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Patent Specification for "LINEAR COMPRESSOR BASED ON RESONANT 

OSCILLATING MECHANISM." 

Field of the Invention 

The present invention refers to a linear compressor based on resonant 

5 oscillating mechanism, in particular based on a mass-spring resonant system whose electric 

motor and the cylinder-piston assembly are connected to opposite ends of a resilient 

element, but arranged in a same distal end of the compressor in question. 

Background of Invention 

Oscillatory systems and mechanisms of the mass-spring type comprise 

10 coupling a measurable body weight to the end of a spring capable of resilient deformation, 

the other end of the spring being coupled to an usually fixed reference point. In these types 

of systems and mechanisms, the mass can be displaced from its equilibrium position (by an 

external force), causing deformation in the spring (in the line of its length). Once the external 

force is removed, the mass tends to return to its equilibrium position (due to the spring force) 

15 by executing an oscillatory motion. 

From the functional point of view, one of the ends of the spring can be coupled 

to mass and the other end of the spring can be coupled to an external power source. Thus, 

the external power source begins to integrate the system / mechanism, so that the 

movement of the mass becomes oscillating and constant. 

20 In resonant arrangements, it is aimed that the system / mechanism to work at 

maximum efficiency, where the mass oscillates at maximum amplitude from an externa! 

minimum force at certain frequencies, which are known as "resonance frequencies". 

The current state of the art provides or the application of physical concepts in 

the construction of linear compressors. 

25 Some functional examples of linear compressors based on resonant 

oscillating mechanisms are described in the document PI 0601645-6. Such functional 

examples refer to compressors wherein the piston (which slides within a cylinder, effecting 

the compression of a working fluid) comprises the "mass", and the linear motor (mainly 

composed of a fixed stator and a moving magnet) comprises the "source of strength." With 

30 reference to the "spring" (which comprises the coupling element between the piston and the 

magnet of the linear motor) it may comprise a body with resilient characteristics and capable 

of resonant linear vibration. Described herein are different types of linear assembly of 

compressors based on the same oscillating resonant concept / functional principle. In any 

case, all the functional examples described in the document Pi 0601645-6 provide 

35 embodiments in which the linear motor / piston oscillate, at a resonant manner, at the 

opposite ends of the spring (or of the body having the function of the spring). 

A detailed construction (based on one of the functional examples described in 
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the document PI 0601645-6) is best seen in Figure 1 which illustrates a linear compressor 

(based on resonant oscillating mechanism) belonging to the current state of the art. 

Thus, the compressor CP illustrated in Figure 1 includes a linear motor ML 

and a piston PT (which slides within a cylinder CL), both coupled to a resonant spring MR. 

5 The magnet of the linear motor ML is coupled to one end of the ends of the resonant spring 

MR and the piston PT is located coupled to the opposite end of the resonant spring ML. 

All the examples described in the document PI 0601645-6 (also including the 

example illustrated in Figure 1) are functional and achieve the objectives to which they are 

proposed. However, these same examples have a ratio of length / capacity that is subject to 

10 optimization. 

As is well known to those skilled in the subject, one of the factors which 

determines the ability of a linear compressor comprises the path of travel of the piston within 

the cylinder (volume useful for the compression of a working fluid), in the case of examples 

so far cited and Illustrated (and other similar constructions and belonging to the current state 

15 of the art), the path of travel of the piston is proportional to the length of the compressor as a 

whole, thus optimizing the compressor capacity involves the increase in length. Thus, it is 

noted that the ratio of length / capacity of the linear compressors belonging to the current 

state of the art prevents the construction of a miniaturized compressor with great capacity of 

compression. 

20 The current state of the art further comprises linear compressors whose linear 

motor is arranged among a resonant assembly (springs associated with each other to 

perform the function of a single resonant spring). 

An example of such constructiveness is described in the document WO 

2007/098970. In this paper, the linear compressor is also based on oscillating resonant 

25 system / mechanism. 

In this construction, there is provided a drive motor unit disposed between two 

resonant springs, wherein only one of these resonant springs is coupled to the piston -

cylinder assembly. In this case, the linear motor provides a type of piston connected to a rod 

30 Anyway, the aforementioned limitation (limitation related on the ratio of length / 

capacity) is also present in this constructiveness. 

Based on all the context explained above, it is evident to observe the need of 

development of a linear compressor free of limitation imposed by its ratio of length / capacity. 

Objectives of the Invention 

35 Thus, it is one of the goals of the present invention to provide a linear 

compressor based on resonant oscillating mechanism capable of dimensional miniaturization 

and maintenance of functional capacity. 
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It is another objective of the present invention to disclose a linear compressor 

whose path of travel of the piston (inside the cylinder) is not fully related to the length of the 

compressor as a whole. 

It is still another objective of the present invention to provide a linear 

5 compressor based on resonant oscillating mechanism which allows the use of a rod of 

greater length and flexibility, and therefore, which minimizes the existing cross efforts 

between the piston and cylinder. 

Summary of the Invention 

These and other objects of the invention disclosed herein are fully achieved by 

10 the linear compressor based on the resonant oscillating mechanism disclosed herein, which 

comprises at least one resonant spring, at least one linear motor comprising at least one 

fixed portion and at least one movable portion, at least one piston operatively associated with 

at least one rod and at least one cylinder, all these elements being disposed within a 

housing. The movable portion of the linear motor is physically associated with one of the 

15 ends of the resonant spring through a first coupling assembly and the rod is physically 

associated with the opposite end of the resonant spring by a second coupling assembly. 

The linear motor, the piston and cylinder are physically disposed within a 

same end of the housing, and the rod is disposed within the resonant spring and the piston-

cylinder assembly is capable of acting on the distal end to the coupling end between the rod 

20 and the resonant spring. 

According to the concepts of the present invention, the rod passes through the 

resonant spring. 

Also according to the concepts of the present invention, the movable portion of 

the linear motor and the piston oscillates reciprocally in opposite directions. Preferably, the 

25 piston-cylinder assembly is arranged within the perimeter defined by the linear motor, in 

particular within the perimeter defined by the movable portion of the linear motor. 

In the preferred form and also in accordance with the concepts of the present 

invention, it should be noted that the linear compressor further comprises at least one 

sensing device cooperatively associated with the flexible rod. This sensing device is basically 

30 comprised of at least one fixed component, at least one movable component and at least one 

connecting body, and at least one of the components is subject to electromagnetic excitation 

proportional to the distance between them. 

In this sense, the movable component is physically associated with the flexible 

rod by means of a connecting body, namely, the connecting body connects the end of the 

35 flexible rod to the movable component. 

Preferably, the sensing device is dimensioned such that it generates a 

maximum oscillation of a measurable signal when of the closest approach between the 
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Brief Description of Figures 

The present invention will be disclosed in details based on the figures listed 

below, including: 

5 Figure 1 shows an exemplification of linear compressor belonging to the prior 

art; 

Figure 2 illustrates a block diagram of the resonant oscillating mechanism of 

the linear compressor of the present invention; 

Figure 3 shows a schematic section of the preferred embodiment of the linear 

10 compressor disclosed herein. 

Detailed Description of the Invention 

According to the concepts and objectives of the present invention, it is 

described a linear compressor based on a resonant oscillating mechanism (in particular, 

based on a resonant mass-spring system / mechanism) where the piston-cylinder assembly 

15 is provided spatially at the same end where the linear motor is housed within the compressor 

(the same distal end of the linear compressor). 

These characteristics are achieved mainly by the fact that the connecting rod 

(or rod, or even flexible rod) is folded in relation to "its" end of oscillation (one end of the 

resonant spring), that is, the connecting rod is coupled to a end of the ends of the resonant 

20 spring but is arranged to traverse the aforesaid resonant spring (differently from what occurs 

in the linear compressors belonging to the current state of the art), being able to actuate the 

piston (of the piston-cylinder assembly) at the opposite end of the resonant spring. 

With this, the "path of travel" of the piston (inside the cylinder) can be 

optimized without the compressor has its dimensions (length) elongated. 

25 This arrangement also allows the use of a connecting rod (element 

responsible for the transmission of linear movement of the linear motor to the piston) of 

greater length and, consequently, a greater transversal flexibility. This particular feature 

being responsible for minimizing the transversal forces between piston and cylinder, and 

thus, generate less friction between them, resulting in greater durability to the linear 

30 compressor as a whole. 

Thus, it is possible to obtain a linear compressor dimensionally smaller than 

the linear compressors belonging to the current state of the art, but with equivalent capacity 

between them. That is, the present invention provides a linear compressor susceptible to 

functional miniaturization. 

35 Therefore, and in accordance with a preferred construction of the present 

invention (which is illustrated in Figure 3), the linear compressor (hereinafter referred to 

simply as a compressor 1) basically consists of a resonant spring 2, by a linear motor 3 by a 
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piston 4and by a cylinder 6, all these elements being disposed within a housing 7 which is 

essentially tubular. 

The resonant spring 2 comprises a helical metal body, with characteristics of 

mechanical resilience. The resonant spring 2 is preferably attached to an elastic axial 

5 support T (which is fixed to the housing 7 of the compressor) through its neutral region 21 

(region, usually central, which has no oscillating motion). 

The linear motor 3 is mainly composed of a fixed portion 31 (stator - coil 

assembly) and a movable portion 32 (cursor). The fixed portion 31 is fixed inside the housing 

7, while the movable portion is attached to one of the ends of the resonant spring 2. in 

10 particular, the movable portion 32 of the linear motor 3 is fixed at one end of the resonant 

spring 2 by a coupling ring, a support body and a set of flat springs. 

The cylinder 6 is fixed to the housing 7, being disposed within the area defined 

by the movable portion 32 of the linear motor 3. 

The piston 4 is able to be reciprocally moved within the cylinder 6. The piston 

15 4 comprises an essentially cylindrical and tubular body having one of the ends (working end) 

closed. It is provided a flexible rod 5 functionally connected to the piston 4. 

The flexible rod 5 (which comprises a thin body provided with two connection 

ends 51 and 52) connects the piston 4 to one of the ends of the resonant spring 2, in 

particular the end opposite the coupling end of the movable portion 32 of the motor linear 3. 

20 In this regard, it is also observed that the flexible rod 5 has its end 52 connected to a 

coupling body 53, which is centrally fixed to a supporting body, which in turn is fixed to a set 

of flat springs. The abovementioned assembly of flat springs is also fixed at one end of the 

resonant spring 2. 

The main inventive aspect of the present invention with respect to the current 

25 state of the art consists of the fact that the flexible rod 5, instead of being stretched in the 

direction of the resonant oscillating movement of the resonant spring 2 (direction distaliy 

opposite to the position of the linear motor 3) is "folded" to the same end where is located the 

linear motor 3, that is, the flexible rod 5 is stretched in the direction opposite to the direction 

of the resonant oscillating movement of the second resonant spring 2. 

30 To this end, the flexible rod 5 passes through the interior of said resonant 

spring 2. Thus, and as previously described, the flexible rod 5 has its end 52 coupled (even 

indirectly) to one of the ends of the resonant spring 2, and has its other end 51 connected to 

the piston 4, which is arranged at the same end wherein the linear motor 3 is arranged 

(within the housing 7 of the linear compressor in question). 

35 The linear compressor based on the resonant oscillating mechanism further 

comprises, in a preferred embodiment, a sensing device cooperatively associated with the 

flexible rod 5. 
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The sensing device is primarily responsible for measuring the positioniong 

(along the course of action) of said flexible rod 5, and therefore, by measuring the positioning 

and / or speed of the piston 4 within the cylinder 6. Thus, the device of the sensing is 

comprised of a fixed component 8A, by a movable component 8B and by a connecting body 

5 9. 

At least one of the components 8A and 8B is subject to electromagnetic 

excitation proportional to the distance between both. In this sense, the sensing device herein 

treated consists of a sensing device based on electromagnetism. 

Still preferably, the fixed component 8A comprises a Hall sensor (electronics 

10 component already described in technical bibliography), or besides that, a metal coil. Also 

preferably, the movable component 8B comprises a magnet or a magnetic metal body. 

According to the preferred construction of the iinear compressor based on 

resonant oscillating mechanism, the movable component 8B is physically associated with the 

flexible rod 5 by means of a connecting body 9, which is preferably comprised of a rod of 

15 profile analogous to the letter "U ". In this sense, the connecting body 9 is connected to the 

end 52 of the flexible rod 5 (end opposite to the end wherein the piston 4 is arranged). 

For this same purpose, the fixed component 8A is fixedly disposed to a static 

portion or static support, existing inside the compressor 1, wherein this static portion, or static 

support distaily opposite to the end where the piston-cylinder assembly is located. 

20 Thus, as the piston 4 (driven by the flexible rod 5) enters the cylinder 6, the 

components 8A and 8B tend to get close, and at least one of these elements produces a 

signal (preferably electric) that is measurable and has intensity (amplitude) proportional to 

the distance between them. The same occurs when the components 8A and 8B move away, 

that is, it is also generated a measurable signal with intensity proportional to the distance 

25 between both components. 

Preferably, the sensing device is dimensioned so as to generate a maximum 

oscillation of a measurable signal when of the closest approach between the components 8A 

and 8B. 

Having described an example of a preferred embodiment of the concept 

30 disclosed herein, it should be understood that the scope of the present invention 

encompasses other possible variations, which are limited solely by the wording of the claims, 

where the possible equivalent arrangements included. 
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AMENDED CLAIMS 
received by the International Bureau on 17 April 2013 (17.04.13) 

1. Linear compressor based on oscillating resonant mechanism, comprising: 

at least one resonant spring (2), at least one linear motor (3) composed of 

5 at least one fixed portion (31) and at least one movable portion (32), at least one piston 

(4) operativcly associated wiih at least a rod (5) and at least one cylinder (6), wherein all 

these elements are disposed within a housing (7); 

the movable portion (32), the linear motor (3) being physically associated 

to one of the ends of the resonance spring (2) through a first coupling assembly; 

10 the rod (5) being physically associated with the opposite end of the 

.resonance spring (2) via a second coupling assembly, 

the linear compressor (1) being CHARACTERIZED in that: 

the linear motor (3). the cylinder (6) and the piston (4) are physically 

arranged within a same distal end of the linear comprcsor; 

15 the rod (5) is disposed within the resonant spring (2) and 

v the piston-cylinder (A, 6) is capable of acting at the djstal end to the 

coupling end between the rod (5) to the resonant spring (2). 

2. Linear compressor according to claim I, CHARACTERIZED by the 

fact that the rod (5) passes through the resonance spring (2). 

20 3. Linear compressor according to claim 1, CHARACTERIZED in that 

the movable portion (32) of tUe linear motor (3) and piston (4) oscillate in mutually 

opposite directions. 

. 4. Linear compressor according to claim 1. CHARACTERIZED m that 

the piston-cylinder (4, 6) is arranged within the perimeter defined by the linear motor 

25 .(3)- ' 

5. Linear compressor according to claim 4, CHARACTERIZED in that 

the, piston-cylinder (4, 6) is arranged within the perimeter defined by the movable 

portion, (32) of the linear motor (3). 

6. Linear compressor according to claim 1, CHARACTERIZED in that it 

30 further comprises at least one sensing device cooperatively associated with the flexible 

'. rod'(5),-

7. Linear compressor according to claim 6. CHARACTERIZED m that 

the sensing device is basically comprised of at least one fixed component (8A), at least 

one movable component (8B) and at least one connecting body (0) 

AMENDED SHEET (ARTICLE 19) 
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8. Linear compressor according to claim 7, CHAR ACTERIZED in that at 
least one of the components (8A) and (8B) is subject to clcetromagnetic excitation 
proportional to the distance between them. 

9, Linear compressor according to claim 6 or 1, CHARACTERIZED in 
5 that the movable component (8B) is physically associated with the flexible rod (5) via a 

connecting body (9); the connecting body (9) connecting the end (52) of the flexible rod 
(5) to the movable component (8B). 

• ; 10. Lme&r compressor according to any one of claims 6 a 9, 
CHARACTERIZED in that the sensing device is sued to generate a top peak superior 

10 of measurable signal when the closest approach between the components (8A) and (8B). 

AMENDED SHEET (ARTICLE 19) 


