DESCRI PTI ON GUI DE BUSH AND METHOD OF FORM NG HARD CARBON FI LM

OVER THE | NNER SURFACE OF THE GUIDE BUSH 5 TECHNI CAL FI ELD o
The present invention relates to a guide bush included in an automati c
| athe to support a rodlike workpiece for rotation and axi al sliding at

a position near a cutting tool (cutter), and a nethod of formng a 10 hard
carbon fil mover the inner surface_of the Lde bush to be in sliding
contact with the workpiece. DESCRI @&GJND TECHNOLOGY

Gui de bushes nounted on the colum of an automati'’c lathe to hold 15 a

rodl i ke workpi ece for rotation at a position near a cutting tool are

gur de. bush RS TTEP AN pERRES PR FORMENE Harth CaBEONG . s 57
or kpi ece for ot a0 PRRaTHE NER SER ACERRTAE AT ST 07' CF e
type ha§ a portion having a taper outer surface provided with slits to
nmake the sanme portion elastic, a t hr eaded portion to hold the guide

bush on the col 4 @ surface for hol di ng a wor kpi ece. The
I nner surface aI vvays I'n'S |ng contact with a

The present invention relates to a guide bush 1ncluded in an

automatic lathe to support a rodlike Workpiece for rotation and axial
- sliding at a position near a cutting tool (cutter), and a method of forming a
10  hard carbon film over the inner surface of the guide bush to be in sliding

- contact with the workpiece.

. BACKGROUND TECHNOLOGY
Guide bushes mounted on the column of an automatic lathe to hold
15 a rodlike workpiece for rotation at a position near a cutting tool are
classified into rotary guide bushes and stationary guide bu_shes. A rotary
guide bush rotates together with a workpiece and holds the workpiece for
axial sliding. A stationary guide bush remains statioriary and ho_ldé a
workpiece for rotation and axial slidin;g.

20 A guide bush of either type has a portion having a taper outer
" surface provided with slits to make the same portion elastic, a threaded
portion to hold the guide bush on the column, and an inner surface for
holding a workp.i'ece.' The inner surface always in sliding contact with a
workpiece is liable to be worn and, particularly, the inner surface of a

25 stationary guide bush is worn rapidly. | | |
A guide bush proposed in JP-A No. 4-141303 has an inner surface to

be in éliding contact with a workpiece, which slides and rotates on the -



wor kpiece is |liable to be worn and, particularly, the inner surface of a 25

stationdry gdi de bush is worn rapidly. . A guide bush proposed in~
JP-A No. 4-141303 has an inner surface to be in sliding contact with a
wor kpi ece, which slides and rotates on the i nner surface,

attached with a cenented carbide (super hard alloy sleeve) or a ceramc

materi al attached,.to t urface

Unen the THRBF "E5TACE, atGehad gritheh sagientid FerBidicistner Hard. ey slepve)
oot st ance t REEGBAmBPTRL StaRiod b Bk shRel B E B MATR BEIHR I Couceo
rmhimi ng on Vg e deper BIEH e of W ERidS ol iy QAR SyN § BEbRIER °nd
the cuttingrhide Be8dcd i) haldtfal"BEEQISEE ih SwdaPBaRdstaiceS hl BEapcCUTS
due to decrease ?8'6 in the dianetri caf{ c?earance getween the guide gush and
‘the woBkpigstance, &t whar bf'hé TRRér StFfhes %f%etqqﬁdgt!iﬂﬁ &4if Beiredacbdched

with a cenented carbide or a ceramc material, because the cenented

carbi de ang doge extenterami ¢ material have conparatively a |large coefficient
of friction and a Il ow thermal conductivity. Therefore, it has been

difficult to irdowever, WhehSthelapirkpidcecist sulijdctud to heavpe@dchining on  The
stationary gui de bush has advantages that a workpi ece can be
accur at el yamenttoneatic dathe)iighwihicin dhesdepidr afl vatt isclavgekané cthec eatting
' speed is high, the workpiece is damaged or seizing occurs due to decrease
10  in the diametrical clearance between the guide bush and the workpiece
even if _the inner surface of the guide bush is attached with a cemented
carbide or a ceramic mate_rial, because the cemented carbide and the
ceramic material have coinparatively a large coefficient of friction and a
low thermal conductivity. Therefore, it has beén difﬁcult to increase the
15 | depth of cut and cutting speed.

The stationary guide bush has advantages that a workpiece can be
accurately machined in a high roundness because the workpiece can be
held so that its axis-méy not run out, less noise is generated, the
automatic lathe may be of a simple, compact construction.

2 -H'owever, the inner surface of the stationary guide bush is worn far
more rapidly than that of the rotary guide bush and hence it'is more
difficult to increase depth of cut and cutting speed when the stationary
guide bush is err_lbloyed.

Accordingly, it is an object of the present invention to provide a

25 guide bush capablé of solving such problems, having an inner surface to
‘be in contact with a workpiece, having improved wear resistance, and
capablé of enabling an automatic lathe:to machine a workpiece at an

increased depth of cut and an increased lcﬁtting speed without damaging



held so that its axis may not run out, |less noise is generated t he
automatfc | athe nmay be of a sinple, conpact constf EE'?QAS BEEN |However,
the inner surface of the stationary guide bush is P‘? LACrElD m)re rapi dIy
than that of the rotary guide bush and hence it i3 t to

i ncrease depth of cut and cutting speed when the. statlonary gui de bush:
I s enpl oyed. ] Accordingly, it is an object o rese

i nvent i ontgé wrozkpiece, ozscagemge sew#ec&f%meenoﬁheogv{ qé‘lﬁ@h

havi ng an i nper, surface to |n cont c,t Wi e,

o ed Sk Bie: s ARGHaST shiget OF Uhe BRGTEEt GhvERHER 1A doRToRt eoﬁdf’ﬁ\:i’qr}gt he to
machi ne a i ncreased d h of cut and an i ncreased
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t he wor kpi ece or causing seizure between the gU|de bush and t he

wor kpi ece. Anot her object of the present invention is to provide a nethod

DI SCLOSURE OF

. of eff'cientlym{ gﬁm@@ sh 5 '
THE | NVENTI ON 0 {tﬂl“f%g foreg0| ng Obj ect in view, the present

I nvention

Provivigsh ﬁ'le foregomg object in view, the present invention provides a

guide bush havmg an inner surface to be in contact with a workpiece,

~coated with a hard carbon film, and a method of uniformly and firmly

10

'forming the hard carbon film in a short time over the inner surface of the

guide bush.

The hard .carbon' film is forme‘d of a hydrogenated amorphous
carbon 'c.losely resembling diamond in properties.  Therefore,
hydrogenated amorphous carbon is also called diamondlike carbon (DLC).

The hard carbon film (DLC film) has a high hardness (not lower
tha_.n Vickers 3000 Hv), is excellent in wear resistance and corrosion
resistance, and has a small coefficient of friction (about 1/8 that of a
cemented carbide). |

The guide bush of the present invention having an inner surface to
be in sliding contact with a Workpiece; coated with the hard carbon film,
has wear resistance more excell.ent_ than the conventional guide bush
having an inner surface attached with a cemented carbide or a ceramic
material.

Accordirig_ljr, an automatic lathe employing the stationary guide
bush of the present invention is able to achieve heavy machining, in which

depth of cut is 1arée and cutting speed is high, with high accuracy for an

-extended period of time without damaging the workpiece and causing

seizure. , _ e—
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gui de bush having an inner surface to be in contact with a workpi ece,
coated with a hard carbon film and a nethod of uniformy and firmy
~formng the hard carbon filmin a short tine over the inner surface of the
10 gui de bush. The hard carbon filmis formed of a hydrogenated

anor phous carbon closely resenbling dianmond in properties. Ther ef or e,

The hard car bor THTHaBL &g Firg SAZRSE A IR0 BRerAemt e IveL

Vi ckers 3(4gPmidd) ovéﬁtl%ﬁ%+ﬁ§ﬁrfhee W?%heréﬁﬂétﬁﬁlﬁt@%ﬂh%?fcé%h‘eoéﬁhesmn
resi stance, and has a coefficient of friction (about 1/8 that of a

cement ed Qsithied®) the inner surfac-Eh@ndllthQQldi‘dSé'ar%ntﬁlm.present i nvention having
an inner surface to be in sliding contact with a workpi ece, coated with
the hard car boriWihidrm thd) intéemetddte dayet aixc dofiied it @l Itavg-ldyan filme
conventi onal gui de bush havi ng an inner surface attached with a
‘cement &d consistingr off & clowerc layer ofattitardtim, chromium dxe coradinpbyndan
automatic | athe enploying the stationary guide bush of the present

i nventi on ¢omtahing ctibahiwme oneehyominin,nang, am whpen Byerdeft bilidongut i s

| arge and cutting speed i.s high, with_high accuracy for an ext ended
perl od of gemmeanjurhoor adeomppuyndt¢antabning eilicoandr @ersanjum, thedpwere.

layer secures adhesion to the inner surface (carbon tool steel) of the guide

bush, and the upper layer bonds firmly to the hard carbon film.

10 Therefoi'e., the hard carbon film adheres firmly to the inner surface of the
* guide bush with a high adhesion. '

The hard carbon film may be formed on a hard lining member of a
cemented carbide, such as tungsten carbide (WC), or a sintered ceramic
material, such as silicon carbide_ (SiC), formed on the inner surface of the

15 guide bush. An intermediate layer jnterpo_s_'ed between such a hard hining
member and the hard carbon film will further enhance the adhesion of
the hard carbon film.

A carburized la&ér may be formed in the inner surface of the guide
bush at a portion of the substrate in the vicinity thereof and the hard

2 carboﬁ film may be formed over the carburized inner surface. When an
intermediate layer similar to that mentioned above is formed between the
carburized inner surface and the hard carbon film, the adhesion of the
hard carbon film can be enhanced. |

A method of forming a hard carbon film over the inner surface of a

25 guide bush in aééordance with the present invention comprises the
following steps.

| A guide bush for use on an automatic lathe is placed in a vacuum

vessel provided with a gas inlet port and a evacuation port, and provided



Preferably, the hard carbon filmis formed on an internedi ate | ayer

formed dver the inner surface of the guide bush to enhance the adhesion
bet ween the inner surface and the hard carbon film When t he
intermediate layer is fornmed of a two-layer filmb5 consisting of a | ower

| ayer of titanium chrom umor a conpound containing titanium or

chrom um thuret withean! focde ahdsa! fik@lent, andeheRnaHakiliargosleetrdvde
containing silicon or gernmanium the |ower | ayer secures adhesion to

t he inner havimethé chabervftabd sdreglwirefistim@eieiddin the densér bare of theupper
| ayer bonds firmy to-the hard ecarbon film 10 Therefore, the hard carbon
fil m adherguide bush defindde bynther irmerf surfacé, tdhbe in stdine contdetvwith a hi gh
adhesi on. The hard carbon filmmay be formed on a hard lining
menber of workpiecenchhe ciuxilifniyielectrode nmyt bednsented dnbihdecént®y bore of
sintered ceramc material, such as silicon carbide (SiC), formed on the
i nner dur f theeguide bush prigriteeplacisig thenguidedrusivinthe vageum nesseposed

bet ween such a hard |ining menber and the hard_carbon filmwl|_further
enhance the adhBsPEeress gas cardaimingdcarhopois supplied through the gas Bulatzed

| ayer may be forrre%)i n the inner s#gf ace of the quide bush _at portion
of the subRe¥taiRbo the yacypm yessel; aldier ovagnatingethevacpum ¥gsseln amd & nay

be formed pver the c ur.i zed i nner surface. Wiep an i nt,er medi,ate | ayer
sinilar toﬁ?ﬁ‘itcaﬁéﬂ?%ﬁ%dsﬁm i%v‘?roﬁﬁ%dnﬁﬁf \ﬁé‘é’?f“teh‘éf the g&’é&ﬁﬁqs’}b Yi nner
t he carbon film

can be- enhaRpDAne ¥ BCREREL iq 1Y, et BERIE R PR Soltard to sheciore FHE8R: ¢ ne
i nner i f A¢ey@ftage to the filament for producing plasma.

The plasma may be produced in the vacuum vessel by applying a
radio frequency voltage or a DC voltage to the guide bush without using
~ the anode and the filament. |
A hard cafbon film of a uhiform film thickness can be rapidly -
15 formed over the entire inner surface of the guide bush from the open end
through the depth by supplying the process gas containing carbon into the
.vacuum vessel and producing the plasma after placing the guide bush
provided with the auxiliary electrode inserted in the center bore thereof in
the vacuum vessel. |
20 The auxiliary electrode may be insulated to keép the auxiliary
- electrode at a floating potential during hard carbon film formation. It is
desirable to keep the auxiliary electrode at a ground potential or a positive
DC potential. . . |
The homogeneity of a portion of the hard carbon film formed in a
25 portion of the inner surface near the open end of the guide bush can be
-improved by disposing a ringlike dummy member having -an inside

diameter approximately equal to the diameter of the inner surface of the



25 gui de bush in accordance with the present invention conprises the -

follow g steps. A gui de bush for use on an automatic lathe is
- placed in a vacuum vessel provided with a gas inlet port and a
evacuation port, and provided - 4

therein with an anode and a filanment, and then an auxiliary el ectrode

having theggilPBudh nRak e UndPsiithbe bf the Dpehtchd Portién 6Ethe'ziQ6 Dueh the
gui de bush defined by the inner surface, t0 be in sliding contact with a

wor kpi ece. gi"dﬁdé&ﬁh&haﬁlﬁs%ﬁ&l foaRinEhdBard%aibed film.t he center bore of 5
t he gui de bush prior to placing the guide bush in the vacuum vessel .

A process gas cWien rthegdemihy memisarpiy ueddf b dsiglesirablgas dispese the port
into the vacuum vessel after evacuating the vacuum vessel, and a har d
carbon fil auxﬂufnyreleotrodemtlhets exteemity éxtiendet inlbe the |(hlnnimysh by
applying a DC voltage to the guide bush, a DC-voltage to the anode and an
10 AC ol tage Thet hmrbgenentyltoﬁa)rpomtmduoﬁ thye jiaaxdnearbon film formethin jal asm

may be produced in the vacuum vessel by appl y| ng a radi o frequency
vol tage or partmn\xﬂl theginner suxfageinfarbthehopentend of ghegguide bush amdi@ and
the fil anment. A hard_carbon filmof a uniformfilmthjckness can

be r ap| dl yportlon of the same near the slits can be improved by disposing a ringlike
jig provided with a plurality of projections capable of being inserted in the
slits of the guide bush near the slitted open end portion of the guide bush

10 and combining the ringlike jig and the guide bush with the projections of
the ringlike -ji_g inserted in the slits of the guide bush during hard'carlion, '
film formation. - | .

The homogeneity of a portion of the hard carbon film formed in a '
portion of the inner surface near a stepped portion of a diameter greater

15 than that of a portion of the inner surface to be in sliding contact with a
workpiece can be improved by inserting a cylindrical plug-in jig having an

~ inside diameter approximately equal to that of the portion of the inner
surface to be in sliding contact with a workpiece during hard carbon film
formation.

2 By the use of both the ringlike jig provided with the projections and
the cylindrical plug-in jig in combination with the guide bush for hard
carbon formation, a hard carbon film homogeneous over the entire inner
surface can be formed

The auxxhary electrode can be easily supported i in the center bore of

25 the guide bush in alignment with the center axis of the guide bush by
'supporting the auxiliary electrode on an insulator member inserted in the
stepped portion of an increased d1ameter of the inner surface, and an

optlonal voltage can be easily applied to the aux1l1ary electrode



15 forned over the entire inner surface of the guide bush fromthe open

bush can be

i nsi de
.surfac

gui de gsush. near” t™heé lgﬁdp%r&pecét.(i’\ée gife“f ﬂgt}bepgﬁld(?rkf"%b?tﬁﬁt 1éf the gui de
provided with spitls ‘i@%nl(;n%rim&lﬂai REcishe S¥WYE 4 'dulllie bush in another

10

embodiment according to the present invention;

Figs. 4 to 7 are enlarged sectional views of portions A sﬁrrounded by
circles in Figs. 1 and 3; | .

Fig. 8 is a typical enlarged sectional view of a portion of Fig. 6, for
assistance in e:tplaining»the construction of an intermediate layer; |

Fig. 9 is a table comparatively showing results of cutting' tests
conducted by using a guide bush of the present invention and conventional
guide bushes on an automatic lathe provided with a stationary guide bush
unit; |

Fig. 10 is a schematic sectional view of a first hard carbon ﬁlm
forming apparatus for carrying out a method of forming a hard carbon
film over the inner surface of a guide bush, in accordance with the
present invention; | |

.Fig. 11 is a graph showing the effect of an auxiliary electrode 71 on
the dependence of the thickness of a hard carbon film on the distance from
the open end of a guide bush; .

Fig. 12 is:é schematilc sectional view of a second hard carbon film
forming apparatus for carrying out a method of forming a hard carbon

film over the inner surface of a guide bush, in accordance with the

‘present invention;

Fig. 13 is a schematic sectional view of a third hard carbon film

forming apparatus for carrying out a method of forming a hard carbon

end " through the depth by supplying the process gas containing carbon
into the vacuum vessel and producing the plasma after placing the

gui de bush provided with the auxiliary electrode inserted in the
.center bore thereof in the vacuum vessel . 20 - The auxiliary

el ectrode nmay be insulated to keep the auxiliary el ectrode at a

fl oati ng potent dur] r r filmformation. It is: desirabl e
to keep the. aux$ﬁk§1g&5bmﬁgdﬁ%[gml‘éqﬁ al or a positive ' DC
pot enti al . . . he .ho nei f .a pogrtion o&wﬁehard nfilm
fornmed in a 25 F’[gor]ttsoﬁ‘nl-‘tﬂg"?‘ﬁgongﬁﬁéﬁ’h cif‘&@y ﬂé%trgutlﬂ% grineihdl’r gui de

d by di i ke d mber h
ot SO A DI ecal ool el i Lhe :”‘x'nQ? "

of the

bush



When the dummy nenber is used, it is desirable to dispose the -
auxiliary electrode with-its extrenity extended into the dumry. 5

The honpbgeneity of a portion of the hard carbon filmformed in a

portion of the inner surface near the open end of the guide bush and a
portion of the same near the slits can be inproved by disposing a ringlike
jig provi dddh vivelr thelinneri syrfate pofo pegtidmn bushpain @codérdamceg witbethed in.

t he slits of the guide bush near the slitted-open end portion of the
gui de busipreésSentainiverdidn;ni ng the ringlike jig and the guide bush with the
proj ections of the ringlike jig inserted in the slits of the guide

bush during harRigcadlisa sectiongal viewosimsilantp Fig. 10, of the hard cashendHm ty of
a portion of the hard carbon filmforned.in zi\ ,Borti Qq'hOf t he | nner
surface ndarming: apparpivs of i 19 additéenally, praddedswith 4 qoyering 5
portion of the inner surface to be in sliding contact with a wor kpi ece
‘can be i'nﬂPSU&P%y inserting a cylindrical plug-in jig having an :

- %ﬂfif acet 3”‘32?@@%2%?%52@%@?5%&#4 Eﬂ%ﬁ%ﬁ%@ﬁfﬁﬁﬁ#ﬁ%@%%’ﬂ%ﬂ fi n
p?;j:Z‘E'L Cofathep film Rl I’*?ﬁa%;actga%t for S3rF R, o ébﬂsﬁffﬂ&v‘«#@%‘m&@t he
over the dnriing athod & RAREE" TS QG HloRainl"bo ' HARREREFD 0

el ectrode ;¢3RLP8 §asi Iy supported in the center bore of 25 the guide bush
in alignment wt ir'ul the center axis of the guide bush by supporting the

sl | LSOO donyhenel RO 4 WALALAGYE emploienee
\é0| tage cagaregingosud theBatrd drben it ﬁiﬁﬁihk&ﬁ&ﬂﬁi@B& théchard carbon film
forming apparatus of Fig. 15; .

Figs. 17 and 18 are schematic sectional views, similar to Figs. 12

and 13, of hard carbon film forming apparatuses for carrying out a hard
15 carbon film forming method in a further embodiment according to the
present invention;

Fig. 19 is a schematic sectional view, similar to Fig. 15, of a hard
carbon film forming apparatus for carrying out a hard carbon film
forming method in still a further erﬂbodiment according to the present

2 invenfidn; '

Figs. 20 and 21 are schematic sectional views, similar to Figs. 17
and 18, of hard carbon film forming apparatuses for carrying out a hard
carbon film forming method in a preferred embodiment according to the
present invention; _

25 : Fig. 221is a graph showing the dependence of the thickness of a hard
| -carbon film on DC positive voltage applied to an auxiliary electrode;
| F1g 23 is' a sectional view of a concrete example of an auxiliary

. électrode support structure;



BRI EF DESCRI PTI ON OF .THE DRAW NGS Fig. 1 is a |ongitudinal -

sectional view of a guide bush in a preferred enbodi nent according to
the present invention; 5 . Fig. 2 is a perspective view of the guide
bush of Fig. 1; Fig. 3 is a longitudinal sectional view of a

gui de bush i n anot her enbodi ment according to the present invention;

Figs. 4 to 7 aFggepyaigqdpeespécdinal viewvef @f rmglili:@r]s% Avitly pRojeteibniay
circles in Figs. 1 and 3; 10 Fig. 8 is a typical enlarged sectional
view of aepgiloyed M &dwryifg dat a hardssasb@ncfilinn fexmliagnimgthoddn
construction of an internediate |ayer, Fig. 9is a table.
conpar at i aetordahceviwith the priesent imveritiorgy t ests . conducted by using a
gui de bush of the present invention and conventional ui de bushes on
an automatic | Rige2pivailoegitwldinal sestianabmiew ofjai eidindrital Bugtinijig;
Fig. 10 is .a schematic sectional view of a first hard carbon film '
“form ey appar aFig 26riscalengitydinal sectionedwview ebanguideabnsh rombined
filmover the inner _sur]f,ace,tg:c a_guide bush, in accordance with the
present i mﬂmthgmngidse Jig with; projackiqns; 5 gr aph showi ng the ‘effect of an
auxiliary electjode_ 71 ot ... .1 he dependence of ,the thickness of, a jhard
earbon £ 11 m onFiBies%ii8 aleneitpdinal seciona opew eha g\sui;’ 59# ecofyaoévrl,edh
with the cylindrical plug-in jig; -
Fig. 28 is a longitudinal sectional view of a guide bush combined
10  with the ringlike jig with projections and the cylindrical plug-in jig;
Fig.-29 is a sectional view of a spindle and associated parts included
in an automatic lathe provided with a stationary guide bush unit
employing a guide bush in accordance with the present invention; and
Fig. 30 is a sectional view of a spindle and associated parts included
15 in an automatic lathe provided with a rotary guide bush unit employing a

guide bush in accordance with the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
Preferred embodiments of the ﬁresent invention will bé described
20 hereiﬁafter. |
[Automatic Lathe Employing Guide Bush in Accordance with the
Present Invention] |
‘The const;'ﬁction of an automatic lathe employing a guide bush in
accordance with the present invention will be briefly described.
% Referring to F1g 29 showing only a spindlé and associated parts of a
mnumerically controlled automatic lathe in a sectional view. The

automatic lathe is provided with a stationary guide bush unit 37 that holds



Fig. 12 isa schematic sectional view of a sécond hard carbon film

form ng appatatus for carrying out a method of formng a hard carbon 25
filmover the inner surface of a guide bush, in accordance with the
present invention; Fig. 13 is a schematic sectional view of a
third hard carbon film form ng apparatus for carrying out a nethod of

formng g ?ﬁidia Ba£WaN fixedly to support a workpiece 51 (indicated by imagindry
filmover The inner surface of a guide bush, in.accordance with the

present -iliiey)irbeitably on the inndr Surfade 13b of €86 phidwbush @, sinmilar to Fig.
10, of the hard carbon film form ng apparatus. of Fig. 10 additionally

provided with & gsivdlénétotk IMnemiounted on thé&iBed,lnotssksewnnasfl the
sectional view, simlar to Fig. 10, of a hard carbon filmform ng

appar at usniiertentllyi sgntoiledl hamtbmatizorlathé mfor skidimg nowvetrhent i im anot her
enbodi ment according to the present I nvention; 10 Fig. 16 is a
per spéct i transvense directibmsyps véewed indigo28d i n carrying out the hard
carbon filmform ng method by the hard carbon film form ng apparatus of
Fig. 15; A spindle 19 is supported for rotation in bearings 21 on the spindle

stock 17, and a collet chuck 13 is mounted on the nose of the spindlé 19.

The collet chuck 13 having a coned head having a taper outer
surface 13a is inserted in the center bore of a chucking sleeve 41 with the

10 taper outer surface 13a in close contact with a taper inner surface 41a
formed in a front portion of the chucking sleeve 41.

A coil spring 25 formed by winding a spring band is inserted in an
intermediate sleeve 29 at the back end of the collet chuck 13. The collet
chuck 18 can be pushed out of the intermediate sleeve 29 by the action of |

15 the coil spring 25.
| The position of the front end of the collet chuck 13 is determined by a
cap nut 27 fastened to the front end of the spindle 19 with screws and in
céntact with the front end of the collet chuck 13. The cap nut 27 restrains
the collet chuck 13 from being pushed out of the intermediate sleeve 29 by
2 the forés of the coil spring 25. |

A chuck 6perating mechanism 31 provided with chuck operating
levers 33 is provided on the back end of the intermediate sleeve 29. The
chuck operating_lévers 33 are operated to open or close the collet chuck 13
so that the collet chuck 13 releases or chucks the workpiece 51.

25 _ When the chﬁck operating levers 33 of chuck operating mechanism
‘31 are turned so that the front ends thereof are moved away from each

other, operating portions of the chuck operating levers 83 in contact with

the intermediate sleeve 29 move to the left, as viewed in Fig. 29 to push the

10



Figs. 17 and 18 are schematic sectional views, simlar to Figs. 12 and
13, of hard tarbon filmformi ng apparatuses for carrying out a hard 15
carbon filmformng nethod in a further enbodi nent -according to the

present invention; Fig. 19 is a schematic sectional view, simlar
to Fig. 15, of a hard carbon filmform ng apparatus for carrying out a

hor d ! . 4 ! : \ .
har o o i gk RO ko A AIGIGOEAGET 1n
schemat i Ccoﬁ@&&t'Wi%ﬁ'th\é'l@f’l!%fndséfrﬂﬂe(’mtéﬁngditﬁ%e 8 hZV% 29 m&Wsh dbshedefar d car bon

filmformng apparatuses for carrying out a hard . carbon filmform ng
method in a prehé&rdofét SHAH T8Nis 2e6MRadhed from BRing pusheds ot ofmykation;

25 . Fig. 22 is a graph showi ng the dependence of the thickness of a

hard spih @RS by the tapPRutoET fastenddts €96 frvpitlendcoft theaspindle 19 avith

el ectr ode; Fig. 23 is a sectional view of a concrete exanple of
" an ausi | isrews. el ectrode -support structure;

8 ~ Fig. 24 is a perspective viewof aringlike jig with

proj ections Tharqutg;ewlh'en ther clrucdginpusleavhat H is anbeed ftbl the defitj bhe et hod
o taper inner. surface 41a of the chucking sleeve 41 is pressed against the '
taper outer surface 13a of the slitted, cone(_i head portion of the collet chuck
13 and the taper inner _surféce 41a of the chucking sleeve 41 moves to the
10 left along the taper outer surface 13a of the collet chuck 13.
Consequentiy, collet chu-ck. 13 is: compreséed and the inside
diameter of the collet chuck 13 is reduced to grip the workpiece 51.
When releasing the workpiece 51 from the collet chuck 13 by
expanding the collet-chuck 13 so that the inside diameter of the collet
15 chuck 13 is increased, the chuck operating levers 33 are turned so that the
front ends thereof are moved toward each other to remove the_ force acting
to the left on the chucking sleeve 41.
Then, the intermediate sleeve 29 and the chucking sleeve 41 are
moved to the right as viewed in Fig. 29 by the stored energy of the coil
20 spriné' 25.
Consequently, the pfessure applied to the taper outer surface 13a of
“the collet chuck 13 by the taper inner surface 41a of the chuckiﬁg sleeve 41
is removed to allc;w the collet chuck 13 to expand by its own resilience, so
that the inside diameter of the collet chuck 13 increases to release the
25  workpiece 51. |
_ A column 35 is disposed in front of the spindle stock 17 and the
guide Bush unit 37. is placed on the column 35 with its center axis aligned
with that of the spindle. |

11



accordance with the present invention; Fig. 25 is a |longitudinal

sectional view of a cylindrical plug-inijig; 5 Fig. 26 is a

| ongi t udi nal" sectional view of a guide bush conbi ned with the ringlike
jig with projections; Fig. 27 is -a longitudinal sectional view of
a gui de bush conbi ned with the cylindrical plug-in jig; Fig.

a_gui de bush corbined = with t} : i I
28 e OOl MO B ap LAl P O £ Yt SRR el e e
0. 20 guife 3 13 Siriifthe Rl S14oRieley Juctho Riid: bihueled

I n an aut trc ed wth a“stationary gui de bush uni.t '

enpl oyi ng A8 gkgﬂa?b{lghqqgordance with the present invention; and
Fig. 30 is a sectional view of a spindle and associated parts included 15

in an aut omat i cA hakhelssveve3iadfitte inatheenitar Botedsf DUsIIerBY firedtoyhag a

gui de bush in accordance with the present invention. BEST MODE
"FOR CABRYIdolufadT35.HA ¢ N surface 23a is Rsrehed irdherfbatt pertion of thae
present invention will be described 20 hereinafter. [ Automati c
Lat he Enplbushngle®@ne 88. Bush in Accordance with the Present |nvention]

The construction of an automat.ic |athe enploying a gui de bush in
accor dance wi t Thégupdeebush 1lhesnng anfroint pottdom previded dwidbra taper ager

Referring to Fig. 29 show nggonl ililta spi ndl e and_associ ated parts of a
nuner i cal |surfacet 118 and slits ddeare fittadin the center bprmef the bush sleeve 23.

automatic lathe js provided with a_stationar ui de_ bush unit .37 _that hol ds
The clearance between the ianner sulyfage of the guide bush 11 amti

10 the outer surface of the workpiece 51 can be adjusted by turning an
adjusting nut 43 screwed on the threaded portion of the guide bush 11 and
contiguous with the back end of the guide bush unit 37. '

When the adjusting nut 43 is turned clockwise, the guide bush 11
moves to the right, as viewed in Fig. 29, relativé to the bush sleeve 23 and

15 the taper outer surface 11a of the guide bush 11, similarly to the taper
outer surface of the collet chuck 13, is compressed by the taper inner
surface 23a of the bush sleeve 23 and the inside diameter of the slitted front
portion of the guide bush 11 is reduced. |

. A cutting tool (cutter) 45 is disposed in further front of the guide

2  bush unit 37. |

The workpiece 51 ié chucked by the collet chuck 13 mounted on the
spindle 19 and supported by the guide bush -uhit 37. A portion of the
workpiece 51 p;djecting from the guide bush unit 37 into a machinirig '
region is machined for predetermined machining by a combined motion of

25 the cross feed motion of the cutting tool 45 and the longitudinal traverse
:motion of the spindle stock 17.

o A rotary guide bush unit that supports rotatably a guide bush
g’i:ippixig a workpiece will be described with reference to Fig. 30, in which



9 . a guide bush 11 fixedly to support a workpiece 51 (indicated

by i magi nary ° lines) rotatably on the inner surface 11b of the guide
bush 11. A spindle stock 17 is nounted on the bed, not shown, of
t he nunerically controlled automatic |athe for sliding novenent in 5
transverse directions, as viewed in Fig. 29. ' A spindle 19 is

support edpéx‘ki& HIQY 64t b&‘%eéﬁbxﬁﬁﬁé'tﬂ&ﬁo@é sH@wh*'iﬁ Pi. '2@' e?re des1§ﬁ§€éﬂ By thand 2

coll et ch 13 is nmount'ed -on"the nose of the spind

col I et chatalie hafEroticedckon 1GRISE. head having a taper out er surface 13a
is inserted in the center bore of a chucking sleeve 41 with the 10 taper

outer surface Rgtaryngaides bushnimits avet flassifideintontiessesholding & uide
formed in a front portion of the chucking sleeve. 41. A coil

spring 25biish tdosdoys ¢b motate in spréhrgnizamavith theswelles ¢hiuwekal8 and those
i nternedi ate sl eeve 29 at the back end of the collet .chuclg 13. The coll et
- chuck 613 heldibg qogatrkejbmsh b sohas itotretatediraaeyschxonisowith the cadleton of

15 the coil sprlgg The position of the front end of the
col l et chelwek 33i sA gnride bushdig 37 shovynaa&‘mt302holﬂa§b@r@udedmablir ont

end of the spindle 19 with screws and in
so as to rotate in synchronism with the collet chuck 13.

- The rotary guide bush unit 37 is driven by a drive rod 47 projecting

from the cap nut 27 mounted on the spindle 19. A gear mechanism or a

10  belt-and-pulley mechanism may be used instead of the drive rod 47 for
dnvmg the gmde bush unit 37.

The rotary guide bush unit 37 has a holder 39 fixed to a column 35.
A bush sleeve 23 is inserted in the center bore of the holder 39 and is
supported in bearings 21 on the holder 39, and the guide bush 11 is fitted in

15 the center bore of the bush sleeve 23. | '

The bush sleeve 23 and the guide bush' 11 are similar in
construction to those illustrated in Fig. 29, respectively. The clearance
between the innef surface of the guide bush 11 and the outer 'surface of the
workpiece 51 can be adjusted by turning an adjusting nut 43 screwed on

20 the thréaded portion of the guide bush 11 which is contiguous with the
~ back end of the guide bush unit 37.

This automatic lathe _is the same in construction as the automatic
lathe illustrated.in Fig. 29 except that this automatic lathe is provided
with the rotary guide bush unit 37, and hence the further descnptmn

2  thereof will be om1tted
[Guide Bush In Accordance with the Present Invention]
Guide bushes in preferred embodiments according to the present

- i'n'vention_ will be described hereinafter.



contact with the front end of the collet chuck 13. The cap nut 27 restrains
the collet chuck 13 from being pushed out of the internediate sleeve 29 by

20 the force of the coil spring 25. ' A chuck operating mechani sm
31 provided wth chuck operating- | evers 33 is provided on the back end
of the internedi ate sl eeve 29. The chuck operating levers 33 are

operated to opPFigfrl Ambe 4Fe aClirgitudihbl kedtional visw drithla pBespeitivat chuck
. 13 rel eases or chucks the workpiece 51. 25 . When the chuck operating

| ever s 33visw,alespkctipelyadf agguidetamhsin a prefettedietmbodinrehtsecordingtiae front

ends thereof are noved away from each ot her, operating portions of the
. chuck opethe presendvimventidni n contact with: the internedi ate sl eeve 29
nove to the left, as viewed in Fig. 29 to push the

10 . Referringth Eiﬁ.élmd(%, aguide beh|1df is. shoowns by aciree gtateHa
chucking sl eeve 41 in contact with the left end of the internediate

" sl eeved 20whicha fronthend gortion is open. Theeguidd bushthak aiBead portionai ned
from bei ng pushed out of the spindle 19 bi/ the cap _nut 27 fastened to
t he front Daxingra tapes pwigresunfaget hla in one longitudinal end thereof, a

threaded portion 11fin the other longitudinal end thereof.
| Further; the guide bush has a stepped center bore formed along its
center axis and having a reduced section having aninner sur_face '11b that
10 .holds a ‘workpiece 51 and an expanded section 1lg having a diameter
- _greater than that of the reduced éection. Tﬁe rgduced section of the center
bore is formed in the head portion.

Three slits 11c are formed at angular intervals of 120° so as to

extend through the head portion having the taper outer surface 11la and
15  an elastic bendable portion 11d. '

The clearance between the inner surface 11b and the workpiece 51
indicated by imaginary lines in Fig. 1 can be adjusted by pressing the
taper outer surface 11a of the guide bush 11 by the taper inner surface of
the bush sleeve, so that the elastic bendable portion 11d is bent. '

20 ‘The guide bush 11 has a fitting portion 1le between thé elastic
bendable portion 11d and the threaded portion 11f, Wheh the guide bush
11 is fitted in the center bore of the bush sleeve 23 (Figs. 29 and 30), the
fitting portion 1_1é fits the center bore closely to set the guide bush 11 with
its axis in alignment with the center axis of the spindle;

25 The guide bﬁsh 11 is made of a carbon tool steel (SK steel). When
forming the guide bush 11, a workpiece of carbon tool steel is machined in
predefermined external and internal shapes; and the machined

. W6rkpiéce_ is subjected to quenching and annealing.

14



5 screws. ' Therefore, when the chucking sleeve 41 is noved to the

left, the ‘ taper inner surface 4la of the chucking sleeve 41 is pressed
agai nst the taper outer surface 13a of the slitted, coned head portion
of the collet chuck 13 and the taper inner surface 4la of the chucking

sl eeve 41 noves to the 10 left along the taper outer surface 13a of the

Ilet chuck 1 . R d and
Che inside  Praferablne sporRESEiNRRE Yy IER Bl G e inporaRERRRCH o

wor kpi ece . : [ : .ece 51 fromthe coll et
p 1313 of the g,}(%%% Bulel‘i“aé & eth'i‘ ?‘ﬁ%?ﬁbﬁ’gﬁég

chuck 13 b I'ng the co that the inside diameter
cof the collet {Bhefhtitk Hehd Horbioh°duing LR THPEK APRTAbLPface1ehSisB3 are

turned so that the “front ends thereof are noved toward each other to-

remove t heon@iressed; d l@arance P thd ?ah%é of @td 1@ 1GAUS Horted! IstwRehlthe

Then, the internediate sleeve 29 and.the chucking sl eeve 41 are noved
‘to thesri gheRsurfacecdb andlithe WorkyietdSisimthe radidlodirettibhehesedf &0
spring 25. Consequently, the pressure applied to the taper outer
surface 1aloefthe workpiece 6llitetslideusltative by théguidepbush ddewldch bbeadesla of

t he chucking sl eeve 41 Is renoved to allow the collet chuck 13 to
expand by thednnensuxface ildbce, so that the inside dianmeter of the

coll et chuck 13 increases to release the 25 workpiece 51, ) A
colum 35 is diWhendheiguide bushokl isvasedhom @ stationary pride dushaunit, theyyi de
bush unit 37_is placed on the colum 35 with its center axis aligned
with that wrkpaeces pilnsurported on the guide bush 11 rotates at a high surface

10 speed rélative to the inner surface 11b and, when an excessively high
- pressure is applied to the inner surface 11b by the workpiece 51, seizing
may occur. - _
Therefore, the inner sﬁrface 11b of the guide bush 11 is coated with
a hard carbon film (DLC film) 15 of a thickness in the range of 1 to 5 pm.

15 In an example shown in Fig. 1, the hard carbon film 15 is formed
on an intermediate layer, which will be described later, forméd on the
substrate (carbon tool steel) of the guide bush 11. In an example shown in
Fig. 8, the hard carbon film 15 is formed on the superhard lining 12 or on
an intermediate layer formed on the superhard lining 12.

2 " The hard carbon film is very similar in properties to diamond; the
hard carbon has a high mechanical strength, a small coefficient of
friction, a satisfactory self—lubricity, a satisfactory electrical insulation
characteristic, e:high thermal conductivity and an excellent corrosion
resistance. | | |

| % The hard cerbon film 15 covering the inner surface 11b enhances
-the wear resistance of the guide bush remérkably, the guide bush 11
Withste.nds an extended period of use and heavy nﬁachining, the wear of

_ tﬂe'inﬁezj surface 11b in contact with the workpiece 51 is reduced, the



The guide bush unit 37 is of a stationary type fixedly holding the

gui de bush 11*to support the workpiece 51 rotatably on the inner surface
11b of the guide bush 11. A bush sleeve 23 is fitted in the
center bore of a holder 39 fixed to the 5 columm 35. A taper inner surface
23a is fornmed in the front portion of the bush sl eeve 23.

cur t ace. 1 PASERIY PR S it BBENPntEE 5T if BReRh Y

23. seizing PAEwELE hE BEFALBRUR YR AP BBk 395 J {1bd BgoRgde bush 11

and 10 the outer surftace e Wwor kpiece y turning an

adj usti ng nut Aﬁicﬁ é}ﬁ t WaVo f'ntvg F and
'co_nt'i guous with tf ié&igl% t(eHr% 0 et‘ﬁ%ﬁﬁ?%%ﬁ?ﬁ%ﬁtl 3 .ﬁti%ﬂ 1§eca|i>'éﬁlh \a/&en t he
adj usting gaibirdSahSedthaed gﬁéﬁs&wﬁﬁse With FebdaianId ikdbroved raludslity the
right, as viewsd in Fig. 29, relative to the bush sleeve 23 and 15 'the

‘taper gut %hﬁé'&fr&?&lﬂtkﬁn@ﬁoﬁﬂ@ anitHe Satibnady g&ide bash yardie the taper
outer surface of the collet chuck 13, is conpressed by the taper inner

surface 23a of Viohssbrudtesssolfaywis folned i tite dhasekarfacé Ilheofthd t ed
front portion of ‘the guide bush 11 is reduced. A cutting

t ool (cut tgarifle 4musls 1di ppoddddi withuthé drarflr entbonf filine 1§uwilk hi20desersbedini t

37. The wor kpi ece 51 is chucked by the collet chuck 13 nounted
on the  heremnaflee wdtlanvefenence tted Rigst it tui Heshomingirportdoms Mpofti on
of ‘the wor kpi ece 51 projecting fromthe guide bush unit 37 into a
machi ni ng surroundefd eircles imaFigsndandB iw enlargediview, andigi Sshowiaganbi ned

noti on of T . ; R . )
- portion an intermediate layer shown in Fig. 6 in an enlarged view.

| .'-Referring to Fig. 4 showing a portion A in Fig. 1 in an enlarged
. view, an intermediate layer 16 for enhancing adhesion ié formed on the
inner surface 11b (carbon tool steel) of the guide bush 11, and a hard
carbon film of a thickness .in the range of .l-to 5 um is formed on the
| 15 intermediate layer 16. If the subst";rate of the guide bush 11 permits, the
hard carbon film may be formed directly on the inner surface 11b and the
intermediate layer 16 may be omitted.
Referring to Figs. 5 and 6 showing a portion A in Fig. 3 in enlarged
views, a superhard lining 12 of a thickness in the range of 2 to 5 mm is
2 attacﬁé& to the inner surface 11b of the substrate of the guide bush 11 by
brazing or the like, and the hard carbon film 15 is formed on the inner
surface of the superhard lining 12. This construction further enhances
the durability of the guide bush 11.
In the example shown in Fig. 5, an intermediate layer 16 is
25 interposed betweeﬁ the superhard lining 12 and the hard carbon ﬁlrﬁ 15 to
‘further enhance the adhesion.
in these examples, the superhard lining 12 underlying the hard

‘carbon film 15 may be made of a cemented carbide, such as tungsten

16



25 the cross feed notion of the cutting tool 45 and the | ongitudinal

traverse « notion of the spindle stock 17. A rotary quide
bush unit that supports rotatably a gui de bush gri ppi ng a workpi ece
will be described with reference to Fig. 30, in which-

12 ~parts like or corresponding to those shown in Fig. 29 are
desi gnated by the sanme reference characters, Rot ary_ gui de

bush uni t sanbislec (W), forca pimteredesamic anageriabusueb as siietn rarbies (o
rotate in synchronismwth the, col et chuck 13 aid those 5 hol di a gui de
88 era Jémlg it I'f

bush 11 s&SHs)-t o Gegezally; heRr Addad asr kipdeeito a matgrgl for A
gui de bush unit, 37,,shawn in Fig. .30 holds t uide buysh X1 __ so.as to
Dotae T o RepRuting (e sHeeTed RrSmiR Tae tariflc 1l e hard catbon At 15 magAE (i de

DUt U 8 SRRl BBt AL il P ™
e R Rl AR Bk St ARl gm0 L0,
29,100, 10 2 ol 4 Bk AR BRohg APNRCEIEH SRS GRPLCT o
and the gy {iPh8delerited By Wdy 6fetdinple. |
Silicon carbide powder having a silicon (Si) to carbon (C) ratio in
| atomic percentage of 1 to 1 is molded by pressure molding using a
10 pressuré in the range of 0.5 to 3 t in a mold having a ringlike cavity to
obtain a ringlike silicon carbide molding. Then, the ringlike silicon
carbide molding is baked in an atmosphere of an inert gas, such as argon
gas.
The baked molding is heated under pressure at.a temperature in
15 the range of 1400 to 1700°C, i.é., a temperature near the melting point of
silicon carbide to remove pinholes from the baked silicon carbide molding.
The pressure heating process increases the density of the baked silicon
carbide molding to complete a product as the superhard lining 12 having a
Vickers hardness in the range of 2000 to 3000 Hv. _
20 -Then, the ringlike superhard lining 12 is coated with a metal film of
a material containing titanium (Ti) as a principal component by
metallizing. The superhard lining 12 is placed on the inner surface 11b of
the guide bush 11, and the guide bush 11 is subjected to a heat treatment
process to melt the metal film so that the superhard linihg 12 is bonded to
25  the substrate 'of.thé guide bush 11. |
Then, the inner sufface of the superhard lining 12 is ground, and

the sliﬁs 11c are formed in the guide bush 11.

17



15 the:center bore of the bush sleeve 23. The bush sl eeve 23

and the' guide bush 11 are simlar in construction to those illustrated
in Fig. 29, respectively. The cl earance bet ween the inner surface of
t he guide bush 11 and the outer surface of the wor kpi ece 51 can be

adj usted by turning an adjusting nut. 43 screwed on 20 the threaded portion
oui e o A8 AsBble ' b BRI BUEH Saekndi B 7 PR s SRt

t ti 3 t ti .. _lathe ill ' Fi 9 t that
Thi's. aut ora?es 1tbdreaed 1 tarbusizin tBe (Rew siEerotIP P ghe SRS R A o7,

d h . i.pt.i . . o ls ] or'

i hence gt B8 SBRERLO M Bicblly, BRE ol bhefiRaCBE e Duperhgyd,
bushes in lﬁﬁﬁxfgﬁ'ig,e%nﬂ”ﬁ?é"fk{s%ﬁt SarBonChiftn" 95t Bridd Bh &I Earburizdd"{RALE ON
wi |l be describé erelrnafter. _ _ _ _
13 5 surface 11b, Cedrburizatfif i€ e gnbfol tlg?d\ﬁﬁ‘!sxﬁffséé ety and a
perspective view, respectively, of “a guide bush in a preferre

embodi mentpReeed €hag He¥dens a shb®ceraseRiofl #BAlUWR alloy maintaining the
| high toughness of the ferrous alloy.

~ In this example,'the guide..btish 11 is carburized in an atmosphere

of .a mixed gas of a carbonaceous gas, such as methane (CH4) or ethylene

10 (C2H4) and nitrogen gas (N2) as a carrier gas under the following
conditions. o .

Carburizing Conditions

Temperature 1100°C
Time - 30 min
15 | Depth of carburization 0.5 mm

When the guide bush 11 is provided with the éarburized layer 11h in
the surface of the inner surface 11b, the hard ca;"bon film 15 may be
formed directly on the inner surface. However, it ié preferable to form the
hard carbor_ll film 15 on an intermediate layei‘ 16 formed on the inner

2  surface 11b to enhance the adhesion. |

The intermediate layer 16 may be formed of an element of group IV
in the periodic table of elements, such as silicon (Si) or germanium (Ge), a
compound conte@ining silicon or germanium, or a compound containing
carbon, such as a silicon carbide (SiC) or titanium carbide (TiC).

5 The interméaiate layer 16 may be formed of a compound of titanium

(Ti), tungsten (W), molybdenum (Mo) or tantalum (Ta) and silicon (Si).



Referring to Figs. 1 and 2, a guide bush 11 is shown in a free state in 5
which a" front end portion is open. The gui de bush . has a head portion
having a taper outer surface 1la in one |longitudinal end thereof, a

t hreaded portion 11f in the other |ongitudinal end thereof.

Further, the guide bush has a stepped center bore formed along its

center axis_ ang.havi a r.educed segtion .havi n i nper surface 1 t hat
To™ ol a5 aorThe YabSatedifte 16 e T8 med B8 PonTaxey Bh: ifsiSiRe e
greater than that of_.the .educed ction. The uced section,of 1 center
bore is foPR&d HPX‘”E ﬁ,ga 2&&3&1}?} gﬁ? oT chrormum (éﬁr Qggsifri' tu?p%’iég%?re?@&r med
at angul ar_d 01 . m.exkend through the head
‘portion haQ/fli %glgé%zéﬁa%feg&ég%ﬁh% 6?? %\%g AT F}g 8: '

er s a an an el astic bendabl e

ti 11d. : . het ' ' f dth
horkptece 51 Thelower 167 fo# BRRGRISH Y Ehdriflupy Miariits difosidi? 18 ' |7
‘pressing t{f guide 5&9&[1#3%{)1?5 %ﬁés' ﬁf@&g 15@31- gLebt Spﬁmébﬁembgém&ﬁi\m hhg taper

i nner surface of at the elastic bendabl e portion

11d i s benghe RArd carbon AIRE1S¥HER Qivaledt bbad which! bérds £96 hiaed ch¥Bohet ween

the elastic - bendabl e portion 11d and the threaded portion 11f. When
the gui de flifill5 firmlylfo tife fritbfraddidtelgece®t er bore of the bush sleeve 23
(Figs. 29 and 30), the fitting portion | le fits the center bore

closely to set The igtérdrediash ldeil6 may be:id swaxiager filal consistingwof 4 t he
center axis of the spindle. 25 The gui-de bush 11 is nmade of a '
car bon t odlowserdalyef 8K astiteaiinm Yhehromium tempongd; hadgn dppendaydriof a

wor kpi ece of carbon tool steel is machined in pr edet er mi_ ned ext ernal

and i mler nsilicohapre germaaivine compioundd a two-layek pfilns econsistimg eft 2 dower

quenchi ng lazligr%ragfr'] et?ilze{rﬂ%m or chrpi_nium, and .an upper layer of a silicon or
germanium compognd; or a two-layer film consisting of é lower layer of
titanium or chromium cdmpound and ‘an upper layer of silicon or
germanium. _

15 The intermediate layer 16 may be formed by a sputtering process,
an ion plating process, a chemical vapor deposition (CVD) process or a |
metal -sprayiﬁg process. |

When the superhard lining 12 is-made of silicon carbide (SiC), the
intermediate layer 16 may be omitted; because silicon carbide is a

20 compb"uhd of silicon and carbon included in group IV of the periodic table
of elements and silicon carbide and the hard carbon film 15 formed on the
superhard lining 12 make covalent bonds which secure high adhesion.

Fig. 9 is _é. table comparatively showing results of cutting tests
conducted by using a guide bush of the present invention and conventional

25  guide bushes on an automatic lathe.

Convent_ional -guide bushes and a guide bush of the present
invention having an inner surface coated with the hard carbon film were

used for actual cutting operation to evaluate the performanbe thereof



14 Preferably, a superhard lining 12 is attached to the
i nner surface 11b of the guide bush 11 as shown in Fig. 3 by brazing.
When the head portion having the taper outer surface 1lla is conpressed,
a clearance in the range of 5 to 10 [err]mis fornmed between the 5 inner
surface 11b and the workpiece 51 in the radial direction thereo:‘mtoh

all.ow the workpiece 51 to slide relative to the guide bush 11, ich .

abr ades con%mg”ammbf- dlhesgdest gwide bushes werevmged onea gtatienans guide | s
used on a,statiopary guide bush unit, the wor kpi ece 51 supported on

t he guidebﬁﬁ uBi. ot ates at a hi gh surface 10 speed relative to the inner

suriace Lib any e s G a PRSI i MiSha? "
with a cemented carbide (super hard alloy), the oﬁher conventional guide
5 bush had an inner surface attached with a sinfered ceramic material,.
and the guide bush of the present invention had an inner surface coated
with an intermediate layér and a 3 um thick hard carbon film (DLC film)
formed on the intermediate layer.
The test cutting operation was. conducted under the following
10 conditions. . | | . | |

Workpiece Sﬁainless steel rod (SUS303), 16 mm diam.

Rotating speed | 4000 rpm

Depth of cut . Light cutting mode: d =0.8 mm

Practical cutting mode: d =3 mm
15 Heavy cutting mode: d= 5.0 mm
Critical cutting mode: d = 6.5 mm

Feed rate 0.05 mm/turn

Length of cut 20 om

In Fig. 9, blank- circles indicate éuccessful cutting and crosses

2 indicate unsuccessful cutting.

When the conventional guide bush having an inner surface
attached with the ceménted carbide was used, seizing occurred between
the inner s'urfac;é of the guide bush and the first workpiece immediately
after the cutting of the first workpiéce had been started and the workpiece

25 could not be cut ;aven though the workpiece was cut in a light cutting
‘mode.
Although one hundred workpieces could be normally cut in a light

cutting mode when the conventional guide bush having an inner surface



may occur. Therefore, the inner surface 11b of the guide bush 11
I s coated w th a hard carbon film (DLC film 15 of a thickness in the
range of 1 to 5 [err]m 15 In an exanple shown in Fig. 1, the hard
carbon film15 is forned on an internediate |ayer, which will be
described later, forned on the substrate (carbon tool steel) of the
gui de bush 11. In an exanple shown in Fig. 3, the hard carbon film 15
is formed attachedswithr the deramicigndterial was used, aseizingeocmntred dbetween
formed on the superhard lining 12. 20 ‘The hard carbon filmis very
si milar inthe dpeer surface of theoguide hush and fihe dirstrworkpiece immediately
mechani cal gtrength, a small coefficient of friction, a satisfactory
sel f- 1 ubri &ftey the eutting oftthe fispboronkpacce hed beemstarted inipapaactiealst i c,
a high thernal cond%ctai ty and an excellent corrogion .resistance. 25
The hard c&wHiReg mq $h¢ srarkgraceconlt aet barausc e When she svide bush of; he
wear resistance of the guide bush remarkably, the guide bush 1
wi t hst 1< the Reeeen elal_vgé\ﬁ% 1DE AR DRI FYTiREENFALEY, Wake thehasd
age I nner ggrr'ﬁco%c. 11%11?1):![& %ﬁrnr})avcv%swuéehd,trqg své?zrilx(l ! ggc%r?'%dlast gﬁ? L{fi%dinr}er}e

surface of the guide bush was not worn at all and the DLC film did not

come off at all through out the cutting of one hundred workpieces in each

of the light cutting mode, the practical.ctitting mode, the heavy cutting

10 mode and the critical cutting mode.

" Thus the guide Bush of the present invention makes cutting
operations under heavy cutting conditions possible, enhances machining '
efficiency remarkably and ensures cutting operation with high reliability
for an extended period of use.

15 [Hard Carbon Film Forming Method over an Inner Surface of
Guide Bush] -
A method of forming the hard carbon film over the inner surface of
a guide bush, in a preferied embodiment according to the present
invention will be described hereinafter. |
2 - A hard carbon film forming method will be described as épplied to
forming the hard carbon film (DLC film) 15 over the inner surface 11b of
the guide bush 11 shown in Fig. 3.
The guide bush 11 shown in Fig. 3 is formed by machining a
workpiece of a carbon tool steel (SK steel) and has the tapér outer surface
2 1la, the elastic bendable portion 11d, the fitting portion 1le, the threaded
'portiop 11f, the center bore 11j, the inner surface 11b formed in a portion of
the center bore 11j, and an expanded section 11g of the center bore 11j,

having a.diameter greater than that of the inner surface 11b. The

21



"possibility-of exerting abrasive damage to the workpi ece 51 is reduced, and
sei zi ng bet ween the gui de bush 11 and t he workpi ece 51 can be avoi ded.
Accordingly, the guide bush 11 of the present invention is capabl e of
serving an extended period of use with remarkable inproved reliability 5
whi | e properly functioning on the stationary guide bush unit.

Various stru res, of ye formed on_the inner surface 11b of the
gui de bush©¥ ﬂgmai mei?mzrds llﬁéng]dﬂdl%ﬁmﬂa bondadi o #he [inper guzfacepblb

her ei nafter th r n ObFI . 4 to 7 showing portions A of
surrounded ﬁ‘@ﬁby & in enlarged view, and Fig. 8 showing a

Ref err1 ng L ani '3‘1{ eé@ﬁsd&?ﬁérﬁﬁ%#ﬁhw%ﬂ‘ﬁwa & afeplpidiheEry %ngql% Fsi ew,
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e ce
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superhard lining 12 of ness In

attached t dokfitng 6he havt!da?bén Ifiln @hefdth substrate of the gui de bush 11 by
brazing or the I'tke, and the hard carbon film 15 is fornmed on the inner

surface of the iy, thedhdrdnéadoh2Gln flSSlsiiblﬂﬁideSﬁ 'tﬁ@ édiﬂé hisherparmgs
the durability of the guide bush 11. e exanpl e shown in
F| g. 510an li0nshowsdaafiest apparitus for forming the hard carbon film 15. A
" vacuum vessel 61 is provided with a gas inlet port 63.and a evacuation port
65. An anode 79 and a filament 81 are disposed in the upper central
region of the inner space of the vacuum vessel 61. The guide bush 11 is
mounted fixédly in aﬁ upright position on an insulating support 80
15 disposed in the lower central region of the inner- space of the vacuum
vessel] 61. |
An auxiliary 'electrode 71 having the shape of a thin rod is disposed
in the vacuum vessel 61 so as to extend in the center bore 11j of the guide
bush 11 substantially coaxially with the center bore 11j of the guide bush 11
2 andis "connected through the vacuum vessel 61 to a ground potential.
The auxiliary electrode 71 is made of a metal, such as a stainless
steel. Desirably, the extremity of the auxiliary électrode 71 is about 1 mm
inside the guide bush 11 from the end face thereof, i.e., the upper end face
as v1ewed in Fig. 10 of the guide bush 11.
25 The vacuum vessel 61 is evacuated to a vacuum of 3x10-9 torr by
sucking out gases through the evacuation port 65 from the vacuum vessel |

61.



25 interposed between the superhard lining 12 and the hard carbon film 15

to - further enhance the adhesi on. In these exanples, the
superhard lining 12 underlying the hard carbon film 15 may be nade of
a cenented carbide, such as tungsten '

16 car bi de (V\C) or a sintered ceramc material, such as

silicon carbide é . Generally, O, N or Co is added, as m)ge(ri}ider to
a material for Then,p @tm@ilﬁhggaﬁ“iel SinBegas BN RO, 19Tl$é‘ Y car bon

film15 b f d_di I

14 e Sheba o it o T YRR St 9, 47.000
hmateri a

S i P S Oy S g 2

Silicon carbide powder having a silicon (Si) to carbon (C) ratio in
atom c perte%tage of 1to 1 is nolded by pressure nolding using a 10

Pbtainba r .nn5|h. BilRe Rt 2 s Ry AFB . ABUHAR of he bRk BuERVIE Y tO
car bi de mi)' _ owpe%l:(seo%rcg 78 TOSEELE D valtakB Sk lappiied foUade afodé 9ON

gas.
79 by an anode power source 75, and an AC voltage is applied to the

filament 81 by a filament power source 77.
Then, a negative DC voltage of about -3 kV is applied to the guide
10 bush 11 by a DC power source 73 and a positive D_C voltage of about 50 Vis
applied to the anode 79 by an anode power source 75. And an AC voltage of
about 10 Vis appli'ed to the filament 81 by a filament power source 77 so
that a current of 30 A flows through the filament 81.
Thus, a plasma is produced in a region surrounding the guide bﬁsh
15 il disposed within the vacuum vessel 61 to form a hard carbon film on the
surface of the guide bush 11. | .

The hard carbon film forming method illustrated in Fig. 10 is able
to produce the plasma not ohly around the outer surface of the guide bush
but also around the inner surface- of the same because the auxiliary

20 electr;).'d'e 711is extended in the center bore 11j of the guide bush 11.
. Therefore, hollow cathode discharge does not occur and the
adhesion of the hard carbon film 15 is improved. .

Since the .d.istribution of potential with respect to the length of the

inner surface of the guide bush 11 is uniform, the hard carbon film 15_ can
25  be formed in a urﬁform thickness over the inner surface 11b. Since the

‘hard carbon film is deposited at a high deposition rate, the hard carbon -

ﬁlm. héving a uniform thickness. from the open end through the depth can

be formed in a short time.



The baked nol ding is heated under pressure at a tenperature in 15 the
range of 1400 to 1700[err]C, i.e., a tenperature near the nelting point of
silicon carbide to renove pinholes fromthe baked silicon carbide nolding.
The pressure heating process increases the density of the baked silicon
carbide nolding to conplete a product as the superhard lining 12 having a

et gy g A MRl

ringlike super I's”coat a materi al

containin L ' AN ' b hgimgg. The
super har dg?%%ﬁguw({@%ﬁ glée eg%@%e&?g%g?%?? ;hgleeb %‘i’l{)l.hgf y@éé};&%%&e 738. de

‘bush 11, apd 4he ¢ mrélléa?li;éﬂ filf FHAET b8 heBdBdRish! T BAHERALL usi

process to nelt the neta Imso that the superhard lining 12 is t?ognded to

25 the syRsiauxikasf elebtrodwi7de bush 11. ' Then, the inner surface
of the superhard lining 12 is ground, and the slits 11c are forned in

‘the gubde bush When the diameter of the inner surface of the bush 11 is 12 mm and
An exanpl e of the guide bush 11 shown in Fig. 7 has a carburized | ayer
11h f or mredhbauwddlisny é];;btl@db Wa isnmetrusad, fthe ¢hickiness of bke hiand tcanben filma
- is relatively thin and the thickness of the hard carbon film decreases with
the distance from the open end of the guide bush 11 as indicated by a
polygonal line b, i.e., plots indicated by triangles, in Fig. 11. When the
10  auxiliary electrode 71 is used, the thickness of the hard carbon film is
large and uniform regardless of the distance from the open end as
indicated by a polygonal line a, i.e., plots indicated by squares, in Fig. 11.
The auxiliary electrode 71 may be of any diametér provided that the
diameter is less ﬂhan the diameter of the bore of the guide bush 11.
15 Desirably, the diameter of the auxiliary electrode 71 is. determined so that
a clearance of a_bout 5 mm, i.e., a clearance for creating a plasma region,
is formed between the auxiliary electlj'ode 71 and the inner surface 11b on
which the hard carbon film is formed. -Desirably, the ratio of the diameter
of the auxiliary electrode 71 to the diameter of the bore of the guide bush 11
20 is not.gr‘eater than 1/10. When the auxiliary electrode 71 is to be formed in
a small diameter, the same may be a vs)ire;
‘Although the auxiliary electrode 71 in this embodiment is formed of
a stainless stee_L the same may be formed of a metal having a high
melting point, such as tungsten (W) or tantalum (Ta). The auxiliary
25  electrode 71 has aﬂcircu'lar cross section.
A hard carbon film forming method in another embodirﬁent
accdrding to the present invention will be described hereinafter with

‘reference to Fig. 12, in which parts like or corresponding to those shown



portion of the substrate in the vicinity thereof instead of the superhard
lining*12, and the hard carbon film 15 forned on the carburized inner 5
surface 11b. Carburization is one generally known surface hardening
process that hardens a surface |layer of a ferrous alloy maintaining the

hi gh toughness of the ferrous all oy. In this exanple, the guide

bush 11 is carburized in an atposphere of. a m xed gas of a

car bonacesudigasl0 arehdesigrated ey (fZ}%Faﬁ?"' é'ﬁkﬁﬂeé‘ﬁé ‘gl?)a‘ga(czf’ésr m éPP] ) and
nitrogen gas (N errljl) aé&ggﬁrri er. gas under the follow ng '
condi t i ondescription t ereol Whﬁ’e%ondi tions Tenper at ure

1100[err] C Tinme - . , 3Q. 1iqn ' t:0 of -
_carburi zat i on AgSefopd, apparatus formoﬁbﬁh%qﬁ&cﬁ%sﬁ}%o@ lelélh élj\ll th
the carburized,l.ayer 11h in €. Sk ' r ok, the
lr_lgr d car b?r?iﬁf’ii r#%lssa%ﬁf:%’én vessel g?rﬁ;}b&l 31% %@gt%"%‘g@q %B? i r@r Hslgggace.

-, However, it i erable to formthe hard carbon film 15 on an
igher%diﬁ?@ i‘flgglé?ex{tm formed on the inner 20- surface 11b to enhance the
adhesi on. i The 4 ' ' fa@,rprﬁ@ deffer®y enent
of group IV Theil%aﬂgglf)ﬁedr}% ;ﬁ?,?ﬁﬁ%‘?%?‘g g@%ﬁéﬁle%tﬁgﬂgich asggtiiglicon (Si) or
ger mani Unp()that using R 09t FhEWAY%S Fikc A ehlgdnntatim radica
conmpound cont al ni ng carpon, such as a silicon carbide (SiC) or

titani um gaihiedey(Vdlfdge &P applied to dhguide! gk diladisposydin ltherascivend or med
of .a corrpourﬁ% of yt i tang; um PP (Ti), h%lmgsten w, rIr]lgl ybdenum (Mo) or

tantal um gdagelapy Wwithi 40froufided auxiliary electrode 71 extended in the bore

10  thereof through a matching circuit 67 by a radi_o frequency power. source
- 69 pf 13.56 MHz in oscillation frequency and methane gas (CH4) as a gas
containing carbon is supplied into the vacuum véssel 61 so that the
pressure in the vacuum vessel 61 is maintained at a vacuum of 0.1 torr.
A plasma is produced around both the outer and the inner surface
15 and a hard carbon film is formed over the entire surface of the guide bush
11. The hard carbon film 15 can be formed in a substantially uniform
thickness over the entire length of the innef surface 11b shown in Fig. 3
facing the auxiliary electrode 71 in a short time. |
A hard carbon film forming inethod in a further embodiment
20 accor&ixig to the present invention will be described with reference to Fig.
13, in which parts like or corresponding to those shown in Fig. 10 are
designated by the same reference characters and the description thereof
will be omitted. | | | |
A third apparatus for carrying out the hard carbon film forming
25 method has a vacﬁum vessel 61 and is not provided with any anode and
-any filament. |
| The hard carbon film forming method using this apparatus differs

from that using the apparatus shown in Fig. 10 only in that a DC voltage



18 The internediate | ayer 16 nmay be a two-layer film

consi sting of a | ower |ayer 16a of titanium (Ti) or chromum (Cr), and
an upper | ayer 16b of silicon (Si) or. germariium (Ge) as shown in Fig.
8. The | ower |ayer 16a of titanium or chrom um enhances adhesion

to 5 the guide bush 11, and the upper |ayer 16b of silicon or gernmani um and
the hard carbon film 15 f.orm coval ent _bond whi ch bonds the hard carbon

filma5 fiof n690 t\b is weplisdeioneduide hushell disposed in the vapeumvesseddilat e
I 16 I fil t I f
{1t ani um GPRdBI m&a@%ﬁm slRstendent I@?c%epreé%fubftha bge (RSO O
d; I il f
Tt ani um SO TR d aRdIpptheTe.ger (CrA 2 § et ﬁoaIIﬁmng 5@%%&
conpound; or tWo- | r filmconsi g %&1@1% ﬁlll@ titani um
h § thivarmem, Epssel i So Bresstte ingthe xarit 15
.'CI)'IIeCi :]o(ranr rredl t691 £ 16 n@lﬂ}ge forfg(rj py sputtering process an ion
pl at i né pr&?@@ %‘ﬁmﬁ? \yﬁiploY %ﬁ%é’f loﬁor(rC\/D) process or a ‘et al
: 1
oD Y10 B OO plasma i rogiER FHERLANBNEIoLLAl B IR BBl |1 con
silicon coy 44 rﬁ @argpn PO M d over I;Hé"ani’i% SRR of IITH‘e' HEae PP oup

IV of the periodic ta
11. The hard carbon film 15 can be formed in a substantially uniform

thickness over the entire length of the inner surface 11b shown in Fig. 3

10 facing the .auxiliary electrode 71 in a short time. |

- Although the hard cérbon film forming methods described above.
form the hard carbon film over both the outer and the inner surface of the -
guide bush 11, the hard carbon film may be forrﬁed only over the inner
surface of the guide bush 11. -

15 When it is desired to form the hard carbon film only over the inner
surface of the guide bush 11, the outer surface of the guide bush 11 is
covered with a covering member 82 as shown in Fig. 14. An aluminum
foil may be placed around the outer surface of the guide bush 11 as a
'simple means fof covering the oufei* surféce of the guide bush 11. _

20 .'F'ig. 14 shows the guide bush 11 covered with the covering member
82 disposed in the first apparatus shown in Fig. 10. The hard cai'bop ﬁlnd
having a uniform thickness can be firmly formed only over the inner
surface by coveﬁng the outer surface of the guide bush 11 with the

| covering member 82, such as an aluminum foil when the second

2 - apparatus showrn -in Fig. 12 or the third épparatus shown in Fig. 13 is

‘used.



of elements and silicon carbide and the hard carboh film15 forned on.the
superhard lining 12 make coval ent bonds which secure hi gh adhesi on.
Fig. 9 is a table conparatively showing results of cutting tests _
conducted by using a guide bush of the present invention and conventional
25 guide bushes on an automatic I athe. _ ~ Conventional guide
D A o o S oo bardnmbon ion hoyind S
These. t eat RRIGEDIS o RITABE Ehadiar dorerbos e dfcvprdbedaner surfaseri Unin .
W th s comtRf A GEAEE (Y EN SEruTHires dPHSiIel vHE SRS CoR /e AHaBou de 5
and the. gui de basibgpefn $hg; FBERFSRY, difdCHEpTa A n AP GiPRacae Latde g
1 gt AT Sob R R ubrtihLA) B RS BERERR AL B PEH L0
Conduct o9 WAt LN Ml SO arbon o, g, R SHanid 00
rpm contdIBPhE @bl sucH a8Meitid, ' Hdy THGsed inftead’of ni¥hane gas
or benzene gas. '
Since the foregoing hard carbon film forming method embodying
10 the present invention fdr forming a har.d carbon film on a guide bush
disposes the auxiliary electro_dé at a ground potential in a portion of the
bore of the guide bush corresponding to the inner surface 11b over which a
hard carbon film is to be formed, the auxiliary electrdde at a ground
potential can be interposed between the opi)osite inner surfaces at the
15 same potential. Therefore, the electrodes at the same potential do not face
.each other and hence hollow cathode discharge, i.e., an abnormal
discharge does not occur and hence a satisfactory hard carbon film can be -
firmly formed over the inner surface 11b of the guide bush 11.
Hard carbon film forrhing methods in still further embodiments
20 accorcﬁrig to the present invention for foﬁning a hard carbon film over the
~ inner surface of a guide bush will be described with reference to Figs. 15 to
18,
Apparatu_sés shown in Figs. 15, 17 and 18 illustrate hard carbon
film forming methods using the first, the second and the third apparatus
25 shownin Figs. 10, '12 and 13, réspectively. In Figs. 15, 17 and 18, parts like
or cprreSponding to those shown in Figs. 10, 12..and 13 are designated by

the same reference characters and the description thereof will be omitted.



Practical cutting node: d = 3 nm 15 Heavy cutti ng

node: * d ='5.0mMm ' Critical cutting node: d =
6.5 mMm " Feed rate- 0.05 nmmturn Lengt h of cut 20
mm ~ In Fig. 9, blank circles indicate successful cutting and
crosses 20 I ndi cate unsuccessful cutting. When t he

conventi onal
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after the cutting o Fst worKpl ece a practlcal

cutting "Bammy nbhbepSHK RILTRArAPHS thd UuxPial blectiidt ﬁ‘,elsgf&'ﬂf'edePQ of
stainless steel and has an outside diameter substantially equai to the
outside diameter of the end surface of the guide bush 11 in which the bore
of the guide bush 11 opens. _ |
10 As shown in Fig. 15, the guide bush 11 on which a hard carbon film
- is to be formed is dispbsed in the vacuum vessel 61 having the gas .inlet
port 63 and the evacuation port 65, .and the dumnriy member 53 is put on
the end face of the guide bush 11 on the side of the taper outer surface
(upper end face as viewéd in Fig. 15) so that the iﬁner surface of the guide
15 bush 11 and that of the dummy member 53 are aligned. |
As m‘entioned above the super hard lining is fixed to, or the
intermediate layer is formed on,"the inner surface 11b of the guide bush 11
beforehand. As mentioned above, the guide bush 11 is disposed in the
vacuum vessel 61 with the. auxiliary electrode at a ground potential
20 exte_nd‘éd in the center bore 11j of the guide bush 11. Preferably, the
extremity of the auxiliary electrode 71 does not project from and is slightly
below the upper end face of the dummy member 53.
The hard'c:arbon forming method is ﬁhe same in other respects as
that préviously described with reference to Fig. 10. To make sure of it, the
25 gases prevailing m the vacuum vessel 61 are sucked out through the
| -evacuation port 65 to e§acuate the vacuum vessel 61 to a vacuum of 5x105 -~
torr. | After thus evacua.ting the vacuum vessel 61, benzene gas.

. (CsHe)"as_ a gas containing carbon is supplied through the gas inlet port 63



5 the present invention having an inner surface coated with the hard
“carbon*film (DLC film.was used, no seizing occurred at all, the inner
surface of the guide bush was not worn at all and the DLC fil mdid not

cone off at all through out the cutting of one hundred workpieces in each
of the light cutting node, the practical cutting node, the heavy cutting 10
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t he presen Irnvention be descri erelnaft A hard

-carbongfi I t ' ' s g ' Ay g the
har d cgrb n fe?lémﬁgs??ﬁ%awlébo%r hgf}%%%@%g@%%ﬁé?menf%? krll?ngui de

bush 11 skRufilathdritIpower source 77 so HHat%! icPrditsSer 3¢ /£ MW thrdugh the i S
formed by machining @~  workpiece of a carbon tool, steel (SK'steel) and
has the t @)gmepitslr surface 25 1la, the elastic bendable portion 11d, the
fitting portion 1le, the threaded . portion 11f, the center bore 11j,
the inner surf Qunskhaehthyyed plasmapiy preduadd in a rbgicvesuerodinglihe and
an -expanded section 11g of the center bore 11j, having a dianeter
greater t igande hatsholl tthethenvaruwurfassel 61lmndrachard carbon film is formed
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10 over the surface of the guide bush 11 including the inner surface 11b
shown in Fig. 1 of the guide bush 11.
The auxiliary electrode 71 functions as mentioned above, and the
dummy member 53 functions as follows.
In this method for forming é' hard carbon film on the guide bﬁsh 11,
15 the plasma is produced around the inner and the outer surface of the
‘guide bush 11. Electric charges are liable to be concentrated on the end
face of the g'uide bush 11 and the potential of a portion of the guide bush
around the end face tends to become higher than that of the inner surface
due to an edge effect. Therefore, the intensity of the plasma in the vicinity
2 of thé ‘end facg of the guide bush 11 is’_ greater than that of the plasma in
the vicinity of other portions of the guide bush 11 and is unstable.
Furthermore, a portion of the guide bush 11 around the énd face is
subject to the ipﬂuence of both the plasma produced outside the guide
bush 11 and that produced inside the guide bush 11.

25 | " When a hard carbon film is formed under such conditions, the
-adhesion and quality of a portion of the hard carbon film formed on a

portion of the inner surface in a range of several millimeters from the end



cyllndrlcal superhard lining 12 is fixedly bonded to the inner surface 11b
of the“guide bush 11 by brazing. The slits 11c are forned are
formed at angular intervals of 120[err] so as to extend through the
head portion having the taper outer surface 1la 5 and the elastic
bendabl e portion 11d by el ectric discharge nachining The i nner

are or ountr oot St BT BeR dE il 1A wiolf o0t Bofipn of ﬂ?"%%i;fﬁ_”nélf e
m I'S

s e e A

forning the hargheA'dntdidty Weber 53 ¥ FHUERHS6A Flod SEMRVEARE Wi Lh 2

gas inlet port 63 and a evacuation port ano

filament BéshrEl g shesedin Wi 6% hes %Eﬁi EROHaRH carbon i) ?&xﬂi‘nr% EFoéfe'%Qer

space of the vacuum vessel The gw de bush I xedly in
" an upr ghthe ertivarofotheshard eattidr AlmSHARRIG a§ﬁe§5n Aid E&ﬁﬁ@% diffeRént ower

central region of the inner space of the vacuum vessel
An auxi | i firom ¢hese pfdepditidravf e sagnes ﬁﬁﬁﬂe@fonaoﬂliélrrpdwﬁmssofdtlﬁd?ﬁﬁ%i-
~ surface of the guidé bush 11 is not formed on the inner surface of the guide
b_ush 11 and is formed on the inner surface of the dummy member 53.
Experi_ments showed that a hard carbon film of a width in the range

10 oflto2mm ha{'ing adhesion and quality slightly different from those of a
hard carbon film formed in other portions of the inner surface of the guide
bush 11 was formed at a depth of about 4 mm from the end face of the
guide bush 11 when the hard carbon film was formed by the hard carbon
film forming method illustfat’ed in Fig. 10.

15 When the dumniy member 53 of 10 mm in length and an inside
diameter substantially equal to that of the bore of the guide bush 11 was
put on the end face of the guide bush 11 and the hard carbon film forming
method was carried out under the foregoing conditions, a portion lof the
hard carbon film having adhesion and quality different from other

2 portidﬁs' of the hard carbon film was formed on the dummy member 53

- and any such portion was not formed on the inner surface of the guide
bush 11 at all.

The hard .carbon film forming method illustrated in Fig. 17,

similarly to the hard carbon film formlng method illustrated in Fig. 12, is

25  different from the aforesald method only in that a radio frequency voltage
is applied through the matchmg circuit 67 by the radio frequency power
source.69 of 13.56 MHz in oscillation frequency to produce a plasma in the

. vacuum vessel 61, and methane gas (CH4) as a gas containing carbon is



i n the vacuum vessel 61 so as to extend in the center bore 11 of the guide
bush 17 substantially coaxially with the center bore 11j of the guide bush

11 20 and is connected through the vacuum vessel 61 to a ground potential.
The auxiliary electrode 71 is made of a netal, such as a stainless

steel . Desirably, the extremity of the auxiliary electrode 71 is about 1 mm

face | Sugplid éaﬁa%%léc&%faéﬁe%g% %ﬁ?@%ﬁaﬁ%ﬁ?ﬁaﬂeﬁiﬁ%ﬁntt‘ﬁb VBBRm"
3x10
sucki ng. ottt Bl s TnBTENRE RS B D aRntBr BB 55 rom «he. Lacﬁum vessel
61.
"suppl i ed rouaﬁdt %-Aéﬁg’gs ﬁﬁf%%gﬁé %‘ftﬁ% oﬁ‘%?%%%&%g ﬁaﬁ

| EQ%[ te:‘re] diffex%&xt‘igf?é&?xetﬂe“afot}ﬁsé‘iﬁ_%'é%c\(& 306 i thhf aBCVAtLRS 09166’0 Vefgium Of
' 5 applied to the guide bush 11 by the DC power source 73" to produce a
plasma in the vacuum vessel 61.

These methods are able to form efficiently a hard carbon film
havmg uniform adhesmn and quality can be formed over the inner
surface 11b of the guide bush 11 by usmg the auxiliary electrode 71 and the

10 dummy member 53. |
. The hard carbon film can be formed only over the inner surface of
the guide bush 11 by covering the outer surface of the guide bush with the

covering member 82 as shown in Fig. 14,
Wlien caz;rying out those hard carbon forming methods, the
15  auxiliary electrode 71 is disposed so that its extremity is about 1 mm inside
the dummy member 53 from the end face of the dummy member 53.
Therefore abnormal discharge at the éxtremity of the auxiliary electrode
71 that occurs when the extremity of the auxiliary electrode 71 projects
from the end face of the dummy member 53 can be avoided and the hard
20 éarboﬁ'ﬁlm 15 can be formed in a satisfactory quality on the inner surface
. of the guide bus 11..

Hard -carbon film forming methods in further preferred
embodiments a-_céording to the present invention for forming a hard
carbon ﬁln_l on a guide bush will be described with reference to Figs. 19 to

% 23, " |
- ]_?igs..19 to 21 illustrate the hard carbon film forming methods,
respectively. Figs. 19 to 21 correspond to Figs. 15, 17 and 18, respectively.

I"n- Figs. -19 to 21, parts like or corresponding to those shown in Figs. 15, 17

31



5 Subsequently, a negative DC voltage is applied to the guide bush 11
by a DC power source 73 and a positive DC voltage is applied to the anode
79 by an anode power. source 75, and an AC voltage is applied to the
filament 81 by a filanment power source 77. Then, a negative DC
vol tage of about -3 kVis applied to the guide 10 bush 11 by a DC power

Zﬁii&éeré?’ a%fsap"f' % dRSiERetaih e f?}&%aeb@;épf%%e% liggag SRt o ‘gb@%ﬁ;w v
is i ' 77

cﬁrgggt dg%to t Pkrﬁ%ﬂgﬁ oﬁb‘%ﬁd a?rerrﬁtnt BEOWer' SOHree Thag a pl gs?r;h?s
Dacuum vessel 4343 haH, Sthip ﬁk& BBt pisihdg core' BiftGFRR PO R T 11
gui de busg 11% Bfgehard c:fxrﬂ_&? ‘?‘ﬁ'ﬁp’gép Ifxfeltﬂbﬁfrfﬂ Q@xa’fertﬂgdat.l#el'i'o at ed

in Fig 0 produce sma not only around ter

surfacg o dE‘Vﬂ?s Pﬂgﬁorted onP 11%&1 t&; %%c&ﬁ%d‘ nﬁfe &HtbABBro1] he

same becaus e auxi y 20 ectrode IS exten In the center bore

11j- of thef Wg@i‘ﬂetbﬁéh 31 -so that the auxilthey eleetddel {PiMsudddd8 ol BetIRr g€

does not occur and the adhesi on of the hard carbon film15 is

i mproved. the guide bushslnﬁﬁdtﬁh% v Gulurh hiesbélne Df ad hgiisitive DC hlolﬁa?&fﬂ to
the I ength of the i nner surface of the guide bush 11 is uniform the
hard car bdor exhmpld, 261V 25 appliedotortite haxtiany électrodei T bysen @uxiliatye | nner
surface 11b. Since the hard carbon filmis deposited at a high

deposi ti orelecirede phwenhaodrea8don fil mhaving a uni formthickness from

the open end through the depth can be formed in a short tine.
Fig. 22 shows the dependence of the thickness of a hard carbon film

formed on the inner surface of the guide bush 11 6n the positive voltage
applied to the auxiliary-electrode 71 for different clearances between 1_:he
auxiliary electrode 71 and the inner surface of the guide bush 11.
The positive DC voltage was varied from 0 V to 30 V. Characteristic
15 curves a and b are for clearance of 3 mm and 5 mm, respectively. |
It is known from the curves a and b that the rate of deposition of the
hard carbon film increases as the positive DC voltage applied to the
| auxiliary electrode 71 increases and the rate of deposition of the hard |
carbon film is higher when the clearance between the inner surface of the
2 bore of'the guide bush 11 and the auxiliary electrode 11 is greater.
No plasma is produced around the inner surface of the center bore
11j of the guide bush 11 nor can any hard carbon film be formed when a
voltage of 0V is épplied to the auxiliary electrode 71 and the potential of
the auxiliary electrode 71 is equal to the ground voltage and the clearance
25 between the i'nner”surface of the bore of the guide bush and the auxiliary
‘electrode 71 is 3 mm (curve a). o |
A plasmé is produced around the auxiliary electrode 71 within the

center bore 11j of the guide bush 11 and a hard carbon film can be formed



23 ) Fig. 11 shows conparatively the thickness distribution
of a hard * ~carbon filmformed on the guide bush 11 using the auxiliary
el ectrode 71 and that of a hard carbon filmforned on the guide bush 11
wi t hout wusing the auxiliary electrode 71. 5 When the di aneter of
the inner surface of the bush 11 is 12 nmm and the auxiliary electrode
71 ‘i s not wheadthé sositivekDEs solthgehspplded toatlbemauiliary electrodel @liisel y
thin and the thickness of the hard carbon film decreases wth t he

di st ance increasdteevgre whemdthef cleheanes Hetvimeshthiel iraser swiiface ofl the center

pol ygonal line b, i.e., plots indicated by triangles, in Fig. 11. Wen the
.10 auxi | beweyl1jl and thelauziliary eleetatpde 2 is Bimkmess of the hard carbon film

S | arge and uniformregardl ess of the distance fromthe open end as
i ndi cated by aTper¢feseathis hard, carben fitmoferming aaeidwd$hgtapplies an Fig.
C11. ... The auxiliary electrode 71 may. be_of di gnet er _prqvi ded
that the Positive DI eltage 10btke enumlian: elacirader Los ahle todermra Hardgui de

bush 11. 15 Degjrably, .the dianeter of the_ ayxiljiary electyro 71,8

det er ni neBAthon Rl over the ionex sdacee! agide bughaying a canﬁqrgﬁwaﬁb f or
creating a Iasnﬁ (geg{e%n, - is fornmed between the auxiliary electrode 71
and t he i Aharsmailidiametet; o, whi ch the hard carbon filmis formed.

the of amet er ofilt FAS Brd FoPh 3 Rorming pephods MHebral B8 et 1808, ) 10

When t he ﬂ)ﬂ .eat'i%s%llﬁgteﬁg&e 71 is to be formed in a small dianeter,
the sane Ay be a W re. ) '

10 As described with reference to Figs. 10 to 13, the same effect can be
- obtained by applying a positive DC voltage to the auxiliary electrode 71.
when forming a hard carbon film without using the dummy member 53.
Fig. 23 shows a'cohcrete example of a structure for supporting the
auxiliary electrode 71 in the center bore of the guide Bush 11 in an
15 insuiated state. | | |
As shown in Fig. 23, an insulator 85 made of an insulating ceramic
material is inserted in the expanded section 11g of the center bore of the
guide bush 11 provided .wi-th a first center bore 85a and a second center
bore 85b of a diameter different from that of the first center bore 85a. The
20 auxiliér’y electrode 71 is inserted in the first center bore 85a, an_d a
. connecting electrode 87 having a comparatively large diameter and joined _
to the auxiliary electrode 71 is fitted in the second center bore 85b.
The ré_spepﬁve diameters of the auxiliary electrode 71 and the first
center bore 85a are determined so that a clearance in the range of 0.01 to
% 0.03 mm is formed between the respective surfaces of the auxiliary
‘electrode 71 and the first center bore 85a. The respective diameters of the
expanaed section 11lg of the guide bush 11 and the insulator 85 are

determined so that a clearance in the range of 0.01 to 0.03 mm is formed



Al though the auxiliary electrode 71 in this enbodiment is formed of a
stainless steel, the sanme nmay be forned of a nmetal having a high

nmel ting point, such as tungsten (W or tantalum (Ta). The auxiliary 25
el ectrode 71 has a circular cross section. . A hard carbon film
form ng nethod in anot her enbodi nent according to the present

i nventi onpyu : oi naf b bnnd g Lo the present o |
whi ch par tﬁgtﬂeﬁgqg%e ?:(g()srlIj r E§88 %1%&?0&?&#%\% %]%V\%d S @€Co o n

24 bush 11 aRdRthe indQladse8sesi gnated by the.sanme reference characters
and the description thereof will be omtted. . A second

apparatus for carglindriedltjig 5y mdispredonedr khe finmer raprface dAdbhofithes a
vacuum vessel 61 and is not provided with any anode nor 5 any fil anent.
The hard gegiden buishm¥hr niTie riesidel dismeterhiof theaedindrical f Hegs 57 isfrom
that using the apparatus shown in Fig. 10 only in that a_radio :
frequelicy asproaiatelyagpial tolthe diametatofthetinner snrfaseddb. n Whenathem
cylindrical jig 57 is held between the insulator.85 and the inﬁer surface
11b of the guide bush 11-, and the dummy member 53 is mounted on the
end face of the guide bush 11, no step is formed in the vicinity of the inner
surface 11b of the guide bush 11 on which the hard carbon film 15 is
10 formed; that is a uniform clearance is formed between a portion of the
center bore around the inner surface 11b over which the hard ca_fbon film
15 is to be formed and the auxiliary electrode 71.

The auxiliary electrode 71 can be disposed in the center bore 11j of

the guide bush 11 in accurate alignment with the center éxis of the center
15  bore 11j by inserting the insulator 85 supporting the auxiliary electrode 71
~ in the expanded section 11g of the guide bush 11.

If the auxiliary electrode 71 is out of alignment with the center axis
of the center bore of the guide bush 11, an unbalanced plasma is produced -
in the space between the auxiliary electrode 71 and the surface of the |

2 centef“liore and, consequently, the hard carbon film 15 cannot be formed _
in a uniform thickness and a uniform quélity.

The auxiliary electrode 71 can be disposed in accurate alignment
with the center ﬁxis of the center bore of the guide bush 11 and the hard
carbon film 15 can be formed in a uniform thickness and a uniform

25 quality by deterrﬁihing the diameter of the insulator 85 so that the
-insulator 85 can be closeiy fitted in the expanded section 11g of the center
‘bore of' the guide bush 11 and adjusting the position'of the auxiliary

electrode 71 bjr the first center bore 85a of the insulator 85.



vessel 61 with a grounded auxiliary electrode 71 extended in the bore 10

t hereof throlgh.a matching circuit 67 by a radi o frequency power source

69 of 13.56 MHz in oscillation frequency and nethane gas (CHerr]) as a gas
containing carbon is supplied into the vacuum vessel 61 so that the
pressure in the vacuum vessel 61 is maintained at a vacuumof ‘0.1 torr

A plasma i s prodpsgdival DENGolbatd s ASploet Birctiph fEconRtineleetodeldy and a

hard carbon filmis formed over the entire surface of the guide bush

11. The hapdtHernbilibry B1détr6de PE wigsniR@rrying substhantisal! yarbon Glm
t hi ckness over the entire length of the inner surface 11b shown in Fig. 3

facing t hdopming imethrlsepievddaslyldescribaherithtreference to Figs. 18 $vald. car bon
filmformng nmethod in a further enbodi ment 20 according to the present

i nventi on Sinté the desziliatedledttdde Glecabentsteletingns, a plddpaiof ahhigh parts

| i ke or. corresponding to those showmn in Fig. 10 are desi gnated by the
‘sane r bf erdemsityc bsfarmedsinarthet tentéeshorepflilproft the guide bushyill, whichkitted.
A third apparatus for carrying out the hard carbon filmform ng 25 nethod
has a vacemhanees the gatenfidepositionwf dhiedwrdarbondilmanode and any
filament. The hard-carbon filmforning method using this

appar at us di f f &khe auxiliaryglectredeydirs cornegipdr Haxen &aﬁ eHPRREING 0 onl y

! n_ that a e?ecct\l(géé ggeto a ground potential when carrying out the hard carbgr? film
forming methods previously described with reference to Figs. 10 to 18. _
10 A negative voltage lower than that 'appiied to the guide bush 11 (a
negative voltage about 1/10 ﬁimes the voltage applied to the guide bush 11)
may be applied to the auxiliary electrode 71. When such a negative voltage
is applied. to the auxiliary eleétrode 71, the motion of electrons within the
center bore 11j of the guide bush 11 is intensified, wheféby the density of
15 the plasma is increased and hence the rate of deposition of the hard
carbon film is enhanced. |
The insulated auxiliary electrode 71 may be maintaiﬁed at a floating
potential. When the auxiliary electrode 71 is at a floating potential, a
negative .potential is produced on the auxiliary electrode 71 by the
20 interéétioh between the plasma and the_.auxiliary electrode 71, the effect of
which is equivalent to that of the appli.cation a low negative voltage fo the
auxiliary electrode 71.
A ringlike ji'g having 'projections 55 as shown in Fig. 24 may be used
instead of the dummy member 53 put on the end face of the guide bush 11
25 in carrying out tfle hard carbon ﬁlm forming methods described with
‘reference to Figs. 10 to 23.: | | |
As shown in .Fig. 24, the ringlike jig 55 has a ringlike body 55a

"having an operﬁng of a diameter substantially equal to the diameter of the



of -600 Vis applied to a guide bush 11 disposed in the vacuum vessel 61
with a grounded auxiliary electrode 71 extended in the bore thereof by a
DC power source 73' and nethane gas (CH4) as a gas containing carbon is
supplied into the vacuum vessel 61 so that the pressure in the vacuum5
vessel 61 is maintained at a vacuumof 0.1 torr. A plasma is

produced around_bpt - .
F1 T "' FRER abie U o Bt M SR, eieS BPRARTard”
carbon fil ﬁ"}ig%gf;ﬂ&g?@q ST IR olifs A RUBSLAE! AdEYbSh [ Of Mrespectivebinand over

the entire he i'nner surface 11b shown in Fig. facing the
auxiliary ﬂl%‘i{%e‘adﬁﬂéqﬁél anplit ihtéfrals of 120°. Thehdtigkmede dhaf thear bon

t he inner in Fig. 26,

filmform ng nethods described above = formthe hard carbon film over
both the optfiectiih 11ieid fittamialiaequal td tite widtioef the dlitsfilel, the hard
carbon fil'mfray be formed only over the inner surface of the guide bush
11. 155 Wrtia sihglike dREb5d6 idenfiealmwitte ahaethivar formed by provydinger t he
i nner surface of the guide bush 11, the outer surface of the guide bush
11 1s fiey duasnyirhbmbee G3ewithothreepingectdthsa856hown in Fig.- 14. An

al um num foil may 'be placed around the outer surface of the guide bush
11 as a si nfihe ringlike fiig 55 ds @utnn the eod: face ofthecguide bush ddi withpush
11. 20 Fig. 14 shows the quide bush 11 covered wth the coyering
menber thé projestions &5crinsextediinsthesslifsr Blasef thegHidebpsly 111as shgwm,, ¢
carbon film having a uni formthickness can be firmy forned only over

10 The foregoing methods are carried out with the ringlike jig 55 thus
. put on the end face of the guide bush 11 to form the hard carbon film 15
over the inner surface 11b of the guide buéh 11. ' ' |

The use of the ringlike jig 55 when forming the hard carbon film on
the guide bush 11 provides the following effects.

15 As mentioned above, the quantity of charges ¢ollected around a |
portion of the guide bush around the end face is greater than that of
charges collected around the inner surface of the guide .bush due to
charge concentration on the end face attributable to an edge effect. The
edge éffect can be suppressed when the ringlike jig 55 is put on the guide

2 bush i1 when forming a hard carbon film on the guide bush.

‘Thus, local differences in thickness and quality in the hard carbon
film due to edge effect can be prevented when the hard carbon film is
formed on the guide bush 11 with the ringlike jig 55 put on the end face of
the guide bush 11. - | _

2 Since the p;'ojections 55¢ of the ringlike jig 55 are inserted in the
slits 11_c of the guide ’bush 11, ed;ge effect due to the concentration of electric
field on the edges of the slits 11c can be suppressed.



surface by covering the outer surface of the guide bush 11 with the
covering menber 82, such as an aluminumfoil when the second 25 apparatus

shown in Fig. 12 or the third apparatus shown in Fig. 13 is used.
26 These previously described hard carbon filmformng
met hods are applicable to formng the hard carbon film 15 over the

ol ar ence 1o Fihseupptly, thd'AniiBHRH) BHNGIEH, h HAHIGER oFRRTRRRE LR
film forrgnpg omllﬂ?q% fo&necf'mo d BnbPGuRf: %ﬁeﬂb toﬁ"t?xg UBRsHEINENE gas

or benzene gas as al ni ng car on, e contal ni ng carbon
or a vapo ixh Hdwﬂad cont ai ni ng carbon, such as hexane, may be used
i nst ead o ane -gas :

F1g 25 is a 10ng1tud1nal sectional view of a cyhndrlcal plug-in jig 57
5 to be fitted in the expanded. section 11g of the center bore of the guide bush
11 __ _

The plug-in jig 57 has a cylindrical body 57a having an inside
diameter substantially equal to the diameter of the inner surface 11b of the
guide bush 11, énd a threaded head 57b provided with é'n internal screw

10  thread that mates with the threaded portion 11f of‘ the guide bush 11. The
outsidé _diam_e'tcr of the cylindrical body 57a is determined'éd- that. the
cylindrical Body 57a fits closely to the expanded section 11g of the center
bore of the guide bush 11. When the cylindrical body 57a of the plug-in jig
57 is inserted in the expanded section 11g of the center bore of the guide

15 bush 11 and the threadcd head 57b is screwed on the threaded portion 11f
of the guidé bush 11 as shown in Fig. 27, no step is formed in the inner
surface of the center bore 11 'of the guide bush 11; that is the inner surface
of the guide bush 11 has the same diameter 'throughout the entire length

- thereof. 3
2 " {When the plug-in jig 57 is thus moﬁnted on the guide bush 11, the
. step between the expanded section 11g and the inner surface 11b is 1eve1ed
off and, consequently, a uniform clearance is formed between the inner
surface of the gqiﬂe bush 11 and the auxiliary electrode 71 throughout the
entire length of the guide bush 11. -

25 The foregoir;g hard carb_on film forming methods are able to form
‘the _hayd carbon film over the inner surface 11b of the guide bush 11 with
the plug-in jig 57 inserted in the guide bush 11.



or benzene g Since the foregoing hard carbon filmform ng
nmet hod enbodyi ng 10 the present invention for formng a hard carbon filmon

a gui de bush di sposes the auxiliary electrode at a ground potential in
a portion of the bore of the guide bush corresponding to the inner
surface 11b over which a - hard carbon filmis to be forned, the

auxi | i ary el eciWhesea Hard @rboAdilm is feahedtorithe guide bushelpasisp bhéween
.the opposite inner surfaces at the 15 same potential. Therefore, the

el ect r odeglugtint fig 59qthe potentidlathatacteristicofthe innerasurfadenef thenceritence

hol | ow cat hode di scharge, i.e., an abnor nal di schar does not occur
- and hencebareshlji of thé guydérbush danimiform | overathebentire lemgﬁ?rbf]thergmdeover
the inner surface 11b-of the guide bush 11. Hard carbon film
forni ng rmslgdo thatsthe hatdircanbon dilbois meifosnedn thidkneasisngdhesioneandesent
_invention for formng a hard carbon filmover the inner surface of a
gui de Sbusquadity. be described with reference to Figs. 15 to 18.
Apparat uses shown in Figs. 15, 17 and 18 |Ilustrate({1a1r1d ar bon film
form ng net hodBotlkithg ringlikerBg 55 ishowar ndigh 24 1and the Plugpisn &gu§ 25
shown in Figs 12 _and 13, respectlvel 17 an parts
i ke shnweapr&qao?ﬁm@yis P%§§ ld%%ﬁsgﬁﬁ? 9 e Figar8

desi gnat ed

t her eof }lxbgpr&pi ghe car bon Blm hfg aC’i‘ﬁgssyar{]eq'gte 1C e egtrsI 8% tﬁe
| nnghkg jig 55 and the plug-in jig 57 further improves the adhesion to the
10 guide bush 11, and the quality and the thickness of the hard carbon film.

The ringlike jig 55 and the plug-in jig 57 are formed of a- metal, such
as a stainless steel.

The dummy member 53 and the plug-in jig 57 may be used in
combination for forming a hard carbon film on the guide bush 11.

15 Although the foregoing hard carbon film forming methods
embodying the present invention have been des.cribed as épplied to
forming the hard carbon film 15 on the surface of the superhard lining 1.2,
those hard carbon film forming methods may be applied to forming the
hard carbon film 15 directly on the inner surface 11b of the guide bush 11

2 not pfbﬁde_d with the superhard lining 12, forming the hard carbon film
15 on the intermediate layer 16 formed on the innér surface 11b of the
guide bush 11, or forming the hard carbon film 15 on the intermediate
layer 16 formed_dn the surface of 'th.e superhard lining 12 attached to the
inner surface 11b of the guide bush 11. |

25 | Although fhe foregoing hard carbon film forming methods
‘embodying the pfesent invention use methane (-CH4) gas or benzene
(Csﬂé) gas as a gas containing carbon, the hard carbon film forming

methods may use ethylene (C2H4), hexane (CgH14) or the like.



27 These hard carbon filmformng nethods illustrated in

Figs. 15, 17 and 18 differ fromthose previously described with
reference to Figs. 10, 12 and 13, respectively, only in that a ringlike
dummy nenber 53 as shown in Fig. 16 having an inside dianeter
substantially equal to the dianeter of the inner surface of 11b of the

Phe auwni 11 ary Rl gtk @f@éﬂ%‘%ﬁl’b"?ﬁ?wb‘* by B et Bl AR I

the auxiliary e or me stalnless steel and has an

out si de difi’ﬁﬁéfrats bﬁélﬁﬂ%?l'lUwefﬂiﬁkaﬁl@ntﬁ@tentlalotét\ﬁhdﬁsdaﬁg&i €Arpftot he end

surface e gui e bush I'n which the bore - of the guide bush 11

. opens. Ttablllze fife phiavie prodic@d ihSthe fshitetbdee bhtie ghidebusi.ch-a hard
carbon fi is to be fornmed is disposed in the vacuum vessel 61 having

the gas inlet A smilrdmédntofl ahhedditizeudss on lesy) tméPp becaddadréo thengasmenber
53 is put on the end face of the guide bush 11 on the side of the taper

' outer Burédtaining ¢ahoer fanforidiog the haededhrbon Milm tb5¢nkancé ubribidyi nner
surface of the guide 15 bush 11 and that of the dummy nenber 53 are
al i gned. or hardness. As mentioned above the super hard |ini ng is fixed to,

or the Addition of, for example, fluorine (F) or boron (B) to the gas
contéining carbon increases lubricity. Addition of, for 'example,
chromium (Cr), molybdenum (Mo) or tungsten (W) to the gas containing

10 carbon increases hardness. |

It is desirable to produce a plasma of argon (Ar) or nitrogen (N2)
after placing the guide bush in the vacuum vessel priof to forming the
hard carbon film to bombard the inner surface of the guide bush, .-and to
produce a plasma of the gas containing carbon, such as methane gas or

15 benzene gas, for forming the hard carbon film.

This pretreatment using bombafdment with an inert gas increases
the temperature of the inner surface of the guide bush, activates the inner
surface and drives out impurities from_ the inner surface of the guide bush
to clean the inner surface. These effects further improve ﬁhe adhesion of

2 the hard carbon film to the inner surface of the hard carbon film.

INDUSTRIAL APPLICABILITY
As is appafent from the foregoing description, the use of the guide
bush of the presént invention on the rotary or the stationary guide bush
25  device of an autox;latic lathe enables the automatic lathe to carry out the
'normal machining of a workpiece at an increased depth of cut without
damaéng the workpiece or causing seizure between the guide bush and

the workpiece, and enhances the machining efficiency of the automatic



intermedi ate |ayer is fornmed on, the inner surface 11lb of the guide bush 11
bef orehand. As mentioned above, the guide bush 11 i s disposed in the
vacuum vessel 61 with the auxiliary electrode-at a ground potential 20
extended in the center bore 11j of the guide bush 11. Preferably, the
extremty of the auxiliary electrode 71 does not project fromand is

LI SN RSO 08 AT e,

previ ous| ¥ fAGRTE Lk f%?ewglég}ﬁfrﬁéﬂﬂﬁ?né Q:aﬁ' Be c&ﬁtmﬁ‘éd”%ﬁcﬁtih%réﬁsést thé he 25

gases prevailing int um vesse are sucked out through
.evacuat i OﬁpéfHﬁorﬁg’aﬁé?oieb}%?Hﬁicﬁnéﬁ@ lyﬁ@%ﬁlﬁﬂﬁ-ﬂﬂ& W hieqt ﬁxevg&l'd@fbtiﬁh is

5x10[ err] torr. After thus evacuating the vacuum vessel 61,
benzene gascorporatie its [theestalionary gride bushadevied ofaib antbmasieriithes
through the gas inlet port.63 - 28

"into tHe theautomasiciathé is sblé banchieveppresision machmmgzﬁpamﬂasbein 61
i's maintained at a vacuum of 5x10[err] torr.
roundness) efficiently.

The hard carbon ﬁlﬁ forming method for forming a hard carbon film
on the inner surface of a guide bush is capable of forming a hard carbon
film (DLC film) having uniform thickness and properties closely similar

10 - to those of diamond over the inner surface of a guide bush that is brought
‘into sliding contact with a workpiece in a high adhesion in a short time.
Thus, the hard carbon film forming method is capable of

manufacturihg a durable guide bush for use on the guide bush device of

an automatic lathe at a high productivity.



A DC voltage of-3 kV is applied to the guide bush 11.by t he DC power
source 73, am*&SO Vis applied to the anode 79 by the anode 5

power so vol tage of 10 V is -applf fre ...u.. nt 81 by
the fil atﬂuﬂ'mm“n"g!mnmﬂ so that a current of 3@”&91(‘(1'53 BN h t he
filanment 81 nsequently, a plasma is roduBEH-AGEDa regfon
surroundi ng the gui de bush 11 | #‘K? @cuum vessel 61 and a hard carbon
filmis formed 10 over the surface 6 gui de bush 11 including the

T S fane oA eyidd 8K B haidiheoh WIRkBUAe O AbI and axig]l quv The

auxiliary electro |ons as Geftt Poned ove

menber 53 iqgﬁ,F S Jﬁ'xgdtdc
hard car bogln %%gnal?%gftgﬁa -ath at 2 pg@xtmhﬂné&{ gsdrr@ni pr o uceélgar ound
the inner jandrtdifoed €6 belid %ﬁﬁmgfcoh'ﬂ&ct with Qﬂbdﬁoﬁkﬁécé Jeoakt® ShithCa

charges are liable to be concentrated on the end face of the guide
‘bush 13 arfshridheayorefilingl of a portion of the guide bush around t he
end face tends to beconme higher than that of the inner surface due to

an. edge effect2. Bhguiieobash tabeordihgnsidainefl, witereinthe Hard: dabohcfilmty 20
of the end face of the guide bush 11 is greater than that of the plasma in
t he vi ci niisyfarimed hen gorivitermediatehéaper dorimesh ohl thadirrserusarfides to
Furthernore, a portion of the lgiui de bush 11 around the end face is

subj ect t cenhancertheiadiesion ofshe hard girhentdilpn daldbednoer sudfacehe gui de
bush 11 and that produced inside the guide bush 11. 25 When a hard

carbon filmis Jorivegiigedensk acgording t0 shaim thewhereingthe dntermediageal i ty
of ag@rtlon of the hi\rdc bon filmforned on a portion of the inner
surfa Hayer ih gctver-lavar GOTIBYiSHBLer s from the end

- a lower layer of titanium, chromium or a compound containing
titanium or chromium; and, -
an upper layer of silicon, germanium or a compound containing
silicon or germanium. .

15 4. A guide bush according to ciaim 1, wherein the hard carbon film
is formed on a superhard lining in the form of a cemented carbide or a
sintered member of a ceramic material attached to the inner surface of
the guide bush.

‘5. -A guide bush according to claim 4, wherein an intérmediate

2 layer for enhancing adhesion is interposed between the superhard lining

- and the hard carbon film.
6. A guide bush according to claim 5, wherein the intermediate
layer is a two-layér film comprising: |
a lower layer of titanium, chromium or a compound containing
25 titanium or chromium; and, |
. an upper layer of silicon, germanium or a compound containing
silicon or germanium. S
: ‘ Has Been Re‘la“d

"
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29 Wush differ slightly fromthose of a
portion of t'he s rmed on ot her portions of the inner surface of
t he gui de bush 1T[’ﬂ"””’£"!“m ”Men the dummy nenber 53 is put on the end
face of the guide* shown in Fig. 15 during the hard carbon
filmform ng process, t he portlon of the hard carbon fil m having

adhesi on and q?alAﬁﬁJ% .S%;J%?%Oldlnﬁ tof(flﬁfﬂntf;ﬁ??efétm%l‘n@t 1H@'ln£ % Sare

f ormed on ot her ace o usﬁ 11 is

not for ”Eguﬁétrhﬂ? axﬂp& o§ﬂ6ﬁ%?%h@fsubgﬁ-§gé’ id%he mmt%g*;ﬂﬁell sutf{@ med on

the inner surfacé o dumy nmenb periments sl1owed
that a habﬂtﬁ@rsaﬁfe fsl éanQlfnz'édV\todfd%nl g ééiau&?z@aqa&@r, Qﬁd khbheardEa W% N9

adhesion and quality slightly different fromthoSe of hard car bon
filmfornfitmi i3 forhed eartthencarblirized lageer surface of the gui de bush
11 was forned at a depth of about 4 mMmfromthe end face of the gui de
“bush 18 when tBe Wagdiderbush tietonding toocksah 1Ty wherdiar dnciaitbpmediate film
forming nethod illustrated in Flg 10. 15 -When the dumy nenber 53
of 10 nm layerdoytemhandingnadheside is intergosedbetweerb sharaibhitized taper o t hat
of the bore of the guide bush 11 was

- the inner surface and the hard carbon film.

9. A guide bush according to claim 8, wherein the intermediate
layer is a tvvd-layer film comprising:
10 " a lower layer of titanium, chromium or a compound containing
‘titanium or chromium; and,
an upper layer of silicbn, germanium or a compound containing
silicon or germanium. '
10. A method of fofming a hard carbon film over the inner surface
15 ofa gﬁide bush, comprising steps of:
placing a guide bush for an automatic lathe in a vacuum vessel
having a gas inlet port- and a evacuation port, and internally Iprovided with
" an anode and a filament; _
| inserting a rodlike or wirelike auxiliary electrode in the center bore
2 of thé" guide bush having an inner surface to be brought into sliding
. contact with a workpiece; and
producing_ a plasma in the vacuum vessel by supplying a gas.
containing carborl through the gas inlet jaort into the vacuum vessel after
evacuating the vacuum vessel, applying a DC voltage to the guide bush,
25 applying a DC voltage to the anode and applying an AC voltage to the

‘ﬁlar_nent to form the hard carbon film over the inner surface of the guide

bush.



put on t;he end face of the gui.u'e bush 11 and the hard carbon filmformng

nmet hod was carri foregoing conditions, a portion of the
hard carbon fil mnmm‘u;mmm,“ and quality different fromother 20
[

portions of the Maré carlbons mwas forned on the dunmmy nenber 53
any such portion was not formed on the inner surface of the guide

11. A methb@& ofFo+nbd¥ BORakd hﬁ@ﬁoﬁfmﬁ}xg?onx{%tgﬁ%gﬁ%éﬁ{f&&&d in

11 at all.
Fig. 17,

simlarly to the hard carbon fi

and
bush

ustr at ed

in Fig. 13f4d gudde biishf ficofdinly @Mcldih ADOkARTeth HRE NAIRREY eldbtiédd i@ radio
o vol tage S aplgl)llglred through the mat chi nglciir'%t?it 67 b§/ t he

frequency

radi o freguaimupinedat a grouadyotenfial o 4 posftiMDE

dtefitilal 2dufing flegluency

to produce a plasma in the vacuum vessel 61, an(r}) nmet hane gas (CH err])
as a gas dmrdacarbog filnformation.

supplied i

nto the vacuum vessel 61 so that the pressure in the vacuum

30

“vessel 561 i's ndiZat A medhad off formningrachafl ¢athany film over the inkwr dwfdcear bon

filmform

ng nethod illustrated in Fig. 18 is.
of a guide bush according to claim 10, wherein a ringlike dummy member

having an inside diameter substantially equal to the diameter of the inner

"surface of the guide bush is put on an end face of the guide bush on a side

10

of a portion of the guide bush provided with slits when forming the hard
carbon film.

13. A method of forming a hard carbon film over the inner surface
of a guide bush according to claiﬁ 12, wherein the auiiliary electrode is
disposed so that its extremity is at a distance inside the dummy member
from the end face of the dummy member.

| 14. A method of forming a hard carbon film over the inner surface
of a guide bush according to claim 10, wherein a ringlike jig having a
ringlike body having an inside diameter substantially eqﬁal to the
diameter of the inner surface of th.e guide bush, and a plurality of
projections capable of being inserted in the slits of the gﬁide bush, is put

on an end face of the guide bush on a side of a portion of the guide bush

- provided with the slits with the projections inserted -in the slits,

respectively, when forming the hard carbon film.
15. A mefchod of forming a hard carbon film over the inner surface
of a guide bush according to claim. 10, wherein a cylindrical plug-in jig

having an inside diameter substantially equal to the diameter of the inner

‘surface of the guide bush is fitted in an exﬁanded section of the center bore

of the guide bush, having a diameter greater than that of the inner

surface when forming the hard carbon film.



e ——— -

| di fferent from the af or esai d rrem“ only in that a DC voltage of -600 Vis

5 appliéd to’the 3:1“‘“‘4@3“\@ he DC power source 73' to produce a
plasma in the vac These net hods are able to form

efficiently a hard tarboh F11'm havi ng uni form adhesi on and quality can
be fornmed over the inner surface 11b of the gui de bush 11 by using t he

auxiliary el eCLf&gg%f %ﬂe&%ﬁgon%rr}@%&% rd" B4 R0 rﬁ}n over the inn -lihguﬁﬁ

carbon filmca YAN0)Y; € 1 nner su he gui de bush

11 by covegd o C}ﬁg l?lﬁlﬁ.racﬁ&rc&ﬂgetooﬁleﬁﬁ? 1@‘,1'v9'ﬁ‘e1té'fﬁha ‘%ﬁ&hkbtﬁl ha\ﬁﬁﬁeé' ng

menber 82 as en carryi ng out ose hard

carbon forﬁhgﬁk@ebgﬂgsha ﬂf% n iRdxdd iaamﬁgecsﬁsgﬁnﬂangsé?ﬁ&p%dtﬁe t hat

its extremty 1s a i nsi de umry nenb romthe end

face of thﬁ?m SETRE' irmfer surfé@%ebﬁfﬂfeeﬁﬁli’d@rﬁ@éh diag@har phusdlitynof

extremty of the auxiliary electrode that occurs when the extremty

‘of t he saUXojddtiond! @bl 6f Bling Risestcd in thd s106® dfftheanddbansshofs pieonlummy
menber 53 ‘can be avoided and the hard 20 <carbon film 15 can be forned in a

sati sfact aary egidafadey oPthé euidaerisusls onf acside of afpdritiorgof dhebgisidelbush

Hard carbon film form ng nethods in further preferred enbodi nent s
accor di ng provided pwitlenthe relitst iwithf éhef projentioashimserted @ar thoe $litsn on a
gui de bush will be described with reference to Figs. 19 to 25 23.

Figs. 19 txespectivélysandtie the hard carbon filmformng nethods,
respectlvely Figs. 19 tq 21 correspond to Figs, 15, 17 and 18
respectively. - @ CYﬂdeil@sl PhIg-llb jigl haying an iiRsider démeé@béﬁbﬁ@ftl%lwhose

shown in Figs
ec?ual to the Z1ameter of the inner surface of the guide bush is fitted ijl-l an

expanded section of the center bore of the guide bush, having a diameter
greater than that of the inner surface when forming the hard carbon film.
17. A method of forming a hard carbon film over the inner surface
of a guide bush according to claim 10, wherein the auxiliary electrode is
15 supported on ari' insulator inserted in an expanded section of the center
bore of the gﬁide bush, having a diameter greater than that of the inner
surface when forming the hard carbon film. |
18. A method of forming a hard carbon film over the inner surface
of a guide bush, comprising steps of: |
20 ."placing a guide bush for an automatic lathe in a vacuum vessel
having a gas inlet port and a evacuation port;

. inserting a rodlike or wirelike auxiliary electrode in the center bore
of the guide bu,s-h having an inner sufface to be brought into sliding
contact with a workpiece; and |

% producing f; plasma in the vacuum vessel by supplying a gas
'contfaining carbon through the gas inlet port into the vacuum vessel after

evacuating the vacuum vessel and applying a radio. frequency voltage to



and 18 are de5|gﬁa{—ed—b§u4_he_satr&_reference characters and the

descrlptlon ther om tted. These hard carbon film
form ng net hods iuﬁﬂ L&u m t he - foregoing hard carbon film
form ng net hods | ilary 5 electrode 71 is supported on an

I nsul ator 85 received |n the center bore 11j of a guide bush 11 so that

the. 2Ll 4 GLUORE !l RS A b B WMo indeith6FobUgD 11 and

the vacuum vessel posI |ve exanple, 20 V
is appli ) %ﬁﬁl auxiliary electrode 71 by an auxiliary el ectrode
ce 8

power so Fig. 22 shows the dependence of the thickness of .
-2 hard carbon {9 M methof Qi eFHle 'd Rakd e8FhHHIAL By tHd st Serfapsh 11 on -

the positive voltage appl |ec he auxiliary electrode 71 f

di fferentofcy %@id@%hbﬁédwaihg be clalm 1<'8U>w1|1é1%'iﬂ thleosiXilidey 7e1e@t@ddé h@ i nner

surface of the guide bush he positive DC voltage was varied

from@ Vv mlﬁﬁlﬁed@taafﬁﬁ-bahdspd)ﬁén%ﬁl &Ué\mﬁvéfﬂcbpafeﬁtfalf dekizgr ghee of 3

nmand 5 nm respective It 1s known fromthe curves a and b

t hat t he hstd cafbole fibsi farmatﬁ)dn‘t he hard carbon.filmincreases as the

positive DC voltage applied t.o the auxiliary electrode 71 increases

and the rate o20.déposethodrofdormirg ahdrd carbaeffinnover the inmegberfacken t he
cl earance between the inner surface of the 20 bore of the guide bush 11
and t he anxa lguide bush aacoring itoi daimelfl, ewherein a ringlikeNdupinay meeinbepr oduced
around t i.nner surface of the center bore 11j  of the ui de bush 11
nor can Vlﬁ&rfﬂl anside diameten substaptiallinequal to the dﬂcﬂm%@é hg ipmex

appl I]‘i’)d ' Ourfgce oy tillelg%age E\busi;xt {soggt Z)%x 2{1] denc{] ?ac%oéfe a;el gluufe bush on the

side of a portion of the guide bush provided with slits when forming the

hard carbon ﬁlm; | |

21. A method of forming a hard carbon film over the inner surface

of a gulde bush according to claim 20, wherein the auxiliary electrode is

15 disposed so that its extremity is at a distance inside the dummy member

from the end face of the dummy member. -

22. A method of forming a h_ard carbon film over the inner surface

‘of 'a guide bush according to claim 18, wherein a ringlike jig having a

ﬁnglike body having an inside diameter substantially equal to thé

20 diaméiiér of the inner surface of the guide bush, and a plurality of

: projec;tions capable of being inserted in the slits of the guide bush is put on

an end face of the guide bush on a side of a portion of the guide bush

provided with _fhe slits with the projections inserted in the slits,

respectively, when forming the hard carbon film. |

25 23. A.meth;d of forming a hard carbon film over the inner surface

‘of a gqide bush according to claim 18, Wherein é cylindrical plug-in jig
having an inside diameter substantially equal to the diameter of the inner

surface of the guide bush is fitted in an expanded section of the center bore



the auxiliary electrode 71 is equal to the ground voltage and the clearance
25 between”the “!ﬂﬂ“ﬂﬁmuﬁﬂﬂﬂc}ﬂ the bore of the guide bush and the -

auxi liary e nm (curve a). A plasma is _
produced around the auxiliary electrode 71 within the center bore 11j
of the guide bush 11 and a hard carbon fil mcan be forned

32. of the séﬁ@i%% Fﬂghp%d.e\éhé\?% rl?&\%n\f%équgr%[&“ fithd Q:gntalﬂ Cof %H?i ilé{rf%rry'

el ectrode I eas en th earance between the 1 nner

surface Oéu{fﬁ@e%ﬁ?f%mibnﬁﬂﬁﬁe}‘#}? AMohguxilLiary electrode 71 is 3 mm '

Ther ef or €, 'S rd car orm ng _rret'hod that applies a 5 positive
DC voltage to bhe &lﬁiéﬂ#dg: o gdfrﬁghga??la%a dathaR! fink @vePitRednhef Gurfacecar bon

filmover the I nner sur de bus having a center bore 11j of

a smal | dypgepeide bush accgrdﬁié tb @aliar 18 C¥heesid il ﬂxfg@ﬂdiéoji@ hﬁﬁi@%\‘s

illustrated in Figs. 19 t 21 have the sanme effect.

" descrigedritiglikd Hodyetesihg FhOtnsidle Hoarhdter hubstantiallyeeiquadntddhe
obt ai ned by applying a positive DC voltage to the auxiliary electrode 71

when for nilfxmatéiof €ty hanef i sunfacé hofuthesguiget bestynand rendlaralisy of
Fig. 23 shovx_/s a concrete exampl e of a structure for sup(i)ort ing the
projections capable of being inserted in the slits of the guide bush is put on
an end face of the guide bush on the side of a portion of the guide bush
provided with the slits with the projections ins'erted in the slits,
10 respecti{rely, and -

- a cylindrical plug-in jig having an inside diameter substantially
equal to the diameter of the inner surface of the guide bush is fitted in an
expanded section of the center bore of the guide bush, having a diameter
greater than that of the inner surface when forming the hard carbon ﬁl_m.

15 25. A method of forming a hard carbon film over the inner surface
of a gqide bush according to claim 18, wherein the auxiliary electrode is
supported on an insulator inserted i_n an expanded section of the center
bore of the guide bﬁsh, having a diameter greater than that of the inner -
surface when forming the hard carbon film. |

2 26. A method of forming a hard carbon film over the inner surface

. of a guide bush, comprising steps of:

placing a guide bush for an automatic lathe in a vacuum vessel
| having a gas in]ef. port and a evacuation port; .

inserting a rodlike or wirelike auxiliary electrode in the center bore

25 of the guide busl_; having an inner surface to be brought into sliding
‘contact with a workpiece; and

. producing a plasma in the vacuum vessel by supplying a gas

- containing carbon through the gas inlet port into the vacuum vessel after



auxiligry el ectmer bore of the guide bush 11 in an 15
|nsul ated sfate. ﬂ" m'"'"ﬂ ,mmrown in Fig. 23, an insulator 85 made of an
i nsul ati ng cera ;i is inserted in the expanded section 11g of
the center bore of the ‘ui*de bush 11 provided with a first center bore
85a and a‘second center bore 85b of a dianmeter different fromthat of

the 11 r e ainpEne Hetvaiam WEsdand UbblifiE PCGAEF ¢d thé Byido BLRC 11
conpar at i g &Pn*]ﬁ{@ﬁagd ggﬂg(ﬁ{ ﬁ?ﬂ.bow}é}' ﬁg%dinner sulrfidelt t?i'é)%\h'd@%s‘ﬂ ectrode 71

s fitted e second center bore The  respective
. diameters Of Loe %ﬁét‘lﬁﬂyofefo?ﬁhhgd@hﬁi-d%ﬁ?b&ﬁ‘?ﬂfﬂ b%&r the infEPLaFaer € 85a

are determned so that a clearancé in the range of 0.01 to 25 0.03 mMmis

for med bejfng il Hushs Recorditey T1dlige 26)fwhékeia hiel aﬁlﬁhar?r electroderisde 71
and the first center bore 85a. The respective dianeters t he

" expanded peghtained 14t 2fgrobadopoténtinlstr dlpesitiveBCi potendial] difring dhe
determ ned so that a clearance in the range of 0.01 to 0.03 nmis forned
33 hard catlsdnvéitm fdrenatdepective surfaces of the expanded section 1lg
of the guide bush 11 and the insul ator 85. A cylindrical jig
57 is di sposed28edk méthodnofeformingax datrdicarbom fdm over the inner surface

of a guide bush according to claim 26, wherein a ringlike dummy member
having an inside diameter subStaI_:ttially equal to the diameter of the inner

10 surface of the guide bush is put on an end face of the guide bush on the
side of a portion of the guide bush provided with slits when forming the
hard carbon film, during the hard carbon film formation. |

29. A method of forming a hard carbon film over the inner surface
of a guide bush according to claim 28, wherein the auxiliary electrode is

15 disposed so that its extremity is af a distance inside the dummy member
from the end face of the dummy member.

30. A method of .forming a hérd carbon film over the inner surface
of a guide bush according to claim 26, wherein a ringlike jig having'_a
ringlike body having an inside diameter 'sﬁbstantially equal to the

20 diam_é"f;ér of the inner surface of the guide bush, anci a plurality of

. projections capable of being inserted in the slits of the guide bush is put on

an end face of the guide bush on a side of a portion of the guide bush

provided with _fhe slits with the projections inserted in the slits,
respéctively, when forming the hard carbon film.

25 31. A meth-tlud of forming a hard carbon film over the inner surface

of a guide bush aéco_rding to claim 26, wherein a cylindrical plug-in jig

having an inside diameter substantially equal to the diameter of the inner

surface of the guide bush is fitted in an expanded section of the der_lter bore

41



guide Qush 11. The inside dianeter of the cylindrical jig 57 is 5
approximately equal to the dianmeter of the inner surface 11b. Wen the
cylindrical jig 57 is held between the insulator 85 and the inner surface
11b of the guide bush 11, and the dummy nenber 53 is nounted on the end
face of the guide bush 11, no step is forned in the.vicinity of the inner

surface 1 gui tﬂ!ﬁﬁ 1, of: \whi r I ' s 10
formed; t att Hlés‘é.'gﬁ S’nlgp-glrifn C egéa%c%a?@é%gréé%tggt%eagﬁ tgggoéﬁt :tlglra] 0 et%he
center bo ' L r which the hard carbon film
15" o o PartRe ¥ M e b e T The auxi 11 ary
el ectrode 71 cgp, be MHéfHASEUfdriinaea HRPEUarBoh Silid lovef the innef Barfidede bush
11 in accurate alignnent with the center axis of the center 15 bore 11j by

i nsertingof Beghithe/bakRr adtorditipd @6 tdlatint 26, wherbindayrivlgtikie’ ﬁgehzwling a in

t he expanded section 11g of the guide bush 11. It the auxiliary
" el ect rpderifglile Godyothastingnarninsidehdidaetentstbstantially eqafalt te thent er
bore of the guide bush 11, an unbal anced plasma is produced ~ in the
space bet dizanetdre ofiuthd inngr edwdacedd The aquidehbushy faak efpluralitp oftent er
bore and, consequently, the hard carbon fil m15 cannot be forned ina .
uni f or m t prejeetéens caphble wfibebngringextéd in the slits of the ghidedbwsh impyutenect r ode
71 can be disposed in accurate_ alignnment, with the center_axis of the
cent er -boaB ¢nd tfaee gfithe guide bushnen ehsideapfia portiemrafothe guide bushn be
formed in a uniformihickness and a _uniform25 . quality hy deterpm ning the
di anet er BroYiged yaghathe Slst%oW%%tthteh@rmecthn%un&ebfredeancéﬁebéméﬁosa y
fitted,in the expanded, section 11g of the center bore.of the guide
bush aﬁ%s%ﬁﬂfgfl'r?d‘d( he position of the auxiliary _

a cylindrical plug-in jig having an inside diameter substantially’
equal to the diameter of the inner surface of the guide bush is fitted in an
expanded section of the center bore of the guide bush, having a diameter
greater than that of the inner surface when forming the hard carbon film.

15 _ 33. A method of forming a hard carbon film over the inner surface
of a guide bush according to claim 26, wherein the auxiliary electrode is
supported on an insulator inserted in an expan_déd section of the center
bore of the guide bush, having a diameter greater than that of the inner

surface when forming the hard carbon film.

.\\\

Ay



electrede 71 by the first center bore 85a of the |nsulator 85.

34 A positive DC voltage is applied through t he
connecting el ectrode 87 to the auxiliary electrode 71 when carryi ng out
the hard carbon film. ~ form ng nethods previously described with
reference to Figs. 19 to 21. Since the auxiliary electrode 71 col l ects
el ectrons, a plasma of aABIRACTRRIHE DISCLOSEIREN the center bore 11j
of the guide bush 11, which enhances the rate of deposition of the
hard carbon fiAnhard carbon fillre @5 s aformeddcliredtly’ lori sthromghc tan
through the connecting el ectrode 87 to a ground potential when

_ carryi ng intermédiabe lalyerafob @mbainicing adhesionmivey areinmetssymfece (lih)yofdescri bed
with reference to Fi 10 to 18. 10 A negative voltage |ower than
t hat applgvédetl:msh{ellglibnlbomE 4 workpiece (5ﬂuégatatablwandeag@aaﬁcahdablq0 times
the voltage applied to the guide bush 11) be _applied to the

" auxi | Par ywrepacautamatic latie atsa mosition pearva qu&tmgg‘@ol to besimghidieg to t he

auxi liary el ectrqde the potign of electrons within t enter bore
11j of tif® ¢fdy1§mstglemorkpm@eﬁ$§.)fqreélrem@r@by; meglae% mgermefi tet he

B bon 1 P EosaRameeRe dhesn Su' B utitnie P BetrarRar Ah5ing ed e 71
may be rml:'hrclet f‘ﬂl{]e%dsgf'fage f(&fgf e guide bush (11) has remarkably enhanced
durability and prevents damaging the workpiece (51) and seizing that
10 makes a machining 6peration impossib_le even when the guide bush (11) is
used for an extende_d period of time and when the automatic lathe operates
for heavy machinihg. The hard carbon film (15) having satisfactory
adhesion to the inner surface (11b) can be efficiently formed in a uniform
thickness over the inner surface (11b) by placing the guide bush (11)in a

15 vacuum vessel, extending an auxiliary electrode in the center bore of the

guide bush (11) and'prbducing a plasma of a gas containing carbon.



potential .. Wen the auxiliary electrode 71 is at a floating potential, a -
negati've potential is produced on the auxiliary electrode 71 by the 20
.interaction between the plasna and the auxiliary electrode 71, the effect

of which is equivalent to that of the application a | ow negative

vol tage to the auxiliary electrode 71.. Aringlike jig

havi ng projections 55 as shown in th 4 may .be used instead of the . .
dunmy .nenber 53 put on the end face 04 he gui de bush 11 25 in carrying out
the hard carbon filmform ng nmethods described with reference to Figs.
10 to 23. ~ As shown in Fig. 24, the ringlike-jig 55 has a :
ringlike . body 55a - having an opening of a dianeter substantially equal

to the dianeter of the .. , 35 .
i nner surface 11b of the guide bush 11, and three projections 55c capable

of being inserted in the Mits;Fﬂg ei_fhe gui de bush 11, respectively,
and arranged at equal angular i'ntervals of 120[err] .. The thickness d
of the - projections 11c is substantially equal to the width of the
slits 11c. : ' - o
: L Ne /// 11e 11¢
151 : S
L____--___ > . - — - - - -
AV A 45 AL AV (VALY AY 4 '

11d , 119




5 ) The ringlike jig'55 is identical with a nenber fornmed by

'prOV|d|ng *  the dummy nenber 53 with the projections 55c. The
ringlike jig 55 is put on the end face of the guide bush 11 with t he
projections 55c inserted in the slits 11c of the guide bush 11 as shown

in Fig. 26. 10 The foregoing nmethods are carried out with the
ringlike jig 55 thus put on the ce of the .guide bush 11 to form
the hard carbon film 15 over the rnner surface 11b of the guide bush
11. The use of the ringlike jig 55 when form ng the hard carbon
filmon t he guide bush 11 provides the follow ng effects. 15 As
ment i oned above, the quantity of charﬁéi §§)$¥cted around a portion of
t he gui de bush around the end face is gFeat®er than that of char ges
col | ected around the |nneq1%prface of the gUI e bush due to char ge
concentration on the end fface atigi butable ffge effggg. The edge
ef fect can be ppre en th QIng|lkﬁ/%lg 55 put oh the guide 20
bush 11 when f§ m ngfa har arbgn filmo he UI de bush. Thus,
| ocal differencdes in]thickne Y vayory filmdue
to edge effect fan b nted when the hard carbon Tilmis formed on
t he gui de buiﬁ'%1 wth }he ringli ke J1g 55 .puf on the end Tacd t he
gui de bush 13. 25 11b $i nce the projections 55¢ of the ringkiike jig 55

are insertedji g he slfits 11c of the guide bush 11, edgelefYect due to
the concentrgtion of gl egtrfic - field on the edges of thefsl)Jts 11lc .can
‘be suppressed: :

VN

. //1//-]J/{/ -

11d 17 119

Wj}}ﬁ A A ey e A,

1 11

F1G.8

Hard carbon film(DI;.C £ilm) 15
, Tior Cr £ilm
Superhard lining =~ . ~—12



36 ~ Consequently, the uniformty. of the quality and
adhesi’on of t he hard carbon film 15 fornmed on the inner surface 11b of
t.he guide bush 11 is - further inproved. . Fig. 25 is a

| ongi tudi nal sectional view of a cylindrical plug-injig 57 5 to be
fitted in the expanded section 11g of the center bore of the guide bush
11. _ The plug-in jig 57 hgg ag$yllndr|cal body 57a having an

i nsi de di anet er substantially 4 to the dianmeter of the inner
surface 11b of the.guide bush 11, and a threaded head 57b provided with an
internal screw 10 thread that mates with the threaded portion 11f of the

gui de bush 11. The out si de di aneter of the cylindrical body 57a is
determ ned so that the cyl i nd+-dal 57a fits closely to the
expanded section 11g of the center bore of the guide bush 11. Wen the
cylindrical body 57a of the plug-injig 57 is inserted in the expanded
section 11g of the center bore of the guide 15 bush 11 and the threaded
head 57b is (b i ogi-da—byish 11
as  shown infXi §. no step is _forned|iQeméired fneCeramic §u 1;{5;1@% of J t he
center bore| 1 of th%elijhpéé“‘b@éh 11; {hadrbige t He mavaeraisyr
'g d=0.8mm : :
& )
.
x | OO
2 h (n=1)
C.
P |
g.
§ d=38, Omm
E x | O
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K ==
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of the guide bush 11 has the sane di aneter throughout the entire |ength

t hereof. 20 When the plug-in jig 57 is thus nounted on the gui de bush
11, the step between the expanded section 11g and the inner surface 11b
is level ed of f and, consequently, a uniformclearance is forned

bet ween the inner surface of the guide bush 11 and the auxiliary .

el ectrode 71 throughout the ", e t're | ength of the guide bush 11. 25
The foregoing hard carbon filn1fd+ﬁ? % met hods are able to form t he
hard carbon fil mover the inner surface 11b of the guide bush 11 with

the plug-in jig 57 inserted in th ui de_bush 11. .
- 37 When a han§:§d§5§mibiln1rs formed on the guide bush 11
usi ng the ' : : .
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plug-in jlg 57, the potential characteristic of the inner surface of the
center’ bore 11 of the guide bush is uniformover the entire | ength of
t-he gui de bush, so that the hard carbon filmis uniformin thickness,
adhesion and 5 quality. ' Both the ringlike jig 55 shown in Fig.
24 and the plug-in jig 57 shown in Fig. 25 may be put on the guide
bush 11 as shown in Fig. 28 whemgjj$1ng the hard carbon film 15. The
synergetic effects of the ringli fg 55 and the plug-in jig 57
further inproves the adhesion to the 10 -guide bush 11, and the quality and -
t he thickness of the hard carbon fi ~ The ringlike jig 55 and
the plug-in jig 57 are formed of a zﬁ} ch - as a stainless steel.
The dummy nenber 53 and the plug-in jig 57 may be used in ~  .conbination
for formng a hard carbon filmon the guide bush 11. 15 Al t hough the
foregoi ng hard car bon AT YA M AFREFIRFZ 7 Z Zhbodyi ngb¥he present
i nvention have bega=dkcribed as applied to rm ng tﬂf hard car bon
film15 on thé ace of the superhard lining 12 ttreose—hard carbon
filmforning neth hy be applied to formng t N FRmhr bon film 15
directly on the innery UG peLTEIt provi ded with
the superhard lining R, formng the hard carjbon 15 on the

N
)

internedi ate | ayer 16(forned on t-he inner gui de
bush 11. or formng tfik hard carbon film 15 | ayer
16 forned on the surfffie of he supeqr?rd 1i 6%e

/
f
{
inner surface 1lb of {he gui bush
hard carbon film forfgng netﬁbq _ L i nvention use
A ifni ng carbon, the
A
/
%
%

jne (qemtHerr]),

net hane (CH4) gas or Benzene ‘W
hard carbon film fornmihg 14" N
hexane (Clerr]Herr]) ppr .the J ke
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38 . These gases contai ning carbon may be diluted by an
i-nert gas that is ionized at a relatively | ow ionization potential,
such as argon (Ar) to stabilize the plasma produced in the center bore
of the guide bush. A smal | anmount of an additive (1% or |ess) may
be added to the gas 5 containing carbon for formng the hard carbon film
to enhance lubricity or hardnessg /1§ .. Addi tion of, for exanple,
fluorine (F) or boron (B) to the gas cont ai ni ng carbon i ncreases
lubricity. Addition of, for exanple, chromium (Cr), nolybdenum (M) or
tungsten (W to the gas containing 10 carbon increases hardness.

It is desirable to produce a plasma of argon (Ar) or nitrogen (N2)

after placing the guide bush in the vacuum vessel prior to forning the
hard carbon filmto bonbard the inner surface of the guide bush, and to
produce a plasna of the gas containing carbon, such as nethane gas or 15
benzene gas, for formng the hard Epﬂqg? 12in1 : Thi s pretreatnent
usi ng bonmbardment with an inert gas Bnefe S the tenperature of the
inner surface of the guide bush, activates the inner
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surface and drives out i mpurities fromthe inner surface of the gui de bush
to clean the inner surface. These effects further inprove the adhesion of

.20 ‘the hard carbon filmto the inner surface of the hard carbon film
" | NDUSTRI AL APPLI CABI LI TY As is apparent fromthe foregoing

description, the use of the guide bush of the present invention on the
rotary or the stationary guide bu

%ﬂ/ § device of an automatic |athe enables
the automatic lathe to carry out t'He nor mal nmachining of a wor kpi ece
at an increased depth. of cut w thout damagi ng the workpi ece or causing
sei zure between the guide bush and . t he wor kpi ece, and enhances the
machi ning efficiency of the aut

t E . .
39 | at he renarkably.F?EéE%él%ikably enhanced durability of the
gui de bush extends tinme for which machining can be continued, which

“increases the operation rgje of the automatic | at he renarkably When
t he guide bush is i ncor po

Zle stationary. gui de bush- devi ce of
an automatic lathe, 5 the aut -.63 | at’he is able to achieve precision '
machi ning (particularly i#5
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The hard carbon filmformng nmethod for formng a hard carbon film - on
the inner Surface of a gui de bush is capable of formng a hard carbon -

fi |l m ( DG+ —having-uni-form t hi ckness and properties closely simlar 10
to those of dianond over the i nner surface of a guide bush that is brought =

into slid Pda wor kpi ece in a high adhesion in a short tine.
Thus, the m f orm ng t/hﬁﬁ i's capabl e -of manuf acturing a
dur abl e gui e on the guide bush QTVIHSC%H?ET HAS E”E%‘a tomatic

| at he at a high product|V|ty REPLACED
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40 | CLAI VS 1. A guide

bush for hdl ding a workpiece rotatably and axially slidabl e on an
automatic lathe at a position near a cutting tool, having an i nner
surface to be in sliding contact-wth the morkplece coated with a 5 hard
carbon film 2. A gui de bush according to claimi1, wherein the
har.d carbon film is forned on ang fiq&r nedi ate | ayer formed on the i nner
surface to enhance the adhesion of the hard carbon filmto the inner
surface. -3. A gui de bush according to claim2, wherein the o
internediate 10 layer is a two-layer filmconprising: a | owner

| ayer of titanium chrom umor a conpound contai ni ng “titanium or

chrom um and, an upper |ayer of sili.con, germanium or a conpound’
cont ai ni ng silicon or- germani um 15 4. A guide bush according to

claim1l, wherein the hard carbon ngq;CS 1i formed on a superhard |ining
in the formof a cenented carbide i ntered menber of a ceramc

materi al attached to the i nner surface of

o 77
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t he gui de bush. 5. A guide bush according to claim4, wherei'n an
i nternedi ate 20 _|dyer for enhanci.ng adhesion is interposed between the
superhard |ining and the ‘hard carbon film 6. A guide bush
accor di ng tThiscShedt Has edn t he |nterned|ate layer is a two-layer -
mecmwls alwm i mor a
cormpound con anl um or én unTHENSHEET HAS BEEN'{ an upper
‘layer of silicon, und cént ai- RERYACED silifcon or'

ger mani um ' 7aT
‘7. A guide bush according to clal : n the gui de, bush has a -
substrate, and a portion of the sErgtK3?§2ﬁ& the vicinity of the inner :
surface of the same is carburized to forma carburized | ayer, "and t he
hard carbon filn efl | ayer.gg5 8. A
gui de bush accordkeg:&o clarm /7, wherein an 1 nterppdi ate i
63~Z;j | | Matching
% o circuit
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| ayer for enhanbing adhesion is interposed between the carburized | ayer of

the inner surface and the hard carbon film ‘9. A gui de bush
according to claim8, wherein the internediate | ayer is a two-I|ayer
filmconprising: 10 a |lower layer of titanium chrom umor a conpound
cont ai ni ng titani umor chrom um and, an upper | ayer of
silicon, germaniumor a conpound coﬁtp?n?gg . silicon or germani um

10. A method of formng a hard carbon filmover the inner surface 15 of a
gui de bush, conprising steps of: pl acing a guide bush for an
automatic lathe in a vacuum vessel having a gas inlet port. ‘and a

evacuation port, and internally ided with . an anode and a :
filament,; inserting.a rodliﬂép r Lr;g' ke auxiliary electrode in the

center .bore 20 of the guide bush having an inner surface to be brought

into sliding contact with a workpi ece; and produci ng a
plasma in the vacuum vessel by supplying a.gas comtarm ng car bon
through the gas inlet port into the vacuum vessel after evacuating the
vacuum vessel , a@plgﬁn a DC voltage to the guide bushy 25 |applying a DC
voltage to the aRNod nd applying an AC voltage to t ilament to form
t‘he hard carbon 5 | m over the inner surfacepof the guide ~bush..

42
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11. A nethod of forming a hard carbon filmover the inner surface of a
‘gui de bush”according to claim 10, wherein the auxiliary electrode is

mai ntai ned at a ground potential or a positive DC potential, during the
hard carbon filmformation. 5 12. A method of formng a hard
carbon filmover the inner surface: gf a gui de bush according to claim
10, wherein a ringlike dumy nenber124/1 havi ng an i'nside di aneter '

substantially equal to the diameter of the inner surface. of the guide

bush is put on an-end face of the guide bush on a side of a portion of
t he gui de bush provided with slits when form ng the hard 10 carbon film

13. A nethod of formng a hard'cafaﬁ fi over.  the inner surface of a
gui de bush according to claim12, ZEﬁi he auxiliary electrode is

di sposed so that its exgnynity.is at a distance ‘i nside the dunmy nenber
fromthe end face of the my menber. 15 14.. A method of formng a
hard carbon fil mover thedganr-, 0555 gui de bush according to
claim 10, wherein a ringlike¥i ringli ke body having an

i nside dianmeter substantially Sggneter of .the inner
surface of the guide bush, ang proj ections capable of
"being inserted in the slits of is put 20 on an end face of -
t he guide bush on a si &hget—e ' gui de bush provi ded with
the slits with the projections\insg “‘m its, respectively,
when form ng the hard carbon fi / 18 gA nmethod of forming a
hard carbon filmover the inner

—-— gy
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of a guj de bush according to claim 10, wherein a cylindrical plug-in jig 25
havi ng an ‘i nsi de di aneter substantially-equal to the dianmeter of the inner
surface of the guide bush is fitted in an expanded section of the center

bore of the guide bush, having a dianeter greater than that of the

i nner surface when formng the hard carbon film - 16.
A nmethod of formng a hard carbon fiﬂg:ymer the inner surface of a
gui de bush according to claim 10, whereih a ringlike jig having a

ringlike body having an inside dianeter substantially equal to the
di anmeter of the inner surface of the guide bush, and a plurality of 5
proj-ections capable of being inserted in the slits of the guide bush is put

on - an end face of the guide banlqug 7de of a portion of the guide
bush provided with the slits t oj ections inserted in the
slits, respectively, and a cylindrical plug-in jig having an

surface of the guide busq is fitted in an 11expanded segﬁkon 0
center bore of the guide t t han that of

i nsi de dianeter substantially 10 equal to the dianeter of the i per
t he
@sh, having a di amgter fyea
the inner surface when fqrning thehard ca;Egn flitlem T L 17. A

met hod of formgsg afha arbon fyl'm over e inper suf of a guide
~bush according5 o claim10, Ywhereln the auxiliarly el echrn
supported on a& i nsul ator | t e T t cent er
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bore of, LQe_guide bush, having a dianeter greater than that of the inner

surface wheh formng the hard carbon film 18. A met hod of
form ng a hard carbon filmover the inner surface of a guide bush
conprising steps of: 20 pl aci ng a gui de bush for an automatic | athe
I n a vacuum vessel having a gas inlet port and a evacuation port;

inserting a rodlike or wirelike auxill§Ald el ectrode tn the center bore
of the guide bush having an inner surface to be.brought into sliding

contact with a workpi ece; and 25 .- producing a plasnma in the vacuum
vessel by supplying a gas cont ai ni ng carbon through the gas inlet port
i nto the vacuum vessel after evacuating the uum vessel and appl ying
a radio frequency voltage to . 44
the gui de bush to formthe har cgrbon film t raner sy t he
.gui de bush. N
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19. A nethod of formng a hard carbon filmover the inner surface - of a
gui de bush according to claim18, wherein the auxiliary electrode is 5

mai nt ai nedat a ground potential or a positive DC potential, during the
hard carbon film formation. 20. A nmethod of formng a hard
carbon filmover the inner surface of a guide bush according to claim
18,7 wherein a ringlike dumry nenber 1 havi ng an inside di aneter
substantially equal to the dianeter %#' e inner. 10 surface of the guide
bush is put on an end face of the guide bush on the side of a portion
of- the guide bush provided with slits when formng the hard carbon
film : 21. A nmethod of formng a hard carbon filmover the inner
surface of a guide bush according to claim 20, wherein the auxiliary
el ectrode is 15 disposed so that its extremty is at a distance inside the
=dumy nmenber fromthe end face of the dummy nenber. 22. A
net hod of formng a hard carbon filmover the inner surface of a quide
bush according to claim 18, wherein a ringlike jig havinga = ringlike
body havi ng an..inside di ameter substantially equal to the 20 dianeter of
.the inner surface of. the gui de bush, and a plurality of proj ecttions
capabl e of being inserted in the sllts of the guide bush is put on an
end face of the guide bush on a si f t jde bush
provided with the slits with-the p in slits
respectively, when forning the hard {1 m 3. A nethod of
form ng a hard carbon filmover the I nn&Y face of "a gui de bush '
according to claim18, wherein a cylindri i Al havi ng an

i nside dianeter substantially equal to t anet t he fEher

surface of the guide bush is fitted in ande tion of the center
bore :

)
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45 . - of the guide bush, having a dianeter greater than that of
“the inner surface when fornlng the hard carbon film 24. A
met hod of formng a hard carbon filmover the inner surface of a guide.
bush according to claim 18, wherein a ringlike jig having a 5 ringlike
body having an inside dianeter substantially equal to the di anet er of
the inner surface of the guide bush, and a plurality of proj ections
capabl e of being inserted in the slits of the gui de bush is put. on an .

end face of the gui de AMENDMENTIOPPROCEDURE the guide bush

provided with the slits with the projections inserted in the slits, 10
respectively, and (Amendmenﬁuﬁ&bi"BHéb?@hsfHﬂJSfAi‘tlhléJlDaV' ng an inside

di anet er substantially equal to the dianeter of the inner surface of
the guide bush is fitted in an expanded section of the center bore of
t he gui de bush, having a dianeter greater than that of the inner
sur f ace Wemnfiesionep of Patent Offiee bon film 15 -~ 25. A nmethod of forn ng
a hard carbon filmover the inner surface of a guide bush according to
claim 18, wherein the auxiliary electrode is supported on an
i nsul at or ted | an expand d sectign of the center bore of the
gui de bush, ﬂ@w Blcatiem that of the inner surface
vvhenformng onfllm 20 26. A nmethod of forming a hard
carbon film omﬁﬁég/@%@ surface
2. Applicant
Name ‘ CITIZEN WATCH Co Ltd.
Address , 1-1, Nishi- Shinjuku 2-chome, Sh1n3uku-ku
Tokyo 163-04 Japan
Nationality Japan
Residence ‘Japan
3. Agent '
" Name (8093) OSAWA Takashi
Name (10186) YAMAMOTO Toshitake
Address Room 818 Ikebukuro White House Bldg.,
20-2, Higashi Ikebukuro 1-chome, Toshima-ku,
Tokyo 170 Japan

4. Object of Amendment DESCRIPTION
| CLAIMS



of a gui de, bush, conprising steps. of: pl aci ng a gui de bush for
.an automatic lathe in a vacuum vessel having a gas inlet port and a
evacuati on port; ~inserting a rodlike or wirelike auxiliary

el ectrode in the center bore 25 of the guide bush having an inner surface
to be brought into sliding . contact with a workpiece; and ' :

pr oduci n | as | n_the vacuum yessel suppl ying a gas cont ai ni ng
car bon t%rgﬁgﬂ&?rﬁgdlg&? Nty or 1A% BEB 8t gc&gﬁrvessel after . .

the oui de (ELASCHSHEIPER o MRSGTOSORKTORCrER INYOEVHION Bnneh 885, o

t he gui dep nors 427 of 3f:QLami Nng a ha?&i wf i over
the i nne?ggr aI(I:)éP TON, ofwg'%gl} ?@eméhgsg&gccoorlgzlgfr?g"'t"é"'ﬂ a mdggﬂg et eilsrrI1 t he
auxi i ar yyrebsaéd a9Foilewa: Mai Nt ai ned at a ground potential or a positive DC
potential, during the hard.carbon filmformation. 28. A '

met hod of f-ofWithgtlee feregonar bbject iihnviews rﬂ@grés@ne ingemtien eprovided a2 gui de
bush according to claim26, wherein a ringlike dunmy nenber havi ng an
i nsi de digaide ebushibsft ant approxismatel cylintealli fomet dravihgt ecénteer bdfe
surface of the quide bush is put on an end face of the guide bush on the
formed along its center axis, which includes a taper outer surface formed
on one longitudinal end portion and provided with slits to make the end
portion elastic, a threaded portion formed on the other end portion to be
mounted on the column of an automatic lathe, and an inner surfa;cé for
holding a workpiece inside a portion on which the taper outer surface is
formed. The guide bush is mounted on an automatic lathe so as to hold a
workpiece inserted into the center bore with the inner surface for holding
the workpiece rotatably and axially slidable at a position near a cutting
tool, and is provided with a hard carbon film coated on the inner surface
for holding the workpiece.
Further, the present invention also provides a method for uniformly

and firmly forming the hard carbon film in a short time bver the inner

surface of the guide bush. -

(2) Claim 1 is entirely amended as per attached.

6. List of Attached Documents
(1) DESCRIPTION: new pages 3, 3/1
(2) CLAIMS: : new pages 41, 41/1

(Above-indicated pages are based on the English translation of the original
Japanese DESCRIPTION and CLAIMS.)



Side'of a portion of the.guide bush provided with slits when formng the

«hard carbon film during the hard carbon filmformation. : 29. A
nmet hod of formng a hard carbon filmover the inner surface of a guide
bush according to claim 28, wherein the auxiliary electrode is 15 disposed
so that its extremty is at a distance inside the dumy nenber from

the end face _of .the du menber . . 30. A hqd of .foy m,ng a hard
carbon f i SUEERFGe i%ﬁugm& aErure beBVeﬁnga?%eg%n%orﬂigl}% claim
26, wher g] LG Al L i I ke . ' | psi de

di anet er %gé%%l%&r#l ﬁ?hgidggi&?g?t%g P fﬁsen&: i 131%#%1?501?%&%%&4;? Ig%? Jahze of
the gui de,sussib; n?arﬁ%fé L P Lekrtions capable of being
insertede(fn-tEleeI%ﬁdts 0 '[Eﬁ'l'eh%éisg{é: %gﬁlﬁBgﬁfti on an end face of the
gui de bush on a side of a portion of the guide bush - provided with the

slits with the projections inserted in the slits, . respectively, when

form ng the hDISCBOSUREIOFTRE INVENTHONA nethod of formng a hard ,
carbon filmover the inner surface of a guide bush according to claim

26, wherein a With thie faregoixrigigbjent jn yiew, thé presentainventicle pdovides ex
substantially equal to the dianeter of the inner surface of the guide
bush is fguidedbush aof awpapproxivests eyliodricad fem dravivgea center bore
4 . formed along its center axis, which includes a taper outer surface formed
on one longitudinal end portion and provided with slits to make the end
portion e_lastic, a threaded portion formed on the other end portion to be
mounted on the column of an automatic lathe, and an inner surface for
holding a workpiece inside a portion on which the taper outer surface is
formed. The guide bush is mounted on an autdmatic lathe so as to hold a
wprkpiece inserted into the center bore with the inner surface for holding
the workpiece rotatably and axially slidable at a position near a cutting
tool, and is provided with a hard carbon film coated on the inner surface
for holding the workpiece. _ , .
Further, the present invention also provides a method for uniformly
and firmly forming the hard carbon film in a short time over the inner
- surface of the guide bush.

The hard carbon film is formed of a hydrogenated amorphous
carbon closely resembling diamond in properties. Therefore,
hydrogenated amorphous carbon is also called diamondlike carbon (DLC).

The hard carl:on film (DLC film) has_ a high hardness (not lower
than Vickers 3000 Hv), is excellent in wear resistance and corrosion

resistance, and has a small coefficient of friction (about 1/8 that of a

cemented carbide).
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of the guide bush, having a diameter greater than that of the inner
»surface when forming the hard carbon film .32. A nethod of

form ng a hard carbon filmover the inner surface - of a guide bush
according to claim 26, wherein a ringlike jig having a 5 ringlike body

havi ng an inside dianeter substantially equal to the di aneter of the

i nner surfacengf I de h, and.a plurali of . projeckions capable
of bei ng inseﬁ)goéléﬁe%ﬁ‘isqufﬁe eyend Iea%]oguéﬁvansg Bﬂtmglﬁr surfaé:ﬁnéé)nd face
of the gy Wal=¥a] j~an -4 U i ded
it ho Ty 1y SHAhe Borath SRR o FroRRbickg cfitel, itk UThARE Caghon HIR,
respect i sy weddresistance mote CétdeNehkt CilarP the- édhventidiad! Biidd Budhi de

di aneter substantially equal to the dianeter of the inner surface of
the gui dehdinf drs ifimést edrfage aittachedewitth dccernentéd radbidenor eebéimiror e of

t he gui de bush, having a dianeter greater than that of the inner

surf ace wuhateffial.mi ng the hard carbon film 15 33. A nethod of
formng a hard carbon filmover the inner surface of a guide bush
accordi ng to Acsondingly.asr eutomiasicalathei employing itheestasionarysgpide t ed on
an insulator ipserted in_an expanded section of the center . bore of the
‘gui de budht resgnhiRvantion isakle torachievaheayy machining, in whiglhy f ace

N 1 o g Gl e 58

cIJ.%il,ang speed is high, with high accuracy for an
extended period of time without damaging the workpiece and causing

seizure.
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CLAIMS

1. (amended) A é‘lﬁde bush which is in an approximate cylindrical |
form having a center bore formed along its center 'axie, including a taper
outer surface formed on one longitudinal end portion and provided with
slits to make the end port1on elastic, a threaded portion formed on another '
end portion to be mounted on a column of an automatic lathe, and an
inner surface for holding a workpiece inside a portion on which the taper
_ outer s‘urfece is formed, mounted on an automatic lathe so as to hold a
workpiece inserted into the center bore with the inner surface for ho!_ding
the workpiece rotatably and axially slidable at a position near a cutﬁng
tool, and provided with a hard carbon film which is a hydrogenated -
amorphous carbon film coated on the inner surface for holding the
workpiece. |

2. A guide bush according to claim 1, wherein the hard carbon film
is formed on an intermediate layer formed on the inner surface to
enhance the adhesion of the hard carbon film to the inner surface.
| 3. A guide bush according to claim 2, wherein the intermediate
layer is a two-layer film comprising: |

a lower layer of titanium, chromium or a compound containi'ng

titanium or chromium; and, |
) an upper layer of silicon, germanium or a compound containing
silicon or germanium. |

4. A guide bush according to claim 1, wherein the hard carbon film
is formed on a superhard lining in the form of a cemented carbide or a
sintered member of a ceramic"material attached to the inner surface of

the guide bush.
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5. A guide bush according to claim 4, wherein an intei'ﬁ).ediate
layer for enhancing 'a'd'he;sion is interposed between the superhard lining
and the hard carbon film. |

6. A guide bush according to claim 5, wherein the intermediate

_ 'layer is a two-layer film coinprising: | | |

a lower layer of titanium, chromium or a compound containing

titanium or chromium; and,

an upper layer of silicon, germanium or a compound containing

silicon or germanium.

e
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