SPECIFICATJCN TITLE OF THE INVENTICN Apparatus and Met hod for Nhnufacturlng
Fl'ui d Beari ng {BACKGROUND OF THE | NVETION 5 The present -

i nvertion relates to an apparatus and nethod for manufacturing a fluid
beari ng having a shaft, a sleeve, and a dynam c pressure-generating groove
formetd on the inner peripheral surface of a bearing of the sleeve which is
useq in, for exanple, disk drive devices, rotary 10 head cylinders etc. .
In recent years, with the devel opnment of bearing- applied equi pnents having
hi gh performance, equi pments using fluid Rearings are increasingly adopted.
As shown in Fig. 5, inthis type of fluid bearing, a shaft 4 is 15
rotatably inserted into a sleeve 3 having a dynamc
pressure-generating groove 3A formed on the i nner peri pheral

surface thereof, and lubricating oil is %ﬁgkaggcarxdn
TITLE OF THE INVENTION -
Apparatus and Method for Manufacturing Fluid Bearing
BACKGROUND OF THE INVENTION
5 The present invention relates to an apparatus and
method for manufacturing a fluid bearing having a shaft, a
sleeve, and a dynamic pressure-generating groove formed on
the inﬁéi- peripheral surface of a bearing of the sleeve
which is used in, for example, disk drive devices, rotary
10 head cylinders etc.

In recent vears, with the development of bearing-
applied equipments having' high performance, equipments
using f£luid bearings are increasingly adopted. As shown in
Fig. 5, in this type of £fluid bearing, a shaft 4 is

15 rotatably inserted into a sleeve 3 having a dynamic
pressure-generating groove 3A formed on the innexr
peripheral surface thereof, and lubricating oil is applied
to the gap between the shaft 4 and the sleeve 3. A
pressure is generated owing to the pumping action of the

* 20 dynamic éressure—generating groove 3A caused by the
rotation of the bearing 4 or that of the sleeve 3, with the
result that the bearing 4 or the sleeve 3 rotates without
contact being made therebetween and with high accuracy.

An example of a conventional apparatus for

25 manufacturing this type of groove-equipped fluid bearing is



to the gap between the shaft -4 and the sl eeve 3. A pressure is generated
ow ng to the punping action of the 20 dynam c pressure-generating
groove 3A caused by the rotation of the bearing 4 or that of the sleeve
3, with the result that the bearing 4 or the sleeve 3 rotates without

cont act bei ng made therebetween and with high accuracy. An exanple of a

conventional apparatus for 25 manuf acturing this type of

groove- equi pped fluid bearing is -2- described belowwth reference to
Figs. 6A and 6B. As a conventional nethogl for processing a dynam c
pressure- generating groove 13A on the inner peripheral surface of a sleeve
13 nade of a conparatively soft nmetal, a nmethod for 5 pl astically

processing the dynam c pressure-generating

described below with reference to Figs. 6A and 6B. As a
conventional method for processing a dynamic pressure-
generating groove 13A on the inner peripheral surface of a
sleeve 13 made of a comparatively soft metal, a method for
5 plastically processing the dynamic pressure-generating
groove 13A by using hard balls is known. As an apparatus
for carrying out the method, an apparatus as shown in Figs.
6A and 6B is known. A guide ring 18 is fixed t.o the
leading end 16A of a guide shaft 16. The guide ring 18 has
10 a plurality of guide holes 18a, 18B, 18C, and 18D formed
thereon such that the.guide holes 18A and 18B and guide
holes 18C and 18D are symmetrical and xadially arranged

with respect to the center axis of the guide ring 18,

respectively. Hard balls 173, 17B, 17C, and 17D are
15 inserted into the guide holes 1827, 18B, 18C, and 18D or
pressed thereinto, respectively. The diameter of the

leading end 16A is so selected that the sum of the diameter

of the leading end 16A, that of the ball 17A, and that of

the ball 17B is slightly larger than the inner diameter (d)
20 of the sleeve 13.

The operation of the conventional apparatus for
manufacturing the fluid bearing is described Dbelow.
Referring to Figs. 6A and 6B, when a rotational speed (W)
and a feeding speed (V) are applied to the guide shaft 16

25 or the guide ring 18 with respect to the sleeve 13, the



groove 13A by using hard balls is known. As an apparatus for carrying out

t he met hod, an apparatus as shown in Figs. 6A and 6B is known.' A guide
ring:18 is fixed to the | eading end 16A of a guide shaft 16. The guide ring
18 has 10 a plurality of guide holes 18A, 18B, 18C, and 18D forned

t hereon such that the guide holes 18A and 18B and gui de hol es 18C and 18D
are symretrical and radially arranged with respect to the center axis of

the guide ring 18, respectively. Hard balls 17A, 17B, 17C, and 17D
are 15 inserted into the guide holes 38A, 18B, 18C, and 18D or pressed
t hereinto, respectively. The dianeter of the leading end 16A is so

selected that the sumof the dianeter of the |eading end 16A, that of the
ball 17A, and that of the ball 17B is slightly larger than the inner
di aneter (d) 20 of . the sleeve 13. The operation of the conventional,

apparatus for nman$¥REREF| PEESSUTE ~IPRRFaFingegrraYe 138 ifeLorPel oY RAafhic
' processing comprising the motion of the balls 17A, 17B,

17C, and 17D. 1In processing the herringbone-shaped dynamic
pressure-generating groove 13A as shown in Fig. 5, when the

5 balls 17A, 17B, 17C, and 17D have fed to approximately the
center of the sleeve 13, the rotational direction of the
guide shaft 16 is switched to the direction opposite to the
rotational direction (W) without changing the feeding speed
(V) of the guide shaft 16.

10' - The above-described construction has, however,
.the following problem: Fluid bearings of this type having
a smaller diameter are increasingly manufactured in recent
years. But if the inner diameter of the sleeve is equal to

or less than 2mm, the diameter of the leading end 16A

|
wmn

inevitably becomes as small as lmm or less, with the result
that the guide shaft. 16 may be broken during plastic
processing.
SUMMARY OF THE INVENTION

Accordingly, an object of the present invention
20 is to provide an apparatus and a method for manufacturing
fluid bearing capable of preventing a guide shaft £from
being broken during plastic processing even though a
diameter of a leading end of the guide shaft becomes as

small as, for example, lmm or less.



Referring to Figs. 6A and 6B, when a rotational speed. (W and a feeding
speed (V) are applied to the guide shaft 16 25 or the guide ring 18

Wi th respect to the sleeve 13, the -3- dynam c pressure-generating
groove 13A is formed by plastic processing conprising the notion of the
bal I s: 17A, 17B, 17C, and 17D. In processing the herringbone-shaped dynam c
pressure-generating groove 13A as shown in Fig. 5 when the 5 balls
17A, 17B, 17C, and 17D have fed to approxi mately the center of the sleeve

13, the rotationa

direction of the guide ghaft 16 is switched to the

direction opposite to the rotational direction (W wthout changing the

feedi ng speed (V)

of the guide shaft 16. 10 The

above-descri bed construction has, however,

10

15

20

25

In accomplishing these and other aspects,
according to one aspect of the present invention, there is
provided an apparatus, for manufacturing f£fluid bearing of
dynamic pressure type, by being inserted into a bore of a
sleeve and processing an inner peripheral surface of the

bore to form a dynamic pressure-generating groove,

‘comprising:

a guide shaft for coaxially inserting into the
bore of the sleeve while being rotated and fed axially, the
shaft having a first guide hole in a vicinity of a front
end thereof; and

a plurality of balls held radially into the first
guide hole of the shaft, the balls being harder than the
sleeve and bringing into contact with each other, and a
diameter of a circumscribed circle about the balls béing
set to be larger than an inner.diameter of the bore of the
sleeve.

According to another aspect of the present
invention, there is provided a method for manufacturing
fluid bearing of dynamic pressure type, by using an
apparatus for manufacturing f£fluid bearing of dynamic
pressure type comprising: a guide shaft £for coaxially
inserting into a bore of a sleeve while being rotated and
fed axially, the shaft having a first guide hole in a

vicinity of a front end thereof; and a plurality of balls



the follow ng problem Fluid bearings of this type having a snaller

di aneter are increasingly nmanufactured in recent years. But if the inner
di aneter of the sleeve is equal to or less than 2nmm the dianeter of the
| eadi ng end 16A 15 i nevitably beconmes as small as lnmor less, with the
result that the guide shaft 16 may be broken during plastic processing.
SUWARY OF THE | NVENTI ON Accordi ngly, an object of the present invention 20
is to provide an apparatus and a nethod for nmanufacturing fluid bearing
capabl e of preventing a guide shaft fromlgi-ng broken during plastic
processi ng even though a dianeter of a |eading end of the guide shaft

beconmes as snal

10

15

20

25

as, for exanple, 1lmmor |ess.

held radially into the first guide hole of the shaft, the
balls being harder than the sleeve and bringing into
contact with each other, and a diameter of a circumscribed
circle about the balls being set to be larger than an inner
diameter of the bore of the sleeve, the method comprising
steps of:

holding the sleeve on a base;

inserting the guide shaft into the bore of the
sleeve;

rotating and feeding the guide shaft into the
bore of the sleeve in a rotating direction and a feeding
direction to process an inner pexripheral sﬁrface of the
bore to form a dynamic pressure-generating groove; and

removing the guide shaft from the bore of the
sleeve; and

removing the sleeve from the base.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and features of the
present invention will become clear .from the following
description taken in conjunction with the preferred
embodiments thereof with reference to the accompanying
drawings, in which:

Figs. 1A and 1B are sectional views showing a
part of an apparatus for manufacturing a fluid bearing

according to a first embodiment of the present invention;



-4- In acconplishing these and other -aspects, according to one
aspect of the present invention, there is provided an apparatus, for
manuf-acturing fluid bearing of dynam c pressure type, by being inserted
into a bore of a5 sl eeve and processing an inner peripheral surface of
the bore to form a dynamic pressure-generating groove, conprising: a
gui de shaft for coaxially inserting into the bore of the sleeve while being
rotated and fed axially, the 10 shaft having a first guide hole in a
vicinity of a front end thereof; and a pl-ueatity of balls held radially
into the first guide hole of the shaft, the balls being harder than the

sl eeve and bringing into contact wwth each other, and a 15 di anet er of
a circunscribed circle about the balls being set to be larger than an inner

di anmeter of the bore of the Figs. 2A and 2B are secticnal views showing a

part of an apparatus for manufacturing a £fluid bearing
according to a second embodiment of the present invention;

Fig. 2C is a sectional view showing a part of an

5 apparatus for manufacturing a f£luid bearing according to a
third embodiment of the present invention;

Fig. 3 is a sectional view showing the whole
apparatus of the first embodiment;

Fig. 4 is a sectional view showing an apparatus

10 for manufacturing a fluid bearing according to a fourth
embodiment of the present invention; -

Fig. 5 is a sectional view showing a fluid
bearing formed by a conventional apparatus and the
embodiments of the present invention;

1s Figs. 6A and 6B are sectional views showing a
part of a conventional apparatus for manufacturing a fluid
bearing; and

Fig. 7 1is a flowchart showing a method for
manufacturing a f£luid bearing according to the first

20 embodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before the description of the present invention
proceeds, it is to be noted that like parts are designated
by 1like reference numerals throughout the accompanying

25 drawings.



sl eeve. According to another aspect of the present invention, there is
provi ded a nethod for manufacturing 20 ° flurd bearing of dynamc
pressure type, by wusing an apparatus for manufacturing fluid bearing of
dynam c pressure type conprising: a guide shaft for coaxially inserting
into-a bore of a sleeve while being rotated and fed axially, the shaft
having a first guide hole in a 25 vicinity of a front end thereof; and
a plurality of balls held radially into the first guide hole of the
shaft, the balls being harder than the sl®eve and bringing into contact

wi th each other, and a dianeter of a circunscribed circle about the balls
being set to be larger than an inner 5 di aneter of the bore of the

sl eeve, the nethod conprising '

An apparatus for manufacturing a fluid bearing
according to a first embodiment of the present invention is
described below with reference to Figs. 1A and 1B.
Referring to Figs. 1A and 1B, reference numeral 1 denotes a

5 guide shaft made of cemented carbide. At least one guide
hole 1A arranged radially and passing through the center
axis of the guide shaft 1 is formed in the vicinity of the
leading end thereof. Hard balls 2A and 2B harder than a
sleeve 3 to be processed are inserted into the guide hole

10 1A or pressed thereinto, with the balls 2A and 2B in
contact with each other. The guide shaft 1 has an
operation means for applying thereto a rotational speed in
a rotational direction (W) and a feeding speed in an axiai
direction (V) shown in Fig. 3. Reference numeral 3 denotes

15 the sleeve made of copper alloy or aluminum alloy etc. and
the diameter of a circumscribed circle about the balls 2A
and 2B is so selected that the diameter is larger than the
inner diameter (D) of the bore 3C of the sleeve 3 by 10 -
100 microns. The balls 2A and 2B are made of steel or

20 sapphire which is harder than the sleeve 3. That is, it is
necessary for the ball to have such a hardness that a
desired dynamic pressure-generating groove can be formed on
the inner peripheral surface of the bore of the sleeve.

In Fig. 3, reference numeral 6 denotes a base

25 serving as a éhuck for holding the sleeve 3, 8 a guide bar,



steps of: holding the sleeve on a base; ‘inserting the guide shaft into the
bore of the sleeve; 10 : . rotating and feeding the gui de shaft
into-the bore of the sleeve in arotating direction and a feeding direction
to process an inner peripheral surface of the bore to forma dynam c
pressure-generating groove; and renoving the guide shaft fromthe bore of

the 15 sl eeve; and renoving the sleeve fromthe base. BRI EF DESCRI PTI ON
OF THE DRAW NGS These and ot her aspects and features of the present
invention will becone clear fromthe fold gwng 20 description taken

in conjunction with the preferred enbodinents thereof with reference to
t he acconpanyi ng drawi ngs, in which:

9 a moving body for holding and moving the guide shaft 1 in
the feeding direction (V) while guided by the guide bar 8,
10 a first motor for rotating the guide shaft 1 in the
rotational direction (W), 11 a second motor for back and

5 forth feeding the moving body together with the guide shaft
1 by engaging a pinion gear 19 of a rotating shaft of the
second motor 11 with a rack of the moving body 9, 12 a
bearing, and 20 a coupling for connecting the first motor
10  to the guide shaft 1.

10 . The operation of the apparatus for manufacturing
a fluid bearing having the above-described construction is
described below with reference to Figs. 1A, 1B, 3, and 7.-
First, at étep S1, the sleeve 3 having the bore 3C to be
processed is held by the base 6. At step S2, the guide

15 shaft 1 having the balls 2A and 2B in the hole 1A is fed
into the bore 3C of the sleeve 3 by driving of the second
motor 1ll1. At step S3, the guide shaft 1 is rotated in the
rotational direction (W) by the first motor 10 and fed in
the feeding direction (V) by the second motor 11. That is,

20 in the sleeve 3, a speed is applied to the guide shaft 1 in
the feeding direction (V) and the rotational direction (W),
with the result that the balls 2A and 2B axe fed into the
bore 3C of the sleeve 3 and closely contact tc; the inner

- peripheral surface 3B of the bore 3C of the sleeve 3. In

25 this manner, the dynamic pressure-generating groove 3A is

>



Figs. 1A and 1B are sectional views showi ng a part of an apparatus for
manuf acturing a fluid bearing 25~ according to a first enmbodi ment of the
present invention; -6- Figs. 2A and 2B are sectional views showi ng a
part of an apparatus for manufacturing a fluid bearing according to a
second enbodi nent of the present invention; Fig. 2Cis a sectional view
showi ng a part of an 5 apparatus for manufacturing a fluid bearing
according to a third enbodi nrent of the present invention; Fig. 3 is a
sectional view showi ng the whol e apparatug of the first enbodinent; Fig. 4
Is a sectional view show ng an apparatus 10 for manufacturing a fluid
bearing according to a fourth

formed on the inner peripheral surface 3B of the bore 3C by
plastic processing. At this time, the guide shaft 1 has a
high strength in processing even though the outer diameter
of the guide shaft 1 is very small, and thus, the
5 processing can be accomplished without damage. As one
example, the inner diameter of the bore is (0.8mm - 10
microns) and the outexr diameter of the ball is 0.4mm. As
another example, the inner diameter of the bore is (0.6mm -
10 microns) and the outer diameter of the ball is 0.3mm
10 while the feeding speed is 2-3cm/second when the feeding
speed is 1lcm/second by using the apparatus in Figs. 6A and
6B. That is, the feeding speed can be faster than the
conventional apparatus. At step S4, after the processing
for forming-the dynamic pressure-generating groove 3B is
15 completed, the guide shaft 1 is removed from the bore 3C of
the sleeve 3A by reverse driving of the second motor 11 and

then the sleeve 3 is removed from the base 6 at step S5.
According to the first embodiment, since the
leading end of the guide shaft which is provided in the
20 conventional apparatus is unnecessary, the accuracy of the
dynamic pressure-generating groove 3B can be improved by
increasing only the accuracy of the outer diameters of the
two balls 2A and 2B. In the conventional apparatus, it is
necessary to increase the accuracy of the leading end of

25 the guide shaft and the outer diameters of the balls and



enbodi nent of_the'presenf invention; Fig. 5 1is a sectional "view
showing a fluid bearing formed by a conventional apparatus and the
enbodi ments of the present invention; 15 Figs. 6A and 6B are
sectional views show ng a part of a conventional apparatus for
manuf-acturing a fluid bearing; and Fig. 7 is a flowhart show ng a net hod
for manufacturing a fluid bearing according to the first 20 enbodi nent
of the present invention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Bef ore the description of the present inv?@tjon proceeds, it is to be noted
that |like parts are designated by |like reference nuneral s throughout the
acconpanyi ng 25 dr awi ngs.
then it is difficult to imprdve the accuracy of the dynmamic
pressure-generating groove.

Figs. 2A and 2B are sectional views showing an
apparatus for manufacturing a fluid bearing according to a

5 second embodiment of the present invention. Reference
numeral 4 denotes a guide shaft. Three balls 2C, and 2D or
more balls are inserted into a guide hole 4A or pressed
thereinto, with the balls 2C, 2D, and 2E in contact with
each other. 1In the second embodiment, the steel balls 2C,

10 2D, and 2E each having a diameter of 0.4mm may be used.

Because the number of balls to be used in .the
second embodiment are more than that of those to be used in
the first embodiment, the diameters of the balls to be used
in the second embodiment can be smaller than the diameters

15 of those to be used in the first embodiment.

Fig. 2C shows a third embodiment of the present
invention wherein £five balls 2C, 2D, 2E, 2F, and 2G are
inserted into guide holes 4B of the guide shaft 4 or
pressed thereinto, with the balls 2C, 2D, 2E, 2F, and 2G in

20 contact with each other. Accoxrding to the thixd
embodiment, the balls are arranged in the guide hole of the
guide shaft in two radial directions perpendicular to each

other and thus the arrangement of the balls are in balance

as compared with the first and second embodiments.



-7- -An appar at us for_nanufaqﬁuring a fluid bearing according to a first
enbodi nent of the present invention is described below with reference to
Figs: 1A and 1B. Referring to Figs. 1A and 1B, reference nuneral 1 denotes
abs gui de shaft nmade of cenented carbide. At |east one guide hole 1A
arranged radially and passing through the center axis of the guide shaft 1
Is formed in the vicinity of the | eading end thereof. Hard balls 2A and
2B harder than a sleeve 3 to be processed are inserted into the guide hole
10 1A or pressed thereinto, wth theypalls 2A and 2B in contact wth
each other. The guide shaft 1 has an operation nmeans for applying
thereto a rotational speed in a rotational direction (W and a feeding
speed in an axial direction. (V) showmn in Fig. 3. Reference nuneral 3
denotes 15 t he sl eeve made of copper alloy or aluqinunlallog etc. and

Fig. 4 shows a fourth embodiment of the present
invention. The guide shaft 4 has two guide holes 1A and
1B. The guide hole 1A holds two balls 2J and 2K and guide
hole 1B holds two balls 2H and 2I in the similar manner to

5 the above embodiments. The outer diameter of each of the
balls 2H and 2I are larger than that of each of the balls
2J and 2K. The outer diameter D1 of the portion of the
guide shaft 4 where the guide hole 1A is formed is smaller
than that D2 of the portion of the guide shaft 4 where the

10 guide hole 1B is formed. 1In the fourth embodiment, at the
same time, two dynamic pressure-generating grooves can be
formed at the bores cf the sleeve 3 with different inner
diameters.

In the embodiments, the outer diameters of the

15 balls held in one guide hole can be the same as or be
different from each other.

As described above, according to the embodiments
of the present invention, the guide shaft having a small
diameter and yet a high strength can be constructed and

20 thus, the apparatus provides a fluid bearing having a small
diameter. _

As described above, according to the present
invention, the dynamic pressure-generating groove can be

formed on the inner peripheral surface of the bore of the

25 sleeve having a small inner diameter by inserting a



the dianeter of a circunscribed circle about the balls 2A and 2B is so - -
sel ected that the dianeter is larger than the inner dianeter (D) of the:
bore- 3C of the sleeve 3 by 10 - 100 m crons. The balls 2A and 2B are nade
of steel or 20 sapphire which is harder than the sleeve 3. That is, it
is necessary for the ball to have such a hardness- that a desired dynamc
pressure-generating groove can be forned on the inner peripheral surface of
the bore of the sleeve. In Fig. 3, reference nuneral 6 denotes a base 25
serving as a chuck for holding the sleevex,- 8 a guide bar, 9 a noving
body for holding and noving the guide shaft 1 in the feeding direction (V)
whi | e guided by the guide bar 8, 10 a first notor for rotating the guide
shaft 1 in the rotational direction (W, 11 a second notor for back and

plurality of balls into the guide hole formed on the guide

shaft, with the balls in contact with each other and then
feeding the guide shaft axially and rotating it.

Although the present invention has been fully

5 described in connection with the preferred embodiments

thereof with reference to the accompanying drawings, it is

to be noted that various changes and modifications are

apparent to those skilled in the art. Such changes and

modifications are to be understood as included within the

10 scope of the present invention as defined by the appended

claims unless they depart therefrom.
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aging a pinion gear 19 of a rotating eelng - no| Mt
rack of thenum”ﬂ”“uﬂmﬁl HlZ a bearing H ing for: ;&QH:B&GLL_-QQ__.Q_._
the first i de shaft 1 The operation of
t he appar at us for ‘manuf dct Ur | ng a fluid bearing haV| ng t he above-descri bed
construction is described belowwth reference to Figs. 1A 1B, 3, and 7.
First, at step Sl1, the sleeve 3 having the bore 3C to be processed is held
by the base 6. At step S2, the guide 15. 13 .shaft 1 having the balls 2A
and 2B in the hole 1A is fed into the bore 3C of the sleeve 3 by driving of
the second notor 11. At step S3, the guide shaft 1 is rotated in the
rotational direction (W by the first nmotor 10 and fed in the feeding
direction (V) by the second notor_11. That is, 20 in the sleeve 3, a

speed is applied tUERRLSLGHAEMERES: 1 i the feeding direction (V) and the
rotational direction (Vy:

An  apparatus, for manufacturing fluid
bearing of dynamic pressure type, by being inserted into a
bore (3C) of a sleeve (3) and processing an inner

5 peripheral surface (3B) of the bore to form a dynamic
pressure-generating groove (3A), comprising:

a guide shaft (1,4) for coaxially inserting into
the bore of the sleeve while being rotated and fed axially,
the shaft having a first guide hole (1A,43A) in a vicinity

10 of a front end thereof; and

a plurality of balls (2A,23,2C,2D,2E,2G,
2H,2I,2J,2K) held radially into the first guide hole of the
shaft, the balls being harder than the sleeve and bringing
into contact with each other, and a diameter of a circum-

15 scribed circle about the balls being set to be larger than
an inner diameter of the bore of the sleeve.

2, The apparatus as claimed in claim 1, wherein
the diameter of the circumiscribed circle about the balls is
set to be larger than the inner diameter of the sleeve by

20 10-100 microns.

3. The apparatus as claimed in claim 1, wherein
the sleeve is made of copper alloy or aluminum alloy and
each ball is made of steel or sapphire.

4. The apparatus as claimed in claim 1, wherein

25 the balls ére pressed into the first guide hole of the shaft.
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with the result that the balls 2A and 2B are fed into the borej
sl eeve 3 an
3C of the s

groove 3A is*

cformd Sn the inner per
pl astic processing. At this tine, the gu
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processi ng even though the outer dianmeter of the guide shaft 1 is very

smal |, and thus,
As one exanpl e,

t he outer

di aneter of the bore is (0.6mMm -
ball is 0.3mm 10

f eedi ng

10

15

20

25

the 5 processing can be acconplished without danage.
the inner dianeter of th bore is (0.8mm- 10 microns) and
di anmeter of the ball is 0.4mm ﬁs anot her exanpl e, the inner

while the feeding speed is 2-3cm second when the

5. The apparatus as claimed in claim 1, wherein
the guide shaft (1) further has a second guide hole (1B)
apart from'thé first guide hole (1A), the second-guide hole
radially holding a plurality of the balls (2H,2I) which are
harder than the sleeve and bring into contact with each
other, a diameter of a circumscribed ciﬁcle about the balls
being set to be larger than an inner diameter of the bore
of the sleeve.

6. The apparatus as claimed in claim 1, wherein
the balls are arranged in the first guide hole of the guide
shaft in two radial directions perpendicular to each other.

7. A method for manufacturing fluid bearing of
dynamic pressure type, by using an apparatus for
manufacturing £luid bearing of dynamic pressure type
comprising: a guide shaft (1,4) for coaxialiy inserting
into a bore (3C)}) of a sleeve (3) while being rotated and
fed axially, the shaft having a first guide hole (13,43) in
a vicinity of a front end thereof; and a plurality of balls
(2a,28,2C,2D,2E,2G,2H,2I,2J,2K) held radially into the
first guide hole of the shaft, the balls being harder than
the sleevg and bringing into contact with each other, and a
diameter of a circumscribed circle about the balls being
set to be larger than an inner diameter of the bore of the
sleeve, the method comprising steps of:

holding the sleeve on a base (6);

BB of the bore 3C by
has a high strength in

10 mcrons) and the outer dianeter of the



speed is lcnmisecond by using the apparatus in Figs. sparatus in Figs. 6A and GE THi JR——
the feeding speed can be faster tha R appara [E”%A BEEN

RRERE

S4, “after tlm”mﬂmuuﬂ nm form ng &B ﬂmﬂ ssure ge etai:l:&g—_—gﬁegﬁ-_:
3Bis 15 gui de sha m fromthe bore 3C of

the sleeve 3A By rev8rsd dtiving of t 11 and then the sleeve

3 is renoved fromthe base 6 at step SS. According to the first enbodi nent,
since the | eading end of the guide shaft which is provided in the 20
conventional apparatus is unnecessary, thq_accuracy of the dynamc
pressure-generating groove 3B can be |nproved by increasing only the
accuracy of the outer dianeters of the two balls 2A and 2B. In the
conventional apparatus, it is necessary to increase the accuracy of the

| eadi ng end of 25 the guide shaft and the outer dianmeters of the balls
and inserting the guide shaft into the bore of the

sleeve;

rotating and feeding the guide shaft into the-
bore of the sleeve in a rotating direction and a feeding

5 direction to process an inner peripheral surface (3B) of

the bore to form a dynamic pressure-generating groove (33);
and

removing the guide shaft £from the bore of. the
sleeve; and

10 removing the sleeve from the base.




- 10 - then it is difficult to inprove the accuracy of the dynam c
pressure-generati ng groove. Figs. 2A and 2B are sectional views show ng an
apparatus for manufacturing a fluid bearing according to a 5 second
enbodi nent of the present invention. =~ Reference nuneral 4 denotes a

gui de shaft. Three balls 2C, and 2D or nqie balls are inserted into a guide
hol e 4A or pressed thereinto,, with the balls 2C, 2D, and 2E in contact with

each other. In the se€orfd @ntfoi nent, the steel balls 2C, 10 , and 2E
each having a dianmeter of 0.4nmm may be used. Because &Ke ny of “balls to
be used in the second enbodi nent are nore qhan t hat Eﬁ t hog bgsg?ed I n
the first enbodinent, the dianeters ¢ the,balls to heliused”| econd
enbodi ment can be snmal ler—than the dkﬁn§t7(s 15 be used in
the first enbodi nent.
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Fig. 2C shows .a third enbodi nent of the present invention wherein five
ball.s 2C, 2D, 2E, 2F, and 2G are inserted into guide holes 4B of the guide
shaft 4 or pressed thereinto, with the balls 2C, 2D, 2E, 2F, and 2Gin 20
cont.act wth each other. According to the third enbodi ment, the
balls are arranged in the guide hole of the guide shaft in two radial
directions perpendicular to each other and thus the arrangenent of the
ball's are in balance as conpared with the first and second enbodi nents.

Fig. 4 shows a fourth enbodi nent of the present invention. The qgui de
shaft 4 has two guide holes 1A and 1B. The guide hole 1A holds two balls 2J

and 2K and gui de hole/thhg*d%gtwo balls 2H and 2I in the simlar manner to
[ te

5 t he above enbodi nme The outer dianeter of each of the
1C< 9
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balls 2H and 21 are l.arger than that of each of the balls 2J and 2K The
outer dianeter D1 of the portion of the guide shaft 4 where the guide hole -
1A is forned is smaller than that D2 of the portion of the guide shaft 4
where the 10 guide hole 1B is forned. |In the fourth enbodi nent, at the
sanme time, two dynam c pressure-generating grooves can be forned at the
bores of the sleeve 3 with different inner dianmeters. In the enbodi nents,
the outer dianeters of the 15 balls held in one guide hole can be the
sane as or be different from each ot her-3-As descri bed above, according to

t he enbodi nents of the present invention, the guide shaft having a small

di aneter and yet a high strength can be constructed and 20 t hus, the
apparatus provides a fluid bearing having a small dianeter. As described
above, according to the present
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i'nvention, the dynam c pressure-generating groove can be formed on the

i nner peripheral surface of the bore of the 25 - sleeve having a snal
inner diameter by inserting a - 12 - plurality of balls into the
gui de hole formed on the guide shaft, with the balls in contact with each
ot her and then feeding the guide shaft axially and rotating it. Although
the present invention has been fully 5 _,_ described in connection with
the preferred enbodinments thereof with reference to the acconpanyi ng
drawings, it isto b d #£ha NEY S es and nodifications are
apparent to those skf?pggiiﬁsthgagﬁgpgp Sg?ﬁ7gh ges and nodifications are
to be understood as included wthin the 10 ggope of the present

i nvention as defined by the appended
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clainms unl ess they depart thereforom REPLACEMENT SHEET Date: 0 9 SEP -
1996 Substitute sheet - 6 Septenber 1996 13 clains 1 (Amended) An
apparatus, for manufacturing fluid bearing of dynam c pressure type, by
being Inserted into a bore (3C) of a sleeve (3) and processing an inner
peri pheral surface (35) of the bore to forma dynam c presuure-generating
groov (3A), conprising: a guide shaft (1,4) for coaxially inserting into
the bore of the sleeve while being rotaPed and fed axially, the shaft
having a first guide hole (1A 4A) in a vicinity of a

ig.7

( sTART )

HOLD SLEEVE HAVING BORE WITH CHUCK | St

INSERT GUIDE SHAFT INTO BORE OF SLEEVE | S2

ROTATE GUIDE SHAFT IN W DIRECTION WHILE
MOVING GUIDE SHAFT IN V DIRECTION S3
FOR FORMING GROOVE

REMOVE GUIDE SHAFT FROM SLEEVE S4

REMOVE SLEEVE FROM CHUCK S5

( enp )




front end thereof;

bal | s belng har der
other, and a diane

and a plurallty of bal | s (2A, ZB 2( %PEgQH' A

145 BEEN
2H, 21, 23, 2K) he|dn&ﬁﬂ&ﬁhh¥khﬂi ladee first guids hole of the s H18 hAb“B
ve and bringing into contact th each
L m scribed circle about the baIIs bei ng set

to be larger than
The apparatus as c
circunscribed circ
di aneter of the sl

er of the bore of the sleeve being 2.
| ai med |n cIa|n11 wherein the dianeter of the
| e about the balls is set to be larger than the inner
eeve by 10- 100 microns. 3 (Cancel ed) 4. The

apparatus as clainmed in claiml1, wesTRCh dAeHPDIESLOXUREPr essed into the
[ ' f the shaft. 5. e apparatus—as clainmed in claim

first guide hole o
1, wherein the gui

10

de shaft (1) further has a second guide hole (1B) apart
Apparatus and Method for Manufacturing Fluid Bearing

An apparatus, for manufacturing fluid bearing of
dynamic pressure type, by being inserted into a bore of a
sleeve and processing an inner peripheral surface of the
bore to form a dynamic pressure-generating groove, includes
a guide shaft for coaxially inserting into the bore of the
sleeve while being rotated and fed axially, the shaft
having a first guide hole in a vicinity of a front end
thereof, and a plurality of balls held radially into the
first guide hole of the shaft, the balls being harder than
the sleeve and bringing'into contact with each other, and a
diameter of a circumscribed cirxcle about the balls being
set to be larger than an inner diametex of the bore of the

sleeve,

Fig. 1 to accompany abstract when published
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fromthe first guide hole (1A), the second guide hol e radialljy gag] di
Pturality of the balls (2H,21) which are harder than the sIeétﬁ:ﬁﬂdéEEgﬂéAy"Emﬁ

into-contact wth each other, a dianeter of a circunscribed circle about
the balls being set to be larger than an inner dianeter of the bore of the

sl eeve. 6. The apparatus as clainmed in claiml1,, wherein the balls
are arranged in the first guide hole of the guide shaft in two radi al

di rections perpendicular to eachA anAﬁ;gQEEﬁg§§£%$§ A et hod for
manuf acturing fluid bearing of dy AC by using an apparat us

for manufacturing fluid bearing of dynami c pressure type
Apparatus and Method for Manufacturing Fluid Bearing

An apparatus, for manufacturing fluid bearing of dynamic pressure'typé,
by being inserted into a bore (3C) of a sleeve (3) and processing an
inner peripheral sufface (3B) of the bore to form a dynamic pressure-
generating groove (3A), includes a guide shaft (1,4) for coaxially in- ;
serting into the bore of the sleeve while being rotated and fed axia]ly; 5
the shaft having.a first-guide hole (1A,4A) in a vicinity of a front end

. thereof, and a plurality of balls (2A,2B,2C,2D,2E,26,2H,21,2J,2K) held

' radially into the first guide hole of the shaft, the balls being harder

than the sleeve and bringing into contact with each other, and a diameter
of a circumscribed circle about the balls being set to be larger than an
inner diameter of the bore of the sleeve.



conpr|5|ng (1,4) for coaxially inserting into ‘ EPEA?§ﬁ§NB§HEET
a slee @M be| ng rotated and fed axially, the shaft hggbn‘i% aflig SEP 1996
gui de ! avicinity of a front and thereof; and grealry et
of balls L E 2G 2H, 21, 23, 2K) hel gubgﬁiumélsﬁeeﬂtg sé,gt waﬂggsde
hol e of the shaft, the bal | s belng harder than the steeve and bringing into
contact with each other, and a dianmeter of gscircumscribed circle about the
bal I s being set to be Iarger than an inner draneter of the bore of the

sl eeve. the sleeve being made of coppQtiafg oy:.or alum nium all oy

and each ball being nade of sapphire,the method conprising steps of:

hol di ng the sl eeve ot {Amasdedp); i nser tAmapparatus dfor marnuacturing fludd

of the sleeve;

bearing of dynamic pressure typa, by being inserted into a
bofe (3C) of a slesve (3) and processing an inner periphaeral
surface (3B) of the bore to form a dynamic pressure-generating
groove (3A), comprising:
' a quidn-lhatt (1,4) for coaxially inserting into the
bors of the slesve while being rotated and fed axially, the
shaft having a first guide hole (1A,42) in a vicinity of a
front end thersof; and , ,
a plurality of  Dballs (3A,2B,2¢,2D,2E,26G,
28,3I,27,3K) held radially into the first guide hole of the
shatt, the kallis boing.hardcr than the slseve and bringing
into contact with esach other, and a diameter of a circum-
scribed circle about the balls being set to be larger than an

inner diameter of the bors of the llcevq‘_;h._g;g.x‘_hging

2. The apparatus as claimed in claim 1, wherein

‘the diameter ef the circumscribed circle about the balls is
set to be larger than the inner diameter of the slesve by 10-

100 microns.

3 (Canceled).

4. The apparatus as claimed in claim 1, whersein
the balls ares prassed into thae first guide hole of the shaft.
5. The apparatus as claimed in claim 1, wherein

£he guide shaft (1) further has a second guide hole (1B) apart
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rotating and I\“gw de shaft into the bore of the sleeye in

rotati n ﬁhﬁ\“e “ \feedl ng direction to process an innerljbatd pmr%JSEPm
surface Bor& to forma dynanm c pgaBsti#uie 3ReEt 26 88p

and renovi ng t he guide shaft fromthe bore of the sleeve; and rermw ng the

sl eeve fromthe base. 14

from the first guide hola (1A), the uc“d’i"id guide hola radially
holding a plurality of the balls (2H,2I) which are harder than
the sleeve and bring inteo contact with each other, a diameter
of a circumscribed circle about the balls being set to ba
larger than an inner diameter of the bore of the slaave.

6. The apparatus as claimed in claim 1, wherein
the balla ars arranged in the first guide hole of the §ui.da _
shaft in twe radial directions perpendicular te each other.

.7 (Amendad). A method for manufacturing fiuid
bearing of dynanic pressure type, by using an apparatus for
mutnéturtnq fluid bearing of dynazmic pressure typs
comprising: a guide shaft (1,4) for coaxially ineserting into
a bore (3¢) of a sleeve (3) while being rotated and fed
axially, the shaft having a first guide hole (1A,4d) in a
vicinity of a front end therecf; and a plurality of balls
(2A,2B,2¢,3D,28,26G,2H,21,37,3K) held radially into the first
guide hole of the ghaft, the balls being harder than the
sleeve and bringing into contact with each other, and a
dianeter of a circumscribed circle about the balls being set

to bhe larger than an inner diameter of the bore of the slaave,

holding the slseve on a base (6);
inserting the guide shaft into the bore of the

slaave;

/
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15

rotating and feeding the guicin shatt into the bore
of the sleeve in a rotat'.j.nq direction and a feeding direction
to process an inner peripheral surface (38) of the bore to
forn a dynamic j:ruaitro-qonaratiag groove (3A); and

removing the guide shaft from the bore of the
sleeve; and

removing the slesavs from the base.



