§BECIFICATICN TI TLE OF THE | NVENTI ON SLEEVE BOREétuszv?-

MACHI NI NG APPARATUS AND SLEEVE BORE . MACH NI NG METHOD 5 BACKGﬁngghﬂy
GF THE | NVENTION The present invention relates to a sl'eeve
bore - machi ni ng apparatus, as well as a sleeve bore machining

net hod,.-optim zed for nmachining with high accuracy the bore of

sl eeves 'to be used in precision sliding bearings,. 10 dynam c- pressure

type fluid bearings, and the |ike. Referring to the
acconpanyi ng draw ngs, an exanpl e of the sleeve bore nachining
apparatus and sl eeve bore nachinigg_nethod according to the prior art
IS descri bed bel ow Fig. 19 is & sectional view of the 15

conventional sleeve bore machi ni nggpaPaFRAYToand Fig. 20
IITLE OF THE INVENTION

SLEEVE BORE MACHINING APPARATUS AND SLEEVE BORE
MACHINING METHOD
5  BACKGROUND OF THE INVENTION
The present invention relates to a sleeve bore .
machining apparatus, as well as a sleeve hore machining
method, optimized for machining with high accuracy the bore
of sleeves to be used in precision sliding bearings,
10 dynamic-pressure type fluid bearings, and the like.
Referring to the accompanying drawings, an
example of the sleeve bore machining apparatus and sleeve
bore machining method according to the prior art is
described below. Fig. 19 is a sgectional view of the
15 conventional sleeve bore machining apparatus, and Fig. 20
is a machining process chart of the apparatus. Refg:rinéh
to Fig. 19, a work spindle 219, to which a chuck 218 is
fitted, rotates while gripping a sleeve {(workpiece) 201.
A stage 221 is slidable and has a reamer 220 fixed thereto.
20 The  operation of_the conventional sleeve bore
machining aéparatus and gleeve bore machining method with
the above constitution is explained below. While the stage
221 moves in sliding contact w1th the rotating sleeve 201
&s shown in Figs. 19 to 20, the reamer 220 machines a bore

25 201A of the sleeve 201. Then, the machining is ended.
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is a machi ni ng process chart of the apparatus. Referring to Fig. 19,

a work spindle 219, to which a chuck 218 is fitted, rotates while
gripping a sleeve (workpiece) 201. A stage 221 is slidable and has a
reamer 220 fixed thereto. 20 The operation of the conventional
sl eeve bore machi ni ng apparatus and sl eeve bore machi ning nmethod with
the above constitution is explained below Wile the stage 221 noves
in sliding contact with the rotating sleeve 201 as shown in Figs. 19
to 20, the reaner 220 machines a bore 25 201A of the sleeve 201. Then,

t he machining i s ended. - 2-
However, the above constitution has the % 611 owi ng | ssues. That is,

the dianmeter size of tRheJmeh nadt B E@e jd%nhstltutbgé b%%néﬁgefoq.tioalng

di spersions of around 5 [err]m an
issues. That is, the dlameter size of the machined bore 1A

has considerable dispersions of around z 5 um, and yet the
cylindricity is as poor as 3 to S5 um such that the
5 machining often results in a t;per shape. The resulting
sleeves, if used in bearings or the like, would show poor
performance.
SUMMARY OF THR INVENTION
An object of the present invention is to provide
10 a sleeve bore machining apparatus and method capable- of
processing a bore of a sleeve at high accuracy without any
dispersions.

In accomplishing these and .other aspects,

aqcording to a first aspect of the present invention, there
15 1is provided a sleeve bore machining apparatus comprising:

a sleeve holding member for holding a sleev'e"
which is to be machined;

a plﬁrality of reamers positioned on an axis
coaxial with ox parallei to an axis of the sleeve held b.y

20 the sleeve holding member;

a drive member for rotating at least one of one
of the plurality of réamers and the sleeve holding member
to machine the bore of the sleeve by the reamer;

a moving member for relatively moving at least

25 one of one of the plufality ‘'of reamers and the gleeve



cylindricity is as poor as 3 to 5 [err]msuch that the 5 machi ni ng
often results in a taper shape. The resulting sleeves, if used in
bearings or the |like, would show poor per f or mance. - SUMVARY OF
THE | NVENTI ON An object of the present invention is to

provide 10 a sleeve bore nmachining apparatus and net hod capabl e of

processing a bore of a sleeve at high accuracy w thout any

di sper si ons. I n acconplishing these and ot her aspects,
according to a first aspect of the present invention, there 15 is
provi ded a sl eeve bore machi ni ng apparatus conpri sing: a
sl eeve hol ding nenber for holding a sledve which is to be nmachi ned,;

a plurality of reaners positioned on an axis coax

a drive nenbe eé:gxfeéﬁtoit EP%&;?}%&L«:&%& gaecRL t%ﬂerreézctﬁ'lon 3

reaners and t eeve h ne

ial with or £arallel

to an axis of eI BEPRSREITY Ay ireFiam el sthe AxifoPHithy feRBEe an

e

urality of
cé%?%ﬁ t he

sleeve by the reaner; a measurement a18R¥hPY STHHISH O mefbet | Ry nOVI Ng

at Teast supplying a measurement element into the bore of the
5 sleeve;
a pusher for pushing the measurement element into
the bore;
a load cell for measuring a push-in load due to
the pusher; and
10 # calculation unit for performihg calculation to

select a reamer from among the plurality of reamers, in

response to a magnitude of the push-in load.

According to a second aspect of the present

invention, there is provided a sleeve bore machining

15 apparatus comprising:

a sleeve holding member for holding a sleeve

which is to be machined;

an. edged-taper-shaped or generally taper-shaped

reamer positioned on an axis coaxial with or parallel to an

20 axis of the sleeve held by the sleeve holding member;

a drive member for rotating at least one of the

reamer and the sleeve holding member to machine the bore of

the sleeve by the reamer;

a moving member for relatively moving at least

25 one of the reamer and the sleeve holding member in -a



55 one of one of the plurality of reaners and the sl eeve

- 3- hol di ng nmenber in a direction of the axis of the sleeve and a
di rection perpendicular to the direction of the axis; , a
measur enent el enment suppl yi ng nmenber for suppl yi ng a neasur enent
element into the bore of the 5 sleeve; a pusher for
pushi ng the neasurenent elenent into the bore; a | oad
cell for measuring a push-in | oad due to t he pusher; and 10

a calculation unit for performng calculation to select a reaner from
anong the plurality of reaners, in 4response to a magni tude of the

push-in | oad.
direction of the axis of the sleeve and a direction

perpendicular to the direction of the axis;
a measuremeng‘ element supplying member for
supplying a wmeasurement element into the bore of the
5 sleeve;
a pusher for pushing the measurement element into
the bore;
a load cell for measuring a push-in load due to
the pusher; and |
10 a calculation unit for performing calculation to
determine an extent of pushing in the edged-taper-shaped
reamer into the sleeve, in response to a magnitude of the
push-in load.
According to a third: aspect of the present
15 invention, there is provided the sleeve bore machining
apparatus according to the first aspect of the presenﬁ
invention, wherein the plurality of reamers each have, as
part of edge surface thereof, an edged taper shape or a
generally taper shape, and
20 the calculation unit selects a reamer from amount
the plurality of reamers and determine an extent of pushing
- in the selected reamer into the sleeve, in response to the
magnitude of the push-in load.
Accoxding to a fourth aspect of the present

25 invention, there is provided a sleeve bore machining method



Abcording to a second aspect of the present I nvention, there is
provi ded a sl eeve bore machining 15 apparatus conpri sing:

& sl eeve hol ding nmenber for holding a sleeve which is to be nachined;
an edged-taper-shaped or generally taper-shaped “reaner positioned on -
.an axis coaxial with or parallel to an 20 axis of the sleeve held by the
sl eeve hol di ng nenber; a drive nenber for rotating at | east
one of the reamer and the sl eeve hol ding nmenber to nachine the bore of
t he sl eeve by the reaner; a noving nmenber for relatively
noving at least 25 one of the.reaner qu t he sl eeve hol ding nenber in a
-4- direction of the axis of the sl®eve and a direction

comprising steps of:

relatively rotating a sleeve which is to be
machined and one of a plurality of reamers to machine a
bore of the sleeve;

5 after wachining the bore, supplying a.
measurement element for measuring an inner diameter of the
bore into the bore of the sleeve under pressure;

measuring a push-in load caused by the
measurement. element at the measurement element supplying
10 step; and
selecting a reamer to be used, from among the
plurality of reamers, in response to a magnitude of the
push-in load.
Accoxding to a fifth aspect of the present
15 invention, there is provided a sleeve bore machining method
comprising steps of: :
relatively rotating a sleeve which is to be
machined and one of a réamer having an edged taper shape or
a generally taper shape to machine a bore of the sleeve;
20 . after machining the Dbore, supplyiné a
measurement element for measuring an inner diameter of the.
bore into the bore of the sleeve under pressure;
measuring a push-in load caused by the
measurement element at the measurement element supplying

25 step; and



ﬁerpendicular to the direction of the axis; a measur enent

el enment suppl yi ng nmenber for suppl ying a neasurenent elenent into the
bore of the 5 sl eeve; a pusher for pushing the neasurenent
el ement into t he bore; a load cell for neasuring a
push-in |l oad due to t he pusher; and 10 a calculation unit
for performng calculation to determ ne an extent of pushing in the
edged-t aper - shaped reamer into the sleeve, in response to a magnitude
of the push-in | oad. According to a third aspect of the
present 15 .invention, there is provided the sleeve bore machining
apparatus according to the first aspect “of the present I nventi on,
wherein the plurality QferbRRIRISy CAF AR I pushingdih gﬁeeg egur face

t hereof, an edged taper shape or™ a generally taper shape, an 20

the cal cul ati egpett dhaffpRlde Cldanr! R EHOMsBE@WE] in rebenpburadl idy of
reaners and determ ne an extent of pushing
magnitude of the push-in load.
According to a sixth aspect of the preseht
5 invention, ti'xere is provided the method according to the
fourth aspect of the present invention, wherein the
pluralicty of reamers each have, as part of edge surface
thereof, an edged taper shape or a generally taper shape,
and
10 in the selecting step, in response to the
maghitude of the push-in load, a reamer to ke used is
selectea from among the plurality of reamers and an extent
of pushing in the selected reamer into the sleeve is
determined.
1s With the above constitution, the present
invention allows the sleeve bore to be finished with less
dispersion in its diameter size and with high accuracy.
BRIE SCRIPTT THE G _
These and other aspects and features of the
20 present invention will become clear from the £ollowing
description taken in conjunction with the preferred
embodiments thereof with reference teo the accompanying
drawings, in which:
Fig. 1 is a partial sectional view of a sleeve

25 bore machining apparatus according to a first embodiment of



in the selected reamer into the sleeve, in response to the
According to a fourth aspect of the
invention, there is provided a sleeve bore machining nmet hod
relatively rotating a sleeve which is

of the push-in | oad.

present 25

conpri sing steps of:

to be machi ned and one of a plurality of reanmers to nmachine a

bore of the sl eeve; 5 after machi ni ng the bore,

suppl yi ng a measur enent el ement for neasuring an inner dianeter of
t he bore into the bore of the sleeve under pressure;

measuring .a push-in load caused by _the measur enent el enent at

t he nmeasurenent el enment supplying 10 ‘éﬁép; and

10

1s

20

25

the present invention;

Fig. 2 is a partial sectional view showing the
machining process of the machining apparatus according to
the first embodiment of the present invention;

Fig. 3 is a partial sectional view of showing the
bore inner diameter measuring process of the machining
apparatus according to the first embodiment of the present
invention;

Fig. 4 is a partial sectional view of the ball
discharge process of the machining apparatus according to
the first embodiment of the present invention;

Fig. 5 is a partial sectional view of the
machining apparatus according to the first embodiment of
the present invention; |

Fig. 6 is a view showing the relationship between
load detected by the load cell and finished inmer diamétef.
of sleeve bore in the machining apparatus according to the
first embodiment of the present invention;

Fig. 7 is a process chart of a sleeve bore
machining method according to the first embodiment of the
present invention;

Fig. 8 is a perspective view of a taper reamer of

a sleeve bore machining apparatus according to a second

- embodiment of the present invention;

Fig. 9 is a partial sectional view showing the

magni t ude



szlecting a reanmer to be used, fromanong the plurality of reaners, in

response to a magni tude of the push-in | oad. . ~ According
tco a fifth aspect of the present 15 invention, there is provided a sleeve
bore nmachi ni ng met hod conpri sing steps of: relatively
rotating a sleeve which is to be nmachi ned and one of a reamer having
an edged taper shape or a general ly taper shape to machine a bore of
the sl eeve; 20 after machi ni ng the bore, suppl yi ng a
nmeasurenent el ement for neasuring an inner dianeter of the bore into

t he bore of the sleeve under pressure; measuring a push-in
| oad caused by the neasur enent” &l enent at the neasurement el enent

suppl yi ng 25re§5€@6n§ﬂ¥£ between the taper reamer and the sleeve bore
to explain the taper reamer in Fig. 8;
Fig. 10 is a plan view showing the relationship
between the taper reamer and the sleeve bore to explain the
S taper reamer in Fig. 8;
| Fig. 11 is a partial view of the sleeve bore
machining process by the taper reamer of Fig. 8§;
Fig. 12 is a view showing the relationship
between the taper'reamer in Fig. 11 and the sleeve bore;
10 Fig. 13 is a view showing the relationship
between the taper reamer according to the second embodiment
of the present invention and the sleeve bore;
Fig. 14 is a view showing .the relationship
between the finished inner diameter of the sleeve bore and
15 the feeding amount of thg reamer in the method according to
the second embodiment of the present invention; “
Pig. 15 is a process chart of the method
according tb the second embodiment of the present
invention;
20 Fig. 16 1is a perspective view of a reamer
according to another embodiment of the present invention;
Fig. 17 is a partial sectional view showing the
relationship between the pusher and the sleeve bore
according to a still another embodiment of the present

25 invention;



-%- determ ning an extent of pushing in the edged-

t aper-shaped reaner into the sleeve, in response to a magni t ude of the
push-in | oad. : According to a sixth aspect of the present 5
i nvention, there is provided the nethod according to the fourth aspect
of the present invention, wherein the plurality of reaners each have,
as part of edge surface t hereof, an edged taper shape or a generally

t aper shape, and 10 in the selecting step, in response
to the magni t ude of the push-in Ioad a reaner to be used is

selected fromanong the plurality of agers and an extent of pushi ng

in the selected reaner into the sleeve det er m ned. 15

Wth the above constgigt Iﬁ’],is Ehﬁartpfa?feéktct:.onal' gyg‘ptéprb allQus the

sl eeve bore to be finished wth | ess dispersion inits dianet er size
and wi th hi gh lgeunaeyining apBR-EtudRIGBLEThEN O ok RRAWNGI i ment:

These and ot her aspects and features of the

of the present invention;

Fig. 19 is a sectional view of a sleeve bore

§ machining apparatus according to the prior art;

Fig. 20 is a process chart of a sleeve bore
machining method according to the prior art;

Fig. 21 is a view showing the construction of the
computer of the apparatus in Fig. 1; and

10 Fig. 22 is a partial sectional view of showing'
the bore inner diameter measuring process of a sleeve bore
t-uachining apparatus according to a further embodiment of
the present invention.
DE!LILED_DE§QBLEEH2iLELIEE.BEEEEBEEQ.EEEQQEEEHI&

15 Before the description of the present invention
proceeds, it is to be noted that like parts are designateé
by like reference numerals throughout the accompanying
drawings.

Hereinbelow, a sleeve bore machining apparatus

20 and sleeve bore machining method according to one
embodiment of the present invention is described with
reference to Figs. 1 to 7 and Fig. 21. Fig. 1 is a
sectional view of the sleeve bore machining apparatus. A
work spindle 3, which is rotatable by a first motor 6 and

25 supported by bearings 5, is provided on a base 4, and a



20 present invention wll become clear fromthe follow ng descri ption
taken in conjunction with the preferred enbodi nents thereof with

r-ef erence to the acconpanyi ng drawi ngs, in which: Fi g.
1 is a partial sectional view of a sleeve 25 bore machi ning apparatus
according to a first enbodi nent of

-7- the present invention; Fig. 2 is a partial
sectional view show ng the machi ni ng process of the machining
apparatus according to the first enbodi ment of the present invention;
5 Fig. 3 is a partial sectional view of show ng the bore

i nner di aneter measuring process of thelfathining appar at us accordi ng

to the first GEHB%Q' ge_{l; gxe%hgopt{fes%g%k spindle 3. The chuck 2 has a

ball discharge hole 2A penetrated the cylindrical chuck 2

in its diameter direction and connected to its center hole

2A, and has a sleeve (workpiece) 1 fixed to its recess 2C

5 at an upper portion of its center hole 2B, for holding the
sleeve 1. A stage 10 is mounted to a stand 7 fixed to the
side of the base 4 in such a way that the stage 10 is
slidable vertically and laterally by slide members 8, 11.
Reamers 1l2A, 12B having different diameters as well as a

10 pusher 14 having a load cell 13 are fixed to the stage 10
with the reamers 12A and 12B and the pusher 14 positioned
along the axis of the sleeve 1 fixed to the chuck 2. The
vextical slide member 8 is attached to the stand 7 so as to

be capable of sliding along the up-and-down direction in

15 Fig. 1. A gear 9a of the second motor 9 is engaged with a
rack 8a of the up-and-down slide member 8. Therefore, thé
normal and reverse rotations of the gear 9a of the second
motor 9 engaging with the rack 8a of the up-and-down slide
member 8 allows the up~and-doﬁn slide member 8 to move

20 upward and downward with respect to the stand 7. The up-
and-down slide member 8 supports at its upper portion the
stage 10 s0 as to be capable of be slid laterally via the
lateral slide member 11. A gear 18a of the third motor 18

is engaged with a rack 10a of the stage 10 at the end of

25 the stage 10. Therefore, the normal and reverse rotations



i Avent i on; Fig. 4 is a partial sectional view of the bal

10 discharge process of the machining apparatus according to t he

fsi rst enbodi nent of the present invention; Fig. 5is a
partial sectional view of the machi ni ng apparatus according to the
first enbodi nent of t he present invention; 15 Fig. 6 is a
vi ew showi ng the rel ationshi p between | oad detected by the | oad cel
and finished inner dianeter of sleeve bore in the machi ni ng appar at us
according to the first enbodi nent of the present invention;

Fig. 7 is a process chart of a sleeve bgre 20 machi ning net hod accordi ng
to the first enbodi nent of the pre tni I nventi on; Fig.

8 15 a perspegti Vhe V&t Ofsd JARBe LBARA Mbeor 19 BRlaBIHG ROLR LRCNI NI ng
pparatus according To a second enbodi nent of the~présenf i Aventi on;

25 r&tly. 10ai ®fa i tstdgeserd | QDBOwe | e SBeWEAY 1ohee move

laterally with respect to the stand 7 via the lateral slide

member 11-and the up-and-down slide member 8. Thus, by the

5 drive of the second motor 9 and the third motor 18, the two

reamers 12A and 12B and the pusher 14 are capable of moving

in the up-and-down direction which is an axial direction of

the sleeve 1 fixed to the chuck 2 and in the lateral

direction which is a direction perpendicular to ﬁhe axial

10 direction. The lower end of the pusher 14 has a recessed

circular cone shape to ensure that the ball 16 is surely

pushed into the bore 1A of the sleeve 1 and passed through

the bore 1A by the pusher 14. Designated by reference

numeral 1S is a hopper having a stopper 1SA, and the hopper

15 15 has stored balls 16 therein. As shown in Fig. 3, the

stopper 15A opens and closes a lower hole 15C of the hoppei-

15 so that only one ball 16 can be supplied into the bore

1A of the sleeve 1. The hopper 15 is fixed to the stage 10

so that the stagé 10 as well as the reamers 12A and 12B can

20 move between an upper position above the sleeve 1 and a

- retrieval position away from the upper position by the

second motor 9 and the third motor 18. The hopper 15 may

be moved between the two positions by a driving member

separated from'ﬁhe stage 10. Reference numeral 17 denotes

25 a computer including a memory 17c¢, a calculation unit 17b,



- 8- rel ati onshi p between the taper reaner and the sl eeve bore

to explain the taper reaner in Fig. 8; Fig. 10 is a plan

vi ew showi ng the rel ati onship bet ween the taper reaner and the sleeve
bore to explain the 5 taper reaner in Fig. 8; Fig. 11 is
a partial view of the sleeve bore machi ni ng process by the taper
reaner of Fig. 8;. Fig. 12 is a view showing the relationship
between the taper reanmer in Fig. 11 and the sleeve bore; 10

Fig. 13 is a view showing the relationship bet ween the taper reaner
according to the second enbodi nent of the present invention and the

sl eeve bore; Fig. 14 is 2 Vi ew show ng the rel ationship

e A 08T FLET e Pl Shesls BATE gl dhe o0

of the presengeif\@diedr®Ninformation from the load cell 13, relationship

between the measurement information and a finished inner

diameter of the bore 1A of the sleeve 1 stored in the

s memory l7c is calculated at the calculation unit 17k, and

based on the calculated result, the control unit 17a

controls the drives of the first motor 6, the second motor

9, the third motor 18, the stopéer 1S5A of the hopper 15, a

nozzle 19 for supplying oil mist. The nozzle 19 supplies

10 oil'mist to the sleeve 1 etc. at the sleeve machining

process or ball inserting process so as to prevent the bore

1A of the sleeve 1 from being suffered any damage at the

machining process or the bore inner diameter measurement
process. |

15 The operaticon of the sleeve bore wmachining

.apparatus and sleeve bore machining method with the above

constitution is now explained with respect to Fig. 7.

Referring to Fig. 1 and Fig. 2, the sleeve 2 is rotated by

the drive of the first motor 6, while the reamer 12A is

20 inserted to a certain position in the sleeve 1 by the

drives of a second motor 9 and the third motor 18. Through

this process, a bore 1A of the sleeve 1 is machined into a

diameter D1 (step S1 in Fig. 7). 1In Fig. 2, reference

numeral 400 denotes chips.

25 At step 2 in Fig. 7, referring to Fig. 1 and Fig.



ﬁrg. 15 is a process chart of the nethod * according to the second

enbodi nrent of the present . invention; 20 Fig. 16 is a

perspective view of a reamner according to anot her enbodi nent of the

present invention; Fig. 17 is a partial sectional view

show ng the rel ati onshi p between the pusher and the sl eeve bore
-according to a still another enbodi nent of the present 25 invention;

-9- - Fig. 18 is a partial sectional view of a sleeve

bore nmachi ni ng apparatus according to a further enbodi nent of the

present invention; Fig. 19 is a sectional view of a sleeve

bore 5 nmachi ni ng apparatus accordi rmg28o-the prior art:
3, the ball 16 fed from the hopper 15 is pressed into the

bore 1A of the sleeve 1 to pass through the bore 1A to the
center hole 2B of the chuck 2 by the pusher 14 (step S2),
where the push-in load inveclved in this operation with
5 7respect to the bore 1A of the sleeve 1 is measured by the
load celi 13 and ihputted to the control unit 17a of the
computer 17 (step S3 in Fig. 7). After the push-in load is
measured as described above, referring to Fig. 4, the ball
16 that has been passed through the bore 1A is discharged
10 out of the ball discharge hole 2A by pneumatic pressure or
centrifugal force. That is, as shown in Fig. 4, compressed
air from a compressed air supply hole 14A penetrated the
pusher 14 is supplied into the bore 1A of the sleeve 1 to
outwardly discharge the ball 16 in the bore 1A from a ball
15 discharge hole 2A of the chuck 2 by the pressure of the
compressed air through the center hole 2B of the chuck 2:
Instead of the usage of the compressed air, the chuck 2
merely rotates to Hischarge the ball 1§ from the ball
discharge hole 2A of the chuck 2 by the centrifugal force

20 caused by the rotation of the chuck 2.

In the meantime, the calculation unit 17b of the
computer 17 decides whether based on the detected load
information inputted from the load cell 13 into the control
unit 17a and the finished inner diameter of the reamer-

25 machined bore 1A of the sleeve 1 stored in the memory 17c



Fig. 20 is a process chart of a sleeve bore machi ni ng net hod

according to the prior art; Fig. 21 is a view show ng the
construction of the conputer of the apparatus in Fig. 1; and 10

Fig. 22 is a partial sectional view of show ng t he bore inner

di anmet er neasuring process of a sleeve bore machi ni ng appar at us
according to a further enbodi nent of the present invention.

DETAI LED DESCRI PTI ON OF THE PREFFERED EMBCODI MENTS 15 Before the
description of the present invention proceeds, it is to be noted that

| i ke parts are designated by like reference nuneral s throughout the
acconpanyi ng dr awi ngs. = 14 - Hereinbel ow, a sleeve bore

machi ni ng appar

20 d di
to one aE&ﬁrﬁﬁﬂ?“S?gt% Vgﬁf heﬁnﬁf-$¥r€§ @?Eflhgd Sjﬁﬁéw e
reference to E 1 8sve llcérﬁbf:.e%nglgﬁQ‘.hezgpem.fi&t:.o:h '§ & t ge f..s.ﬁfél‘léﬁ'al view.

of the sleeve bore machining apparatus. k spindle 3, which is
rot at abl e by anhér sdiamiter Grand tHo Baﬂywrdzﬁdtch‘y 11 NoEnd, theén provi ded
on a base 4, and a
determines which is better to use as the reamer for the.
s next sleeve machining process, the thinner reamer 12A or
the thicker reamer 12B (step S$4 in Fig. 7).

If the computer 17 has been decided that the
inner diameter of the bore 1A of the sleeve 1 is too small,
ancther sleeve to be next machined is wmachined by the

10 thicker reamer 12B into a bore diameter D2, as shown in
Fig. 5 (step 85 in Fig. 7). As a reéglt, the bore 1A of
the sleeve 1 is next machined is machined by the thicker
reamer 12B into the bore diaﬁeter D2. This diameter of the
bore 1A is measured similarly as shown in Fig. 3, i.e. in

is the same manner at steé 83 and the reamer 12A or 12B,
whichever it is used as regquired, is selected. :

Fig. €6 1is a graph showing the relationship
between the detected load of the load cell 12 and the
diameter difference (between ball diameter and sleeve

20 diameter). If the detected locad f£alls inside the range of
Pl to P2, it means that the sleeve bore diameter is within
the tolerance. If the detected load is cver P2, the bore
diameter D1 is too small, in which case the control unit

17a of the computer 17 issues such a signal to the third

25 motor 18 that the thicker reamer 12B will be used for the



-ilo - chuck 2 is fixed to the work spindle 3. The chuck 2 has a

bal | discharge hol e 2A penetrated the cylindrical chuck 2 inits

di ameter direction and connected to its center hole 2A, and has a

sl eeve (workpiece) 1 fixed to its recess 2C 5 at an upper portion of its
center hole 2B, for holding the sleeve 1. A stage 10 is nmounted to a
stand 7 fixed to the . side of the base 4 in such a way that the stage
10 is slidable vertically and laterally by slide nenbers 8, 11.
Reanmers 12A, 12B having different dianeters as well .as a 10 pusher 14
having a load cell 13 are fixed to the stage 10 with the reamers 12A

and 12B and the pusher 14 positioned - 15 @along the axis of the sleeve 1

fixed to the chuck 2.. .The vertical slide nenber 8 is attached to the
stand 7 so asnF’ég machining, PXOCess s??d?nﬁe%ﬁ%g e S&A98n 40 a8 r ect i on

.in and the reamer 12A is exchanged for the reamexr 12B to be
used.

Fig. 7 is a process chart of the sleeve bore

S machining method according to the first embodiment of the

present invention. In this machining method, as described

with Figs. 1 through 6, the machining and the bore diameter

check are carried out according to the order of this
process chart.

10 It is preferable that the diameter of the ball 16
is the same as or larger than the finished inner diameter
of the bore 1A of the sleeve 1 by about several micron
meters. For example, when the finished inner diameter of
the bore of the sleeve is 3mm, the diameter of the ball is

15 3mm + 3um., At that time, the load ceil 13 detects 1.5kg
load to be decided that the suitable finished diameter ié‘
obtained. —

As seen above, according to the present first
embodiment, the reamer 12A or 12B, whichever it is more

20 suited out of a plurality of reamers with different
diameters, 1is selected for the machining process.
Therefore, the finished inner diameter of the bore 1A of
the sleeve 1 has high accuracy. |

Figs. 8 through 15 shqw a sleeve bore machining

25 apparatus and method according to a second embodiment of



15 Fig. 1.

of the up-and-down slide nenber 8. Therefore,

r.ot ati ons of

8a of the up-and-down slide

sl ide nenber

A gear 9a of the second notor 9 is engaged with a

rack 8a

t he normal and reverse

t he gear 9a of the second notor 9 engaging with the rack

menber 8 all ows the up-and-down slide

menber 8 to nove 20 wupward and downward with respect to the stand 7. The
up- and-down slide nenber 8 supports at its upper portion the
stage 10 so as to be capable of be slid laterally via the | at er al
11. A gear 18a of the third notor 18 Is engaged with a
t he

rack 10a of the stage 10 at the end of §5 the stage 10. Therefore,

normal and reverse rotations - of the gear 19a of

second motor 1Hecpgageay MvdheiB. The EASMAE Yr G99 202, O the

stage 10 to nov

10

15

20

25

1ZB with different diameters are used to obtain the two
kinds of the inner diameters of the bores 1A of the sleeves
1 in the first embodiment. ‘Alternmatively, in the second
embodiment, as described below, only one reamer 12C is used
to obtain the same effect as the first.embodimenc.

Fig. 8 depicts the reamer 12C having an.edged
taper to be used in the second embodiment. This taper ié
approximately 0.3% to 3% in diameter. Figs. 9 and 10 show
a state in which the reamer 12C is inserted in the bore 1A
of the sleeve 1. Figs. 11 to 12 are views under grinding
process, where the'bore 1A is machined by the reamer 12¢C
while causing a certain extent of flexure § around 0.15% to
1.5% due to machining resistance. This extent of flexure
6 and the edged taper of the reamer 12C are offset by each
other, so that the cylindricity of the bore 1A of thé
sleeve 1 is finished to a high accuracy of around 1 um or
less. Further, referring to Fig. 13, by adjusting the feed
of the reamer 12C into the bore 1A of the sleeve 1 to Ll to
L2, the finished inner diameter of the bore 1A can be
changed to D1 to D2. Fig. 14 is an example showing the
relationship between the feeding amount of the reamer 12C
and the finished inner diameter of the sleeve bore 1A when
an about 4 mm-diameter bore is machined.

Fig. 15 1s a process chart of the second

t he



| aterally with respect to the stand 7 via the lateral slide menber 11
and t he up-and-down slide nenber 8. Thus, by the 5 drive of the second
notor 9 and the third nmotor 18, the two reamers 12A and 12B and the
pusher 14 are capable of noving in the up-and-down direction which is
an axial direction of the sleeve 1 fixed to the chuck 2 and in the

| at er al direction which is a direction perpendicular to the axial 10
direction. The |ower end of the pusher 14 has a recessed circul ar
cone shape to ensure that the ball 16 is surely pushed into the bore
1A of the sleeve 1 and passed through_ ,, _ the bore 1A by the pusher 14.
Desi gnated by reference nuner al 1% I's a hopper having a stopper 15A

and the hoppelembbadimébthas celseirededalikth 2fgd ey ehBQu%ﬁSlﬁ.homié%eEisg- 3,

t he - stopper 15A opens and closes a | ower hole 15C of the hopper

15 so that onlsplorshdyaigh ¥3.5carebeleumameeghronksséheaborhe stepsAsaf the
sl eeve 1. The hopper 15 is fixed to the stage 10 so that the stage 10
as wel | as t h&bhrenghr §512A Ghe Lt ambedimenpye Pee vREPredP @Fp@teposi ti on
above the sle 1 _and retrieval position away. fromthe upper
position by t%é‘% L8 Q?e%%kﬁc%tﬂ Ereageﬁ_n%f{)“i‘let}ienf?‘r E*H_ﬁgb?tlig‘?é e Sfper 15
may be myved.pghveRE Hherd1WRyPeE! td My PN 22 drbViPG B the

apparatus or select a reamer from the reamers 12A and 12B
in the first embodiment and the reamer 12C in the second
embodiment when such reamers 12A, 12B, ahd 12C are provided
at the apparatus. That is, when only one reamer 12C is
10 provided at the apparatué, it is unnecessary to carxry out
the process at step 8S15. A process at step S16 is to
decide the feeding amount of the reamer 12C by the
calculation unit 17b of the computer 1.7 when the inner
diameter of the bore 1A is changed,'és described above. In
15 the process at step S16, based on the inner diameter
information of the bore 1A of the sleeve 1 measured by the
load cell 13, the finished inner diameter information, and
the reI_Lationship J‘..nformatién between the feeding amount of
the reamer 12C and the finished inner diameter of the bore
20 1A, the calculation unit 17b of the computer 17 decides the
feeding amount of the reamer 12C. For example, after the
reamer 12C processes the bore 1A of the sleeve 1 by a
certain feediﬁg amount of the reamer 12C, the ball 16 is
inserted into the processed bore 1A to measure the inner

25 diameter of the processed bore 1A by the load cell 13 and



§éparated fromthe stage 10. Reference nuneral 17 denotes 25 a conputer
I ncl uding a nenory 17c, a calculation unit 17b,

- 12 - and a control unit 17a as shown in Fig. 21. Based on the
measurenent information fromthe |oad cell 13, relationship "~ bet ween

t he neasurenent information and a finished inner di aneter of the bore
1A of the sleeve 1 stored in the 5 nmenory 17c is calculated at the
calculation unit 17b, and based on the cal culated result, the control
unit 17a controls the drives of the first notor 6, the second notor

9, the third notor 18, the stopper 15A of the hopper 15, a nozzle 19

for supplying oil mist. The nozzle 19" stbhplies 10 oil nmist to the sleeve 1

'?E)Cpr 2'\[/6';1'[]etﬁ geve trﬁgcbrllx?er %J.amete J.Oscgt%glfer t?:(’flxan the J.tnllg e rJ(_)Ig:neesrs SO as

diameter. At that time, the bore 1A is re-processed by. the
reamer 12C by enough an additional feeding amount to obtaiin
the finished inner diameter and such feed-back control is
S carried out that the feeding amount of the reamer 12C is
increased in the next process. If the measured inner
diameter of the bore 1A is larger than the finished inner
diameter, such feed-back control is carried out that the
feeding amount of the reamer 12C is decreased in the next
10 process.

As seen above, according to the second embodiment
of the present invention, the sleeve can be finished to a
.bore 1A of the sleeve 1 of high accuracy, while its
cylindricity is also of high accuracy, as in the first

15 embodiment..

The reamer 12C of Fig. 8 may also be a generall?i
stepped xreamer havifxg a plurality of tapered grinding
portions or a generally tapered reamer having stepped
portions, without being limited to the above edged taper.

20 It is possible that the reamers 12A, 12B of Fig.
1 each have a taper portion 12D similé.r to that of Fig. 8,
where the computer 17 selects one out of a plurality of
reamers and determines the feeding amount of the reamer.

It has been described in Fig. 1 that the load

25 cell 13 and the pusher 14 are fitted to the stage 10.



IA of. thé sleeve 1 from being suffered any damage at the machi ni ng

process or the bore inner dianeter neasurenent process. 15

The operation of the sleeve bore machining apparatus and sl eeve
bore machining nmethod with the above constitution is now expl ai ned
with respect to Fig. 7. Referring to Fig. 1 and Fig. 2, the sleeve 2
Is rotated by the drive of the first notor 6, while the reanmer 12A is
20 inserted to a certain position in the sleeve 1 by the drives of a
second nmotor 9 and the third notor 18. Through this process, a bore 1A
of the sleeve 1 is nmachined into a diameter D1 (step S1 in Fig. 7).

In Fig. 2, reference numer al 400" d&Rof es chips. 25 At step

_2 |12 !:i 9- 7, uel8LEkNoehd dEs@ il A Jdnfk also when these members are
provided separately.

The configuration of the reamer is not limited to
the above configuration but may be of a generally taper-

S shape shown in Fig. 16, as one example.

The bresent invention is not limited to that only
one ball 16 which is separated from the pusher 14 is
inserted into the bore 1A by the pusher 14 to measure the
inner diameter of the bore 1A, but may be applied to that

10 as shown in'Fig. 17, a measurement element 110 having a
spherical side surface is fixed to a lower end of the
pusher 14 and the measurement element 110 is inserted into
the bore 1A to measure the inner diameter of the bore 1A.

The present invention is not limited to that the

15 chuck 2 where the sleeve 1 is fixed to the chuck 2 is

' rotated with the reamers 12A and 12B or 12C fixed, but ma?.
be applied to that as shown in Fig. 18, while the sleeve 1
fixed to the chuck 2 fixed to a base 104, i:he reamer 1i2A or
12B is rotated by a motor 20A or 20B to obtain the same

20 effect as the embodiment. Although the two reamers 12A and
12B are respectively rotated by the motors 20A and 20B in
Fig. 18, the reamer 12C in the second embodiment may be
rotated by the motor 20A or 20B by replacing the reamer 122
or 12B with the reamer 12C in Fig. 18. 1In Fig. 18, the

25 Dbase 4 and the stand 7 in Fig. 1 respectively correspond to



3, the ball 16 fed fromthe hopper 15 is pressed into the bore 1A of
the sleeve 1 to pass through the bore 1A to the center hole 2B of the
chuck 2 by the pusher 14 (step S2), where the push-in load involved
in this operation with 5 respect to the bore 1A of the sleeve 1 is
measured by the load cell 13 and inputted to the control unit 17a of
t he conputer 17 (step S3 in Fig. 7). After the push-in load is
nmeasured as descri bed above, referring to Fig. 4, the ball 16 that
has been passed through the bore 1A is discharged 10 out of the bal

di scharge hol e 2A by pneumatic pressure_qr centrifugal force. That

Is, as shown in Fig. 4, conpressed T~ “Yair froma conpressed air supply

hol e 14A penetudl esbNBos and PUERAE 19sd T 3UBPLECENL LG 30" e 1A of The

sleeve 1 to outwardly di scharge I'n ore IA froma
bal | 15 discharge hol Bhe presehtiarmifneion 1% nbielmasits e GRSve
conpressed air through the center hole 2B of the chuck 2. | nst ead of
t he usage of tCFPCEsMPRES $@Tsi the tinasyrenkn? elementesety aotAiecdbald

di scharge the hall 16 from.the bal| di scharge hol e 2A of the chuck 2
by the centriﬁ%géﬁ Pﬁ?%ﬁé)ﬁﬂ5°“8 uSRe RRFe H& PGtﬁgFoﬁA%ﬁV%lﬂa SHtickan,

5 Dbe applied to an embodiment where the element is not passed
through the bore 1A. For example, Fig. 22 is a partial
sectiocnal view of showing the bore inner diameter measuring
process of a sleeve bore machining apparatus according to
a further embodiment of the present invention. 1In this

10 embodiment, the sleeve 1 has the bore 1A and a small hole
1C having the smaller than the inner diameter of the bore
1A and the diameter of the ball 16. Thus, the ball 16 can
not be passed through the small hole 1C. Therefore, after
the ball 16 is inserted into the bore 1A of the sleeve 1 by

15 the pusher 14 to measure the inner diametér of the bore 1A,
an eject pin 314 is inserted into the small hole 1C of the'-
sleeve 1 to push the ball 16 in the bore 1A and to
discharge the ball 16 from the iﬁside of the sleeve 1.

| As described above, according to the present

20 invention, a reamer to be used for the machining of the
bore of the sleeve can be automatically gelected from among
a plurality of reamers, or the feeding amount of the reamer
having an edged taper in the machining process can be
automatically determined, so that the dimensional accuracy

25 of the bore as well as the cylindricity can be successfully



I'n the neantinme, the calculation unit 17b of the conputer 17 deci des

whet her based on the detected | oad - information inputted fromthe | oad
cell 13 into the control ~unit 17a and the finished inner dianeter of
the reamer- 25 nmachined bore 1A of the sleeve 1 stored in the nenory 17c
- 14 - in the conputer 17, the dianmeter D1 of the bore 1A of the
sleeve 1 conplies with the specification, i.e. the finished i nner
dianeter or is too large or too small, and then, determ nes which is
better to use as the reamer for the 5 next sleeve machining process, the
t hi nner reamer 12A or the thicker reaner 12B (step S4 in Fig. 7).

| f the computer 17 has been decided tha#lt he i nner di aneter of the
bore 1A of th%x%hﬁﬁéﬁ l1is too small, anot her sl eeve to be next

machi ned is machine by the

. Although the present invention has been fully

described in connection with the preferred embodiments

" thereof with reference to the accompanying drawings, it is

5 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

scope of the present invention as defined by the appended
claims unless they depart therefrom.

10



10 thicker reaner 12B into a bore dianeter D2, as shown in Fig. 5
(step S5 in Fig. 7). As aresult, the bore 1A of the sleeve 1 is next
machi ned i s machi ned by the thicker reaner 12B into the bore di aneter
D2. This dianeter of the bore 1A is nmeasured simlarly as shown in
Fig. 3, i.e. in 15 the sanme nmanner at step S3 and_Lhe_LQQHEL_}Zngr 12B,
whi chever it is used as required, is selected. - s a

: Fi
graph showing the relationship bet ween the d HWHM” u "jm
cell 12 and the di aneter difference (between ba

20 dianeter).

I f the detected load falls inside the range of

P2, it nmeans that the sleeve bore diameter is within the toler
the det ect ed LS 2zs} he bore dianeter D1 is too smal
whi ch case the control unit 17a of the conputer 17 issues such
signal to the third 2% skeeve Hdérd machihing aphdesratuearonpt 28img | |
for the )

10

15

29

25

a sleeve holding member (2) for holding a sleeve
{1) which is to.be machined;

a plurality of reamers (12A,12B) positioned on an
axis coaxial with or parallel to an.axis of the sleeve held
by the sleeve holding member;

| a drive member (6,20A,20B) for rotating at least
one of one of the plurality of reamers and the sleeve
holding member to machine the bore of the sleeve by the
reamer;

a moving member (9,18) for relatively moving at
least one of one of the plurality of reamers and the sleeve
holding member in a direction of the axis of the sleeve and

a direction perpendicular to the direction of the axis;

a measurement element supplying member (15} for

supplying a measurement element (16,110) into the bore of

the sleeve;

a pusher (14) for pushing the wmeasurement element

into the bore;

e | oad
sl eeve
Pl to

ance. |If

[, in
a

be used

a load cell (13) for measuring a push-in load due

to the pusher; and
a calculation unit (17b) for performing
calculation to select a reamer from among the plurality of

reamers, in response to a magnitude of the push-in load.



next machining process. As a result, the stage 10 noves and the

reaner 12A is exchanged for the reanmer 12B to be used.
Fig. 7 is a process chart of the sleeve bore 5 nmachi ni ng et hod
according to the first enbodi nent of the present invention. In this

machi ni ng nmet hod, as descri bed with Figs. lI—threugh—6—the—faehi ning

and the bore di aneter check are carrled out 'ﬂ rder of
this process chart. 10 S preﬂmﬂ Mﬂ II mﬁl anet er

of the ball 16 is the same as or Iarger t han t he fitni 8hedl inner

di anet er of the bore 1A of the sleeve 1 by about several mcron
meters. For exanpl e, mhen the f.inished BAner diameter of the bore of
the sleeve is 3nm the ter,of the ha errlm At that
time, the load cel F'1 ecrs Eogﬁgmacm'nﬁngaapf’ﬁrﬁté“ﬂe%‘?"&?e‘ld‘stll’? £ the

sui table finished di am?i%’lée%e holdflYy @eRBEr (2) for holding £'51386Q above,
according to the present first
(1) which is to be machmed,
an edged-taper-shaped or generally taper-shaped
5 reamer (12C) positioned on an axis coaxial with or parallel
to an axis of the sleeve held by the sleeve holding member;
a dfive member (6,20A,20B) for rotating at least
one of the reamer and the sleeve holding member to machine
the bore of the sleeve by the reamer;

10 _ ‘a moving member (9,18) for relatively moving at
least one of the reamer and the sleeve holding member in a
direction of the axis of the sleeve and a direction
perpendicular to the direction of the axis;

& measurement element supplying member {(15) for

15 supplying a measurement element {16,110) into the bore of
the sleeve; -

a pusher (14) for pushing the measurement element
into the bore;
a load cell (13) for measuring a push-in load due

20 to the pusher; and

a calculation wunit (17b) for performing -
calculation to determine an extent of pushing in the edged-
taper-shaped reamer into the sleeve, in response to a
magnitude of the push-in load.

25 3. The sleeve bore machining apparatus as claimed in



embodi nent, the reaner 12A or 12B, whichever it is nore 20 suited out of
a plurality of reanmers with different di aneters, is selected for the
machi ni ng process. Therefore, the finished inner dianmeter of the bore-

1A of the sl eeve 1 has high accuracy. Figs. 8 through

15 show a sl eeve bore nmachining 25 apparatus égﬁﬁ“““MﬁEfﬁrd%ﬁg-to a

second enbodi nent of t he presiﬂl@ﬁé,ﬂ”ﬂﬂlﬂm - two
Ia A Ed to

ki nds of reaners 12A and 12B with different
obtain the two kinds of the inner dianeters of the bores 1A of the

sl eeves 1inthe first enbodinent. Alternatively, in the second 5
enmbodi ment, as described bel ow, only oné4reanmer 12C is used to obtain

the sane effec s the first enbodirent..,
c&agm &, w erein the plurality of reamexrs each have, as

part of edge surface thereof, an edged taper shape or a
generally taper shape, and
the calculation unit selects a reamer from amcunt
5 the plurality of reémers and determine an extent of pushing
in the selected reamer into the sleeve, in response to the
magnitude of the push-in load.

4, The sleeve bore machining apparatus as claimed in
claim 1, wherein a diameter of the measurement element is

10 equal tc or larger than a finished inner diameter of the
bore of the sleeve.

5. The sleeve bore machining apparatus as claimed'in
claim 2, wherein a diameter of the measurement element is
equal to or larger than a finished inner diameter of the

15 Dboxe of the sleeve.

6. The sleeve bore machining apparatus as claimed iﬁ
claim 3, wherein a diameter of the measurement element is
equal to or larger than a finished inner diameter of the
boxre of the sleeve.

20 7. The sleeve bore machining apparatus as claimed in
claim 4, wherein a diameter of the measurement element is
larger than a finished inner diameter of the bore of the
sleeve by several micron meters.

8. The sleeve bare machining apparatus as claimed in

25 claim 5, wherein a diameter of the measurement element is



Fig. 8 depicts the reaner 12C havi ng an edged taper to be used in the
second enbodinent. This taper is approximately 0.3%to 3%in

di aneter. Figs. 9 and 10 show 10 a state in which the reanmer 12Cis
inserted in the bore 1A of the sleeve 1. Figs. 11 to 12 are views
under dri nding process, where the bore 1A iS machi ned bﬁ the r

eaner
12C whi e causing a certain extent of erxureUlﬂIU“I";ﬂH '|H!I][5%tq
1.5% due to machining resistance. This -extent of f|ByRENEIRI and the

edged taper of the reamer 12C are offset by each ot her, so that the
cylindricity of the bore 1A of the _ leeve 1 is finished to a high
accuracy of around 1 [err]mor | esS. Further, referring to Fig. 13, by
adj usting the1feesh than &of AiRg i MR b f.Eh | eeve 1
to L1 to 20. L2, the fini shedsﬁﬁﬁgﬁ%éi%%elt er gf&ht%ﬁegggrééi% ggne%ée
changed to Dlslee® .by Meyerild micron eegepke show ng t he rel ationship
bet ween the feedi ng amount of the reanmer 12C and the finished inner

di aneter of the sl®eve M6relasvehene machinjngirpparstys i atatieedbire s

machi ned. 25 . Fi.g. 15., is a process chart of _the second
claim 6, wherein a diameter of the measurement element is

5 larger than a finished inner diameter of the bore of the
sleeve by several micron meters.
10. The sleeve bore machining apparatus as claimed in
claim 4, wherein the measurement element is a ball.
11. The sleeve bore machining apparatus as claimed in

10 claim 5, wherein the measurement element is a ball.

12. The sleeve bore machining apparatus as claimed in
claim 6, wherein the measuremént element is a ball.

13. A sleeve bore machining method comprising steps
of:

15 relatively rotating a sleeve (1) which is to be
machined and‘one of a plurality of reaniers (12A,12B) to
machine a bore (1A) of the sleeve;

after machining the Dore, supplying a
measurement element (16,110) for measuring an inner

20 diameter of the bore into the bore of the sleeve under
pressure;

~measuring a push-in load caused by the
measurement element at the measurement element supgl_ying
v gstep; and

25 selecting a reamer to be used, from among the



2217 - enbodi mrent as described wth Figs. 8 through 14. The steps
through S5 in

the first enbodi ment. The process at step S15 is to select a reaner

fromthe a plurality of reaners 5 12C when the plurality of
are provided at the apparatus or select a reamer fromtherearers 12A

and 12B in the first enbodi nent and the rearre mﬂmmulﬂnmuﬂmr
enbodi nent when such reaners 12A, 12B, and 12C are t he
apparatus. That is, when only one reanmer 12Cis 10" pfovidet at t*he'

S11 through S15 are the sane processes at the steps Si1

reaners 12C

apparatus, it is unnecessary to carry out the process at step S15.

process at step Sl6 is to deci de t %€ feedi ng anount of the reaner 12C

A

by the NiLaddPs Of ;.4 he, comput 17 when t i nner
di aneter of t &ggggE?AO?s% Aonged, hsT TR ebed’ dhREYE} el? tHe process
at step S16, guwahednONokde | nner dianeter

10

15

20

25

14. A sleeve bore machining method comprising steps
of: .
relatively rotating a sleeve (1) which is to be
machined and one of a reamer (12C) having an edged taper
shape or a generally taper shape to machine a bere (1A} of
the sleeve;
after machining the bore, supplying a
measurement element (16,110) for measuring an inner
diameter of the bore into the bore of the sleeve under
pressure;
measuring a push-in load caused by the
measurement element at the measurement element supplying
step; and
determining an extent of pushing in the edged:
taper-shaped reamer into the éleeve, in response to a
magnitude of the push-in load.
'15. The method as claimed in claim 13, wherein the
plurality of reamers (12a,12B)} each have,.as part of edge

surface thereof, an edged taper shape or a generally taper

shape, and

in the selecting step, in response to the
magnitude of the push-in load, a reamer to be used is

selected from among the plurality of reamers and an extent



I nformation of the bore 1A of the sleeve 1 neasured by the | oad
13, the finished inner diameter infornmation; and the rel ati onsh

informati on between the feedi ng anount of
finished inner dianeter of the bore 20 I|A the

the conputer 17 deci des the f eedi ng anmount of Oltl“muﬂmf‘nlumlm
exanpl e, after the reaner 12C processes the bal -

a certain feeding anount of the reanmer 12C, the*bd | 16" ss *

inserted into the processed bore 1A to neasure the inner 25 diamnet
the processed bore 1A by the load cell_ éﬁ and t he
i nner diameter is smaller than the fini&hed inner di aneter. At

time, the bor%élﬁp&&irr@;- PLPCERSCReRUcLEE reamebCARG ldfe DY1800410R g

addi ti onal fee

I ng anount to obtain. the finished inner dianeter

such feed- backieterminedi s

i0

15

20

16. The method as claimed in claim in c¢laim 13,
wherein a diameter of the measurement element is equal to
or larger than a finished inner diametexr of the bore of the

Sleeve.
17. The method as claimed in claim 14, wherein a

diameter of the measurement element is equal to or larger

than a finished inner diameter of the bore of the sleeve.

cel |
ip

t he reamer 12C a_nd t he

of
or
ve 1 by

er of’
n, the
t hat

n

and

18. The method as claimed in claim 15, wherein a

diameter of the measurement element is equal to or larger
than a finished inner diameter of the bore cof the sleeve.

13. The method as claimed in claim 13, wherein a
diameter .of the measurement element is larger than a
finished inner diameter of the bore of the sleeve by
several micron meters. .l

26. The method as claimed in claim 14, wherein a
diameter of the measurement element is larger than a
finished inner diameter of the bore of the sleeve by

several micron meters.



5 carried out that the feeding anount of the reaner 12Cis I ncreased
I n the next -process. I f the measured inner di aneter of the bore 1A
is larger than the finished inner di aneter, such feed-back control-is
carried out that the feedi ng amount of the reamer 12C is decreased in
the next 10 process. 144seen above, according to the .
second enbodi nent of the present invention, the sleeve can be finishe
to a bore 1A of the sleeve 1 of high accuracy, while-its

cylindricity is also of high accuracy, as in the first 15 enbodinent.

The reanmer 12C of Fig. 8 may al so be a generally st epped reaner having
a plurality of tapered grinding portions or a generally tapered reaner
havi ng st epped portions, without being limted to the above edged
taper. 20 It is possible that the reamers 12A, 12B of Fig.

1 each have a taper portion 12D sinmilar to that of Fig. 8, where the
conputer 17 selects one out of a plurality of reaners and det erm nes

t he feedi ng amount of the reamer. It has been described in
Fig. 1 that the | oad

Figl
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25 cell 13 and the pusher 14 are fitted to the stage 10.

- 19 - However, the case is the sane al so when these nenbers are
provi ded separately. The configuration of the reaner is not
limted to t he above configuration but may be of a generally taper-

5 shape shown in Fig. 16, as one exapmlge. The present

I nvention is not limted to that only one ball 16 which is separated
fromthe pusher 14 is inserted into the bore 1A by the pusher 14 to
nmeasure the i nner di aneter of the bore 1A, but nay be applied to that
10 as shown in Fig. 17, a neasurenent elenent 110 having a spheri cal
side surface is fixed to a | ower end of the pusher 14 and the
measurenent el ement 110_js inserted into the bore 1A to neasure the.

inner diameter of the Wbré @A
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The present invention is not limted to that the 15 chuck 2 where the
sleeve 1 is fixed to the chuck 2 is rotated wth the reaners 12A and
1.2B or 12C fixed, but may be applied to that as shown in Fig. 18,
while the sleeve 1 fixed to the chuck 2 fixed to a base 104, the
reamer 12A or 12B is rotated by g/q@ptor 20A or 20B to obtain the sane
20 effect as the enbodi nent. Although the two reamers 12A and 12B are
respectively rotated by the notors 20A and 20B in Fig. 18, the reaner
12C in the second enbodi nent may be rotated by the notor 20A or 20B by
repl acing the reamer 12A or 12B with the reaner 12Cin Fig. 18. 1In
Fig. 18, the 25 baig 4 andthe stand 7 in Fig. 1 respectively correspond
to I'g 4 - 20" - t he base 104 and
a stand 104a fixed to the stand 104. The present invention
is not limted to the above :
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enbodi nents where the neasurenent el enment such as the ball 16 is
passed through the bore 1A of the sleeve 1, but can 5 be applied to an
enbodi ment where the elenment is not passed t hrough the bore 1A, For
exanple, Fig. 22 is a partial sectional view of show ng the bore

i nner "di anet er measuring processgpfqa sl eeve bore machi ning apparat us
according to a further enbodi nent of the present invention. In this
10 enbodi nent, the sleeve 1 has the bore 1A and a small hole 1C
having the smaller than the inner dianeter of the bore 1A and the

di aneter of the ball 16. Thus, the ball 16 can not be passed through
the small hole 1C. erefpre, after the ball 16 is inserted into the
bore 1A of the sledvd 15 the pusher 14 to neasure the inner dianeter
of ‘the bore 1A, an eject pin 314 is inserted into the small hole 1C
of the sleeve 1 to jpush the ball 16 in the bore and to

di scharge the ball 16 frgmthe inside of the sleeve
descri bed above, according to the present L20
used for the machining off the - borf£ 0
sel ected from anmong aPalurality df reaner
t he reaner

As
ion, a reamer to be
eve can be automatically
or the feeding anount of

LOAD OF
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(kg)
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DIAMETER DIFFERENCE
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Hhving an edged taper in the machining process can be automatical ly
determ ned, so that the dinensional accuracy 25 of the bore as well as
t.he cylindricity can be successfully

- 21 - machi ned. Al t hough the present invention has
been fully described in connectiog/egth the preferred enbodi nents
thereof with reference to the acconpanying draw ngs, it is 5 to be noted
t hat various changes and nodifications are apparent to those skilled
inthe art. Such changes and nodi fications are to be understood as
i ncluded within the scope of the present invention as defined by the
appended clains unless they depart therefrom 10
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-22- WHAT |'S CLAI MED | S: 1. A sleeve bore machi ning

appar atus conpri si ng: a sl eeve hol ding nenber (2) for
hol di ng a sl eeve (1) which is to be machined; 5 a
plurality of reaners (12A, 12B) positioned on an axis coaxial with or
parallel to an axis of the sleeve hel dg/q4 by the sleeve hol ding nenber;
a drive nenber (6, 20A, 20B) for rotating at | east one of one of the
plurality of reaners and the sleeve 10 holding nenber to nmachi ne the bore
of the sleeve by the reaner; ' a novi ng nmenber (9,18) for .
rel atively noving at | east one of one of the plurality of reaners and
the sl eeve hol ding nmenber in a direction of the axis of the sleeve and
F g0
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15 a direction perpendicular to the direction of the axis;

a neasurenent el enent supplying nenber (15) for supplying a
heasurenent el enent (16, 110) into the bore of t he sl eeve;
a pusher (14) for pushing the neasurenent elenent 20 into the bore;
a load cell (13) for neasuring a pushyi{yload due to the pusher; and
a calculation wunit (17b) for performng calculation to select a
reamer fromanong the plurality of 25 reaners, in response to a nagnitude
of the push-in | oad. - 23 -
2. A sleeve bore machi ni ng apparatus conpri sing: a sl eeve
hol di ng nmenber (2) for holding a sleeve
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() which is to be machined; an edged-t aper-shaped or
general |y taper-shaped 5 reaner (12C) positioned on an axis coaxial with
or parall el to an axis of the sleeve held by the sl eeve hol ding
menber ; a drive nenber (6, 20A 20B) for rotating at | east
one of the reamer and the sleeve hol di ggigenber to nachine t he bore
of the sleeve by the reaner; 10 a novi ng nenber (9, 18) for
relatively noving at | east one of the reaner and the sl eeve hol di ng
menber in a direction of the axis of the sleeve and a direction
perpendi cular to the direction of the axis; a measur enent

el ement supplying nenber (15) for 15 supplying a neasurenent el enent
(16,110) into the bore of t he sl eeve; a pusher (14) for
pushing the nmeasurenent el ement into the bore; a | oad
cell (13) for neasuri gge zf-in | oad due 20 to the pusher; and

a calculation wunit 7&r for performng calculation to
determ ne an extent of pushing in the edged- t aper - shaped reamer into
the sleeve, in response to a

BORE
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DIAMETER

{um)

REAMER FEED: L (mm)
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ﬁhgnitude of the push-in load. 25 3. The sl eeve bore machi ni ng

apparatus as clained in - 24
claim1l1, wherein the plurality of reanmers each have, as part of edge
surface thereof, an edged taper shape or a general ly taper shape, and
the calculation unit selects a reaner §fm amount 5 the plurality of
reanmers and determ ne an extent of pushing in the sel ected reaner
into the sleeve, in response to the magni t ude of the push-in | oad.
4, The sl eeve bore machi ning apparatus as clained in claim1l,
wherein a dianeter of the neasurenent element is 10 equal to or |arger
than a finished inner dianeter of the bore of the sl eeve.
Figlé
Fig 17
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5. The sl eeve bore machining apparatus as clainmed in claim 2,

wherein a dianeter of the neasurenent elenent is equal to or larger
than a finished inner dianmeter of .the 15 bore of the sleeve. _ 6.
The sl eeve bore machi ning apparatus as clained in " claim3, wherein a
di aneter of the measurenent el ement iFOHAL equal to or larger than a
finished inner dianmeter of the bore of the sleeve. 20 7. The
sl eeve bore nachining apparatus as clainmed in claimd4, wherein a
di aneter of the nmeasurenent elenent is | arger than a finished inner
di aneter of the bore of the sl eeve by several mcron neters.
8. The sl eeve bore machi ning apparatus as clainmed in 25 claimb5,
wherein a diameter of the neasurenent elenment is '
- 25 - :
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|arger than a finished inner diameter of the bore of the sl eeve by
several mcron neters. 9. The sl eeve bore machi ning appar at us
as claimed in ‘claim6, wherein a dianeter of the nmeasurenent el enent
is 5 larger than a finished inner diameter of the bore of the

sl eeve by several mcron neters. 11/14 10. The sl eeve bore nachi ni ng
apparatus as clained in claim4, erein the neasurenent elenent is a
bal | . 11. The sl eeve bore nmachining apparatus as clainmed in 10
claim5, wherein the measurenment elenent is a ball. 12. The

sl eeve bore machi ning apparatus as clained in claim6, wherein the
nmeasurenment elenent is a ball. 13. A sl eeve bore nachini ng nethod
conpri si ng steps of: 15 relatively . rotating a sleeve (1)
which is to be machi ned and one of a plurality of reamers (12A 12B) to
machi ne a bore (1A) of the sleeve; after machining the
bore, suppl yi ng a nmeasur enent el enent (16,110) for neasuring an
inner 20 dianeter of the bore into the bore of the sl eeve under
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pressure; measuring a push-in load caused by the

measur enent el enent at the neasurenent el enent supplying step; and 25
selecting a reaner to be used, from anong the

- 26 - plurality of reaners, in response to a magnitude of the
push-in | oad. 14. A sl eeveidyquge nmachining nethod conprising
steps - of : 5 -relatively rotating a sleeve (1) whichis to
be machi ned and one of a reaner (12C) having an edged taper

shape or a generally taper shape to nachine a bore (1A) of t he

sl eeve; . ' after machining the bore, supplying a

Fig.20 PRIOAR ART
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18 nmeasurenent elenent (16,110) for measuring an inner

di aneter of the bore into the bore of the sleeve under pressure;
nmeasuring a push-in | oad caused by the nmeasur enent el enment at the
measur enent el enent supplying 15 step; and determ ni ng an
extent of pushing in the edged- t Iu- Shaped reamer into-.the sleeve,
in response to a magni t ude of the push-in | oad. 15. The

met hod as clainmed in claim13, wherein the 20 plurality of reaners

(12A, 12B) each have, as part of edge surface thereof, an edged taper
shape or a generally taper shape, and in the selecting
step, in response to the magni t ude of the push-in |load, a reaner to be

used is 25 selected fromanong the plurality of reamers and an extent

Fig.21
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% 27 - of pushing in the selected reanmer into the sleeve is

det er m ned. 16. The nmethod as clainmed in claimin claim13,
wherein a dianeter of the neasurenent elenment is equal to 5 or larger
than a finished inner diameter of the bore of the sl eeve.

17. The method as clained in claiml44/gerein a di aneter of the
nmeasurenent elenent is equal to or |arger than a finished inner

di aneter of the bore of the sleeve. 10 18. The nethod as clainmed in
claim15, wherein a di aneter of the measurenent elenent is equal to or
| ar ger than a finished inner diameter of ‘the bore of the sleeve.

19. The nmethod as clainmed in claim 13, wherein a di aneter of the
measurenent elenent is larger than a 15 finished inner dianeter of the
bore of the sleeve by several mcron neters. 20. The net hod
as claimed in claim14, wherein a di aneter of the measurenent el enent
Is larger than a

Fig 22




fini shed inner dianmeter of the bore of the sleeve by 20 several micron
Aet ers. _ '

ABSTRACT OF THE DISCLOSURE

TITLE OF INVENTION: SLEEVE BORE MACHINING APPARATUS AND
SLEEVE BORE MACHINING METHOD

A sléeve bore machining apparatus has a plurality
of reamers with different diameters, wherein a ball etc. is
pressed in and passed through the sleeve bore after a

S machining with the reamér ingerted in the sleeve, measures
the push-in load involved in the pass-through operation to
select a diameter of thé reamer to be used for the next
machining process in response to a magnitude of the
measured load, or carries out a machining process while a

10 reamer having an edged taper portion or taper stepped
portions in a grinding portion is kept ingerted in the bore
of the sleeve, and controls an extent of insertion of the
reamer for the next machining process in response to a
magnitude of the measured load, so that the dimensional
15 accuracy of the bore as well as the cylindricity can be

successfully machined.

Figure 1.



