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 IpeE ARIMOMINMOPEIORVN 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. TBAGHISRO E&a &Mk AIKIBANMEMTIHOM circulation guiding curve (not
shown) and the outer circulation passage 122 and then return to between the linear rail 11 and the

sliding blockgigid 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
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[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 comsRtcaitd thrrieHEebtie PERIMedRN Shedmaretfatibirpristaget s hotsospRriowever,
there are some problems for the conventional art to form the outer circulation passage. First, the

drilling macHiRMEwAsHF xR sadhathish&e RiRdhnveEr e aiionaassasrclidtion passage, so the

passage diameter is not uniform and the circulation motion of the balls is thus unstable. Second,
because the[d608]g nidehiniag tarcroé bencoprpldtad ffistthy esirgltoantasiideoenttie saational
difference will occur in the passage and therefore the smooth level of the outer circulation passage is
decreased. Thewdinxdve pasationedipoblendsilisg resthirimtheasilyctansisehpaase andiortmstability
during the motion of the linear motion module and even result in the damage of the components.
[0006] Althosgtisthé tbearetsometéghmoipgiegdevealoppabsodendiovetth s atvo vexoemtionke thproblems,
the practice still encounters some difficulty, such as complicated machining procedures or too many
kinds of compundationSmotti¢s stifl itsolodle to rédscankiebitfluefcecoflthbedeafieet dicthdributer circulation
passage on the motion of the balls. [0007] Therefore, it is an important subject to provide a linear
motion modulachit g satones bkotranplittereiict bioasinglnerd sseftise, ihstisatiaditifferagee the noise

and suit the high-speed motion.
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



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 theSHAERERBINALBE DS sABRER dMh&eticn I aae busin §TgsoballiaynyeabelNifference,
and therefore the above advantages can be further enhanced 100091 Another objective of the
invention is ©FP¥ilite Hindditfition AMdtId W the ShGirPBRSERBOAFRHFthéCirdiition

elements are combjned togethercfj adhering or a post-forming process, and therefore the Jabor, time,
cost and tolefAnta Y8 BREE Hoth @&erﬁﬁﬁ\%ﬁ%g@ﬂsﬂ%&regﬁeﬁ@Saﬂoawa@ael 61 %nBtfer objective

of the invention is.to provide a linear motion module inclyding the integrally-formed end cap and ball
holder, and 8?8%%1?%%%;%}"36& %?%%%?ﬂ&&?&ﬁ%ﬁﬁ@%% nd the machining steps can be all
reduced. 100111 To achieve the above objective, a linear motion module according to the invention
comprises a |00t railzosiictingdjsicoke amd theplurahityoof tsalls. pTovadside s fathefinearmailalie configured
with at least a rail groove each. The sliding block is slidingly disposed on the linear rail and comprises
a sliding blockhordtheaslidaxt taclcipodiatiod tlemientkiaonl tlementd aegpeomhmédsidgetifethbysliding block
body is configured with at least two inner circulation grooves corresponding to the rail groove, the inner
circulation gesheaRhdrtaapalt oone coptiutandriinrrdpisirdeldtient passagestaand dalehastewo sides of
the sliding block body is configured with at least a circulation channel that corresponds to the inner
circulation pasuise dnenpbaatrdtedensetipblisrecandinglbfoeidsddy. The circulation elements are
disposed on the two sides of each of two end surfaces of the sliding block body, respectively. Each of

the circulatiop@ementis et dasctiirast ardrawatiaontubadiseRsed inithecan@srPasiagigirculation
channel, and the opposite two circulation tubes are connected to each other to constitute an outer
circulation passagmglthe BilebeaPS fRitheiEPRSEpIMthBaANVRRME, 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



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 o%%osite two circulation tubes have

correspondifyfaperhthhltbnabiardn bady-disrsstinebied kage plethsyradstaaydsRanges constitute

the outer circulation passage. 100131 In one embodiment, the opposite two circulation tubes are
integrally forild ainleasbived sHfvbiinTegtitreoioosts (g dienivopRiaZSHAREEE to each

other by adhering. 100141 In one embodiment, the sliding block further includes at least two
self-lubricatiﬁ@@é?ﬂ@&‘f%g r‘ﬁ%ﬂ“ﬁ?&ergié‘bé'%%&“ﬁﬂﬁérﬁlﬁéﬂ%é’ﬁséﬁ%%ﬁBfE?&Bﬂ@ﬁ\iéﬁ?}l @'the opposite

two circulation tubes conpected together thro the self-lubricating element. The gpposite two
cicutation B RS ol HeRH I (8 St EIGE LR o) TSt R 1 B HE Ab bith the

self—lubrlcatlrg% elzlllea%wc()er{n and the S|Idln9 oclé l%grdx.fac%gﬁerplece. MearHNtfﬂléeb%gle two cg%%latlon tubes

are fixed to and conneded e Sefrubiicd INg slemén ) aRd APGFthem constitute theé Olter
circulation passage. Irn gyeother embodiment, two ends of the self-lubricating element have tapers to be
covered by the opﬁ&ﬂe 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 dR8LMtiodeRIpembIdinmiésthe lezpastise e cifaibtieu iRy JRo6RorBe@dNsf the

circulation curving groove is connected to '
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

4



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. FAGATHEWAHRE Edfetitb B tiffal it SHEEREaEED ¥hatAdhs siraalsionagtidii ctional
difference substantially. 100161 In one embaodiment, the inside of the sliding block body is configured
with at least 8RS HaRWIHEIS L EHSLBLARFIE O ERATEALE BBIR RIS the WRAISHEHEEPThe balls
relative to the sliding block body. 100171 In one embodiment, each of the end caps further has at least
two ball hold&FHFEi G ife Iy FFTHEEBeRAMa%nd EAPD 1AE Bpheatts Al s3I dieiBtions
parallel to the.cir(fulation channel are connected to each other to onfst'tute. a‘gall holder.. One of the
opposite two"BEARIEF 98NS HLHEIERER LBt S thaT f'ﬁeﬁl’éa‘ﬂ hthf’dg'fri}) PHSH iREYdEs an
indentation, and the brilllciwolderfortions co&a’gitute albtall holder by the connection P%t\{veﬁqn the
protrusion afd’the indentation.” %Tgﬁ’&g mentioned a %Gélfvziggdor%ﬁ?lg&?ol%hceo ey motioh module of
the invention th? (g¥guLil tion elem%r?)t c%n re Iaci

. . 1nne a hOl’l I%ass%%]. c.conn l(glhl %1’1 H’ldel’l ﬁthl’l a € I'P Tusion.
circulation passage, so the macnmin efect of the circulation channel Is not a problem anymore and

the circulatiop, bassage can R HR RN diRme RhRERdE s ReRaURS e T AN fRclutingyethod and
connection relationship of the circulation element are tavorable to form the passage wall without
sectional diff&@&gﬁcy&%&%ﬁﬂgwing 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. Md&é’é%r, HessehedipsBsitbainsidrQfidioalciam alnskabriyritorhguesh e iiith the ball
holders can be made by an integrally forming manner, the number of the components, the cost and the
machining sPéd%aéhHVBg’éﬂ hodce qOtrIRARTEISHS the TRikezore (aLEBHBIR IS MOKTEHYemblies can

be avoided.
the balls relative to the sliding block body.

%é:ti‘;é:ula%en.cha nel to a&ttﬁl partt of the outer

[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



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 pé%@d%@&é‘ﬁ%%ﬂlﬁééé?%ﬁ%’é‘ iR BrEaRF RIS P patitABd g2 BB cHE Enear motion
module of the invention, the number of the components can be reduced and the components within
the sliding bIBEIEEeRs 5BCBBMEAs aMRIGRY HieRecatprRIGHRD RECHPURERIAHABATRH tightly fit
the sliding block body to obtain stronger supporting force, and thus the passage \{ibr tion during the
motion of th&XAS &1 Gl aSlteyt Eljf’fﬁiljz BTRINGS EMESEDD FRISEE Y ot3B  he invention

will become more fully understood from the detailed description and accampanying drawings, which
are givon fo TRISHA LR B e ARG TS LBt VBRI  atF Gl 100211
i 1o s seelon dagan sl e et pton Tole ARG, Aisgchonate
schematic exploded diagram of the linear motion module in FIG. 2;

[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;



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 18034 schEmatie axphsaudicipgiadsdigroachibadmsabaaaoacasiisgid ¥other

embodimentzof the invention;
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[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



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 r&MROYIRR! fnibeeiBriaH, 1WBEIGRI& 19 I s sundifatirindetatiparaninédhnotion
module according to an embodiment of the invention, and FIG. 3 is a schematic exploded diagram of
the linear mAHSATRRHAE il e 2N Al Shawn S FESS AN SSthe ARt HtidNSALRIED 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 WRAMH fea S 4G Ao 082 il rHe &)iff Slgéi%%z%% §ﬁ\gir‘?g HidH¥s Llﬂ%‘?h@linear rail

21, and includes a sliding.hlock body.221, at least four circulation elements 222 and twg end caps 223.
The nside o0 SN DBt Sor et W G B dvihat BNCHIENG, ohboves 224
The inner circulati roov 4. and.the rail. groove 211 constitut inner circulation.passage.
Becides, sacor tHb BIR brands SHEHE M b, 3 il AFISdEs & B iarion

channel 225 that corresponds ta the.inner. circulation passa nd penetrates thrgygh the sliding block
pody 221, THSBh e e B S R S B T nwisnd surfaces

ES. Each of {hi r&#:j];ﬁ@%ﬂ&%‘ﬁ@éﬁ %%a%rgﬁg‘ggiﬁéfeﬁ%@féﬁi{ﬁ%@f&%@t%& A X‘{Péggaé%ﬁisloose‘j

within the corresponding circufation chan 0 opposite circulation tubes communicate

with each otheg o, constituiean auler ieHIBIIANARTREP TN REAICARS 223131E diRgseghon the two

end _surfaces_ ES of the sliding blocl_< body_ 2_21, respectively, and eac of_the er_ld_ caps 223 is _
configured withatleaghig Iﬁhrs%%l?é'o%k‘i@é@,ge%%‘f%@%?del'a? HEGHEHBUL I GroOVR 227 is

coupled with the inner circulation passage and the outer circulation passage. During the circulation,
the balls 23 mpyg tquahithg: MR GireuatianRRsEaeR100es0fHhe Girsilatinn aiding greqves 227,

the outer circulation passage and another circulation guiding groove 227.
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



[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 cir€l08l6h Yrbsves amporrd8hrisg ke fasalt ity ek the twaridgseohihsr iedtiation
groove 224 and the rail groove 221 constitute an inner circulation passage. Each of the two sides of

the sliding bid&2d @ 59 £outigHsdurdl thimaik $aeYSs Sitdnhaphe: Y95 that corresponds to the

inner circulation passage and penetrates through the sliding block body 221. In this embodiment, the
inside of the [gi3lg blaskshosy 22 FissSor¥figuded, whth fiuddneretheirdidiatiohiptovesdy222] vidhich
correspond to the four rail grooves 211 and are disposed on the left and right sides, respectively.
These four irnefiginedation grdensesw@4nand dhedflatipnagrgovoyel 2 thrcenpstikditezfauthinmeil circulation
passages totally. Besides, each of the right and left sides of the sliding block body 221 is configured
with two circgtatives cHdnnels th25peneiratiagdhrgugive iR 4lididghsloait pody @22 ] andshietour
circulation channels 225 correspond to the four inner circulation passages, respectively. In this
embodimentanhersiidimguidion peslsa@2 1 Edelvoiably v isolepidcde stedingidbechbabta [iese, and the
inner circulation grooves 224 thereof are made by grinding machining in order to reduce the sectional
difference ars@nfignicdl satbratationt Ascisrulid@ircaianion cRantult 208 respotdsniedthy iagelrding the
two end surfaces ES of the sliding block body 221 as the base surfaces alternately, then performing

drillings on tEEGWateRdRAIFRESe STEISRERetféee yhmg hadic shifHihiblaskg ol tRelholds Eaissed by the

drillings along the lengthwise direction of the sliding block bOdY 221. [0036] As shown in FIG. 4, the
circulation eleRRAHDED HSstittids of Hagtbring Blgpk 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



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 p&s8agecaiibepresidabiqodsrails gﬁé@\ﬂ‘(‘i’ﬁ¢i’@§hﬁ%ﬁ Igcknbefdy édbodiisnt, the four
circulation elements 222 are disposed on the right and left sides of the front and rear end surfaces ES
of the sliding Mideie 554Y'2990 FispeRtvely. e aidesbiskiogtthes detiaiohculatioanids22fcludes two

circulation tubes 226, which are disposed.in the corresponding. circulation channels 225. [0038] As
shown in Fué‘bse.rfzp ﬁansfenﬂniﬁf‘staﬁw% KRR BBt AEHIOn L0BES 28 & figthe' fengthwise

direction of tflgﬁsligin? block body /21 Q‘?‘Fn b%,\(/:g%nected tog}gt er in the circulation.channel 225 to

constitute art BUtdPCiF IS pARE G e P HBAW S PR UL it Urition 1368520 26 haVE LR T1 and T2
at the connection, respectively, .and th ers T1 and T2 correspond to each other. In detail, the taper
i bblongs 1S T s vt e e b o e AT Bl o P i P R conmecton.

and the outeéidéa a%gr I;oS reag,cllJnaﬂX narrows in the opening direction of the circulation tube 226, so
that the oute¥ tUibe walPat 1ie connedtion becomes taper-like (as the taper T1 in FIG. 4). The other

circulation tube 226 has the larger inner diameter Rl at the connection, and the inner diameter RI
gradually naff®&8lin the cppwsitendiféclortofitde Sop@nithis of i dineenatidie tiper 208 W ivmt the inner
tube wall at the connection becomes inversely taper-like (as the taper T2 in FIG. 4). Accordingly, the
circulation tule®ars Exhase depriseted togyagiirang e sidssrel thedrentranghrgas|eed swifagiser and even
adhere to each other by using, for example unlimitedly, a paste or adhesive to constitute the outer
circulation pgsssﬁééhﬂé@b@@ér,bﬂﬁél‘inbfé%ﬁi&ﬂs FoPRRtREY theRstddem P ther isthscifed ¥t chnologies
that can connect the opposite circulation elements 222 also can be used. [0039] As shown in FIG. 4, in
this embodirﬁ@ﬁ?,e’éféclf tHRe IS 1 aTeh SIETHEGR 39PRcIddes Athichstasecifitmateth diiniify groove
228. One end of the circulation curving groove 228 is connected to the circulation tube 226. When the

end cap 2239 TRRANEN &I BHASERRINEE %6 the sliding block body 221, the circulation curving

groove 228 and the circulation guiding groove 227 will constitute a circulation curving passage. The
circulation cy00dR] pagsagi@issitb$HESiadyaad: Gnimghis ettt s apeopbdsitoiachofpand the two
ends of the circulation curving passage are coupled to the inner circulation passage and the outer
circulation passage? fespegivbly ltogmosthlyicitangedhehmovidigglitdotiorboflyh@ Daltsiz e
connected together in the circulation channel 225 to constitute an outer circulation
passage. The two opposite circulation tubes 226 have tapers T, and T, at the
connection, respectively, and the tapers T, and T, correspond to each other. In detail,
the taper T1 belongs to the circulation tube 226 having the relatively smaller outer
diameter R, at the connection, and the outer diameter R, 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 T; in FIG. 4). The other circulation tube
226 has the larger inner diameter R; at the connection, and the inner diameter R;
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

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

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



[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 inventiorFI&MBlgivHER TR, 10T O AU R ARSHIHET B BB aIlaffr8rBaStS ntensify the
ability of guiding the balls 23, the circulation guiding groove 227 and/or the circulation curving groove
228 can furthESRIdES BIFARRP &F BRcliatieh GEraing? R SV S W ChIRICR &t dhisposed in
the circulation element 222 at proper. angles to reduce the i{]fluence of the moving direction change on
the balls 23. BGPTSR RRPRTEIEECHAI0T BleBENS SHeha i EtRoRsEfements 222 can be disposed
to the end surface ES of the sliding block body 221 by fastening, engaging, adhering, locking,
embedding, [08Hir cambinations, FGd #hercdnneationditherepetnleefi isepeirtariatach febemeine end surface
ES to the inside. In this embodiment, the connection between the circulation element 222 and the
sliding block23@dn@pdas ackiessed discelagagingrd@4Sjobvdetad, efute ehtheftwe endslefithe inner
circulation groove 224 includes an indentation CC. Each of the circulation elements 222 includes a
protrusion CWconggpordirig $osirenndentatiothCarcatmtithetehe dR{tionVélemdrt @R dapdigdosed on the
end surface ES of the sliding block body 221 by the connection between the protrusion CV and the
indentation @GOng8lkbigrhie G usfaReSided thesdoteusiork budsrd ththineiemwation ooV provide
positioning function so that the assembly precision of the circulation element 222 and the sliding block
body 221 cafrBevénkahceyl HiftkEamerensigedite eranatidh/elsiiesrpitis farsiedisiionection
molding, it has a smooth surface and no deformation, so it can tightly fit the circulation channel 225
that is made B GrmBRTEREFachifm G THaoR MBS RBREMI ETAS ity 7, eReriagdhs 8dtional
difference between the indentation CC and the protrusion CV in this embodiment. In other words, the
connection HBEn®ARCHIE slibiing BIBERTbaRY DE1THRFS CirdbfatisEBMeHY IS R4 B ERectly

achieved without s%ctional difference substantially so that the motion stability of the balls 23 can be

enhanced afftREH BTN Be PEUIR PASBRS B A GM ShSISE AP S DRSS SHRRSHAEISN CC and
protrusion CV can bﬁ a%jéjsted §ccordlng éo the raitilcé:ab@g irtements, and the "no sectional
difference sUBSIRA Rf BRefitSR LSS BES Srﬁb? h&h dt allows some tolerance caused by
machining, assembly precision or other external factors. [0044] The circulation tube 226 also can be
connected td @A40¢ircHationtdhatimetirculation 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

11



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 &HePeses idhrkesnd isusged hahtadidingtiesk thedyorrdspo Adisg BRcanEigNglement 222
can be formed integrally and connected with the sliding block body 221. Therefore, the number of the
componentsNHEENKSK RStEA%STEHNT 7, T SOShHEN e 2h o RBFHh BRI AP r¥ER R ed. 100461

As shown in,FIGSf7 an E afte&the cjrculation elemenﬁé 2_22?,1%56 dispased in the sliding block body
221, the end taPE1958Ca BB ifleaf8d (It dfdPsarsiif surfaclese B&RtinBeblock body

221 by fastening, engaging, adhering, locking, embedding or their combinations, and therefore the
circulation oG BIOVES5%0r o BHek BAB S ARG e AT EUF o858 bt
circulation elerﬂent 2 can constitute the circulation curving passage for guiding the balls 23.

Moreover, i’ |§3\é?nbgoﬁ‘irﬁ%%f?%he 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 [#&48treinhddessl Heashd hrtbariwhitedh e Chlsulationcatentrdios 222 vrd JikeakIpdgordingly, the
connection between the circulation elements 222 and the sliding block body 221 is further stabilized
and intensified. indoUFtLoALcordiftieb tetheraramdtsirueieme s the2limshrderotianativeiale €'of the
embodiment, it is better for the linear motion module 2 to cooperate with three ball holders, which are
disposed onepEaspRRYiBRIE Hritidcsigant {oved shtecortatiprisleehd &lidind Howd sody 221,
respectively. According to the location, the three ball holders can be regarded as the upper ball holder,
middle ball H8RIEPArIBwetsar hiidet!ifiipddaciipody Shbv iHEeongerHeRidempBtithent, each of
the end caps 223 can further include at least two ball holder portions 229 and favorably include four
ball holder pBHIBRE 228 Xnidrithdndsaatiencabs P e o) td3sEledihg HIRERSHSty 221, the

two ball holde(éportions 229 that are parallel to the circulation channel 225 and on the same level (or

opposite to dath?Bthdhs dPSLUANNLES 1538aRHP B PR ESRSRUEENS RN Hoi98F FsnatssiMNthrough the
sliding block body.221. |n this. empodiment, the ca 3 angd the ball holder portions 229 thereof
can be & sinBIEAULS SArtHEctBIIU T RHSRArRor el HIUBES N ERy Jemidl i then
assembled t(e)gl?emceerd. 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



[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 ot REHEEATRbSTES &SP b e roussrdcsi s tata e Aded B MR8 M5Bt same
length as the length of the sliding block body 221. [0050] Moreover, considering the location of the ball
holder, the badPrldefs ritieg B9tk ody Aolduibtsdisitstbadnsietbitred &hfpgfg% S HEUpper and
lower ball holders of the linear motion module 2, respectively, and the ball holder B of the sliding block
body 221 is fHHEIAS etrtf’éﬁ’ﬂ&é%’ie. %&l\]ﬁ%ing 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 bal0lédEler dre bispasddiashelipiping thebtaliracnnnde cinculation plresage 2anchthéxefore the
balls can be kept when the sliding block 22 separates from the linear rail 21. [0051] So far, according
to the linear shdtignbieoll ledyf2Ré invention] vyl ylisposih gt ¢hencuskatiob aléngetitsrirbtiteheiyculation
channels, the diameter of the ball circulation passage can be kept uniform, the roughness of the
passage surfdse ¢an e fethaskd gatktheyefolestion paskhoe is fotraedmhtboteséctiomabdifference, the
noise during the motion of the linear motion module is reduced and the stability of the whole structure
is enhanced eBesitisnbebaduline Wiekhtdn 2ldnrentctad bethsrmeld imddhan thadesthisected with
the sliding block body, the number of the components, the assembly time and the cost can be all
reduced. [00BHeAd VARG it theh RoERsPOBNErE I BaSIRN fCBIORK 222 fefthle fieeToeds four
dust-proof elements DPI and DP2. The two dust-proof elements DP2 are connected to the bottom side
of the slidingMRsERIBogRdernngaigdnebuts sidtablastobederiéntsIDIFENE oidp suBtPBethveen 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'Sre8RBAANBIHELRS HERTMRIHRTTAGHFe RS SRY IHBERbISCATHJAMEPS through the
interval or g%g‘;i‘];fhe linear rail 21 and the sliding block body 221. Additionally, as shown in FIG. 3, the
sliding block Y£78-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 surfd@8@46ES, rasgectivety FIGISprewedtit)q et ehn alicbjadisfedememte?iPR) intalthyesedide through
the front or rear end of the sliding block 22.

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
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[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
embodimenth e TR BIRfadiEPasrd IS s otRPsE MdsbRuddisg W AMdrrsL sidgRidba @sifesponding to

the four circulation channels 255, resgectively. The self-lubricating element SL is a part of the

circulation p25dagelidiashlngh Re®id2 LireaReSHIRlY waft eramingdie- s desaiing eteedBiredalk a part of
the i | of the ball circulati ) h ber storing lubri herein, so the ball
25 can be B HINEN BESSHRY triRglWE Sell MHEa R e en e b BT of
lubrication i ieved. [0055] As sh in FI 0 11, in thi bodi . th ite t
croutaton LIBUAS 2618 69t ctah ALY bl e S P RISHE ST SEr el S TP acsembly
ofthe inear gyotion marle 2, he selfluticating elemnts SL can e disposed i he,girulation

€
channels 2557 a & CirctitStion Bements are disposed on the two si S%€dch of the end

surfaces ES of t liding block body,221 hat the circulatjon tu 226' can connect to the

el ubricati bIE e ] TR 2gds S Do A St L LR A OMTS to it the
opposite two ﬁ' |ati JUDER 2265 havi fres i REr, b, s'% ] ing circulation
passage all tsoggt%?rgﬁghﬁ\?v operiir%e(;lr?&élgsl %%t%e(%g%t?k%lﬁc%at%g e%e%%e?n% g@?%o%at% gve a

tumpet.ike shangith Agliagreses sighityagerhan ibednnsr dameter 1 aldhegisylafion tube

226', for enhancing the stability of the entering condition of the balls 23. Moreover, the'variation of the

outer diamelgs RO-RING RAT kize-f %éﬁ[ﬁ@%%ﬁr}@ﬂ&eﬁha&ﬁﬂgﬁﬁﬁ%"%ﬁhﬁfger diameter

Ro) is favorably about O to 0.15 times the diameter of the ball and t h of the taper T3 is
favorably abgidcR dytimes the diameteeftla:balk 2341Q0°81 The materalifithe seifibwericating

element SL is, for example unlimitedly, metal, plastic or resin material. Favorably, the material of the
self-lubricatingel@eest Sinisnetahge Pibas FranRaesyigifividRdisacke suitaRleferghegase where
the circulation element 222" is formed in the sliding block body 221 by injection molding. In this case,
the metallic sedinihrigcatiRgrelamentscalagathbiaisidiiBeblock 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 he sliding block bod 1 are combined together, and besides, the o site two
Craton 1Y B B e B B B e e e L L e e ater
circulation passage together. In this.case, the connection between the circulation tube 226' and the
b e e B B b D Sk B BT S T e

is smaller th%Rf&egna%S mfegfﬁ%ﬁt%{af tm?dbﬁlleg%an 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
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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 mitRsH BRtholdand sipmiddigrelbanlder g stisrpssttiahel ivitgihgamney BMfe balls can
be enhanced Furthermore, when the positioninﬁ}structure and/or the self-lubricating element are

applied in theTRYBHESP 3 a%50 arb MR giddPHIRidenand igilece dalhBYdst s dlimesedver,

because the opposite two circulation elemepts and/or the end caps.with the ball holders can be made
by an integrﬁﬁycab?mﬂggth?alrﬂ’féeﬁ {HBhIME P%?Th@ﬁ%ﬁ%%ﬂ@?ﬂf%?‘iﬁ@r&giea%ﬁ%gaﬂw érjfﬁmg steps can

be all reduced and therefore the tolerance caused he multjple assemblies can be avoided. [0058]
In comparisaﬁdl\ﬁﬁlﬁ%%@%%ai?f% %%Pﬂﬁ%t%s(%%?ﬂﬁﬁg%r{a&%ﬁinear motion module of the invention
can overcome the disadvantages such as the taper of the tube diameter or the roughness of the
passage surf@@81lvhith &re anfavonghitette ineemotigmofrtivdlalis, thadnertedordyhbspoisegduring the
motion can be reduced and the motion stability can be increased. Besides, by the self-lubricating
element providingchiativbridemtnisannberéaranaeopatveanl shthd dimtdatiibehaHe vallitaerd the
circulation passage can be reduced. When the integrally forming method is applied to the linear motion

module of theajiseeatien, khkepmubeioohtHbcovnpbrrsateicts Mesegacadiasrdatie korsgaershts within
the sliding block can be combined as a single piece. Therefore, the circulation passage can tightly fit
the sliding btk thejaes dhranpssrasnigpauphortthguorediangd dHiRr erecp s agss Mrangihduring the
motion of the balls can be avoided. [0059‘]5‘ Although the invention has been described with reference to
specific embBaiicaME hainsaserpsih meABletesar s bandohstrtadility fifring dessachssious
modifications of the disclosed embodiments, as well as alternative embodiments, will be apparent to
persons skillScPIREAESHrt. BFSIdRreeeras B SHBIERMRSMAR S EHE R S Rednid et ko dar all

modifications that fall within the true sco f the inventign. CLAIMS
connected WH:L the sl&ding blo%le< gody, 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 DP; and DP,. The two dust-proof elements DP,
are connected to the bottom side of the sliding block body 221, and the other two
dust-proof elements DP; are disposed between the top side of the linear rail 21 and the
upper ball holder. The dust-proof elements DP; and DP; 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 DP; 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
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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 ralil
groove constitute an inner circulation passage, and each of two sides of the sliding block body is
configured wWiiteak 18194108 cROGdSorPBIRNEI Bt rFEapeh i tdhheCiFBRtEgR eI pahge and
penetrates through the sliding block body; at least four circulation elements disposed on the two sides
of each of tw3rEHaURIHERE Tt HMESIRAHEUSITB G L HOSPectiery VihaliR e%eh RATHIEP ulation
elements includes at least a circulation tube disp%s‘é%ﬂ in the correspon ingbcircula ioraichannel, and the

opposite twa SrEiRfSROEMIERArIE SARSSSONE EAER SthRY 5 EBHsita R QAR EReAIRfh passage:
and two end &a S disgg&e%f%lsa;%%\(?ﬂend surfaces of the sliding block body, respectively, wherein
[

each of the & caéﬁg B At REETNS  circulation guiding grooves, and the circulation
guiding groove is correspondingly connected to the inner circulation passage and the outer circulation
passage; anfD054]  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 R; of the circulation tube 226°, for enhancing the stability of the
entering condition of the balls 23. Moreover, the variation of the outer diameter R,

of the taper Ts (i.e. the largest outer diameter R, minus the smallest outer diameter R,)



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 integrallySfdayRsably. aheutifdar i StiomenchribaasEriddha Bl ARt dhsidetedhophisite two
circulation tubes are connected to each other by adhering. 5. The linear motion module as recited in

claim 1, wheif- thei S fangBIyab awAde iEmae thadngahefdbr-Mbichting elements, which are

disposed in the circulation channels respectively, and the opposite two circulation tubes are connected
together thrqo@Behe Saiématicating ¢lerwhtubricating 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



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 cofitffetethtopd st dHHEABRJ Rl ARIACISyRBNRSIMAds. PhetinBdsFidbofomvidgle as
recited in claim 1, wherein each of the circulation elements includes at least one circulation curving
groove, one BABGTtHY Birethetioh BSrorBRIRSOVE Hconetddhs markiriisatishstape baridlthe

circulation curving 3ro%\1/ and the circulation guiding groove constitute a circulation cur igg passage
Fe ed.

which connelt e SARC GUH P D B B ARHER ey avol

[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.



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 rfdablBS 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 nyogmesthphébasballs 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 iihe egqicg ), tkg) : 81?%% 'ltﬁetwg barll timlder portions parallel to the circulation channel are
connected to each other 1o constitute & Ball Rolder. 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 anlingamitiowcandethel belidhoidee pdigored eotistituessh bl iiweppahie connection
between the protrusion and the indentation.

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

other circulation guiding groove.

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.

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

circulation tubes are integrally formed.

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

circulation tubes are connected to each other by adhering.

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.

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.

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.

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

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

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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10.

11.

12.

13.

14.

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.

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.

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

the indentation and the protrusion has no sectional difference substantially.

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.

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.

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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