical Problem
[40] The present invention has been made in an effort to solve the above-mentioned

problems occurring in the conventional art, and an object of the present invention is to

provide a linear compressor which is provided with a back cover having a support

portion for constraining the movement of a transverse displacement upon compression

and expansion of a rear main spring.

[41]

Technical Solution
[42] To achieve the above object, there is provided a linear compressor according to the



present invention, comprising: a stationary member including a cylinder for providing

a space for compressing a refrigerant; a movable member linearly reciprocating with

respect to the stationary member, and including a piston for compressing the re

frigerant inside the cylinder and a supporter piston connected to the piston and having

a support portion extended in a radial direction of the piston; a plurality of front main

springs positioned so as to be symmetrical with the center of the piston and the

supporter piston, one ends of which being supported by the front surface of the support

portion of the supporter piston and the other ends of which being supported by the

stationary member; one rear main spring positioned at the opposite side of the piston,

one end of which being supported by the supporter piston; and a back cover having a

support portion for constraining the other end of the rear main spring from moving in a

transverse direction.

[43] Accordingly, it is possible to prevent the rear main spring from coming into u n

necessary contact with the inside of the back cover while moving in the transverse

direction, and avoid the generation of impurities caused by damage and abrasion of the

rear main spring.

[44] Additionally, in the linear compressor according to the present invention, the support

portion for constraining the rear main spring is concentric with the center of the piston/

cylinder.

[45] Additionally, in the linear compressor according to the present invention, the support

portion formed at the back cover comprises an inward constraining support portion for

restricting the rear main spring from moving inward.

[46] Additionally, in the linear compressor according to the present invention, the inward

constraining support portion includes a bent part bent toward the cylinder.

[47] Additionally, in the linear compressor according to the present invention, the bent

part is an inclined bent part that is bent to be inclined inwardly.

[48] Additionally, in the linear compressor according to the present invention, the bent

part is a stepped bent part that is bent in a stepped manner.

[49] Additionally, in the linear compressor according to the present invention, the support

portion formed at the back cover comprises an outward constraining support portion

for restricting the rear main spring from moving outward.

[50] Additionally, in the linear compressor according to the present invention, the

outward constraining support portion has a depressed part formed in the direction of a

suction opening direction.

[51] Additionally, in the linear compressor according to the present invention, the

outward constraining support portion has a convex part formed in the direction of the

cylinder.

[52] Additionally, in the linear compressor according to the present invention, the



outward constraining support portion is formed by cutting out some part along the edge

supporting the other end of the rear main spring and bending the same upwardly.

[53] It is another object of the present invention to provide a linear compressor which

provides the same mounting distance as the stiffness of one rear main spring and the

stiffness of two front main springs coincide with each other, and enables it to change

the inner diameter of a cylinder as the front main springs are mounted at an outer side

portion of the cylinder.

[54] Accordingly, there is provided a linear compressor according to the present

invention, comprising: a stationary member including a cylinder for providing a space

for compressing a refrigerant; a movable member linearly reciprocating with respect to

the stationary member, and including a piston for compressing the refrigerant inside

the cylinder and a supporter piston fixed to the piston and having a support portion

extended in a radial direction of the piston; two front main springs symmetrical with

respect to the center of the piston and the supporter piston, one ends of which being

supported by the front surface of the support portion of the supporter piston and the

other ends of which being supported by the stationary member; and one rear main

spring positioned at the opposite side of the piston and having a stiffness ap

proximately the same as the sum of the stiffnesses of the two front main springs so as

to enable the movable member to be moved in a resonance condition, one end of which

being supported by the supporter piston. By this configuration, the number of front and

rear main spring applying a force to enable the movable member to be moved in the

resonance condition is reduced, thereby cutting down the manufacturing costs of the

linear compressor.

[55] In another aspect of the present invention, the mounting distances of the front main

springs and the rear main spring are approximately the same. Here, the mounting

distances of the front main springs and the rear main spring indicate the length of the

front main springs and the length of the rear main spring when the front main springs

and the rear main spring are kept in an equilibrium state in a state that the movable

member is not moved.

[56] In another aspect of the present invention, the center of the rear main springs

coincides with the center of the piston. By this configuration, the movement direction

of the piston and the direction in which the rear main spring applies a force coincide

with each other, thereby preventing abrasion of the piston and improving the efficiency

of the linear compressor.

[57] In another aspect of the present invention, the other end of the front main springs is

installed at the outer side of the cylinder. That is, the other end of the front main

springs is supported not by the cylinder but by a stator cover to be described later. By

this configuration, the dimension of the inner diameter of the cylinder can be changed.



Accordingly, the compression capability of the compressor can be changed by

changing only the sizes of the cylinder and the piston without much changing the

overall configuration of the compressor.
[58] In another aspect of the present invention, the stationary member further comprises a

stator cover for supporting the other end of the front main springs.

[59] In another aspect of the present invention, the front main springs are provided in a

pair at longitudinally and laterally symmetrical positions.

[60] In another aspect of the present invention, the front main springs and the rear main

spring have a natural frequency approximately coinciding with the resonant operation

frequency of the piston.

[61] In another aspect of the present invention, the stationary member further comprises a

stator cover for supporting the other end of the front main springs.

[62] In another aspect of the present invention, the linear compressor further comprises a

suction muffler positioned inside the rear main spring and communicating with the

piston.

[63] In another aspect of the present invention, the suction muffler is fastened to the

supporter piston by bolts.

[64] In another aspect of the present invention, of the supporter piston, the portion

contacting with the front main springs is surface-treated.

[65] In another aspect of the present invention, of the supporter piston, the portion

contacting the front main springs is surface-treated by any one of NIP coating and

anodizing treatment.

Advantageous Effects
[66] The thus-constructed linear compressor according to the present invention has the

advantage of preventing the rear main spring from coming into unnecessary contact

with the inside of the back cover and avoiding the generation of impurities caused by

damage and abrasion of the rear main spring by having a back cover with a support

portion for constraining the rear main spring from moving in a transverse direction.

Brief Description of the Drawings
[67] Fig. 1 is a view illustrating a conventional linear compressor;

[68] Fig. 2 is a side cross sectional view enlargedly illustrating a portion A of Fig. 1;

[69] Fig. 3 is a graph illustrating a horizontal displacement amount of a rear spring in ac

cordance with the amount of compression in the conventional linear compressor.

[70] Fig. 4 is a side view schematically illustrating a case where a gap between the rear

spring and the back cover support portion is made larger in the conventional art;

[71] Fig. 5 is a side view schematically illustrating the shape of a real object in ac

cordance with an eccentricity (e) generated from the rear spring in the conventional art;



[72] Fig. 6 is a side cross sectional view schematically illustrating a conventional linear

compressor;

[73] Fig. 7 is a side cross sectional view enlargedly illustrating a front main spring part of

Fig. 6;

[74] Fig. 8 is a side cross sectional view schematically illustrating another structure of the

conventional linear compressor

[75] Fig. 9 is a perspective view illustrating a main spring assembly of Fig. 8;

[76] Fig. 10 is a side cross sectional view illustrating a linear compressor according to the

present invention;

[77] Fig. 11 is a side cross sectional view enlargedly illustrating a portion B of Fig. 10;

[78] Fig. 12 is a side cross sectional view illustrating a linear compressor according to the

present invention;

[79] Fig. 13 is a side cross sectional view enlargedly illustrating a portion C of Fig. 12.

[80] Fig. 14 is a side cross sectional enlarged view schematically illustrating a structure of

the rear main spring and back cover of the linear compressor according to the present

invention;

[81] Fig. 15 is a side cross sectional view schematically illustrating an inward con

straining support portion including a bent part that is bent to be inclined inwardly on

the back cover of the linear compressor according to the present invention;

[82] Fig. 16 is a side cross sectional view schematically illustrating an inward con

straining support portion including a stepped bent part that is bent in a stepped manner

on the back cover of the linear compressor according to the present invention;

[83] Fig. 17 is a side cross sectional view schematically illustrating an inward con

straining support portion including a convex part that is made convex on the back

cover of the linear compressor according to the present invention;

[84] Fig. 18 is a side cross sectional view schematically illustrating an inward con

straining support portion cut out at some part along the circumference supporting the

other end of the rear main spring on the back cover of the linear compressor according

to the present invention;

[85] Fig. 19 is a view illustrating the back cover of the linear compressor according to the

present invention;

[86] Fig. 20 is a side cross sectional view illustrating a main spring part of the linear

compressor according to the present invention; and

[87] Fig. 2 1 is a view showing a stiffness relationship of the main springs according to the

present invention.

Mode for the Invention
[88] Hereinafter, an embodiment of the present invention will be described in detail with



reference to the accompanying drawings.

[89] Fig. 10 is a side cross sectional view illustrating a linear compressor according to the

present invention. Fig. 11 is a side cross sectional view enlargedly illustrating a portion

B of Fig. 10.

[90] Referring to Fig. 10, a piston 300 is linearly reciprocated inside a cylinder 200 by a

linear motor 400 in a hermetic shell 110 so as to suck, compress and discharge re

frigerant. The linear motor 400 includes an inner stator 420, an outer stator 440, and a

permanent magnet 460. The permanent magnet 460 is linearly reciprocated between

the inner stator 420 and the outer stator 440 due to a mutual electromagnetic force. As

the permanent magnet 460 is driven in a state where it is coupled to the piston 300, the

piston 300 is linearly reciprocated inside the cylinder 200 to suck, compress and

discharge refrigerant.

[91] The linear compressor 100 further includes a frame 520, a stator cover 540, and a

back cover 560. The linear compressor may have a configuration in which the cylinder

200 is fixed by the frame 200, or a configuration in which the cylinder 200 and the

frame 520 are integrally formed. At the front of the cylinder 200, a discharge valve 620

is elastically supported by an elastic member, and selectively opened and closed

according to the pressure of the refrigerant inside the cylinder 200. A discharge cap

640 and a discharge muffler 660 are installed at the front of the discharge valve 620,

and the discharge cap 640 and the discharge muffler 660 are fixed to the frame 520.

One end of the inner stator 420 or outer stator 440 as well is supported by the frame

520, and an O-ring or the like of the inner stator 420 is supported by a separate

member or a projection formed on the cylinder 200, and the other end of the outer

stator 440 is supported by the stator cover 540. The back cover 560 is installed on the

stator cover 540, and a suction muffler 700 is positioned between the back cover 560

and the stator cover 540.

[92] Further, a supporter piston 320 is coupled to the rear of the piston 300. Main springs

800 whose natural frequency is adjusted are installed at the supporter piston 320 so that

the piston 300 can be resonantly moved. The main springs 800 are divided into front

main springs 820 whose both ends are supported by the supporter piston 320 and the

stator cover 54 and a rear main spring 840 whose both ends are supported by the

supporter piston 320 and the back cover 560.

[93] Here, the center of the rear main spring 840 coincides with the center of the piston

300. The suction muffler 700 is positioned inside the rear main spring 840, and

connected to at least one of the piston 300 and the supporter piston 320 to introduce a

refrigerant into the piston 300.

[94] Further, the supporter piston 320 and the spring guide 900 have corresponding guide

holes for guiding the supporter piston 320 and the spring guide 900 to be coupled to



each other so that the centers of the piston 300 and the rear main spring 840 may

coincide with each other.

[95] Fig. 11 enlargedly illustrating a portion B of Fig. 10 depicts in detail a member for

supporting the rear main spring 840 inside the back cover 560 of the present invention.

Both ends of the rear main spring 840 are supported by the spring guide 900 and the

back cover 560, and stably mounted. Here, the back cover 560 has a bent part forming

a skirt portion 580.

[96] Here, the spring guide 900 is positioned between the supporter piston 320 and the

rear main spring 840, and guides such that the center of the rear main spring 840 and

the center of the piston 300 may coincide with each other. In addition, the spring guide

900 has a stepped part 920 to which one end of the rear main spring 840 is fitted.

Further, of the spring guide 900, at least the portion contacting with the rear main

spring 840 has a larger hardness than the hardness of the rear main spring 840.

[97] Fig. 12 is a side cross sectional view illustrating a linear compressor according to the

present invention. Fig. 13 is a side cross sectional view enlargedly illustrating a portion

C of Fig. 12. These figures show another embodiment of the back cover 560 as i l

lustrated in Figs. 10 and 11.

[98] Fig. 12 is an illustration of a depressed part 590 that is depressed in the direction of a

suction opening unlike in the back cover 560 of Fig. 10.

[99] Fig. 13 is an enlarged view of a portion C of Fig. 12, which depicts the supporter

piston 320 and the back cover 560 that support both ends of the rear main spring 840.

Here, the back cover 560 comprises an outward constraining support portion for re

stricting the rear main spring from moving outward.

[100] Like in Fig. 11, the spring guide 900 is positioned between the supporter piston 320

and the rear main spring 840, and guides such that the center of the rear main spring

840 and the center of the piston 300 may coincide with each other. In addition, the

spring guide 900 has a stepped part 920 to which one end of the rear main spring 840 is

fitted. Further, of the spring guide 900, at least the portion contacting with the rear

main spring 840 has a larger hardness than the hardness of the rear main spring 840.

[101] Fig. 14 is a side cross sectional enlarged view schematically illustrating a structure of

the rear main spring and back cover of the linear compressor according to the present

invention. Fig. 15 is a side cross sectional view schematically illustrating an inward

constraining support portion including a bent part that is bent to be inclined inwardly

from the back cover of the linear compressor according to the present invention. Fig.

16 is a side cross sectional view schematically illustrating an inward constraining

support portion including a stepped bent part that is bent in a stepped manner from the

back cover of the linear compressor according to the present invention.

[102] Fig. 14 is an illustration of the depressed part 590 that is depressed in the direction of



the suction opening on the back cover 560, which is illustrated to intuitively u n

derstand the outward constraining support portion for restricting the rear main spring

840 from moving outward. That is to say, as the depressed part 590 is provided, the

outer side of the rear main sp ring 840 is supported thereon. Further, this figure is an i l

lustration of the bent part that is bent toward the cylinder so as to form an inward con

straining support portion for restricting the rear main spring 840 from moving inward.

[103] Fig. 15 is an illustration of the bent part that is bent to be inclined inward on the back

cover 560 so as to form an inward constraining support portion for restricting the rear

main spring 840. As well as the outer side of the rear main spring 840 is supported on

the depressed part 590 depressed in the direction of the suction opening, a prede

termined gap can be easily formed between the skirt portion 580 of the bent part and an

inner side portion of the rear main spring 840. The predetermined gap thus-formed can

prevent interference by the skirt portion 580 of the back cover 560 due to a transverse

displacement generated upon compression and expansion of the rear main spring 840.

Accordingly, it is possible to prevent impurity generation and noise caused by damage

and abrasion of the rear main spring 840 which is induced by interference occurring at

the back cover 560 portion on which the rear main spring 840 is supported.

[104] Of course, the inwardly inclined bent part can be designed not to hit the suction

muffler 700.

[105] Hereinafter, a description of the rear main spring 840 will be omitted, and various

embodiments capable of restricting the rear main spring 840 from moving in a

transverse direction in the structure of the back cover 560 will be discussed.

[106] Fig. 16 is an illustration of the stepped bent part that is bent in a stepped manner on

the back cover 560 so as to form an inward constraining support portion for restricting

the rear main spring 840. As well as the outer side of the rear main spring 840 is

supported on the depressed part 590 depressed in the direction of the suction opening,

a predetermined gap can be easily formed between the skirt portion 580 of the bent

part and an inner side portion of the rear main spring 840. As shown in Fig. 15, it is

possible to prevent interference by the skirt portion 580 of the back cover 560 due to a

transverse displacement generated upon compression and expansion of the rear main

spring 840.

[107] Of course, the stepped bent part can be designed not to hit the suction muffler 700.

[108] Fig. 17 is a side cross sectional view schematically illustrating an inward con

straining support portion including a convex part that is made convex on the back

cover of the linear compressor according to the present invention. Fig. 18 is a side

cross sectional view schematically illustrating an inward constraining support portion

cut out at some part along the circumference supporting the other end of the rear main

spring on the back cover of the linear compressor according to the present invention.



[109] Fig. 17 is an illustration of the depressed part that is depressed on the back cover 560

in the direction of the cylinder so as to form an outward constraining support portion

for restricting the rear main spring 840 from moving outward. This is an embodiment

in which a convex part is formed on the back cover 560 in the direction of the cylinder

so as to easily realize the design for supporting the outer side of the rear main spring

840 by having a depressed part 590 depressed in the direction of the suction opening in

Figs. 11 to 17.

[110] Fig. 18 is an illustration of the cutting out of some part on the back cover 560 along

the circumference supporting the other end of the rear main spring 840 so as to form an

outward constraining support portion for restricting the rear main spring 840 from

moving outward. First, the side cross sectional view of the back cover 560 shown in

the upper part shows that the outward constraining portion 592 is formed by lifting a

cutout part 594 cut out from some part of the back cover 560. Further, the lower part i l

lustrates in a plan view the cutout part 594 formed by cutting out some part of the back

cover so as to form the outward constraining support portion 592. This is another em

bodiment which can substitute the design having a depressed part formed in the

direction of the cylinder in Fig. 17.

[Ill] Fig. 19 is a view illustrating the back cover of the linear compressor according to the

present invention. Here, the right part is a side cross sectional view taken along line D-

D of the back cover and suction guide as shown on the left part.

[112] As illustrated therein, there is shown an embodiment in which the suction guide 750

is positioned at the center portion of the back cover 560, and the back cover 560 has a

part depressed in the direction of the suction opening as shown in Figs. 12 and 13.

[113] In the above-described structure of the back cover 560, the support portion con

straining the rear main spring 840 is concentric with the center of the piston

300/cylinder 200. Such a structure makes it easier to make the centers coincide with

each other, thereby enabling the rear main spring 840 to move precisely. Further,

preferred embodiments capable of forming a support portion for constraining the rear

main spring 840 from moving in a transverse direction are possible.

[114] Here, the formation of a support portion for constraining the rear main spring 840

from moving in a transverse direction in the structure of the back cover 560 can

prevent impurity generation and noise caused by damage and abrasion of the rear main

spring 840.

[115] As above, the linear compressor according to the present invention can reduce parts

production costs by decreasing the number of main springs and provide a structure of

the back cover having a support portion for constraining the rear main spring from

moving in a transverse direction.

[116] Fig. 20 is a side cross sectional view illustrating a main spring part of the linear



compressor according to the present invention. Fig. 2 1 is a view showing a stiffness re

lationship of the main springs according to the present invention.

[117] In Fig. 10, at the rear of the piston 300, a suction muffler 700 is provided so as to

reduce noise during the suction of refrigerant as the refrigerant is introduced into the

piston through the suction muffler 700. At this moment, the outer diameter of some

part of the suction muffler 700 engages with the inner diameter of the rear main spring

840.

[118] The inside of the piston 300 is hollowed out to introduce the refrigerant introduced

through the suction muffler 700 into a compression space P formed between the

cylinder 200 and the piston 300 and compress it. A valve (not shown) is installed at the

front end of the piston 300. The valve (not shown) is opened to introduce the re

frigerant into the compression space from the piston 300, and closes the front end of

the piston 300 so as to avoid the refrigerant from being introduced again into the piston

from the compression space.

[119] If the refrigerant is compressed by the piston 300 in the compression space at a

pressure higher than a predetermined level, a discharge valve 620 positioned on the

front end of the cylinder 200 is opened. The discharge valve 620 is installed so as to be

elastically supported by a spiral discharge valve spring inside a support cap 640 fixed

to one end of the cylinder 200. The compressed refrigerant of high pressure is

discharged into a discharge cap 660 through a hole formed on the support cap 640, and

then discharged out of the linear compressor 100 through a loop pipe (not shown) thus

to circulate the refrigerating cycle.

[120] Each of the parts of the above-described linear compressor 100 is supported in an

assembled state by front support springs (not shown) and a rear support spring (not

shown), and is spaced apart from the bottom of the shell 110. Since the parts are not in

direct contact with the bottom of the shell 110, vibrations generated from each of the

parts are not directly transmitted to the shell 110. Therefore, noise generated from the

vibration transmitted to the outside of the shell 110 and the vibration of the shell 110

can be reduced.

[121] The supporter piston 320 is coupled to the rear of the piston 300, and receives a force

from the main springs 820 and 840 and transmits it to the piston 300 so that the piston

300 can linearly reciprocate under a resonance condition.

[122] The supporter piston 320 is installed such that its center is consistent with the center

of the piston 300. Preferably, a step is formed on the rear end of the piston 300 so as to

easily make the centers of the supporter piston 320 and the piston 300 coincide with

each other.

[123] Regarding the main springs applying a restoration force to the supporter piston 320

to operate the piston 300 coupled to the supporter piston 320 under the resonance



condition, the number of the front main springs 820 is decreased to two and the

number of the rear main spring 840 is decreased to one, thereby decreasing the

stiffness of the main springs on the whole. Further, if the stiffness of the front main

springs 820 and the rear main spring 840 is decreased, respectively, the production cost

of the main springs can be cut down.

[124] At this time, if the stiffness of the front main springs 820 and the rear main spring

840 becomes smaller, the mass of the driving unit including the piston 300, supporter

piston 320, and permanent magnet 460 should be smaller to thus drive the driving unit

under a resonance condition. Therefore, the supporter piston 320 is made of a non iron-

based metal having a lower density than that of an iron-based metal, rather than being

made of an iron-based metal. As a result, the mass of the driving unit can be reduced,

and accordingly can be driven at a resonance frequency according to the decreased

stiffness of the front main springs 820 and the rear main spring 840. For example, if

the supporter piston 320 is made of a nonmagnetic metal, such as aluminum, even if

the piston 300 (shown in Fig. 4) is made of a metal, the supporter piston 320 has no

effect from the permanent magnet 460. Therefore, the piston 300 and the supporter

piston 320 can be coupled to each other more easily.

[125] If the supporter piston 320 is made of a non iron-based metal having a low density,

this offers the advantage that the resonance condition is satisfied and the supporter

piston 320 can be easily coupled to the piston 300. However, the portion contacting

with the front main springs 820 may be easily abraded by a friction with the front main

springs 820 during driving. Here, the front main springs 320 may be provided in a pair

at longitudinally and laterally symmetrical positions according to the position of the

supporter piston 320. When the supporter piston 320 is abraded, abraded debris may

damage the parts existing on the refrigerating cycle while floating in the refrigerant

and circulating the refrigerating cycle. Therefore, surface treatment is performed on the

portion where the supporter piston 320 and the front main springs 820 are in contact

with each other. By carrying out NIP coating or anodizing treatment, the surface

hardness of the portion where the supporter piston 320 and the front main springs 820

are in contact with each other is made larger at least than the hardness of the front main

springs 820. By this construction, it is possible to prevent the generation of debris by

the supporter piston 320 being abraded by the front main springs 820.

[126] Further, the suction muffler 700 is mounted to the rear of the supporter piston 320,

and the refrigerant to be compressed is sucked into the piston 300 in a state in which

noise is reduced by means of the suction muffler 700.

[127] Preferably, there are provided a mounting portion and a guide groove for preventing

from the supporter piston 320 and the suction muffler 700 from longitudinally or

laterally deviating from each other. As the center of the suction muffler 700 and the



center of the supporter piston 320 coincide with each other without any deviation

therebetween, the center of the piston 300, which coincides with the center of the

supporter piston 320, also coincides with the center of the suction muffler 700.

[128] Further, the rear main spring 840 is mounted to the outer diameter of the suction

muffler 700. The inner diameter of the rear main spring 840 engages with the outer

diameter of the suction muffler 700. Therefore, the center of the suction muffler 700

coincides with the center of the rear main spring 840.

[129] Accordingly, it is possible for the piston 300 to linearly reciprocate while

maintaining a resonance condition with the rear main spring 840, the number of which

is decreased to one, and the front main springs 820, the number and stiffness of which

are decreased according to the decrease in stiffness caused by the decrease in the

number of the rear main spring 840. By this construction, the production costs of the

main springs can be cut down since the number of the main springs is decreased and

the stiffness is decreased.

[130] Fig. 20 is a view illustrating a structure in which two front main springs 820 and one

rear main spring 840 of the present invention are supported by the supporter piston

320. The structure of the main springs of the present invention is more useful than the

structure using four front main springs and four rear main springs in terms of cost

reduction and the manufacture and management depending on quantity. Also, even

when compared with the structure using one front main spring and one rear main

spring, the inner diameter of the cylinder can be changed by structurally mounting the

front main springs outside the cylinder, thereby enabling the development of various

models.

[131] In Fig. 21, the stiffness and mounting distance conditions of the front main springs

820 and rear main spring 840 of the present invention can be checked. The piston 300

(shown in Fig. 8) linearly reciprocates by the linear motor. Also, two front main spring

820 and one rear main spring 840 are installed, respectively, at the front and rear of the

supporter piston 320 connected to the piston 300. The front main springs 820 and the

rear main spring 840 are compressed or pulled with linear reciprocation of the piston

300. As a result, a restoration force caused by the stiffness of the front main springs

820 and rear main spring 840 is transmitted to the piston 300. It is preferable to

determine the stiffness of the front main springs 820 and rear main spring 840 enough

to allow the driving unit including the piston 300 to move in a resonance condition.

This is because when the front main springs 820 and the rear main spring 840 have

stiffness enough to allow the piston 300 to move in a resonance condition, power

supplied to the linear motor driving the piston 300 can be most minimized.

[132] The sum of the stiffness coefficients Kf of the front main springs 820 are ap

proximately the same as the stiffness coefficient Kb of the one rear main spring 840



installed at the rear side. This is applied to a case where the stiffness coefficients Kf of

the front main springs 820 are slightly changed by a tolerance that may be generated

upon manufacture and installation, as well as a case where the stiffness coefficients Kf

of the front main springs 820 are completely consistent with each other.

[133] Further, the mounting distances of the front main springs 820 and rear main spring

840 are approximately equal. Here, the mounting distances of the front main springs

820 and rear main spring 840 refer to the length of the front main springs 820 and the

length of the rear main spring 840 when the front main springs 820 and the rear main

spring 840 are in an equilibrium state in a state that the operating member is not in

operation. The mounting distance Lf of the front main springs 820 and the mounting

distance Lb of the rear main spring 840 are approximately equal to each other, which is

also applied to a case where the mounting distances Lf and Lb are slightly changed by

a tolerance upon manufacture and installation. Since the mounting distance Lf of the

front main springs 820 and the mounting distance Lb of the rear main spring 840 are

equal, a stroke distance of the piston 300 (shown in Fig. 8) can be set as long as

possible, and it is easy to set a stroke distance.

[134] As a result, the stiffness coefficient Kf of the front main springs is approximately 1/2

times the stiffness coefficient Kb of the rear main springs, or the stiffness coefficient

Kb of the rear main spring is approximately two times the stiffness coefficient Kf of

the front main springs.

[135] In this way, the linear compressor according to the present invention is useful in

terms of the cost reduction of main springs and the manufacture and management

depending on quantity by having two front main springs and one rear main spring, and

enables it to change the inner diameter of the cylinder without changing the structure

of the entire main springs because the front main springs are structurally mounted at an

outer side portion.

[136] The present invention described above is not limited to the aforementioned em

bodiment and the accompanying drawings. It will be apparent that those skilled in the

art can make various substitutions, modifications and changes thereto without

departing from the technical spirit of the present invention.



Claims
[1] A linear compressor, comprising:

a stationary member including a cylinder for providing a space for compressing a

refrigerant;

a movable member linearly reciprocating with respect to the stationary member,

and including a piston for compressing the refrigerant inside the cylinder and a

supporter piston connected to the piston and having a support portion extended in

a radial direction of the piston;

a plurality of front main springs positioned so as to be symmetrical with the

center of the piston and the supporter piston, one ends of which being supported

by the front surface of the support portion of the supporter piston and the other

ends of which being supported by the stationary member;

one rear main spring positioned at the opposite side of the piston, one end of

which being supported by the supporter piston; and

a back cover having a support portion for constraining the other end of the rear

main spring from moving in a transverse direction.

[2] The linear compressor of claim 1, wherein the support portion for constraining

the rear main spring is concentric with the center of the piston/cylinder.

[3] The linear compressor of claim 1 or 2, wherein the support portion formed at the

back cover comprises an inward constraining support portion for restricting the

rear main spring from moving inward.

[4] The linear compressor of claim 3, wherein the inward constraining support

portion includes a bent part bent toward the cylinder.

[5] The linear compressor of claim 4, wherein the bent part is an inclined bent part

that is bent to be inclined inwardly.

[6] The linear compressor of claim 4, wherein the bent part is a stepped bent part

that is bent in a stepped manner.

[7] The linear compressor of any of claims 1 to 6, wherein the support portion

formed at the back cover comprises an outward constraining support portion for

restricting the rear main spring from moving outward.

[8] The linear compressor of claim 7, wherein the outward constraining support

portion has a depressed part formed in the direction of a suction opening

direction.

[9] The linear compressor of claim 7 or 8, wherein the outward constraining support

portion has a convex part formed in the direction of the cylinder.

[10] The linear compressor of any of claims 7 to 9, wherein the outward constraining

support portion is formed by cutting out some part along the edge supporting the



other end of the rear main spring and bending the same upwardly.

[11] The linear compressor of any of claims 1 to 10, wherein the mounting distances

of the front main springs and the rear main spring are approximately the same.

[12] The linear compressor of any of claims 1 to 11, wherein the center of the rear

main spring coincides with the center of the piston.

[13] The linear compressor of any of claims 1 to 12, wherein the other end of the front

main springs is installed at the outer side of the cylinder.

[14] The linear compressor of any of claims 1 to 13, wherein two front main springs

are provided so as to be symmetrical to the centers of the piston and the

supporter piston.

[15] The linear compressor of any of claims 1 to 14, wherein the front main springs

and the rear main spring have a natural frequency approximately coinciding with

the resonant operation frequency of the piston.

[16] The linear compressor of any of claims 1 to 15, wherein the stationary member

further comprises a stator cover for supporting the other end of the front main

springs.

[17] The linear compressor of any of claims 1 to 16, further comprising a suction

muffler positioned inside the rear main spring and communicating with the

piston.

[18] The linear compressor of claim 17, wherein the suction muffler is fastened to the

supporter piston by bolts.

[19] The linear compressor of any of claims 1 to 18, wherein, of the supporter piston,

the portion contacting with the front main springs is surface-treated.

[20] The linear compressor of claim 19, wherein, of the supporter piston, the portion

contacting the front main springs is surface-treated by any one of NIP coating

and anodizing treatment.

[21] A linear compressor, comprising:

a stationary member including a cylinder for providing a space for compressing a

refrigerant;

a movable member linearly reciprocating with respect to the stationary member,

and including a piston for compressing the refrigerant inside the cylinder and a

supporter piston fixed to the piston and having a support portion extended in a

radial direction of the piston;

two front main springs symmetrical with respect to the center of the piston and

the supporter piston, one ends of which being supported by the front surface of

the support portion of the supporter piston and the other ends of which being

supported by the stationary member;

one rear main spring positioned at the opposite side of the piston and having a



stiffness approximately the same as the sum of the stiffnesses of the two front

main springs so as to enable the movable member to be moved in a resonance

condition, one end of which being supported by the supporter piston; and

a back cover formed on the stationary member and supporting the other end of

the rear main spring.

[22] The linear compressor of claim 21, wherein the mounting distances of the front

main springs and the rear main spring are approximately the same.

[23] The linear compressor of claim 2 1 or 22, wherein the center of the rear main

spring coincides with the center of the piston.

[24] The linear compressor of any of claims 2 1 to 23, wherein the other end of the

front main springs is installed at the outer side of the cylinder.

[25] The linear compressor of any of claims 2 1 to 24, wherein the front main springs

are provided in a pair at longitudinally and laterally symmetrical positions.

[26] The linear compressor of any of claims 2 1 to 25, wherein the front main springs

and the rear main spring have a natural frequency approximately coinciding with

the resonant operation frequency of the piston.

[27] The linear compressor of any of claims 2 1 to 26, wherein, of the supporter

piston, the portion contacting with the front main springs is surface-treated.
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