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TITLE OF THE | NVENTI ON PI VOT THRUST BEARI NG SYSTEM BACKGROUND OF THE

| NVENTION 1. Field of the Invention: This invention generally relates to a
piwvot thrust bearing systempreferably used for spindle notors or the like.
2. Prior Art: Fromthe technical backgrognd characterized by hi gh-speed

recordi ng and hi gh-densification of

recording data in the field of magnetic

di sk apparatuses, a need for spindle notors capable of performng a

hi gh-accurate and hi gh-speedy operation has he easing. In accordance
with the requirenent of high adﬁﬂzbﬂygﬁﬁﬁﬂﬁ+éﬁﬁggt3§h there will be a
necessity of suppre55|ng rotary shaft of a
spirndle notor in its axial hﬁggé#éﬁﬁg*Téggﬁ#MB gET?W I s usual that the
rotary shaft is supported by a fluid radial bearing. Even in the case that
the rotary shaft is supported by a thrust bearing, to suppress the

agi ng-li ke dislocation of th%é@ﬂhﬁbﬂﬁ@ﬂﬁ&LﬂHIlﬁﬂYﬁ ' direction, there is
proposed a technol ogy of maintalning a non- contact sliding condition

utilizing a1dypagig preese tneekei@hed by a hydraulic force of lubricating

oi |

in response to the rotation of the rotary shaft, as disclosed in

Lai d- open JapanetRifaierén iyl igeaidral 1Yo reliElteds TM42pipubl tihedti bedd94g
Mai nt ai ni ng the non-contact sliding condition by generating

system preferably used for spindle motors or the like.
2. Prior Art:

From the technical background characterized by high-~speed
récording and high~densification of recording data in the field
of magnetic disk apparatuses, a need for spindle motors capable
of performing a high—-accurate and.high;speedy operation has been
increasing. . .

In accordance with the requirement of high accuracy and
high speed, there will be a necessity of suppressing aging-like
dislocation of a rotary shaft of a spindle motor in its éxial
direction. To this end, it is usual that the rotary shaft is
supported by a fluid radial bearing. Even in the case that the
rotary shaft is supported by a thrust bearing, to_suppress.the
aging-like dislocation of the rotary shaft in the axial
direction, there is proposed a technology of maintaining a non-
contact sliding condition utilizing a dynamic pressure generated
by a hydraulic force of lubricating ¢0il in response to'the
rotation of the rotary shaft, as disclosed in Laid—-open Japanese
Patent Application No. HEI 6—38442,-pub1ished in l§94.

Maintaining the non—~contact sliding condition by generating



2 dynam c pressure using hydraulic force of lubricating oil -in response to
the rotation of the rotary shaft as disclosed in the Lai d-open Japanese
Pat ent Application No. HElI 6-38442 will be an ideal lubricating condition.
However, when the thickness of lubricati@g oil filmintervening between
solid nmenbers is reduced to a degree of surface roughness of the solid
menbers, there is a possibility that confronting solid nmenbers nay be
brought into direct contact w th each other sonemhers n the|r S|Id|$g in

surfaces arftVR4RiGeRFeRBEAL USR8 PYATAWHS WERRC S P i F &Nt

d d t t hat th id|ub {
condi T on | CoparEeets tria'3hral b8 et the ALY T A4 cafﬁ%”élé a2 Bhean
actual sli CE‘n% S&é%%‘cﬁea&:a%és%aga%%nﬂgg ggt"i‘éhaﬂfod'ﬁfg 482 3Rl E@ hpom

a driven nme magnetic r rng nedi u e thrust earing
via the rotgigafnphbriAeEORL E%&at%ﬁ“ | frdd@vd Ui dhbﬁartluw 4151 A £dgean

actual lubricating condition realized will be a somewhat m xed Iubrlcatlng

condi tion vihese ddeimpundar y £k vRr i Gifd e £ Dili tHeiwdén CaFllicahebdrs is
i nvolved at a certain degree. Hence, in practice, it was inpossible to

realize a pesdwsdd fialid dégred O aurihcappdighds gener thé ngohidt@bhbers,
dynam c pressure by the
there is a possibility that confronting solid members may be
brought into direct confact with each other somewhere in their
sliding surfaces and the wear amount caused therebetween will be
' significaﬁtly increased compared with that in the fluid
lubricating condition; such a éondition is generally referred to
as boundéry lubricating condition.

In an actual slidihg surface, a load acting in an axial
direction is applied from a driven member, such as a magnetic
recording medium, to the thrust bearing via the rotary shaft.
Accordinély, even if the fluid bearing is adopted, an actual
lubricating condition realized will be a somewhaf. mixed
lubricaﬁing condition where the'boundary lubricating condition
is complicatedly invoclved at a certain degree. Hence, in
practice, it was impossible to realize a perfect fluid thrust
bearing'capable of generating a stable dynamic pressure by the
hydraulic force of lubricating oil in accordaﬁce with the
rotation of the rotary shaft, so as to maintain the non—-contact
sliding condition.

SUMMARY OF THE INVENTION

Accordingly, in view of above—described problems



hydraulic force of lubricating oil in accordance with the rotation of the
rotary shaft, so as to nmaintain the non-contact sliding condition. SUMVARY
O THE | NVENTI ON Accordi ngly, in view of above-descri bed probl ens
3 encountered in the prior art, a principal object of the present invention
Is to provide a novel and excellent pivot thrust bearing system capabl e of
stabilizing a mxed lubricating condition by preventing a rotary shaft
from causing a dislocation in_its axial direction agd al so reﬁuci n it§
di sper si on, *FERYRESTRD IR FiBRg PRHCK ARE-n@8eBEIBFLIRPINCHLREFARY AT ﬁrgﬁen
speed or | ow power consunption, for exanple in spindl ors | C riLyes
nmagneti c di%‘k‘P%Fbi)’a‘?%t l’Jgesr‘gp rpfh‘é"??k& :ﬁv%} d@'flfoeﬁ%%gh%nglésﬁ"t‘)#ys g%gusx
rel at ed obj.ec h reseng | ti r.avi.des, . i yot st LOg:
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carbon. The 1on-inplantati'on surface o otary shaft is brought i Nt o
slidabl e cofifdcadidn aiReai8y 4 HUIN BrddidCataindy QillscCOrp@Eehg its

Specifically, the netal -elenent inplanted into the rotary shaft is
titani um (d)spevelicd, thereby complying with the needs of high accuracy
and high speed or low power consumption, for example, in spindle
motors which drives magnetic disk apparatuses or the like.

In order to accomplish "’this and related objects, the
present invention provides a pivot thrust bearing éystem
comprising a rotary shaft made of steel material having an ion-
implantation surface applied a direct ion implantation of metal
element and carbon. The ion—-implantation surface of the rotary
shaft is brought into slidable contact with a bearing through a
lubricating oil component. Specifically, the metal element
implanted into .the rotary shaft is titanium (Ti), and an
implantation .a.mount of the titanium (Ti) is not smaller than 2.5
x 10 dose (ions/cm?), while “an implantation amount of the
carbon is eéuivalent to or larger than the implantation amount
of the titanium (Ti).

According to features of the preferred embodiments, it is-
preferable that the steel material constituting the rotary shaft
has Vickers hardness not smaller than Hv500, and a sliding
éortion of the bearing brought into slidable contact with the

ion-implantation surface of the rotary .sha.ft through the

lubricating oil cdmpositi.on is made of metal or ceramic having



I npl antation amount of the titanium (Ti) is not smaller than 2.5 x 10 dose
(ions/[err]), while an inplantation anount of the carbon is ‘equivalent to
or- larger than the inplantation anmount of the titanium (Ti). According to
features of the preferred enbodi nents, i4 is preferable that the steel
material constituting the rotary shaft has Vickers hardness not smaller
than Hv500, and a sliding portion of the bearing brought into slidable
contact with the iaqgn-i the rotary shaft through

] | ant ation surface
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DESCRI PTI ON OF THE DRAW NGS
performing the ion implantation.

Moreo?er, it is preferable that the sliding portion of the
bearing is' made of SIALON having a composition of Sig
0.5 10,0720 8-¢ (x<8) aﬁd having Vickers hardness not smaller than
Hv1300.

BRIEF DESCRIPTION OF THE DRAWINGS
‘ . The above and other objects, features and advantages of the
present invention will become more apparent from the following
dgtailed.description which is t; be read in conjunctiﬁn with the
accompanying drawings, in which:

Fig. 1 is a graph showing measuring data of an ion-
implantation surface temperature in the ion imﬁlantatioh;

Fig. 2 is a graph showing the relationship between the
annealing temperature and the hardness in stainless steel
SUS420J2; |

Fig. 3 is a graph showing an influence of.titanium (Ti)
implantation amount given to the wear characteristics;

Fig. 4 is a graph showing an influence of hardness of the
sliding portion material given to the friction coefficient;

Fig. 5A is a view illustrating a first method for.setting

 the rotary shaft in the ion implantation;



The above and ot her objects, features and advantages of the present

i nvention will beconme nore apparent fromthe foll ow ng detail ed description
which is to be read in conjunction with the acconpanying draw ngs, in
which: Fig. 1 is a graph show ng neasurigg data of an ion- inplantation
surface tenperature in the ion inplantation; Fig. 2 is a graph show ng the
rel ati onship between the annealing tenperature and the hardness in
stai nl ess steel SUS42QJ2; Fig. 3 is a graph showing an influence of .
titanium (Ti) inBlignt 8Bi bh anblaw idilkst nat ing awsacontamedtad foirc $etitiips 4
I's a graph showi ng an influence of hardpness of the sliding portion materi al
gi ven to théhPrFegPﬁﬁ gBefti épchbhe £PR. implpatatippy APRustrating a first
met hod for setti the rotary shaft .in.the ion ipplantation; Fi.g. .5B . i.s
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materi al isgRUP42@12e rPETALLERSESERR PTI ON OF THE PREFERRED EMBODI MENTS As
di sclosed in an earlier Japanese Patent Application No.

DRETAILED DESCRIPTIQN QF THE PREFERRED EMBODIMENTS

As disclosed in an earlier Japanese Patent Application No.
HEI 7-52133, filed in 1995, the inventors of this application
have alread& proposed a bearing system capable of suppressing an
axial-directional dislocation of the rotary shaft of a spindle
motor to stabilize the sliding condition in the mixed
lubricating condition in the motor bearing system. According to
this technology, a rotary shaft is made of steel material
containing metal element selected from the group comnsisting of
IVa, Va and VIa groups in the periodic table and carbon which
are directly ion implanted into the steel material; so that an
ion-implantation surface of ﬁhe rotary shaft is brought into
slidable contact with & bearing member thréugh lubricéting oil
component..

However, the specific wear amount in the mixed lubricating
condition has a large dispersion although its value can be
suppressed within a range smaller than 10'uum3/N. Regarding the
influence of Ti amoﬁnt implanted into the rotary shaft and the
influence of hardness of the_rotary shaft material and the
sliding portion material of the bearing, many of themlremain

unclear.



HEl 7-52133, filed in 1995, the inventors of this application have al ready
proposed a bearing system capabl e of suppressing an axial-directional
dislocation of the rotary shaft of a spindle notor to stabilize the sliding
condition in the mxed lubricating condigion in the notor bearing system
According to this technology, a rotary shaft is nade of steel materi al
containing netal elenent selected fromthe group consisting of |IVa, Va and

Vla groups in the periodic table and carbon which are directly ion
i npl anted into the Seaeradat dmmiantsd iomntameudbn(defieant bt i 6TdarfAady ot

the rotary shaft is brought into slidable contact with a bearing nmepber
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the rotary s materi al the sliding portion materia the bearing,
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defined by a product of the beam current and the processing tine in the ion

addition, the inside of the chamber has a poor heat radiation
efficiency since the inside of the chamber is maintained at a
high vacuum condition of 10'6 to 10'8 Torr..Hence, the temperature
in the vicinity of the ion—implantation portion is increased to
a high ﬁemperature. If the rotary shaft is made of quenching
maﬁerial, there will be a possibility that it may be annealed
due to the temperature increase in the vicinity of the ion~-
implantation portion, causing an undesirable deterioration of
the hardness of the material.

For example, it is assumed that an end surface of stainless
steel (SUS420J2)}, having an ocuter diameter of 3mm and a length
of 60mm with the hardness of Hv651l, is shaped into a sphefical
face having a radius of 4mm. When ion beam (beﬁm current of 15
mA) is continuously irradiaﬁed on this end surface of stainless
steel (SUS420J2) by the method disclosed in the earlier Japanese
Patent Application No. HEI 7-52133, the temperature of an ion-
implantation surface reaches tb 430 °C as shown in Fig. 1 and
the bhardness is_reduced to Hv551 as apparent from Fig. 2.

When the hardness of the rotary shaft material is constant,
it is apparent from the disclosure .of the earlier Japanese

Patent Application No. HEI 7-52133 that the wear resistance of



I npl antati on. When hi gh-density elenent of [err] to [err] dose (ions/cnk)
Is i1on inplanted, it 1is normally necessary to increase either the
beam current or the processing tinme. In addition, the inside of the chanber
has a poor heat radiation efficiency singce the inside of the chanber is

mai nt ai ned at a high vacuumcondition of [err] to [err] Torr. Hence, the
tenperature in the vicinity of the ion-inplantation portion is increased to
a high tenperature If the rotary shaft is-made of quenching materi al

there wil Iﬂ-lbelanpé§1§|119pltlﬂt“-yOFha!Odfltfliﬁ%/ perfianeallsd H‘B@I‘t’lﬁeghe t ERBRVaFure

increase in the vicinity of the ion- | antatj on portion, 5|n n,
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Pat ent  Application No. HElI 7-52133, the tenperature of an ion- inplantation

surface raaahesof Ol fed€fdd #6 SUITdd with resiiskt heo heldnesmpe sateseiced
to Hv551 as apparent fromFig. 2. Wien the hardness of the rotary shaft

materi al if cestiodr~img 1 ast eipjed e facwn t he di scl osure of the earlier
Japanese Patent Application No. HEl 7-52133 that the wear resistance of

In view of the foregoing, the present invention proposes to
realize a stable sliding condition by specifying optimum ranges
with respect to the titanium (Ti) implantation amount, the
hardness of the materials used for the rotary shaﬁt and the
sliding portion of the bearing, and the temperature of the
rotar& shaft material and the ion~implantation surface in the
ion implantation.

More specifically, the present invention provides a pivot
thrust bearing system comprising a rotary shaft made of steel
material containing metal element and carbon which are direétly
ion implanted intc the steel material. And, an ion—implantation
surface of the rotary shaft is brought into slidable contact
with a bearing through a lubricating oil component. Especially,
the metal element directly implanted into the rotary shaft is
titanium (Ti), and an implantation amount of thé titanium (Ti)
is not smaller than 2.5 x 107 dose _(ions/cmz), while an
implantation amount of the carbon is equivalent to or larger
than the implantation amount of the titanium (Ti).

.Preferably, the steel material constituting the rotary



7 .an ion-inplantation nodified surface is inproved. However, regarding
the influence of hardness of the rotary shaft material given to the sliding
characteristics, many things remain uncertain. Therefore, in setting the
conditions for the ion inplantation, thege will be a necessity of making it
clear what kind of limtation is-required with respect to the tenperature
of the ion-inplantation surface. In view of the foregoing, the present

i nvention proposes to realize a stable sliding condition by specifying

opt i mum r arshef bhvhals Viéskecs hardmess inatismal(ler) thapl B8P oandneumtidige
hardness of the materials used for the rotary shaft and the sliding portion
of the beaMQﬁilQﬂuPﬁrﬁ#ﬁe#ﬁﬁﬁhﬁ%r%??ﬁghhel$éﬁa?%lgﬁﬁiﬁ FREEACH Wﬁ%?tqh9

i on-inplantatiqn surface in the_ion inplantation. Mre specifically, the
present i n;ER TP AR o SFRFEES hP st&b%arri%tg“s‘g/stsé}#)@brrp'ﬁ%‘? g a the

t haf,t d f steel teri.gl. t.ai ni l, el t )
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whi ch are ect I'nplante material

i on-i npl an%tcik%r}ssﬂﬂ‘ﬁﬁ@ﬁgfnéﬂezﬁ : Y t5haf ﬁvEEPerhém8ﬁé| i%@:ﬁetfel

contact with a bearing throug l'ubricating ol conponent. stC|a y, the
metal el emgleodilaQCt binkFRLABLIRE It R arf aEHashalisi SEdiRTdddN (Skide1

and an.inplantation anount of the titanium(Ti)

(SUS420J2). The sliding portion of the bearing is made of
SIALON having a composition of Si&mmkAlkaofmkx (x<6) and having
Vickers hardness not smaller than Hv1300. |

Yet further, when the ion-implantation rotary shaft of the
present invention is made of stainless steep (SUS420J2), it is
preferable that an ion—-implantation temperature o_f this steel :
material is not larger than 525 °C in performing the ion
implantation.

The lubricating oil composition intervening between the
rota.r‘y shaft and the bearing in accordance with the present
invention is mineral. oil group or synthetic qil: gfoup
hydro.carbon ba.se. 0il containing an appropriate amount of
additive agent, such as viscosity in&ex improver, extreme-
pressure additive, oxidation imhibitor, pour point improver,
defoamer, which is used as ordinary bearing cil. Furthermore, it
is possible to further contain or use grease, or powder having
& layer lattice structure such as graphite, .MoSz aﬁd BN, or
metal thin film such as In, Cu and Pb. Detailed composi.tion of
the lubricating oil composition ruling the mixed lubricating

condition should be adequately determined based on_the structure



is not smaller than 2.5 x 10[err] dose (ions/[err]), while an inplantation
anmount of the carbon is equivalent to or larger than the inplantation
arount of the titanium (Ti). Preferably, the steel nmaterial constituting
the rotary 8 shaft has Vickers hardne9s not snaller than Hv500, and a
sliding portion of the bearing brought into slidable contact wth the
lon-inplantation surface of the rotary shaft through the lubricating
oil conposition is made of netal or ceram c having Vickers hardness not
smal | er t hafPfy8S5tuad, 1ogd: foPdltingsseder MRS g‘l" S AARTAGSHY the rotary
shaft is stainle st eel, (SUS420,]2) . The sl di rtion of the.hearin
o mde of | Sl ALOY i 1} 9P CRATBAIN o of TFERER (orii%) BRPRESIRG e
Vi ckers har ot ler t 300. f n JE—
g??@iea st%’rﬁacltﬁxg{et oﬁh{re/sllpér)% m ?Ll lgtl Qeéra&{‘{‘@ hébqn Vickers

i on-i npl ant nrotary s sent invention I's nade of stainless
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this steel material is not larger than 525 [err] in performng the ion
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~rotary shaft and the bearing in accordance with the present invention is
m neral oi pogtavp enlgynt hetic oil group

;-Iereinafter, the pr'esent invention will be explained in
more detail.

First explained will be what kind of influence is given to
the sliding performance by the .a.mount of titanium (Ti) implanted
into the rotary shaft, in a pivot thrust bearing system for a
motor by which a rotary shaft causes a slide motion against a
bearing thfough lubricating o0il.

.In improving the wear resistance of the surface-modified
layer, the effect of double ion—-implantation of .tita.nium (Ti)
ion and carbon ion into steel material is disclosed in the
earlier Japanese Patent Application No. HEI 7-52133, filed in
1995. | |

lFurthemlnore. according to the study of inventors of this
application, it is found that excellent friction coefficient is
obtained by the double ion-implantation of titanium (Ti) ion and
carbon ion. More specificall:}, when a non~modified end surface
of a sﬁainless steel (SUS420J2) pin was slid on a disk-like
SIALON under a mixed lubricating condition where an axial-
directional load was 50 gf, a sliding speed was 8 x 107°(m/s),

and a PV value was 2.5 (N/mmz-m/s), an obtainable friction



hydr ocar bon base oil containing an appropriate anount of additive agent,
such as viscosity index inprover, extrene- pressure additive, oxidation
inhibitor, pour point inprover, defoaner, which is used as ordinary bearing
oil. Furthernore, it is possible to furtfygr contain or use grease, or
powder having a layer lattice structure such as graphite, [err] and BN, or
metal thin filmsuch as In, Cu and Pb. Detail ed conposition of the
| ubricating oil_ conposition rulln? the m xed Iubrlcatln conditian sh g
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in a pivot thrust bearing system for a notor by _which a rotary shaft causes
a slide notimplaggiedsbyal.2 x 10% dose (ions/cm%, an obtainable frictionm
| coefficien£ was in a stable range of 0.02 to 0.03 under the same
sliding conditionms. |
Furthermore, a rotary shaft was made of the stainless steel
(SUS420J2) having an ocuter diameter of 3mm and a non-modified
spherical end surface having a radius of 4mm, while a bering was
) made of the disk-like SIALON. Then, using these rotary shaft
and bearing, a spindle motor was driven at a rotational speed of
5,400 rpm under an axial-directional load of 60 gf for 300 Hr in
the mixed 1lubricating condition. As a result, an axial-
directional dislocation of the rotary shaft caused during this
experiment was 14.8 ﬁm. On the contrary, when titanium (Ti) ion
is implanted on the end surface of the rotary shaft by 5 x 1017
dose (ions/cm% and subsequently carbon ion was implanted by 1.2
x 102 dose (ions/cm%, the axial—-directional dislocation of the’
rotary shaft was reduced to 1.4 um.
As explained above, forming a surface-modified layer on the
steel ﬁaterial by applying the double ion implantatioﬁ. of
titanium (Ti) ion and carbon ion is effective to reduce the

friction coefficient and stably provide a small specific wear

amount when the surface-modified layer is slid on an opponent



bearing through lubricating oil. In inproving the wear resistance of the
surface-nodified | ayer, the effect of double ion-inplantation of titanium
(T4) ion and carbon ion into steel material is disclosed in the earlier
Japanese Patent Application No. HEl 7-52143, filed in 1995. Furthernore,
according to the study of inventors of this application, it is found that
excellent friction coefficient is obtained by the double ion-inplantation
of titanium (Ti) ion and carbon ion. Mre specifically, when a non-nodified
end surfacemdtenisianpfiesstbecnixedubipoiost png aaBdskia@non a disk-1ike
SI ALON under a mixed |lubricating condition where an axial- directional |oad
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pin by 5 x 10[erf} gdpse &%9&%@{%&. )P@%FT?S%@QL&XsE?EQQE L QNaWaFndex

implanted by 1.2 x 10[err dose (1ons/[err]), an obtainable friction

coeffici entrypseséntiskakl oddNgfpPied di¥ iKW OodriNgevni B $3MBalculated
by multiplying a mean sliding surface pressure with a mean
sliding speed. The mean sliding surface pressure is a value
obtained by dividing the axial-directional locad by a contact
circle area derived from Hertz’s contact theoretical equation.
The mean sliding speed is'equivalent to a half of a product of
a circular length of the contact circle obtained from the
Hertz’s contact theoretical equation and the rotational speed.

In the present invention, the reason why the lower limit of

titanium (Ti) implantﬁtion amouﬁt implanted into the rotgry

- shaft is sef to 2.5 x 10Y dose (ions/cm% is that the dispersion
of the axial-directional dislocation of the rotary shaft is
surely suppressed and a low specific wear amount is stably
ocbtained when the titanium (Ti) implantation amount is not
smaller than this value.

Next, what kind of influence is given to the sliding
perfbrmance by the hardness of the rotary shaft materiél and the
sliding portion material of the bearing will be explained.

As described above, the mixed lubricating condition tends
to cause the direct contact somewhere in the sliding surface

between solid members. According to the adhesion theory, the



sliding conditions. Furthernore, a rotary shaft was nmade of the stainless
steel (SUS420J2) having an outer dianeter of 3mm and a non-nodified
spherical end surface having a radius of 4mm while a bering was nmade of

t he disk-1ike SIALON. Then, using theseggotary shaft and bearing, a
spindle notor was driven at a rotational speed of 5,400 rpm under an

axi al -directional |load of 60 gf for 300 Hr in the m xed | ubricating
condition. As a result, an axial- directional dislocation of the rotary
shaft cause@e@driG@basits angseriSEPRORRRE honsl [ &pr Lhe Cli?atqﬁeb‘é‘bnﬁaﬂ?"e\ﬁﬁén

titanium (Ti) ion s inplanted on the end surface of the rotary shaft by 5
« 10[err]  dBEGPOFEISREN tA e HAAUEABSoqAEREFY LER Bort Hort A6 SOMAARR desy

1.2 10 d di | | f
Fotary shat touBSaRERCRFY ol At ie e AR o tBY apbeRY FRatan hS
sur face- rmdbL!:.?Q Fa¥'ﬁén°[ﬂfx%.h oiﬁeql tngrt'ailt DY R 1 fydfgngthé hPagﬁ’Hbé? £hg"

i npl antati on-of Trtantdm I on an carbon ion1s effective to reducé the

friction coghiiai @ahtakd rell kdPreid deppassBt! c8RGEEL GreRal-HDINY Yhen
the surface-nodified |ayer is slid on an opponent mat eri al under the

m xed | ubri eahhBgtEeAdbEi ORe Labropdeihgncon@itionftédi Aapiupd(Iupricating
contributes the conposition ratio in the nodified | ayer; hence, it gives an
condition, lowering the friction coefficient.

On the other hand, it was confirmed that the pivot thrust
bearing system in accordance with the present invention can
provide a specific wear amount not larger than 10'u'mmz/N when the
friction coefficient is not larger than 0.07.

In the present invention, the reason why the lower limit of
the hardness of the rotary shaft material is set to Hv500 and
the lower limit of the hardness of the sliding portion of the
bearing is set to Hv5350 is that the ratic of the soclid contact
area to the apparent contact area_is increased and the friction

~coefficient becomes larger than 0.07 when the hardness is
smaller than these values.

Furthermore, thé reason why the lower limit of the hardness
of SIALON adopted in the present invention is set to Hv1300 is
that SIALON having a hardness lower than this value is not
practically available. ‘

Next, what kind of influence is given to the sliding
performance by the temperature of the ion—-implantation surface

when the end surface of the rotary shaft is subjected to the ion

implantation.



i nfluence to the sliding performance. In this description, Pv value
above-described is an index representing a | oad applied on the bearing

whi ch is calculated by multiplying a nean. sliding surface pressure with a
mean sl.iding speed. The nean sliding surf@ice pressure is a val ue obtained
by dividing the axial-directional |oad by a contact circle area derived
fromHertz's contact theoretical equation. The mean sliding speed is
equivalent to a half of a product of a circular length of the contact
circle obtained Whan tthe motezysshafit ats madsraf iquAnGHiRE Mt eid i.hdhere
rotational speed. In the present invention, the reason why the lower limt

of titani umi®Ti® RARR Lhitldtb¥0rF Baro Fhe |tﬁﬁ‘|9&ﬁlaé&rient’-&°t"ﬁésreot1é’r V- Bh Frire Lind tget
to 2.5 10 d / that the d

bt 2l Sl r eoPEor® cheB-ABRLR L&H%Bhiéﬂa%ymﬂgﬁlrs“ Y ol i aveasnany
a | ow speci En'aq.e% 1 a%ﬂﬂ%lhgmﬁ B%dtﬂheﬂaﬁag %itsﬁ {”I%(é%) e, in

i npl ant ati on "amoun han 'S va

nfl uence |50l veggko bie éuﬁawssoersfmw%n@azbh%har F1850:9  HISanakary

shaft materia the sliding portion naterial of the bearing Wl
expl ai ned. aac%%%relsbe@tabm@reailfngﬂa&umwgl ¢ahbRYatard A508néPNdTn Fig.

cause the direct contact sonewhere in the sliding surface between solid

menbers. ACQOrdStl_iI@htaD Wﬁﬂwsbﬂngtheﬁrduetw the temperature increase in
the Qicinity of the ion~-implantation portion of the rotary shaft
will possibly increase the friction coefficient and therefore
the wear amount is increased in the mixed lubricating condition,
as described above.

The reason why the stainless steel (SUS420J2) is used for
the rotary shaft and the upper limit of the temperature of the
ion~implantation surface in the ion implantation is limited to
525 °C in the present invention is that, as apparent from Fig.
2, the hardness in the vicinity of the ion-implantation portion
becomes smaller than the above—-described hardness lower limit
HvS00 of the rotary shaft material.

As described.above, the present invention directly implants
metal element ion and carbon ion into steel material of the
rotary shaft, so that the ion—iﬁplantation surface of the rotary

'shaft is brought into slidable contact with the bearing material
in the mixed lubricating condition through Ilubricating oil
composition, thereby making it possible to suppress the
dislocation of the.rotary shaft in. the axial direction and

reduce the dispersion of the dislocation and, as a result,



12 real contact area is proportional to the |oad but is reverse
proportional to the hardness. Accordingly, the real contact area is reduced
wi.t h increasing hardness of the rotary shaft and the bearing when the.l oad
is constant. Reducing the ratio of theqplid contact area to the apparent
contact area results in a transition of the lubricating condition to a
fluid lubricating condition, lowering the friction coefficient. On the

ot her hand, é% wasacgp;ggngg t hat thetgivot t hrust bearing system in
accordance WA Pnd Predent VTR bh ¢A5° provi de a specific wear anount

pot Targer than gObeindsthwheluddfiddded ! OF m%@{%ﬂé&%@ﬂ Lvgtibargel, than

0.07. In the present 1nven e reason ower Iimt o

hardness ofetbifaf{QbdrviehatdrdBdfdd Ao | S cdSuppPPagndrddpenkover 1imt
of the hardness of the sliding portion of the bearing 1s set to Hv550 is

that the ratio ofsiicin®lefl ROtdPmetswEdfen] t o t he apparent contact area is
i ncreased and the friction coefficient beconmes |arger than 0.07 when the

hardness is snaftaem than telohsd cadl tesckdroudbr repeesthéededgonh dly-$peed
lower limt of the hardness of SIALON adopted in the present invention is
set to Hv13oecordimgitargl Nigh-dewsid igakdognefs reoncdingadathi snvilteef ialdot

~practically available. Next, what kind of influence is given to the sliding
of magnetic disk apparatuses, it is required for a spindle motor

that the axial-directional dislocation of the rotary shaft is
suppressed ﬁithin a small value less than 40um under the
condition that the load is 60 gf, the rotationmal speed is 5,400
rpm, and the rotation time is 10,000 Hr.

| When the rotary shaft, having a spherical end surface with
a radius of 4mm, is elastically brought into contact with a
disk-like thrust bearing made of SIALON at the load 60 gf, it is
assumed from the Hertz’s contact theoretical equation that the
radius of fhe,contact.circle is 24 pm, the maximum contact
surface pressure is 45 kgf/mmF at the center of the axial end
surface, and the sinking amount of the rotary shaft is 0.11 pm.
According to such a thrust bearing, it is impossible to realize
a non—-contact condition by generating a stable dynamic pressure
utilizing a hydraulic force of lubricating o0il in respomnse to
the rotation of thé shaft. Hence, the sliding condition of the
rotary shaft is in tﬁe mixed lubricating condition. Furthermore,
when the axial-directional dislocation of the rotary shaft is
40um at the rotatiocnal spegd of 5,400 rpm and the rotation time

of 10,000 Hr, it is roughly assumed that the radius of the



performance by the tenperature of the ion-inplantation surface when the end
surface of the rotary shaft is subjected to the ion inplantation. 13
Wren the rotary shaft is made of quenching naterial, there is a possibility
that the tenperature increase in the vicigity of the ion-inplantation
portion may partly anneal the quenched material, reducing the hardness of
the material. For exanple, in the case of stainless steel (SUS420J2),

Vi ckers hardness decreases wi th increasing annealing tenperature as shown

in Fig. 2. Seataethinedss baddipen shedue tiagn whafdnfddtilie thrusdakeaninge

vicinity of the jon-inplantation paortion of_ the rojfar haft will possib
i ncrease thdstri4d i cbR? f FRRENVOANES Het  di% ?ﬁ%'wéﬁi thgumeaps slidin

i ncreased in _the m.xe bricati conditio as_descri. bed_abgve. The_ .
Feason why GRS ld'Ft ot (hotiel ' Flialls FERL REOR0 BFSesnate 4
t he upper "n'é!ctes%faﬂﬁ%h?a%”ﬂﬁéaEgééiFEct QS;&-OQﬂb{IHEa%aREQQ sHohaes U2 Ae
lon inplantation is limted to 525 [err] in the present invention is that,
as apparent fromghiog ;&pﬂgmaahqagng§?abathgq vicinity of the

i on-inplantation portion beconmes snaller than the above-descri bed hardness

lower limt Hv50Qoaf ihpEanbbtiynStmfthd R s@tiirface of the rotary shaft was
performed by using the MEVVA type ion beam generating apparatus
disclosed in the eﬁrlier Japanese Patent Application No. HEI 7-
52133, filed in 1895. Cathode material of titanium (Ti) or
carbon is vaporized or evaporated by generating an arc discharge
in a vacuum condition of 10% to :I.O'8 Torr until the vaporized
particles are ionized. Then, the 1ionized particles are
accelerated by the grid electrode applied a high voltage, and
are taﬁen out as ion beam and implanted into the steel material
of the rotary shaft.

(Embodiment 1)

Implantation amount of titanium (Ti) determines the
composition ratio in the modified layer; hence, it gives an
influence to the sliding performance.

[Adjustment of Sample]

A sample used in this embodiment is an ion—-implantation
rotary shaft which is made of stainless steel (SUS420J2) having
an outer diameter of 3mm with a spherical end surface having a
radiﬁs of 4mm which is applied the double ion implantation of
titanium (Ti) ion and carbon ion. The surface roughness of the

end surface is set to Rmax = 0.3 to 1.1 pm. The surface



As. descri bed above, the present invention directly inplants netal el enent
lon and carbon ion into steel naterial of the rotary shaft, so that the
ion-inplantation surface of the rotary shaft is brought into slidable
contact with the bearing material in thejgn xed l[ubricating condition

t hrough | ubricating oil conposition, thereby making it possible to suppress
the dislocation of the rotary shaft in the axial direction and reduce the
di spersion of the dislocation and, as a result, 14 obtain a stable wear
resi st ance. rélgknaastef  therisod sgmﬁscefo&hehpregenrY|aheﬁt|@n wEtplpg set
expl ained with reference to the acconpanying drawing. [Sliding of Rotary
Shaft] Fromiehe resBai ol Rea&kdr it weprEBenbagdpyshi §H- Sheed®d eRDI 8l ngs
and hi gh- den5|f|cat|on of recording data in the field of nagnetic disk
apparatusesHvﬁ? s required for a splndle nDtor that the axial-directional

di sl ocation of t rot Wi, t hi ue | e

than 40[ err]m untdf 19 %%ﬁ?gkl‘tqnolﬁmf’ﬁ& e I" agium ggl&flstﬁgga Patto Z‘Pf
SRR o SR, B 201 R 1O 4D b5 GTIS000 gAML Uy
brought 'ntfhﬁpﬂﬁﬁiil&ﬁtﬁmaunt of carbon is fixed to 1.2 x 108 dose
(ions/cmz) .

Furthermore, the thrust bearing is made of a disk-like
SIALON. The surface roughness of the sliding surface is set in
a range of Rmax < 0.1 um. The hardness is Hv1590.

Moreover, the lubricating oil is Di-2—-ethyl hexylsebacate
(Mw426, ng 11.3 cps) with additive of butylester of stearic acid -
equivalent to 3 _weight %.

" [Sliding Experiment]

Fig. 3 shows an axial-directional dislocation (n=5) of the
rotary sﬁa.ft when a spindle motor is driven under the condition
where an axial—-directional load is 60 gf, the rotational speed
is 5,400 rpm, and the rotation time is 3,300 Hr in the mixed
lubricating condition.

As apparent from Fig. _3, the specific wear amount,
calculated based on the axial-directional dislocation of the
ion-implantation rotary shaft at the time 3,300 Hr has elapsed,
is not larger than 2.5 x 10 “mm?/N when the titanium (Ti)
implantation amount is 1 x 10]'7 dose (ions/émz) and not larger
‘than 1 x 10 2mm®/N when the titanium (Ti) implantation amount is

2.5 x :!.017 or 5 x 1017 dose (ions/cmz) . In any cases, the specific



di sk-1i ke thrust bearing nade of SIALON at the load 60 gf, it is assuned
fromthe Hertz's contact theoretical equation that the radius of the
contact circle is 24 [err]m the nmaxi num contact surface pressure is 45
kgf/[err] at the center of the axial end7surface, and the sinking amunt of
the rotary shaft is 0.11 pm According to such a thrust bearing, it is

I npossible to realize a non-contact condition by generating a stable

dynam c pressure utilizing a hydraulic force of jubgpicating oil in response
to the rot atdagm asfourtfe ishatat Lanmges, thea d XLy B8Nt i on of the rotary
shaft is in the m xed |ubricating condit;ion. Fur{he myr e, e

.th
axi al-- di r ect i ondURhETRORS oW ¢ hBer AR idms (T 48PdAR rﬁQéPDteh%mount

rotational speed, of_5,400 rgm and the _rotation t.i f 10, 000 v odidad
roughly as d5hat-ThE rlaagi u§°%? tﬁgns/cﬁycoﬁtnﬁtu%(ﬁcgecl%Pbég\%eeén&!t'%éece

rotary shaft d e t u%hebe%rliilaq.n-i%()%{%edl;aﬁer] _rpult]-}l;fpg WeHe VOl i d St Pnd?

[err] and e &man sl | I ng radius I's min the final sliding

condi tion. c{é%llfj idd 155rB8GES8 4N | Rdle ltR rPetinkl SpWRAN iANRYAE aBohRESis
than [err]/N ecolr‘lil%%rglgn?ation Appar atus] lon inpl gntation to the end

surface of deuminatAY ighal trase RO QaFee HytHas g = ho MawbANt ype i on beam

generating apparatus disclosed in the earlier Japanese Patent Application

No. HElI 7- Accordingly, the pivot thrust bearing system in accordance
with the present invention can suppress abnormal wear derived
from the increase of éurface roughness of the sliding surface,
for example, by the presence of wounds produced in the machining
process of the rotary shaft. Thus, it becomes possible to
suppress any abrupt changes in the motor operation, enhancing
the quality of the motor.

(Embodiment 2)

The hardness of materials used for the rotary shaft and the
sliding portion of the bearing is decisive in determining the
frictibn coefficient under the mixed lubricating condition.

[Adjustment of Sample]

A sample pin in this embodiment is made of stainless steel
(SUS420J2) having an outer diameter of 3mm with 2 sphgrical end
surface having a radius of 4mm which is applied the double ion
implantation of titanium (Ti) ion‘and carbon ion. The surface
roughness of the end surface is set in a range of Rmax < 0.15
um. Furtherﬁore, the hardness of the material is adjusted to be
Hv500 through a thermal processing. |

. . 7
The implantation amount of titanium (Ti) is set to 5§ x 101



52133, filed in 1995. Cat hode material of titanium (Ti) or carbon is
vapori zed or evaporated by generating an arc discharge in a vacuum
condition of 10[err] to 10[err] Torr until the vaporized particles are

i oni zed. Then, the ionized particles arejgccelerated by the grid el ectrode
applied a high voltage, and are taken out as ion beamand inplanted into
the steel material of the rotary shaft. (Enmbodiment 1) I[nplantation anount
of titanium(Ti) Qeterniges the conposition ratio in the nodified |ayer;
hence, it gdeeg &Aopsycmehcarhider Kaes|impilied thadrifas dmesat pPAdcasbrendisoset
Sanmpl e] A sanple used i this enbodingnt is an ion-inplantation rotary
shaf t- whi ch®Ps In&d& &Pugﬂﬁsﬁlé§§n§?§g%'(SUS4ZOJ2) havi ng an outer diameter

f 3 ith i.cal d f havi di f. 4nm which | i ed

The doubl ¢ i on_| ASFIRESERGR okl PEARRERF (V- F SR aRActal Bofer8nsorRdLasat"
f f . gh : ' t = ,

The ourfacets et of 1€ SIUCIATRIIAE, (RALSIBY, Co, Jatthfh jedol PEEbEL

usual ly set (523 £9889)07 aB"BYX15yOtgol e6tdEy £Be BaidnassesO(skbe1reierkal)

' TVoSL and a stainless steel (SUS304: Hv24Q). The surface roughness of
the sliding surface is set in a range of Rmax < 0.2 p.m;

.Moreover, the lubricating oil is Di-2-ethyl hexylsebacate
(Mw426, 40 11.3 cps) with additive of butylester of stearic acid
equivalent to 3 weight %. |

{Sliding Experiment]

A frictional experiment has been conducted by causing a
reciprocative sliding movement under the mixed lubricating
condition where a vertical load is 50 gf, the sliding speed is
8 x 10'3m/s, and the PV value is 2.5 (N/mmz-m/s). Fig. 4 shows
.the relationéhip between the friction coefficient and the
hardness o_f the sliding portion material used for the-ﬁeafing,
which is obiained from this experiment.

As apparent from Fig. 4, the friction coefficient reduces
with increasing hardness of the sliding portion material of the
bearing when the rotary shaft material has a hardness of HvS500.
Furthermore, when the sliding portion material of the bearing
has a hardness not smallep than Hv550, the friction coefficient
becomes less than 0.07 and the specific wear amount realized is
not larger than 107lmm?/N. Especially, when SIALON having a

small friction coefficient of 0.021 is used for a receiving



The inplantation anmount of titanium (Ti) is set to each of 1 x 10[err], 2.5
X 10[err], and 5 x 10[err] dose (ions/[err]), while the inplantation
anobunt of carbon is fixed to 1.2 x 10[err] dose (ions/[err]). Furthernore,
the thrust bearing is nade of a disk-likg SIALON. The surface roughness:- of
the sliding surface is set in arange of Rmrax < 0.1.[err]m The hardness is
Hv1590. Moreover, the lubricating oil is D -2-ethyl hexyl sebacate (MN426

11.3 th addi i bytylester of s d t.1o 3
i gt 5% [éfiéﬁvn%e@%@rlﬁ%?ﬁé’ﬁg?'%v?%%ﬁéa%mué&?%%iwfa%ﬁﬁﬁ%%g 5 +he
di sl ocat L
the cond ¢1 kL ohet & abE ot SiEpe-RELoh, LEH) o Rt SpThl aupatipbohab 467"

speed is 5 400:¢ PPy aNg &BWK# Py Eﬁémtirﬁe353990Hﬁr' BaN@ Hpeli, as a

| ubricating conditlion. apparent from Fig. he specific wear

amount , calfé&@iedobaéeétmdheeﬁp@ﬁméhf efim O wsdw&aémwupéewel

I on- |rrpl antation rotary shaft at the tinme 3,300 H has el apsed, is not
|l arger than 2.5 Red®d erid thd effikédl DaBRithe ihigt aBhdit(dn) whEHeard@EH Othe

amount is 1 x 10[err] dose (ions/[err] ) and not larger than 1 x
10[ err] [ er rjdihddesn Xdier icdtdmgimand it i oxpl ot aﬁhe)rscalrmlmontsaézt ScondDf bom |
or 5 x 10[err] dose (ions/[err]). In any cases, the specific
are complicatedly involved, it becomes possible to prevent the
rotary shaft f.rom causing a dislocation in the axial direction,
thereby providing a stable and long-lasting wear resistance.
(Embodiment 3)
[Adjustment of Sample]
As shﬁwn in Fig. SA, a total of 80 rods of stainless steels
(SUS420J2), each having an outer diameter of 3gm and a spherical
end surface with a radius of 4mm, are bundled densely, and are
fixed by a ﬁire 3 as a rotary shaft bundle 1. This rotary shaft
bundle 1 is placed within a predetermined area défined by an
effective ion beam irradiation radius (¢270mm)-on a saﬁpie table
2 having a cooling function. Then, the double ion implantation.
of titanium (Ti) ion and carbon ion is applied on the end
surface of the rotary shaft, thereby obtaining the ion-
implantation rotary shaft embodying the present invention.
The implantation amount of titanium (Ti) is set to 5 x 10l7
dose (ions/cmz), while the implantation amount of carbon is set
"to 1.2 x 1018 dose (ions/cmz). The beam curreat is 13 mA for

both. The surface roughness of the end surface is adjusted to be

in a range of Rmax < 0.13 pum. -According to the measuring data,



17 wear anount is not larger than 1 x 10[err] [err]/N. Furthernore, when
the titanium (Ti) inplantation amount exceeds 2.5 x 101 dose (ions/[err]),
i if l uence of the surface roughness of the sliding surface ruling the

| ubricating condition is reduced and, tipgyefore, the specific wear anount
Is stabilized in a range not larger than 1 x 10 [err] [err]/N. Accordingly,
the pivot thrust bearing systemin accordance with the present invention
can suppress abnormal wear derived fromthe increase of surface roughness
of the slidkthg en+iuml aftat iexaspird aceynahe rpeéseficthefratmni shafdd bsad Lien
t he machi ning process of the rotary shaft. Thus, it becones possible to
suppr ess anhaab¥ipkersdpardness afe BHAAS adpdodit of, thsharatag W and ithe
of the notor. (Enbodinent 2% The hardness of materials used for the rotary
shaft and tPBEEFPAPhgeRBr {BLNLRATRPE. hBrPRYY ;) sTEERTIIRE FReJBRERRRSSmgPPhe
friction coefficient under the m xed | ubricatin ondi ti.on, [Adjustnepnt .of
Sl €] A SShEFEFBRne | TF AUEE db AEite A8 s S6E 108nPh S0g CPLAFY SHaet
(SUS420J2) ' an.oyte i,aneter, .of, 3 i i gal rfac
having 2 aAhels, “Gamthn el 3TH0 sk, PRLY baRoBlRSh, 18 AL SFr Ene

titanium (Tshai ot AN g&-‘aﬁ-ie%t&eiﬁuiﬁé‘%&ﬂ'ﬂmeﬁe%@o& Be eBd sythage
is set in a range of" Rmax [err] 0.15 _ :
shaft bundle, because the inside of the chamber is maintained at
a high vacuum condition of 10-6 to 10™ Torr and, hence, the heat
radiation efficiency is remarkably small.

Fig. 5B shows a comparative example 1, according to which
a rod 4 of stainless steel (SUS420J2) having the same
configuration as the rod of Fig. 5A is covered by a therrﬁo—
conductive material 3 tﬁroug# a silicone rubber heat-transfer
sheet 6. The stainless steel assembly is fixed on the sample
table 2 by'means of a screw 7 so as to be placed within the area
defined by the effective ion beam irradiation radius ($270mm).
And, the ion implantation is performed by using the ‘same kind
and the same amount of ion. A resultant Vickers hardness of the
ion-implantation surface of the stainless steel was Hv651.

As a comparative example 2, a rod of stainless steel
(SUS420J2) having the same configuration as the rod of Fig. 3A
is subjected to a thermal processing at a temperature not larger
than 525 °C and is, thereafter, placed within the area defined
by the effective ion beam irradiation radius ($270mm) on the
sample table 2 according to th.e method shown in Fig. 53A. Then,

the ion implantation is performed by using the same kind and the



[err]m Furthernore, the hardness of the material is adjusted to be Hv500
through a thermal processing. The inplantation amunt of titanium (Ti) is
set to 5 x 10[err] 18 dose (ions/[err]), while the inplantation anount
of carbon is set to 1.2 x 10[err] dose (2pns/[err]). Furthernore, an
opponent material used in this enbodinent is each of a disk-like SIALON
(Hv1590), a carbon tool steel (SK2: Hv660), an alloy tool steel for cold
dies (SKD11l: Hv730) and a stainless steel (SUS304: Hv240). The surface
roughness osamheagidumtngbfsmﬁraceiiseseﬂ-ti&ntavriatrkg!e‘sofhﬂM@iSerﬂ bhe ion-
[err]m Moreover, the lubricating oil is D -2-ethyl hexyl sebacate (Mw26,
[err]-11.3 iPR) afites igadsurfacer OButhrestai ndesst ééFFc’: H&FdHéf&QPval ent to 3

wei ght % [ Slidi ggerlmant; A frictional been conduct.ed

by causing a recggf gﬂ“(?@esl ‘Eh‘?ﬁf‘?fb%?ré’fﬁ %ﬁ%{ ' gBIFuﬁPPE&ﬁ ve
diti wh t 8

condi L1 on VRShEoTa 81L4 Elaldet iy hatln afv@dcﬂ' PR bR |

bet veen theobr LaLT 91 (GO8LS LakeRL aqg Ll Jvlng tzbe L4890 PORhLQN <

mat eri al use t he bearing, fromthlse eri ment
0.1 um.

Moreover, the lubricating o0il used in this comparative
example 2 is Di~-2—-ethyl hexylsebacate (Mw426, Ny 11.3 cps) with
additive of butylester of stearic acid equivalent to 3 weight %.

{Sliding Experiment]

Fig. 6 shows the result of a frictional experiment
conducted by causing a reciprocative sliding movement under the
mixed lubricating condition where a vertical load is 150 gf, the
sliding speed is 6.4 x 10%/s, and the PV value is 28.8
(N/mm? m/s) . | |

As apparent from Fig. 6, there is a tendency that the
friction coefficient becomes large with reducing hardnes§ of the
ion-implantation surface material in the beginning of the
expériment, however the friction coefficient is reduced with
elapsing time and finally stabilized at 0.05 in all samples.

Furthermore, when a spiﬁdle motor of an axial-direction
locad 60 gf and a rota.ti.ona.l speed of 5,400 rpm was driven for
300 Hr in the n_xixed lubricating condition, the specific wear
amount .(n=3) calculated based on the axial~direction dislocation
(0.3 to 0.4pm) of the rotary shaft was noﬁ larger than 1 x 10°

Loml/N in all samples.



As apparent fromFig. 4, the friction coefficient reduces with increasing
har dness of the sliding portion material of the bearing when the rotary
shaft material has a hardness of Hv500. Furthernore, when the sliding
portion material of the bearing has a h&2lness not smaller than Hv550, the
friction coefficient becones |less than 0.07 and the specific wear anount
realized is not larger than 10[err] [err]/N. Especially, when SI ALON
having a small friction coefficient of 0.021 is used for a receiving 19
pl ate nenmber, thdsspdessribagarbayeunt tcabecsneedPpasélhlen theprevent the
axi al -direction dislocation (8[err] of the ion-inplantatjon rotary shaft

is 1 x 10[ eFPtaq¥ershsft af"?‘ﬂedtiﬁﬂ-ﬁp&,""é@@ HR hbRe cpFiadg dbge gt @R uip ofhey
i di A t. simlar, to the enbodi t He . in.th L xed
Tubr i cat | ng UG (1HF VRE B AR R BB NREFy CPADF PR ROR LF ofedRd Yhe
lid t di ti | i dly_i ' | ble t
orevent the SEauany ehar 14 £ o 1RTR4203250 dpul' By T Sample rESVEE L0080 0 ol

ey ool o BRSO P P CaLA SR MRRLrSRY Bogie LTSI N )
steel s (SUS42@fék tpaehskavirRgianpaYEermingehe’ i6h ImpLaARtaR igRheri cal

As apparent from the foregoing description, in the
arrangement that the rotary shaft which is made by directly
applying an ion implantation on a steel material sﬁrfacg_is
brought into slidable contact with the bearing through
lubricating 0il in the mixed lubricating conditionlwhere the
boundary lubricating coﬁdition and the solid contact condition
are 90mp11¢ate¢1y involved, the present invention can realize a
stable sliding condition by specifying optimwm_ranges with
respect to the titanium (Ti) implantation amount, the hardness
of the materials used for the rotary shaft and the sliding
portion of the bearing, and the temperature of the rotaiy shaft
material and the ion-implantation surface im the iom
implantatibn. Furthermore, the present invention makes it
possible to suppress any abnormal wear derived from the increase
‘of the surface roughness of the sliding surface, for example, by
the presence of wounds produced in the machining process of the
rotary shaft. Thus, it becomes possible to suppress any abrupt
changes in the motor operation, enhancing the quality of the
motor. |

Although the above-described embodiments disclose the high-



end surface with a radius of 4mm are bundl ed densely, and are fixed by a
wre 3 as a rotary shaft bundle 1. This rotary shaft bundle 1 is pl aced
within a predeterm ned area defined by an effective ion beamirradiation
radius ([err]270mm on a sanple table 228ving a cooling function. Then,
the double ion inplantation of titanium (Ti) ion and carbon ion is applied
on the end surface of the rotary shaft, thereby obtaining the ion-
inplantation rotary shaft enbodying the present invention. The inplantation
anount of tfPaRfuRPiaf}ejBoker imcorponstedrindasBagnehir| disk) 2pRArREUShHe
i npl antation,_anoyunt of carbon is set to 1.2 x 10&err% dose, ions/[errL).
The beam cuFP@nPlYSt15BRRSE oPe4DIRE SFBLeM FRCRCTRTRAEE s F Dt 1BecRgeSEent
surface is adjusied to be in a,range of. Rpax < 0.15 [err]m Accordi to
The measuri Hoviar e’ Sagcer Mulad At TS et FRut ARk Tk far 857 uilfpea
rotary shafg e Vj har i t e n A)
and the out%a %ggéeﬁgaéﬁ) h? g;é%fg %Qﬁg%?ﬁ Pghég.(rg%i g’g %ﬂ%%ﬂs%ﬁgnégﬁeg
difference g ﬁoy?ge&nrgbgt{@gi&Qvfué§ption of the rotary shaft bundle. It
is believed t%at hi s phenonenon is caused by the snmall tenperature
gradient in the £80fds didweaition dayl Be embatyeahaht sbuedhe, foeEaumethbat

i nside of the chanber is maintained at a high vacuumcondition of [err] to
10[ err] Tordeparltilgnfwom tthe Bedtrit of essential characteristics thereof,

the present embodiments described are therefore intended to be
only illustrative and not réstrictive, since the scope of the
‘invention is defined by the appended claims rather than by the
description preceding them, and all changes that fall within
metes and bounds of the claims, or equivélents of such metes and

bounds, are therefore intended to be embraced by the claims.



‘radiation efficiency is remarkably small. Fig. 5B shows a conparative
exanple 1, according to which a rod 4 of stainless steel (SUS420J2) havi ng
“the same configuration as the rod of Fig. 5A is covered by a therno-
conductive material 5 through a siliconegubber heat-transfer sheet 6. The
stainless steel assenbly is fixed on the sanple table 2 by neans of a screw
7 so as to be placed within the area defined by the effective ion beam
irradiation radius ([err]270mm. And, the ion inplantation is perforned by
usi ng the sWHATKISJCBAIMEDeISane anount of ion. A resultant Vickers

hardness of the ion-inplantation surface of the stainless steel was Hv651.
As a conparative exanple 2, a rod of stainless steel (SUS420J2) having the
sanme conflguratlon as the rod of Fig. BAis su@hected to.a thernmal

processing at a enﬁe?h‘f%?et%‘fs?a?%lri‘ﬁaﬁy%? [€PPRTLHHPES, thereafter,
pl aced within the ar a def| ne b)ﬁl?‘{% effective ion beaw irradiation radius
e cc o

([err]h270mr) on #hd* WI Sh% fB ditiFth PRECHEEROPLNOIR 37 FEGD™
SA. Then %i%ti@&ﬁ‘@xﬁtfa% abolie (ﬁeafg‘lh*a&%&‘*%bﬂguﬂfﬁﬁ@g‘é1Eh”9faﬂgtsi‘e

21 sanme anou I on res ness

i mpl ant at i Oé‘léd:'éﬁ@%d)fcatrlﬁﬁnStQéﬂéle?&n-sfﬁﬁiaﬂ‘@étw&%rfa‘gé ke gmia raﬂa.ry
opponent material used hi's conparative
shaft being brought into slidable contact with a bearing through
a lubricating oil component, wherein
said metal element implanted into said rotary shaft is
titanium (Ti), and an implantation amount of said titanium (Ti)
is not smaller than 2.5 x 1017' dose (ions/cmz_)_, while an

implantation amount of said carbon is equivalent to or larger

than the implantation amount of said titanium (Ti).

2. The pivot thrust bearing system in accordance with claim
1, wherein sp.id steel material constituting sa._i.d rotary shaft
has Vickers hardness not smaller than Hv500, and a 'sli-.ding
portion o‘f said bea.riné brought into slidable contact with said
ion-implantation lsurface" of said rotary shaft through said
lubricating oil composition is made of. metal or ceramic having

Vickei‘s hardness not smaller than HvS550.

3. The pivot thrust bearing system in accordance with claim
1, wherein said steel material constituting said rotary shaft is

stainless steel (SUS420J2).

[T



eéxample 2 is a disk-like SIALON (Hv1590). The surface roughness of the
sliding surface is adjusted to be in a range of Rrax < 0.1 pm Moreover,
the lubricating oil used in this conparative exanple 2 is D -2-ethyl

hexyl sebacate (Mw26, [err] 11.3 cps) webh additive of butylester of
stearic acid equivalent to 3 weight % [Sliding Experinent] Fig. 6 shows
the result of a frictional experinment conducted by causing a reciprocative
sliding novenent under the mixed lubricating condition where a vertical
load is 150 gf, 4hahs pdivog Sheedtibeds ing sio{tem in argordagcenelply ghpim
is 28.8 (N[err]. ms). As apparent fromFig. 6, there is a tendency {hat
the frictioh coehéreinnt apecda inplem i@t inn e tRIBRF HihthesSfof &the 108~
ion-inplantation surface material_in the begjnning of the ex e{i nent ,
however theli®plantahleRcddriaemiof Saiditter Wittt ipkity ‘E‘?ﬁe 3P%°Ti hafRy
stabilized at_0,05 in all s Ie§:i F.urth.ernPre when a spindle notor of an
axi al - di rec?¥dn ¥ otR BY AT 3912087 PR LAY B 5, 400 rpm was driven
for 300 H in the mxed lubricating condition, the specific wear anount
(n=3) cal cul ated based on the axial-direction dislocation (0.3 to

0.4[err]m of the mefALyJRath 4es sWlridE WFstdifinladcdPababe] wiehréidian

all sanpl es.
2, wherein said sliding portion of said bearing is made of

SIALON having a composition of Sis_o.‘,stA.lomest_x (x<6) and having

Vickers hardness not smaller than Hv1300.

AT



«22 As described above, it becones possible to prevent the rotary shaft from.
dislocating in the axial direction in the m xed |ubricating condition when
the rotary shaft is made of stainless steel (SUS420J2) and the tenperature
“f the ion- inplantation surface of the steel material is set in a range not
l'arger than 525 [err] in performng tyggion inplantation. As apparent from
the foregoing description, in the arrangenent that the rotary shaft which
is made by directly applying an ion inplantation on a steel materi al
surface. is brought into slidable contact wth +the bearing through
| ubricating oil in the m xed Iubricat@ﬂﬂ(uiuhtlon where the boundary
| ubricating condition and the solid contact condition are conplicatedly
i nvol ved, the present invention can realize a stable sliding condition by
speC|fy|ng optlnunlranges with respect to the titanium (Ti) inplantation

amount, the har dnegg_aef.—the-tatersal Sops ed'r:f_-cf ihe ..u..‘f.y._g.h__
sliding portion of--'Ug@q - e
material .and t he_ﬂ.:@tan 2= ___.,_:g;:g_:._-:-.._._

Furthernore, the [EESENETIIYCREETE
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<« changes in the notor operation, enhancing the quality of the notor.
~Al t hough t he above-descri bed enbodi nents di scl ose the high- 23 speed
“spindle notor incorporated in a nagnetic disk apparatus, the pivot thrust
~bearing systemin accordance with the present invention can be w dely
applied to various devices including ggspindle notor driving a polygon
mrror of -a printer and other high- speed rotating devices. As this
invention may be enbodied in several forns without departing fromthe
‘spirit of essential characteristics tfd{gof} the present enbodi ments
described are therefore intended to be only illustrative and not
restrictive, since the scope of the invention is defined by the appended
claims rather than by, the descrlptlon precedlng them and all changes that
fall wthin nmetes andSopmus oUf e crarms, o —eyur vatent s of buc,' nmet es

and bounds, are theleforf |ntended to b I y 24 \WHAT
| S CLAIMED | S: éi}g .................... ?ﬁ%ﬁ?@ﬂ?ﬂﬁ@@.?ﬁ?ﬁQi ...........

g 10 T 2><10-lm/‘l

--------------------------------------------------

o o0
T

0 1 2 3 4 5 6
r: necumirroy some (X 10" ionS/sz)

AXIAL DIRECTIONAL DISLOCATION OF ROTARY

FIG. ¢

\ SUS304 BV VALIE N/mt /s
0.1 r 2.5

0.08 -

0.08 <011

FRICTION COEFFICIENT

0.04 t

SIALON

0.02 |

0 500 1000 1500 2000

vikEss GamNEss  ( Hv)



<1l. A pivot thrust bearing systemconprising: a rotary shaft nmade of steel
~material having an ion- inplantation surface applied a direct ion o
*impl antation of netal element and carbon, said ion-inplantation surface of
Said rotary shaft being brought into slidable contact with a bearing
through a lubricating oil conponent, rein said netal elenent inplanted
into said rotary shaft is titanium (Tr), and an inplantation anmount of said
titanium (Ti) is not smaller than 2.5 x 10[err] dose (ions/[err]), while an
i npl antati on anount of said ?TEQO% is equivalent to -larger than the
i npl-antati on anount of said #i niAnl(Ti). 2. The pi Iﬁﬂist beari ng
systemin accordance with claim1l, wherein said steel material constituting

said rotary shaft has Vickers ess not smaller than Hv500, and a
sliding portion of said bear] Wahtd into slidable contagt with said -
i on-inmpl antation surface of /AahYESRar Lshaft through” shu ubricating oi
conposition is made of net #SPEaNe havi ng Vi ckef s (rar}dness not small er
t han Hv550. 3. The pivot t /g systemin adggridgAce with claim 1,
wherein said steel materi al [ kng said rotary shaft]is stainless
steel (SUS420J2). 25 ¢ l 5¢ N
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4. The pivot thrust bearing systemin accordance with claim1, wherein an
Fon-inplantation tenperature of an ion-‘inplantation surface of said steel
Material is not larger than 525 [err] in performng the ion inplantation.
5. The pivot thrust bearing systemin accordance with claim2, wherein said

sliding pog f b ' lisghade of SI ALON having a conposition of
[err] (x[«%éE]Jl-'87‘&-%#8?2&jhg b UﬁEhardness not smaller than Hv1300.

TITLE OF INVENTION: PIVOT THRUST BEARING SYSTEM

To stabilize a mixed lubricating condition in a pivot
thrust bearing, a rotary shaft is made of steel material by
directly applying a double ion implantation of metal element and
carbon. An ion-implantation surface of this rotary shaft is
brought into slidable contact with a bearing through a
lubricating oil component. Especiall?, the metal element
directljr implanted into the rotary shaft is titanium (Ti), and
an implantation amount of the titanium (Ti) is not smaller than
2.5 x 1017 dose (ions/cmz), while an implantation amount of the
carbon is equivalent to or larger than the implantation amount
of the titanium (Ti). Furthermore, the steel material
constituting the rotary shaft has Vickérs hardness not smaller
than Hv500, and a sliding portion of the bearing is ma.dé of

metal or ceramic having Vickers hardness not smaller than Hv350.

Figures 3 and 4.



