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LINEAR MOTION MODULE 

 

BACKGROUND OF THE INVENTION 

Field of Invention 

[0001] The invention relates to a linear motion module. 

Related Art 

[0002] In the linear motion module, a ball circulation passage is disposed so that 

the sliding block can move frontward on the linear rail through the balls of a limited 

number.  By the ball circulation passage, the balls can return to between the linear 

rail and the sliding block so as to function again after the sliding block moves. 

[0003] FIG. 1 is a sectional diagram of a conventional linear motion module.  As 

shown in FIG. 1, the linear motion module 1 includes a linear rail 11, a sliding block 

12 and a plurality of balls 13.  The linear rail 11 is configured with a rail groove 111, 

the inside of the sliding block 12 is configured with an inner circulation groove 121, 

and the rail groove 111 and the inner circulation groove 121 constitute an inner 

circulation passage R for the balls moving through.  Besides, the sliding block 12 is 

configured with an outer circulation passage 122.  The balls 13 sequentially pass 

through a circulation guiding curve (not shown) and the outer circulation passage 122 

and then return to between the linear rail 11 and the sliding block 12. 

[0004] In the prior art, the drilling machining is used to form the outer circulation 

passage 122 for the highly-rigid sliding block 12.  During the process, an end surface 

of the sliding block 12 is regarded as the base surface and the drilling is performed on 

the other end surface to form the outer circulation passage 122 penetrating through the 

sliding block 12 to, or the two end surfaces are alternately regarded as the base 

LINEAR MOTION MODULE BACKGROUND OF THE INVENTION Field of Invention 100011 The
invention relates to a linear motion module. Related Art 100021 In the linear motion module, a ball
circulation passage is disposed so that the sliding block can move frontward on the linear rail through
the balls of a limited number. By the ball circulation passage, the balls can return to between the linear
rail and the sliding block so as to function again after the sliding block moves. 100031 FIG. 1 is a
sectional diagram of a conventional linear motion module. As shown in FIG. 1, the linear motion
module 1 includes a linear rail 11, a sliding block 12 and a plurality of balls 13. The linear rail 11 is
configured with a rail groove 111, the inside of the sliding block 12 is configured with an inner
circulation groove 121, and the rail groove 111 and the inner circulation groove 121 constitute an inner
circulation passage R for the balls moving through. Besides, the sliding block 12 is configured with an
outer circulation passage 122. The balls 13 sequentially pass through a circulation guiding curve (not
shown) and the outer circulation passage 122 and then return to between the linear rail 11 and the
sliding block 12. 
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surfaces and the drillings are performed on the two end surfaces so that the holes can 

communicate with each other to form the outer circulation passage 122. 

[0005] However, there are some problems for the conventional art to form the outer 

circulation passage.  First, the drilling machining easily causes the taper at the two 

ends of the outer circulation passage, so the passage diameter is not uniform and the 

circulation motion of the balls is thus unstable.  Second, because the drilling 

machining can not be completed just by a single end surface, the sectional difference 

will occur in the passage and therefore the smooth level of the outer circulation 

passage is decreased.  The above-mentioned problems also result in the much noise, 

pause and/or instability during the motion of the linear motion module and even result 

in the damage of the components. 

[0006] Although there are some technologies developed to improve the 

above-mentioned problems, the practice still encounters some difficulty, such as 

complicated machining procedures or too many kinds of components.  So, it is still 

insoluble to reduce the influence of the defect of the outer circulation passage on the 

motion of the balls. 

[0007] Therefore, it is an important subject to provide a linear motion module that 

has no sectional difference so as to increase the motion stability, reduce the noise and 

suit the high-speed motion. 

SUMMARY OF THE INVENTION 

[0008] In view of the foregoing subject, an objective of the invention is to provide 

a linear motion module that has no sectional difference so as to increase the motion 

stability, reduce the noise and suit the high-speed motion.  Besides, in the linear 

motion module, the self-lubricating element is used to act a part of the outer 

[0004] In the prior art, the drilling machining is used to form the outer circulation passage 122 for the
highly-rigid sliding block 12. During the process, an end surface of the sliding block 12 is regarded as
the base surface and the drilling is performed on the other end surface to form the outer circulation
passage 122 penetrating through the sliding block 12 to, or the two end surfaces are alternately
regarded as the base  surfaces and the drillings are performed on the two end surfaces so that the
holes can communicate with each other to form the outer circulation passage 122. [0005] However,
there are some problems for the conventional art to form the outer circulation passage. First, the
drilling machining easily causes the taper at the two ends of the outer circulation passage, so the
passage diameter is not uniform and the circulation motion of the balls is thus unstable. Second,
because the drilling machining can not be completed just by a single end surface, the sectional
difference will occur in the passage and therefore the smooth level of the outer circulation passage is
decreased. The above-mentioned problems also result in the much noise, pause and/or instability
during the motion of the linear motion module and even result in the damage of the components.
[0006] Although there are some technologies developed to improve the above-mentioned problems,
the practice still encounters some difficulty, such as complicated machining procedures or too many
kinds of components. So, it is still insoluble to reduce the influence of the defect of the outer circulation
passage on the motion of the balls. [0007] Therefore, it is an important subject to provide a linear
motion module that has no sectional difference so as to increase the motion stability, reduce the noise
and suit the high-speed motion. 
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circulation passage to enhance the motion smoothness of the balls by automatically 

providing the lubricant.  More importantly, the connection between the inner 

circulation passage and the circulation curving groove has no sectional difference, and 

therefore the above advantages can be further enhanced. 

[0009] Another objective of the invention is to provide a linear motion module 

where the sliding block body and the circulation elements are combined together by 

adhering or a post-forming process, and therefore the labor, time, cost and tolerance 

resulted from the multiple assemblies can be all avoided. 

[0010] Another objective of the invention is to provide a linear motion module 

including the integrally-formed end cap and ball holder, and therefore the number of 

the components, the cost and the machining steps can be all reduced. 

[0011] To achieve the above objective, a linear motion module according to the 

invention comprises a linear rail, a sliding block and a plurality of balls.  Two sides 

of the linear rail are configured with at least a rail groove each.  The sliding block is 

slidingly disposed on the linear rail and comprises a sliding block body, at least four 

circulation elements and two end caps.  The inside of the sliding block body is 

configured with at least two inner circulation grooves corresponding to the rail groove, 

the inner circulation groove and the rail groove constitute an inner circulation passage, 

and each of two sides of the sliding block body is configured with at least a 

circulation channel that corresponds to the inner circulation passage and penetrates 

through the sliding block body.  The circulation elements are disposed on the two 

sides of each of two end surfaces of the sliding block body, respectively.  Each of the 

circulation elements includes at least a circulation tube disposed in the corresponding 

circulation channel, and the opposite two circulation tubes are connected to each other 

to constitute an outer circulation passage.  The end caps are disposed on the two end 

SUMMARY OF THE INVENTION [0008] In view of the foregoing subject, an objective of the invention
is to provide a linear motion module that has no sectional difference so as to increase the motion
stability, reduce the noise and suit the high-speed motion. Besides, in the linear motion module, the
self-lubricating element is used to act a part of the outer circulation passage to enhance the motion
smoothness of the balls by automatically providing the lubricant. More importantly, the connection
between the inner circulation passage and the circulation curving groove has no sectional difference,
and therefore the above advantages can be further enhanced 100091 Another objective of the
invention is to provide a linear motion module where the sliding block body and the circulation
elements are combined together by adhering or a post-forming process, and therefore the labor, time,
cost and tolerance resulted from the multiple assemblies can be all avoided. 100101 Another objective
of the invention is to provide a linear motion module including the integrally-formed end cap and ball
holder, and therefore the number of the components, the cost and the machining steps can be all
reduced. 100111 To achieve the above objective, a linear motion module according to the invention
comprises a linear rail, a sliding block and a plurality of balls. Two sides of the linear rail are configured
with at least a rail groove each. The sliding block is slidingly disposed on the linear rail and comprises
a sliding block body, at least four circulation elements and two end caps. The inside of the sliding block
body is configured with at least two inner circulation grooves corresponding to the rail groove, the inner
circulation groove and the rail groove constitute an inner circulation passage, and each of two sides of
the sliding block body is configured with at least a circulation channel that corresponds to the inner
circulation passage and penetrates through the sliding block body. The circulation elements are
disposed on the two sides of each of two end surfaces of the sliding block body, respectively. Each of
the circulation elements includes at least a circulation tube disposed in the corresponding circulation
channel, and the opposite two circulation tubes are connected to each other to constitute an outer
circulation passage. The end caps are disposed on the two end 
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surfaces of the sliding block body, respectively.  Each of the end caps is configured 

with at least two circulation guiding grooves, and the circulation guiding groove is 

correspondingly connected to the inner circulation passage and the outer circulation 

passage.  The balls move in circles through the inner circulation passage, one of the 

circulation guiding grooves, the outer circulation passage and the other circulation 

guiding groove. 

[0012] In one embodiment, the opposite two circulation tubes have corresponding 

tapers at the connection and are connected together by a sleeve manner to constitute 

the outer circulation passage. 

[0013] In one embodiment, the opposite two circulation tubes are integrally formed.  

In another embodiment, the opposite two circulation tubes are connected to each other 

by adhering. 

[0014] In one embodiment, the sliding block further includes at least two 

self-lubricating elements, which are disposed in the circulation channels respectively, 

and the opposite two circulation tubes are connected together through the 

self-lubricating element.  The opposite two circulation tubes are formed in the 

sliding block body by injection molding to be combined with the self-lubricating 

element and the sliding block body as one piece.  Meanwhile, the two circulation 

tubes are fixed to and connected to the self-lubricating element, and all of them 

constitute the outer circulation passage.  In another embodiment, two ends of the 

self-lubricating element have tapers to be covered by the opposite two circulation 

tubes, respectively, and the self-lubricating element and the opposite two circulation 

tubes constitute the outer circulation passage. 

[0015] In one embodiment, each of the circulation elements includes at least one 

circulation curving groove, one end of the circulation curving groove is connected to 

surfaces of the sliding block body, respectively. Each of the end caps is configured with at least two
circulation guiding grooves, and the circulation guiding groove is correspondingly connected to the
inner circulation passage and the outer circulation passage. The balls move in circles through the inner
circulation passage, one of the circulation guiding grooves, the outer circulation passage and the other
circulation guiding groove. 100121 In one embodiment, the opposite two circulation tubes have
corresponding tapers at the connection and are connected together by a sleeve manner to constitute
the outer circulation passage. 100131 In one embodiment, the opposite two circulation tubes are
integrally formed. In another embodiment, the opposite two circulation tubes are connected to each
other by adhering. 100141 In one embodiment, the sliding block further includes at least two
self-lubricating elements, which are disposed in the circulation channels respectively, and the opposite
two circulation tubes are connected together through the self-lubricating element. The opposite two
circulation tubes are formed in the sliding block body by injection molding to be combined with the
self-lubricating element and the sliding block body as one piece. Meanwhile, the two circulation tubes
are fixed to and connected to the self-lubricating element, and all of them constitute the outer
circulation passage. In another embodiment, two ends of the self-lubricating element have tapers to be
covered by the opposite two circulation tubes, respectively, and the self-lubricating element and the
opposite two circulation tubes constitute the outer circulation passage. 100151 In one embodiment,
each of the circulation elements includes at least one circulation curving groove, one end of the
circulation curving groove is connected to 
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the circulation tube, and the circulation curving groove and the circulation guiding 

groove constitute a circulation curving passage which connects to the inner circulation 

passage and the outer circulation passage.  Each of two ends of each of the inner 

circulation grooves includes an indentation, the other end of the circulation curving 

groove includes a protrusion, and the circulation curving passage is connected to the 

inner circulation passage by the connection between the indentation and the protrusion.  

Favorably, the connection between the indentation and the protrusion has no sectional 

difference substantially. 

[0016] In one embodiment, the inside of the sliding block body is configured with 

at least two ball holders corresponding to the rail groove for limiting the movement of 

the balls relative to the sliding block body. 

[0017] In one embodiment, each of the end caps further has at least two ball holder 

portions integrally formed with the end cap, the opposite two ball holder portions 

parallel to the circulation channel are connected to each other to constitute a ball 

holder.  One of the opposite two ball holder portions includes a protrusion, the other 

ball holder portion includes an indentation, and the ball holder portions constitute a 

ball holder by the connection between the protrusion and the indentation. 

[0018] As mentioned above, according to the linear motion module of the invention, 

the circulation element can replace the circulation channel to act a part of the outer 

circulation passage, so the machining defect of the circulation channel is not a 

problem anymore and the circulation passage can have uniform diameter.  Besides, 

because the manufacturing method and connection relationship of the circulation 

element are favorable to form the passage wall without sectional difference, the noise 

during the motion of the linear motion module can be reduced and the motion stability 

of the balls can be enhanced.  Furthermore, when the positioning structure and/or the 

4 the circulation tube, and the circulation curving groove and the circulation guiding groove constitute a
circulation curving passage which connects to the inner circulation passage and the outer circulation
passage. Each of two ends of each of the inner circulation grooves includes an indentation, the other
end of the circulation curving groove includes a protrusion, and the circulation curving passage is
connected to the inner circulation passage by the connection between the indentation and the
protrusion. Favorably, the connection between the indentation and the protrusion has no sectional
difference substantially. 100161 In one embodiment, the inside of the sliding block body is configured
with at least two ball holders corresponding to the rail groove for limiting the movement of the balls
relative to the sliding block body. 100171 In one embodiment, each of the end caps further has at least
two ball holder portions integrally formed with the end cap, the opposite two ball holder portions
parallel to the circulation channel are connected to each other to constitute a ball holder. One of the
opposite two ball holder portions includes a protrusion, the other ball holder portion includes an
indentation, and the ball holder portions constitute a ball holder by the connection between the
protrusion and the indentation. 100181 As mentioned above, according to the linear motion module of
the invention, the circulation element can replace the circulation channel to act a part of the outer
circulation passage, so the machining defect of the circulation channel is not a problem anymore and
the circulation passage can have uniform diameter. Besides, because the manufacturing method and
connection relationship of the circulation element are favorable to form the passage wall without
sectional difference, the noise during the motion of the linear motion module can be reduced and the
motion stability of the balls can be enhanced Furthermore, when the positioning structure and/or the
self-lubricating element are applied in the invention, the positioning and/or lubricating functions can be
provided. Moreover, because the opposite two circulation elements and/or the end caps with the ball
holders can be made by an integrally forming manner, the number of the components, the cost and the
machining steps can be all reduced and therefore the tolerance caused by the multiple assemblies can
be avoided. 
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self-lubricating element are applied in the invention, the positioning and/or lubricating 

functions can be provided.  Moreover, because the opposite two circulation elements 

and/or the end caps with the ball holders can be made by an integrally forming 

manner, the number of the components, the cost and the machining steps can be all 

reduced and therefore the tolerance caused by the multiple assemblies can be avoided. 

[0019] In comparison with the prior art, due to the structural design, the linear 

motion module of the invention can overcome the disadvantages such as the taper of 

the tube diameter or the roughness of the passage surface, which are unfavorable to 

the motion of the balls, and therefore the noise during the motion can be reduced and 

the motion stability can be increased.  Besides, by the self-lubricating element 

providing the lubricant, the interference between the balls or between the balls and the 

circulation passage can be reduced.  When the integrally forming method is applied 

to the linear motion module of the invention, the number of the components can be 

reduced and the components within the sliding block can be combined as a single 

piece.  Therefore, the circulation passage can tightly fit the sliding block body to 

obtain stronger supporting force, and thus the passage vibration during the motion of 

the balls can be avoided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The invention will become more fully understood from the detailed 

description and accompanying drawings, which are given for illustration only, and 

thus are not limitative of the present invention, and wherein: 

[0021] FIG. 1 is a sectional diagram of a conventional linear motion module; 

[0022] FIG. 2 is a schematic diagram of a linear motion module according to an 

embodiment of the invention; 

100191 In comparison with the prior art, due to the structural design, the linear motion module of the
invention can overcome the disadvantages such as the taper of the tube diameter or the roughness of
the passage surface, which are unfavorable to the motion of the balls, and therefore the noise during
the motion can be reduced and the motion stability can be increased. Besides, by the self-lubricating
element providing the lubricant, the interference between the balls or between the balls and the
circulation passage can be reduced. When the integrally forming method is applied to the linear motion
module of the invention, the number of the components can be reduced and the components within
the sliding block can be combined as a single piece. Therefore, the circulation passage can tightly fit
the sliding block body to obtain stronger supporting force, and thus the passage vibration during the
motion of the balls can be avoided. BRIEF DESCRIPTION OF THE DRAWINGS 100201 The invention
will become more fully understood from the detailed description and accompanying drawings, which
are given for illustration only, and thus are not limitative of the present invention, and wherein: 100211
FIG. 1 is a sectional diagram of a conventional linear motion module; 100221 FIG. 2 is a schematic
diagram of a linear motion module according to an embodiment of the invention; 100231 FIG. 3 is a
schematic exploded diagram of the linear motion module in FIG. 2; 
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[0023] FIG. 3 is a schematic exploded diagram of the linear motion module in FIG. 

2; 

[0024] FIG. 4 is a schematic diagram of the opposite two circulation elements in 

FIG. 3; 

[0025] FIG. 5 is a schematic diagram of the connection of the sliding block body 

and the circulation elements in FIG. 3; 

[0026] FIG. 6 is a schematic diagram of the combination of the sliding block body 

and the circulation elements in FIG. 3; 

[0027] FIG. 7 is a schematic diagram of the end cap in FIG. 3; 

[0028] FIG. 8 is a schematic diagram of the connection of the sliding block body 

and the end caps in FIG. 6; 

[0029] FIG. 9 is a schematic exploded diagram of a linear motion module 

according to another embodiment of the invention; 

[0030] FIG. 10 is a schematic diagram of the opposite two circulation elements and 

the self-lubricating elements in FIG. 9; and 

[0031] FIG. 11 is a schematic diagram of the connection between the sliding block 

body and the circulation elements in FIG. 9. 

 

DETAILED DESCRIPTION OF THE INVENTION 

[0032] The present invention will be apparent from the following detailed 

description, which proceeds with reference to the accompanying drawings, wherein 

the same references relate to the same elements. 

[0033] FIG. 2 is a schematic diagram of a linear motion module according to an 

100241 FIG. 4 is a schematic diagram of the opposite two circulation elements in FIG. 3; 100251 FIG.
5 is a schematic diagram of the connection of the sliding block body and the circulation elements in
FIG. 3; 100261 FIG. 6 is a schematic diagram of the combination of the sliding block body and the
circulation elements in FIG. 3; 100271 FIG. 7 is a schematic diagram of the end cap in FIG. 3; 100281
FIG. 8 is a schematic diagram of the connection of the sliding block body and the end caps in FIG. 6;
100291 FIG. 9 is a schematic exploded diagram of a linear motion module according to another
embodiment of the invention; 
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embodiment of the invention, and FIG. 3 is a schematic exploded diagram of the 

linear motion module in FIG. 2.  As shown in FIGS. 2 and 3, the linear motion 

module 2 includes a linear rail 21, a sliding block 22 and a plurality of balls 23.  

Each of two sides of the linear rail 21 is configured with at least a rail groove 211.  

The sliding block 22 is slidingly disposed on the linear rail 21, and includes a sliding 

block body 221, at least four circulation elements 222 and two end caps 223.  The 

inside of the sliding block body 221 is configured with at least two inner circulation 

grooves 224.  The inner circulation groove 224 and the rail groove 211 constitute an 

inner circulation passage.  Besides, each of two sides of the sliding block body 221 is 

configured with at least a circulation channel 225 that corresponds to the inner 

circulation passage and penetrates through the sliding block body 221.  The 

circulation elements 222 are disposed on the two sides of each of the two end surfaces 

ES.  Each of the circulation elements 222 includes at least a circulation tube 226, 

which is disposed within the corresponding circulation channel 225.  The two 

opposite circulation tubes 226 communicate with each other to constitute an outer 

circulation passage.  The end caps 223 are disposed on the two end surfaces ES of 

the sliding block body 221, respectively, and each of the end caps 223 is configured 

with at least two circulation guiding grooves 227.  The circulation guiding groove 

227 is coupled with the inner circulation passage and the outer circulation passage.  

During the circulation, the balls 23 move through the inner circulation passage, one of 

the circulation guiding grooves 227, the outer circulation passage and another 

circulation guiding groove 227. 

[0034] In the linear motion module 2 according to the invention, each of the two 

sides of the linear rail 21 can be configured with one or more rail grooves 211.  In 

this embodiment, each of the two sides of the linear rail 21 is configured with two rail 

100301 FIG. 10 is a schematic diagram of the opposite two circulation elements and the
self-lubricating elements in FIG. 9; and 100311 FIG. 11 is a schematic diagram of the connection
between the sliding block body and the circulation elements in FIG. 9. DETAILED DESCRIPTION OF
THE INVENTION 100321 The present invention will be apparent from the following detailed
description, which proceeds with reference to the accompanying drawings, wherein the same
references relate to the same elements. 100331 FIG. 2 is a schematic diagram of a linear motion
module according to an embodiment of the invention, and FIG. 3 is a schematic exploded diagram of
the linear motion module in FIG. 2. As shown in FIGS. 2 and 3, the linear motion module 2 includes a
linear rail 21, a sliding block 22 and a plurality of balls 23. Each of two sides of the linear rail 21 is
configured with at least a rail groove 211. The sliding block 22 is slidingly disposed on the linear rail
21, and includes a sliding block body 221, at least four circulation elements 222 and two end caps 223.
The inside of the sliding block body 221 is configured with at least two inner circulation grooves 224.
The inner circulation groove 224 and the rail groove 211 constitute an inner circulation passage.
Besides, each of two sides of the sliding block body 221 is configured with at least a circulation
channel 225 that corresponds to the inner circulation passage and penetrates through the sliding block
body 221. The circulation elements 222 are disposed on the two sides of each of the two end surfaces
ES. Each of the circulation elements 222 includes at least a circulation tube 226, which is disposed
within the corresponding circulation channel 225. The two opposite circulation tubes 226 communicate
with each other to constitute an outer circulation passage. The end caps 223 are disposed on the two
end surfaces ES of the sliding block body 221, respectively, and each of the end caps 223 is
configured with at least two circulation guiding grooves 227. The circulation guiding groove 227 is
coupled with the inner circulation passage and the outer circulation passage. During the circulation,
the balls 23 move through the inner circulation passage, one of the circulation guiding grooves 227,
the outer circulation passage and another circulation guiding groove 227. 
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grooves 211 for example.  In other embodiments, each of the two sides of the linear 

rail 21 can be configured with the rail grooves 211 of another number. 

[0035] As shown in FIGS. 3 and 4, the inside of the sliding block body 221 is 

configured with at least two inner circulation grooves 224 corresponding to the rail 

grooves 211, and the inner circulation groove 224 and the rail groove 221 constitute 

an inner circulation passage.  Each of the two sides of the sliding block body 221 is 

configured with at least a circulation channel 225 that corresponds to the inner 

circulation passage and penetrates through the sliding block body 221.  In this 

embodiment, the inside of the sliding block body 221 is configured with four inner 

circulation grooves 224, which correspond to the four rail grooves 211 and are 

disposed on the left and right sides, respectively.  These four inner circulation 

grooves 224 and the four rail grooves 211 constitute four inner circulation passages 

totally.  Besides, each of the right and left sides of the sliding block body 221 is 

configured with two circulation channels 225 penetrating through the sliding block 

body 221, and the four circulation channels 225 correspond to the four inner 

circulation passages, respectively.  In this embodiment, the sliding block body 221 is 

favorably an iron piece, steel piece or metal piece, and the inner circulation grooves 

224 thereof are made by grinding machining in order to reduce the sectional 

difference and thermal deformation.  As for the circulation channel 225, it is formed 

by regarding the two end surfaces ES of the sliding block body 221 as the base 

surfaces alternately, then performing drillings on the two end surfaces ES alternately, 

and last communicating with the holes caused by the drillings along the lengthwise 

direction of the sliding block body 221. 

[0036] As shown in FIG. 4, the circulation element 222 constitutes a part of the ball 

circulation passage.  Each of the circulation elements 222 includes a circulation tube 

[0034] In the linear motion module 2 according to the invention, each of the two sides of the linear rail
21 can be configured with one or more rail grooves 211. In this embodiment, each of the two sides of
the linear rail 21 is configured with two rail grooves 211 for example. In other embodiments, each of
the two sides of the linear rail 21 can be configured with the rail grooves 211 of another number.
[0035] As shown in FIGS. 3 and 4, the inside of the sliding block body 221 is configured with at least
two inner circulation grooves 224 corresponding to the rail grooves 211, and the inner circulation
groove 224 and the rail groove 221 constitute an inner circulation passage. Each of the two sides of
the sliding block body 221 is configured with at least a circulation channel 225 that corresponds to the
inner circulation passage and penetrates through the sliding block body 221. In this embodiment, the
inside of the sliding block body 221 is configured with four inner circulation grooves 224, which
correspond to the four rail grooves 211 and are disposed on the left and right sides, respectively.
These four inner circulation grooves 224 and the four rail grooves 211 constitute four inner circulation
passages totally. Besides, each of the right and left sides of the sliding block body 221 is configured
with two circulation channels 225 penetrating through the sliding block body 221, and the four
circulation channels 225 correspond to the four inner circulation passages, respectively. In this
embodiment, the sliding block body 221 is favorably an iron piece, steel piece or metal piece, and the
inner circulation grooves 224 thereof are made by grinding machining in order to reduce the sectional
difference and thermal deformation. As for the circulation channel 225, it is formed by regarding the
two end surfaces ES of the sliding block body 221 as the base surfaces alternately, then performing
drillings on the two end surfaces ES alternately, and last communicating with the holes caused by the
drillings along the lengthwise direction of the sliding block body 221. [0036] As shown in FIG. 4, the
circulation element 222 constitutes a part of the ball 
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226 as the rail through which the balls 23 move in the sliding block body 221.  When 

the two circulation elements 222 are assembled together, the two circulation tubes 226 

thereof can replace the circulation channel 225 and directly contact the balls 23, so 

that the roughness and/or thermal deformation of the surface of the circulation 

channel 225 caused by the drilling is not a problem anymore, and therefore a better 

circulation passage can be provided. 

[0037] As shown in FIGS. 4 and 5, in this embodiment, the four circulation 

elements 222 are disposed on the right and left sides of the front and rear end surfaces 

ES of the sliding block body 221, respectively.  Besides, each of the circulation 

elements 222 includes two circulation tubes 226, which are disposed in the 

corresponding circulation channels 225. 

[0038] As shown in FIGS. 4 and 5, in this embodiment, two opposite circulation 

tubes 226 along the lengthwise direction of the sliding block body 221 can be 

connected together in the circulation channel 225 to constitute an outer circulation 

passage.  The two opposite circulation tubes 226 have tapers T1 and T2 at the 

connection, respectively, and the tapers T1 and T2 correspond to each other.  In detail, 

the taper T1 belongs to the circulation tube 226 having the relatively smaller outer 

diameter Ro at the connection, and the outer diameter Ro gradually narrows in the 

opening direction of the circulation tube 226, so that the outer tube wall at the 

connection becomes taper-like (as the taper T1 in FIG. 4).  The other circulation tube 

226 has the larger inner diameter RI at the connection, and the inner diameter RI 

gradually narrows in the opposite direction of the opening of the circulation tube 226, 

so that the inner tube wall at the connection becomes inversely taper-like (as the taper 

T2 in FIG. 4).  Accordingly, the circulation tubes 226 can be connected together by 

the tapers T1 and T2 in a sleeve manner and even adhere to each other by using, for 

circulation passage. Each of the circulation elements 222 includes a circulation tube 226 as the rail
through which the balls 23 move in the sliding block body 221. When the two circulation elements 222
are assembled together, the two circulation tubes 226 thereof can replace the circulation channel 225
and directly contact the balls 23, so that the roughness and/or thermal deformation of the surface of
the circulation channel 225 caused by the drilling is not a problem anymore, and therefore a better
circulation passage can be provided. [0037] As shown in FIGS. 4 and 5, in this embodiment, the four
circulation elements 222 are disposed on the right and left sides of the front and rear end surfaces ES
of the sliding block body 221, respectively. Besides, each of the circulation elements 222 includes two
circulation tubes 226, which are disposed in the corresponding circulation channels 225. [0038] As
shown in FIGS. 4 and 5, in this embodiment, two opposite circulation tubes 226 along the lengthwise
direction of the sliding block body 221 can be connected together in the circulation channel 225 to
constitute an outer circulation passage. The two opposite circulation tubes 226 have tapers T1 and T2
at the connection, respectively, and the tapers T1 and T2 correspond to each other. In detail, the taper
Ti belongs to the circulation tube 226 having the relatively smaller outer diameter Ro at the connection,
and the outer diameter Ro gradually narrows in the opening direction of the circulation tube 226, so
that the outer tube wall at the connection becomes taper-like (as the taper T1 in FIG. 4). The other
circulation tube 226 has the larger inner diameter RI at the connection, and the inner diameter RI
gradually narrows in the opposite direction of the opening of the circulation tube 226, so that the inner
tube wall at the connection becomes inversely taper-like (as the taper T2 in FIG. 4). Accordingly, the
circulation tubes 226 can be connected together by the tapers T1 and T2 in a sleeve manner and even
adhere to each other by using, for example unlimitedly, a paste or adhesive to constitute the outer
circulation passage. However, the invention is not limited thereto, and other structures or technologies
that can connect the opposite circulation elements 222 also can be used. [0039] As shown in FIG. 4, in
this embodiment, each of the circulation elements 222 includes at least a circulation curving groove
228. One end of the circulation curving groove 228 is connected to the circulation tube 226. When the
end cap 223 is installed to the end surface ES of the sliding block body 221, the circulation curving
groove 228 and the circulation guiding groove 227 will constitute a circulation curving passage. The
circulation curving passage is substantially a curving tube with the shape of "U" or a hoof, and the two
ends of the circulation curving passage are coupled to the inner circulation passage and the outer
circulation passage, respectively, to smoothly change the moving direction of the balls 23. 
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example unlimitedly, a paste or adhesive to constitute the outer circulation passage.  

However, the invention is not limited thereto, and other structures or technologies that 

can connect the opposite circulation elements 222 also can be used. 

[0039] As shown in FIG. 4, in this embodiment, each of the circulation elements 

222 includes at least a circulation curving groove 228.  One end of the circulation 

curving groove 228 is connected to the circulation tube 226.  When the end cap 223 

is installed to the end surface ES of the sliding block body 221, the circulation curving 

groove 228 and the circulation guiding groove 227 will constitute a circulation 

curving passage.  The circulation curving passage is substantially a curving tube with 

the shape of “U” or a hoof, and the two ends of the circulation curving passage are 

coupled to the inner circulation passage and the outer circulation passage, respectively, 

to smoothly change the moving direction of the balls 23. 

[0040] Favorably, the circulation tube 226 and the circulation curving groove 228 

are a single piece formed by injection molding, and the material thereof is plastic or 

resin material.  In other embodiments, the circulation tube 226 and the circulation 

curving groove 228 can be made individually and then connected together.  The 

circulation tube 226 and/or the circulation curving groove 228 also can be made by 

other materials and methods, such as by metal material and grinding machining.  

However, the invention is not limited thereto. 

[0041] Furthermore, in other embodiments, in order to intensify the ability of 

guiding the balls 23, the circulation guiding groove 227 and/or the circulation curving 

groove 228 can further include a plurality of circulation guiding members (not shown), 

which are disposed in the circulation element 222 at proper angles to reduce the 

influence of the moving direction change on the balls 23. 

[0042] As shown in FIGS. 5 and 6, each of the circulation elements 222 can be 

[0040] Favorably, the circulation tube 226 and the circulation curving groove 228 are a single piece
formed by injection molding, and the material thereof is plastic or resin material. In other embodiments,
the circulation tube 226 and the circulation curving groove 228 can be made individually and then
connected together. The circulation tube 226 and/or the circulation curving groove 228 also can be
made by other materials and methods, such as by metal material and grinding machining. However,
the invention is not limited thereto. [0041] Furthermore, in other embodiments, in order to intensify the
ability of guiding the balls 23, the circulation guiding groove 227 and/or the circulation curving groove
228 can further include a plurality of circulation guiding members (not shown), which are disposed in
the circulation element 222 at proper angles to reduce the influence of the moving direction change on
the balls 23. [0042] As shown in FIGS. 5 and 6, each of the circulation elements 222 can be disposed
to the end surface ES of the sliding block body 221 by fastening, engaging, adhering, locking,
embedding, or their combinations, and the connection therebetween is performed from the end surface
ES to the inside. In this embodiment, the connection between the circulation element 222 and the
sliding block body 221 is achieved by engaging. [0043] In detail, each of the two ends of the inner
circulation groove 224 includes an indentation CC. Each of the circulation elements 222 includes a
protrusion CV corresponding to the indentation CC, and the circulation element 222 is disposed on the
end surface ES of the sliding block body 221 by the connection between the protrusion CV and the
indentation CC, as shown in FIG. 6. Besides, the protrusion CV and the indentation CC can provide
positioning function so that the assembly precision of the circulation element 222 and the sliding block
body 221 can be enhanced. Furthermore, since the circulation element 222 is formed by injection
molding, it has a smooth surface and no deformation, so it can tightly fit the circulation channel 225
that is made by grinding machining. Therefore, as shown in FIGS. 5 and 7, there is no sectional
difference between the indentation CC and the protrusion CV in this embodiment. In other words, the
connection between the sliding block body 221 and the circulation element 222 can be perfectly
achieved without sectional difference substantially so that the motion stability of the balls 23 can be
enhanced and the noise can be reduced. To be noted, the shape and size of the indentation CC and
protrusion CV can be adjusted according to the practical requirements, and the "no sectional
difference substantially" condition should be comprehended that allows some tolerance caused by
machining, assembly precision or other external factors. [0044] The circulation tube 226 also can be
connected to the circulation channel 
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disposed to the end surface ES of the sliding block body 221 by fastening, engaging, 

adhering, locking, embedding, or their combinations, and the connection therebetween 

is performed from the end surface ES to the inside.  In this embodiment, the 

connection between the circulation element 222 and the sliding block body 221 is 

achieved by engaging. 

[0043] In detail, each of the two ends of the inner circulation groove 224 includes 

an indentation CC.  Each of the circulation elements 222 includes a protrusion CV 

corresponding to the indentation CC, and the circulation element 222 is disposed on 

the end surface ES of the sliding block body 221 by the connection between the 

protrusion CV and the indentation CC, as shown in FIG. 6.  Besides, the protrusion 

CV and the indentation CC can provide positioning function so that the assembly 

precision of the circulation element 222 and the sliding block body 221 can be 

enhanced.  Furthermore, since the circulation element 222 is formed by injection 

molding, it has a smooth surface and no deformation, so it can tightly fit the 

circulation channel 225 that is made by grinding machining.  Therefore, as shown in 

FIGS. 5 and 7, there is no sectional difference between the indentation CC and the 

protrusion CV in this embodiment.  In other words, the connection between the 

sliding block body 221 and the circulation element 222 can be perfectly achieved 

without sectional difference substantially so that the motion stability of the balls 23 

can be enhanced and the noise can be reduced.  To be noted, the shape and size of 

the indentation CC and protrusion CV can be adjusted according to the practical 

requirements, and the “no sectional difference substantially” condition should be 

comprehended that allows some tolerance caused by machining, assembly precision 

or other external factors. 

[0044] The circulation tube 226 also can be connected to the circulation channel 

225 by pasting or adhering to intensify the connection between the circulation element 222 and the
sliding block body 221 and reduce the instability of the whole structure during the motion of the balls
23. 100451 To be noted, in the above embodiment, the circulation element 222 and the sliding block
body 221 are individually formed and then assembled together, but they also can be formed together
by injection molding in other embodiments. In one embodiment, the sliding block body 221 is inserted
in the mold and then the resin is added in the mold, so that the corresponding circulation element 222
can be formed integrally and connected with the sliding block body 221. Therefore, the number of the
components of the linear motion module 2, the assembly time and the cost can be all reduced. 100461
As shown in FIGS. 7 and 8, after the circulation elements 222 are disposed in the sliding block body
221, the end caps 223 can be installed to the front and rear end surfaces ES of the sliding block body
221 by fastening, engaging, adhering, locking, embedding or their combinations, and therefore the
circulation guiding grove 227 of the end cap 223 and the circulation curving groove 228 of the
circulation element 222 can constitute the circulation curving passage for guiding the balls 23.
Moreover, in this embodiment, the sliding block body 221 and the end cap 223 both include screw
holes H so that the front and rear sides of the sliding block body 221 can be connected to the end caps
223 through the screw holes H, and meanwhile the circulation elements 222 are fixed. Accordingly, the
connection between the circulation elements 222 and the sliding block body 221 is further stabilized
and intensified. 100471 According to the form and structure of the linear motion module 2 of the
embodiment, it is better for the linear motion module 2 to cooperate with three ball holders, which are
disposed on the upper side, middle side and lower side of the inside of the sliding block body 221,
respectively. According to the location, the three ball holders can be regarded as the upper ball holder,
middle ball holder and lower ball holder, respectively. As shown in FIG. 8, in this embodiment, each of
the end caps 223 can further include at least two ball holder portions 229 and favorably include four
ball holder portions 229. When the two end caps 223 are connected to the sliding block body 221, the
two ball holder portions 229 that are parallel to the circulation channel 225 and on the same level (or
opposite to each other) are connected to each other to constitute a ball holder penetrating through the
sliding block body 221. In this embodiment, the end cap 223 and the ball holder portions 229 thereof
can be a single piece formed by injection molding or different pieces individually formed and then
assembled together. 
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225 by pasting or adhering to intensify the connection between the circulation element 

222 and the sliding block body 221 and reduce the instability of the whole structure 

during the motion of the balls 23. 

[0045] To be noted, in the above embodiment, the circulation element 222 and the 

sliding block body 221 are individually formed and then assembled together, but they 

also can be formed together by injection molding in other embodiments.  In one 

embodiment, the sliding block body 221 is inserted in the mold and then the resin is 

added in the mold, so that the corresponding circulation element 222 can be formed 

integrally and connected with the sliding block body 221.  Therefore, the number of 

the components of the linear motion module 2, the assembly time and the cost can be 

all reduced. 

[0046] As shown in FIGS. 7 and 8, after the circulation elements 222 are disposed 

in the sliding block body 221, the end caps 223 can be installed to the front and rear 

end surfaces ES of the sliding block body 221 by fastening, engaging, adhering, 

locking, embedding or their combinations, and therefore the circulation guiding grove 

227 of the end cap 223 and the circulation curving groove 228 of the circulation 

element 222 can constitute the circulation curving passage for guiding the balls 23.  

Moreover, in this embodiment, the sliding block body 221 and the end cap 223 both 

include screw holes H so that the front and rear sides of the sliding block body 221 

can be connected to the end caps 223 through the screw holes H, and meanwhile the 

circulation elements 222 are fixed.  Accordingly, the connection between the 

circulation elements 222 and the sliding block body 221 is further stabilized and 

intensified. 

[0047] According to the form and structure of the linear motion module 2 of the 

embodiment, it is better for the linear motion module 2 to cooperate with three ball 

[0048] Furthermore, one of the two ball holder portions which correspond to each other on the same
level includes a protrusion PJ, and the other ball holder portion includes an indentation RC, and they
can be connected to each other by the connection between the protrusion PJ and the indentation RC.
[0049] As shown in FIG. 8, in this embodiment, the inside of the sliding block body 221 is configured
with two ball holders B corresponding to the rail grooves 211. Each of the ball holder B is disposed
between the two inner circulation grooves 224 on the same side and extended to have the same
length as the length of the sliding block body 221. [0050] Moreover, considering the location of the ball
holder, the ball holders formed by the ball holder portions 229 of the end caps 223 are the upper and
lower ball holders of the linear motion module 2, respectively, and the ball holder B of the sliding block
body 221 is the middle ball holder. Regarding the functionality, the upper ball holder and the middle
ball holder are disposed as clipping the upper inner circulation passage, and the middle ball holder and
the lower ball holder are disposed as clipping the lower inner circulation passage, and therefore the
balls can be kept when the sliding block 22 separates from the linear rail 21. [0051] So far, according
to the linear motion module of the invention, by disposing the circulation elements in the circulation
channels, the diameter of the ball circulation passage can be kept uniform, the roughness of the
passage surface can be reduced, and therefore the passage is formed without sectional difference, the
noise during the motion of the linear motion module is reduced and the stability of the whole structure
is enhanced. Besides, because the circulation elements can be formed integrally and connected with
the sliding block body, the number of the components, the assembly time and the cost can be all
reduced. [0052] As shown in FIG. 3, in this embodiment, the sliding block 22 further includes four
dust-proof elements DPI and DP2. The two dust-proof elements DP2 are connected to the bottom side
of the sliding block body 221, and the other two dust-proof elements DPI are disposed between the top
side of the linear rail 21 and the upper ball holder. The dust-proof elements DPI and DP2 are all for
blocking dust or external objects from entering into the inside of the linear motion module 2 through the
interval or gap of the linear rail 21 and the sliding block body 221. Additionally, as shown in FIG. 3, the
sliding block 22 of this embodiment can further include a front-end-cap dust-proof element DP3 and a
rear-end-cap dust-proof element DP4, which are disposed on the sides of the end caps 223 away from
the end surfaces ES, respectively, for preventing external objects from entering into the inside through
the front or rear end of the sliding block 22. 
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holders, which are disposed on the upper side, middle side and lower side of the inside 

of the sliding block body 221, respectively.  According to the location, the three ball 

holders can be regarded as the upper ball holder, middle ball holder and lower ball 

holder, respectively.  As shown in FIG. 8, in this embodiment, each of the end caps 

223 can further include at least two ball holder portions 229 and favorably include 

four ball holder portions 229.  When the two end caps 223 are connected to the 

sliding block body 221, the two ball holder portions 229 that are parallel to the 

circulation channel 225 and on the same level (or opposite to each other) are 

connected to each other to constitute a ball holder penetrating through the sliding 

block body 221.  In this embodiment, the end cap 223 and the ball holder portions 

229 thereof can be a single piece formed by injection molding or different pieces 

individually formed and then assembled together. 

[0048] Furthermore, one of the two ball holder portions which correspond to each 

other on the same level includes a protrusion PJ, and the other ball holder portion 

includes an indentation RC, and they can be connected to each other by the 

connection between the protrusion PJ and the indentation RC. 

[0049] As shown in FIG. 8, in this embodiment, the inside of the sliding block 

body 221 is configured with two ball holders B corresponding to the rail grooves 211. 

Each of the ball holder B is disposed between the two inner circulation grooves 224 

on the same side and extended to have the same length as the length of the sliding 

block body 221. 

[0050] Moreover, considering the location of the ball holder, the ball holders 

formed by the ball holder portions 229 of the end caps 223 are the upper and lower 

ball holders of the linear motion module 2, respectively, and the ball holder B of the 

sliding block body 221 is the middle ball holder.  Regarding the functionality, the 

[0053] In addition to the above embodiment, there are some variations about the linear motion module,
emphasizing the change of the circulation element and circulation channel, with the illustration as
below. However, since other portions of the linear motion module can be comprehended by referring to
the above embodiment, they are not described here for conciseness. [0054] As shown in FIGS. 9 to
11, the sliding block 22' can further include at least two self-lubricating elements SL. In this
embodiment, the sliding block 22' includes four self-lubricating elements SL disposed corresponding to
the four circulation channels 255, respectively. The self-lubricating element SL is a part of the
circulation passage (as shown in FIG. 11, the inner wall of the self-lubricating element SL is a part of
the inner wall of the ball circulation passage) and has a member storing lubricant therein, so the balls
23 can be lubricated when passing through the self-lubricating element SL and the purpose of
lubrication is achieved. [0055] As shown in FIGS. 10 and 11, in this embodiment, the opposite two
circulation tubes 226' are connected together through the self-lubricating element SL. In the assembly
of the linear motion module 2', the self-lubricating elements SL can be disposed in the circulation
channels 255, and then the circulation elements 222' are disposed on the two sides of each of the end
surfaces ES of the sliding block body 221 so that the circulation tubes 226' can connect to the
self-lubricating elements SL. The two ends of the self-lubricating element SL have a taper T3 to fit the
opposite two circulation tubes 226' having a corresponding taper T4, constituting the outer circulation
passage all together. The two opening ends of the self-lubricating element SL favorably have a
trumpet-like shape with a diameter slightly larger than the inner diameter RI of the circulation tube
226', for enhancing the stability of the entering condition of the balls 23. Moreover, the variation of the
outer diameter Ro of the taper T3 (i.e. the largest outer diameter Ro minus the smallest outer diameter
Ro) is favorably about 0 to 0.15 times the diameter of the ball 23, and the length of the taper T3 is
favorably about 0 to 2 times the diameter of the ball 23. 100561 The material of the self-lubricating
element SL is, for example unlimitedly, metal, plastic or resin material. Favorably, the material of the
self-lubricating element SL is metal, so it has stronger rigidity and is more suitable for the case where
the circulation element 222' is formed in the sliding block body 221 by injection molding. In this case,
the metallic self-lubricating elements SL and the sliding block body 221 are inserted into the mold, and
then the injection molding is performed, so that the circulation elements 222', the self-lubricating
elements SL and the sliding block body 221 are combined together, and besides, the opposite two
circulation tubes 226' are fixed and connected to the self-lubricating element SL to constitute the outer
circulation passage together. In this case, the connection between the circulation tube 226' and the
self-lubricating element SL also has no sectional difference substantially (e.g. the sectional difference
is smaller than 0.1 times the diameter of the ball 23). 
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upper ball holder and the middle ball holder are disposed as clipping the upper inner 

circulation passage, and the middle ball holder and the lower ball holder are disposed 

as clipping the lower inner circulation passage, and therefore the balls can be kept 

when the sliding block 22 separates from the linear rail 21. 

[0051] So far, according to the linear motion module of the invention, by disposing 

the circulation elements in the circulation channels, the diameter of the ball circulation 

passage can be kept uniform, the roughness of the passage surface can be reduced, 

and therefore the passage is formed without sectional difference, the noise during the 

motion of the linear motion module is reduced and the stability of the whole structure 

is enhanced.  Besides, because the circulation elements can be formed integrally and 

connected with the sliding block body, the number of the components, the assembly 

time and the cost can be all reduced. 

[0052] As shown in FIG. 3, in this embodiment, the sliding block 22 further 

includes four dust-proof elements DP1 and DP2.  The two dust-proof elements DP2 

are connected to the bottom side of the sliding block body 221, and the other two 

dust-proof elements DP1 are disposed between the top side of the linear rail 21 and the 

upper ball holder.  The dust-proof elements DP1 and DP2 are all for blocking dust or 

external objects from entering into the inside of the linear motion module 2 through 

the interval or gap of the linear rail 21 and the sliding block body 221.  Additionally, 

as shown in FIG. 3, the sliding block 22 of this embodiment can further include a 

front-end-cap dust-proof element DP3 and a rear-end-cap dust-proof element DP4, 

which are disposed on the sides of the end caps 223 away from the end surfaces ES, 

respectively, for preventing external objects from entering into the inside through the 

front or rear end of the sliding block 22. 

[0053] In addition to the above embodiment, there are some variations about the 

100571 In summary, according to the linear motion module of the invention, the circulation element
can replace the circulation channel to act a part of the outer circulation passage, so the machining
defect of the circulation channel is not a problem anymore and the circulation passage can have
uniform diameter. Besides, because the manufacturing method and connection relationship of the
circulation element are favorable to form the passage wall without sectional difference, the noise
during the motion of the linear motion module can be reduced and the motion stability of the balls can
be enhanced Furthermore, when the positioning structure and/or the self-lubricating element are
applied in the invention, the positioning and/or lubricating functions can be provided. Moreover,
because the opposite two circulation elements and/or the end caps with the ball holders can be made
by an integrally forming manner, the number of the components, the cost and the machining steps can
be all reduced and therefore the tolerance caused by the multiple assemblies can be avoided. [0058]
In comparison with the prior art, due to the structural design, the linear motion module of the invention
can overcome the disadvantages such as the taper of the tube diameter or the roughness of the
passage surface, which are unfavorable to the motion of the balls, and therefore the noise during the
motion can be reduced and the motion stability can be increased. Besides, by the self-lubricating
element providing the lubricant, the interference between the balls or between the balls and the
circulation passage can be reduced. When the integrally forming method is applied to the linear motion
module of the invention, the number of the components can be reduced and the components within
the sliding block can be combined as a single piece. Therefore, the circulation passage can tightly fit
the sliding block body to obtain stronger supporting force, and thus the passage vibration during the
motion of the balls can be avoided. [0059] Although the invention has been described with reference to
specific embodiments, this description is not meant to be construed in a limiting sense. Various
modifications of the disclosed embodiments, as well as alternative embodiments, will be apparent to
persons skilled in the art. It is, therefore, contemplated that the appended claims will cover all
modifications that fall within the true scope of the invention.  CLAIMS 
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linear motion module, emphasizing the change of the circulation element and 

circulation channel, with the illustration as below.  However, since other portions of 

the linear motion module can be comprehended by referring to the above embodiment, 

they are not described here for conciseness. 

[0054] As shown in FIGS. 9 to 11, the sliding block 22’ can further include at least 

two self-lubricating elements SL.  In this embodiment, the sliding block 22’ includes 

four self-lubricating elements SL disposed corresponding to the four circulation 

channels 255, respectively.  The self-lubricating element SL is a part of the 

circulation passage (as shown in FIG. 11, the inner wall of the self-lubricating element 

SL is a part of the inner wall of the ball circulation passage) and has a member storing 

lubricant therein, so the balls 23 can be lubricated when passing through the 

self-lubricating element SL and the purpose of lubrication is achieved. 

[0055] As shown in FIGS. 10 and 11, in this embodiment, the opposite two 

circulation tubes 226’ are connected together through the self-lubricating element SL.  

In the assembly of the linear motion module 2’, the self-lubricating elements SL can 

be disposed in the circulation channels 255, and then the circulation elements 222’ are 

disposed on the two sides of each of the end surfaces ES of the sliding block body 221 

so that the circulation tubes 226’ can connect to the self-lubricating elements SL.  

The two ends of the self-lubricating element SL have a taper T3 to fit the opposite two 

circulation tubes 226’ having a corresponding taper T4, constituting the outer 

circulation passage all together.  The two opening ends of the self-lubricating 

element SL favorably have a trumpet-like shape with a diameter slightly larger than 

the inner diameter RI of the circulation tube 226’, for enhancing the stability of the 

entering condition of the balls 23.  Moreover, the variation of the outer diameter Ro 

of the taper T3 (i.e. the largest outer diameter Ro minus the smallest outer diameter Ro) 

What is claimed is: 1. A linear motion module, comprising: a linear rail, two sides of which are
configured with at least a rail groove each; a sliding block slidingly disposed on the linear rail and
comprising: a sliding block body, wherein the inside of the sliding block body is configured with at least
two inner circulation grooves corresponding to the rail groove, the inner circulation groove and the rail
groove constitute an inner circulation passage, and each of two sides of the sliding block body is
configured with at least a circulation channel that corresponds to the inner circulation passage and
penetrates through the sliding block body; at least four circulation elements disposed on the two sides
of each of two end surfaces of the sliding block body, respectively, wherein each of the circulation
elements includes at least a circulation tube disposed in the corresponding circulation channel, and the
opposite two circulation tubes are connected to each other to constitute an outer circulation passage;
and two end caps disposed on the two end surfaces of the sliding block body, respectively, wherein
each of the end caps is configured with at least two circulation guiding grooves, and the circulation
guiding groove is correspondingly connected to the inner circulation passage and the outer circulation
passage; and 
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is favorably about 0 to 0.15 times the diameter of the ball 23, and the length of the 

taper T3 is favorably about 0 to 2 times the diameter of the ball 23. 

[0056] The material of the self-lubricating element SL is, for example unlimitedly, 

metal, plastic or resin material.  Favorably, the material of the self-lubricating 

element SL is metal, so it has stronger rigidity and is more suitable for the case where 

the circulation element 222’ is formed in the sliding block body 221 by injection 

molding.  In this case, the metallic self-lubricating elements SL and the sliding block 

body 221 are inserted into the mold, and then the injection molding is performed, so 

that the circulation elements 222’, the self-lubricating elements SL and the sliding 

block body 221 are combined together, and besides, the opposite two circulation tubes 

226’ are fixed and connected to the self-lubricating element SL to constitute the outer 

circulation passage together.  In this case, the connection between the circulation 

tube 226’ and the self-lubricating element SL also has no sectional difference 

substantially (e.g. the sectional difference is smaller than 0.1 times the diameter of the 

ball 23). 

[0057] In summary, according to the linear motion module of the invention, the 

circulation element can replace the circulation channel to act a part of the outer 

circulation passage, so the machining defect of the circulation channel is not a 

problem anymore and the circulation passage can have uniform diameter.  Besides, 

because the manufacturing method and connection relationship of the circulation 

element are favorable to form the passage wall without sectional difference, the noise 

during the motion of the linear motion module can be reduced and the motion stability 

of the balls can be enhanced.  Furthermore, when the positioning structure and/or the 

self-lubricating element are applied in the invention, the positioning and/or lubricating 

functions can be provided.  Moreover, because the opposite two circulation elements 

a plurality of balls moving in circles through the inner circulation passage, one of the circulation guiding
grooves, the outer circulation passage and the other circulation guiding groove. 2. The linear motion
module as recited in claim 1, wherein the opposite two circulation tubes have corresponding tapers at
the connection and are connected together by a sleeve manner to constitute the outer circulation
passage. 3. The linear motion module as recited in claim 1, wherein the opposite two circulation tubes
are integrally formed. 4. The linear motion module as recited in claim 1, wherein the opposite two
circulation tubes are connected to each other by adhering. 5. The linear motion module as recited in
claim 1, wherein the sliding block further includes at least two self-lubricating elements, which are
disposed in the circulation channels respectively, and the opposite two circulation tubes are connected
together through the self-lubricating element. 
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and/or the end caps with the ball holders can be made by an integrally forming 

manner, the number of the components, the cost and the machining steps can be all 

reduced and therefore the tolerance caused by the multiple assemblies can be avoided. 

[0058] In comparison with the prior art, due to the structural design, the linear 

motion module of the invention can overcome the disadvantages such as the taper of 

the tube diameter or the roughness of the passage surface, which are unfavorable to 

the motion of the balls, and therefore the noise during the motion can be reduced and 

the motion stability can be increased.  Besides, by the self-lubricating element 

providing the lubricant, the interference between the balls or between the balls and the 

circulation passage can be reduced.  When the integrally forming method is applied 

to the linear motion module of the invention, the number of the components can be 

reduced and the components within the sliding block can be combined as a single 

piece.  Therefore, the circulation passage can tightly fit the sliding block body to 

obtain stronger supporting force, and thus the passage vibration during the motion of 

the balls can be avoided. 

[0059] Although the invention has been described with reference to specific 

embodiments, this description is not meant to be construed in a limiting sense.  

Various modifications of the disclosed embodiments, as well as alternative 

embodiments, will be apparent to persons skilled in the art.  It is, therefore, 

contemplated that the appended claims will cover all modifications that fall within the 

true scope of the invention. 

6. The linear motion module as recited in claim 5, wherein the opposite two circulation tubes are
formed in the sliding block body by injection molding to be combined with the self-lubricating element
and the sliding block body as one piece. 7. The linear motion module as recited in claim 5, wherein two
ends of the self-lubricating element have tapers to be covered by the opposite two circulation tubes,
respectively. 8. The linear motion module as recited in claim 5, wherein the opposite two circulation
tubes are connected to the self-lubricating element by adhering. 9. The linear motion module as
recited in claim 1, wherein each of the circulation elements includes at least one circulation curving
groove, one end of the  circulation curving groove is connected to the circulation tube, and the
circulation curving groove and the circulation guiding groove constitute a circulation curving passage
which connects to the inner circulation passage and the outer circulation passage. 
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CLAIMS 

What is claimed is: 

1. A linear motion module, comprising: 

a linear rail, two sides of which are configured with at least a rail groove each; 

a sliding block slidingly disposed on the linear rail and comprising: 

a sliding block body, wherein the inside of the sliding block body is 

configured with at least two inner circulation grooves corresponding to 

the rail groove, the inner circulation groove and the rail groove constitute 

an inner circulation passage, and each of two sides of the sliding block 

body is configured with at least a circulation channel that corresponds to 

the inner circulation passage and penetrates through the sliding block 

body; 

at least four circulation elements disposed on the two sides of each of two 

end surfaces of the sliding block body, respectively, wherein each of the 

circulation elements includes at least a circulation tube disposed in the 

corresponding circulation channel, and the opposite two circulation tubes 

are connected to each other to constitute an outer circulation passage; 

and 

two end caps disposed on the two end surfaces of the sliding block body, 

respectively, wherein each of the end caps is configured with at least two 

circulation guiding grooves, and the circulation guiding groove is 

correspondingly connected to the inner circulation passage and the outer 

circulation passage; and 

a plurality of balls moving in circles through the inner circulation passage, one 

10. The linear motion module as recited in claim 9, wherein each of two ends of each of the inner
circulation grooves includes an indentation, the other end of the circulation curving groove includes a
protrusion, and the circulation curving passage is connected to the inner circulation passage by the
connection between the indentation and the protrusion. 11. The linear motion module as recited in
claim 10, wherein the connection between the indentation and the protrusion has no sectional
difference substantially. 12. The linear motion module as recited in claim 1, wherein the inside of the
sliding block body is configured with at least two ball holders corresponding to the rail groove for
limiting the movement of the balls relative to the sliding block body. 13. The linear motion module as
recited in claim 1, wherein each of the end caps further has at least two ball holder portions integrally
formed with the end cap, the opposite two ball holder portions parallel to the circulation channel are
connected to each other to constitute a ball holder. 14. The linear motion module as recited in claim
13, wherein one of the opposite two ball holder portions includes a protrusion, the other ball holder
portion includes an indentation, and the ball holder portions constitute a ball holder by the connection
between the protrusion and the indentation. 
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of the circulation guiding grooves, the outer circulation passage and the 

other circulation guiding groove. 

2. The linear motion module as recited in claim 1, wherein the opposite two 

circulation tubes have corresponding tapers at the connection and are connected 

together by a sleeve manner to constitute the outer circulation passage. 

3. The linear motion module as recited in claim 1, wherein the opposite two 

circulation tubes are integrally formed. 

4. The linear motion module as recited in claim 1, wherein the opposite two 

circulation tubes are connected to each other by adhering. 

5. The linear motion module as recited in claim 1, wherein the sliding block further 

includes at least two self-lubricating elements, which are disposed in the 

circulation channels respectively, and the opposite two circulation tubes are 

connected together through the self-lubricating element. 

6. The linear motion module as recited in claim 5, wherein the opposite two 

circulation tubes are formed in the sliding block body by injection molding to be 

combined with the self-lubricating element and the sliding block body as one 

piece. 

7. The linear motion module as recited in claim 5, wherein two ends of the 

self-lubricating element have tapers to be covered by the opposite two circulation 

tubes, respectively. 

8. The linear motion module as recited in claim 5, wherein the opposite two 

circulation tubes are connected to the self-lubricating element by adhering. 

9. The linear motion module as recited in claim 1, wherein each of the circulation 

elements includes at least one circulation curving groove, one end of the 
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circulation curving groove is connected to the circulation tube, and the 

circulation curving groove and the circulation guiding groove constitute a 

circulation curving passage which connects to the inner circulation passage and 

the outer circulation passage. 

10. The linear motion module as recited in claim 9, wherein each of two ends of each 

of the inner circulation grooves includes an indentation, the other end of the 

circulation curving groove includes a protrusion, and the circulation curving 

passage is connected to the inner circulation passage by the connection between 

the indentation and the protrusion. 

11. The linear motion module as recited in claim 10, wherein the connection between 

the indentation and the protrusion has no sectional difference substantially. 

12. The linear motion module as recited in claim 1, wherein the inside of the sliding 

block body is configured with at least two ball holders corresponding to the rail 

groove for limiting the movement of the balls relative to the sliding block body. 

13. The linear motion module as recited in claim 1, wherein each of the end caps 

further has at least two ball holder portions integrally formed with the end cap, 

the opposite two ball holder portions parallel to the circulation channel are 

connected to each other to constitute a ball holder. 

14. The linear motion module as recited in claim 13, wherein one of the opposite two 

ball holder portions includes a protrusion, the other ball holder portion includes 

an indentation, and the ball holder portions constitute a ball holder by the 

connection between the protrusion and the indentation. 


