Descri pti on APPARATUS AND METHOD OF EVALUATING RIG DI TY OF BEARI NG DEVI CE,
APPARATUS AND METHOD OF PRODUCI NG BEARI NG DEVI CE, AND BEARI NG DEVI CE
<Techni cal Field> The present invention relates to an apparatus and net hod
of producing a bearing device which can be preferably used for a bearing
device that nust neet an inportant requirenment for radial rigidity during
use (resonance properties) such as bearing device for swwng armin nmagnetic
disc (hard disc drive). <BackgrogedcpiptiBacently, magnetic disc devices
have been nore and nore required to have a high density, and the swing arm

having a pﬁ?ﬁ!ﬂﬁé@? @D MR g B Pt @ RGika b TTRUSE ek AXaVEpBVhas, been

required to na aster access to the desired track and be positioned on

t he desir t ! NGRIE Br eci si on
of positigg?%é%&BFggﬁggagﬁg§§égtﬁRg@@??ggdg%gﬂﬁgﬁpggﬁﬂgﬁé rad?gﬁggggonance
frequency glgge bearing device for swng armand elimnate the dispersion
of rigidipg the bearing device. In a controller (e.g. , swing arm
havi ng a bearing device_ .incorporated therein, the dispersion of rigidity
(resonancéTthégﬁé cY)}-®f”t he bearing device is one of factors causing the

drop of efficiency of tuning of servo system Therefore t echni ques and
appar at us of pr @B8tRFeH T hg IR I HP?—?tES(F%%QHEEIF#E@P&%?F%E‘P% he

hearing device to fall within a predeterm ned range have been consi dered
i nport ant ©f producing a bearing device which can be preferably used for

a bearing device that must meet an important reguirement for
radial riglidity during use (resonance properties )i such as
bearing device for swing arm in magnetic disc (hard discdrive).
<Background Art>

Recently, magnetic disc devices have been more and more
required to have a high density, and the swing arm having a
head for reproducing/recording signal mounted thereon has been
required to make faster access to the desired track and be
positioned on the desired track more accurately (speeding up
and enhancement of precision of positioning). It has thus been
desired to control the radial resonance frequency of thebearing
device for swing arm and eliminate the dispersion of rigidity
of the bearing device.

In a controller (e.g., swing arm) having a bearing device
incorporated therein, the dispersion of rigidity (resonance
frequency) of the bearing device is one of factors causing the

drop of efficiency of tuning of servo system. Therefore,

technigues and apparatus of predetermining the rigidity
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Patent Reference | cited bel ow di scloses a technique of controlling the
radi al resonance frequency of a bearing device for swing arm Further,

Pat ent References 2, 3 and4 cited bel ow di scl ose t echni que of determ ning
t he axi al resonance frequency of beari ng device. Mreover, Patent

Ref erence 5 cited bel ow di scloses a nethod of producing a bearing device
whi ch conprises press fitting while neasuring the resonance frequency of

t he beari ngesdenvinee ndeneadey Japid that bearahgvdbv atéoto ffam avigireizpel ectric
el enent and term nating press fitting when the resonance frequency thus

measured peedkesrahipieielsige nedevdldid dofatieRirdiefiaeieantld JP- A-2001- 63045
(Fig. 1, page 3) [Patent Reference 2] Japanese Patent No. 2882105 (Fig. 1,

pp. 4 - 5) [PaberknRekerepegcdli L2BRAc1AG12616669- a hedthidudhbs [Patent
Ref erence 4] JP-A-2000-74788 (Fig. 1, pp. 4 5) [Patent Referentce 5]

j P- A-6- 12%%%?{%20(161 Ssneg%dfal r@soﬁ%‘ﬂ%‘éefrehgeggg%fjﬁri?ﬁf‘ﬁ deRg Rrior art

apparatus an net hods produci ng a beari i ce, idity of the
bearing d %EC%JfﬁﬁrSEJadial direction (radial rigidity) can difficultly he
directly éval dated. 1n particular, the radial resonance frequency of a

Further, Patent References 2, 3 and 4 cited belowdisclose
a technique of determining the axial resonance freguency of
a bearing device.

Moreover, Patent Reference 5 cited below discloses a
method of producing a bearing device which comprises press
fitting while measuring the resonance frequency of the bearing
device under the application of vibration from a piezoelectric
element and terminating press fitting when the resonance
frequency thus measured reaches a predetermined value.
[Patent Reference 1]

JP-A-2001-83045 (Fig. 1, page 3)

[Patent Reference 2]

Japanese Patent No. 2882105 (Fig. 1, pp. 4 - 5)
[Patent Reference 3]

JP-A-2000-146726 (Fig. 1, pp. 4 - 6)

[Patent Reference 4]

JP-A-2000-74788 (Fig. 1, pp. 4 - 5)
[Patent Reference 5]

JP-A~6-344233 (Fig. 1, pp- 4 - 6)

However, in accordance with the prior art apparatus and



smal | -si zed and |ight-weight bearing device such as bearing device for
swing armcan difficultly be accurately nmeasured because such a bearing
devi ce has a high resonance frequency attributed to radial rigidity and a
smal | anplitude of resonance peak and the vibration node of the neasuring

i nstrunent system and the bearing device are superposed on each other.
Further, when the resonance frequency of a plurality of vibration nodes
(radi al tmetsbasi of mudelucdony Galbemrle)g afet iree betlie ngigedice ofnthhe radi al
direction are close to each other, the accurate resonance frequency cannot
be det er nhegdingaiedgciet 1H MPIPS Stdd i1 (i raeaiirad! eradawal agediagiatati gidity.
Further, in accordance with the apparatus and nethod disclosed in Patent

Ref erenceqprei badtaboye. gibeckegongagaatbrequency of the pivot can he
difficultly extractéd fromthe “vibration characteristics of the entire

product | on devi ¢ (SUIISING {PRePlal 0 ABLGEToE tadhalentlalsh ty or

resonance frequency in particular. ma size and light t give an

t l'y_hi . i¢ch, toqg, .ig.a_f ' his job
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hat th N f th d d b bl e. _Th
| nvent i onoRES BN WS LY BOf TABcR LEAGC SR Oy cRBNEF OREA Bt Y CIRREARERS and

its aimis to provide a bearin devi c roduci ng. apparatus_and net hod
capabl 6 oP°HRBAS.FHGRa BEaFiNg YEVICE NaH 1% RASturSeaPe a5t oFRERFAGYL he
radial rigidit t her eof <Disc] osure of .the |Invention> The aimof the
pre;ent !%%E%ﬂ%&ﬁ%&?%f@éﬁﬁﬁEﬂﬂ&ﬁ%ﬁy?ﬁ@asmﬁlyam &1t“de°frgsonance

peak and the vibration mode of the measuring instrument system
and the bearing device are superposed on each other. Further,
when the resonance frequency of a plurality of vibration modes
(radial translation mode, conical mode) of the bearing device
in the radial direction are close to each other, the accurate
resonance frequency cannot be determined, making it impossible
to accurately evaluate radial rigidity.

Further, in accordance with the apparatus and method
disclosed in Patent Reference 5 cited above, the resonance
frequency of the pivot can be difficultly extracted from the
vibration characteristics of the entire production device
comprising the pivot to determine radial rigidity or resonance
frequency in particular. The small size and light weight give
an extremely high resonance freguency which, too, is a factor
making this jobdifficult. Thiscausesdispersionof resonance
fregquency, making it likely that the quality of the product

thus produced can be unstable.
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follow ng const-itut-Jon5. (1) A-n apparatus of evaluating the rigidity of a
bearing device conprising a bearing having an inner ring and an outer ring
and an outer ring fixture nmenber nounted on the aforenmentioned outer ring,
characterized in that there are provided a unit of giving an input
vibration to the aforenentioned inner ring or a shaft nmounted on the

af orenenti oned i nnerring, avibration detecting unit of detecting the

vibration of thehafpregenti difkntdWrerndd NPeéh Xk RedEBRRS Bider NMElSS
attached to the af orenentioned outer ring fixture nmenber, a transfer

functiol | ar6abfhat bR@dWH s i @EdbAENG & anti%aib%%eeviae@tﬂa@&iﬁ@m the
out put of the aforenentioned vibration detecting unit and the

f . ! .. : | fth
af or enent jjgpe e;}gggﬁgaﬁggﬁg&éeugaéw ng%ttehaaﬁ%a %%%aa%epréatﬁe%?gcsf of the

af orenenti one and a rigi y calcul ating un

of the rcBanEneg IR TR EY e BAR et T R A B RAIR B RIT 2T

unit. (2 hAn aEparatus of eval-oating the rigidity of a bearing device
conprisin srﬁg'r of bearings having an inner ring and an outer ring, a

shaf t nnugéed gn t he igneg ring agd an outer ring fixture nenber nounted on
the af or enBhEFOREYTEUPEr © Fnb? ER&*8BCerized in that there are provided an

vibrating unit of giving a radial input vibration to each_of_ the

af orenenti oned TRRe}IFiHgEhs PrFﬁ@“‘b’oEW’%’l’\Hé‘”&fl% ﬁé?cé‘lmé’iéﬁé’iﬁdi %ﬂeﬁ%haft , a
pair of input vibration detecting units of detecting the vibration of each
of the af 6PeAENEPENESNFHAERTAPAS§s or the both.ends of the aforenentioned
shaft, an adding unit of calculating the output of said pair of input

vi br ati on (deét e@r@ia@@amﬁttu,s of VS aatgmg the rigidity of a bearingdevice

comprising a bearing having an inner ring and an outer ring
and an outer ring fixture member mounted on the aforementioned
outer ring, characterized in that there are provided a unit
of giving an input vibration to the aforementioned inner ring
or a shaft mounted on the aforementioned inner ring, a vibration
detectingunit of detecting thevibration of the aforementioned
outer ring fixture member or a mass attached to the
aforementioned outer ring fixture member, a transfer function
calculating unit of determining the transfer function from the
output of the aforementioned vibration detecting unit and the
aforementioned input vibration to calculate the resonance
freguency of the aforementioned bearing device and a rigidity
calculating unit of determining the rigidity of the
afcrementioned bearing device on the basis of the resonance

frequency calculated by the transfer functioncalculatingunit.

(2) 2napparatus of evaluating therigidity of a bearingdevice



det ecti ng

menber, a transfer function

functi on
the afor
af or enent

unit of detecting the vibration of the aforenentioned outer ring
fixture nenber or a nass attached to the aforenentioned outer ring 'fixture

calculating unit of determ ning the transfer

fromthe output of the aforenentioned vibration detecting unit and

enentioned adding unit to cal culate the resonance frequency
i oned bearing device and a rigidity calculating wunit of

of the

det er m ni pgmphestingi siga 1o £thea af og entingned beadd #dngdend car 6atkhe basis
sonance frequency cal cul ated by the transfer functi on cal cul ating

unit. (3)rAngetdedast miauUad bRk Rdenhiedi ity agh £ BaakkngifleyiGeure

of the re

conprisin

g a'pair of bearings having an inner ring and an outer ring,

a
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the afore
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detecting
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first det
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ment1 oned outer ring, which conprises a

ing a mass to the
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value to gbtain a sum detecting the vibrator. of the

second detected vibration val ue, _addi n t he af orenenti oned
gﬁe °$$b %ng %déFBBFed

af or enent VéREG tdPReASERRGLNEXBOLES RENPRFCOELRALRE oridaitidhed #ast to
obtain a third detected vibration value, determning the transfer function
from sai doft Hihed afeaeenertioedt LBRSVaFG8IEN @1 He aaflen ErefPidned M to

cal cul ate

t he resonance frequency of the aforenentioned bearing
aforementioned shaft, an adding unit of calculating the output

of said pair of input vibration detecting unit, a vibration
detectingunit of detecting the vibration of the aforementioned
outer ring fixture member or a mass attached to the
aforementioned outer ring fixture member, a transfexr function
calculating unit of determining the transfer function fxrom the
output of the aforementioned vibration detecting unit and the
aforementioned addingunit tocalculatethe resonance freguency
of the aforementioned bearing device and a rigidity calculating
unit of determining the rigidity of the aforementioned bearing
device on the basis of the resonance frequency calculated by
the transfer function calculating unit.

(3) A method of evaluating the rigidity of a bearing device
comprising a pair of bearings having an inner ring and an outer
ring, a shaft mounted on the inner ring and an outer ring fixture
member mounted onthe afcrementioned outer ring, whichcomprises

attaching a mass to the aforementioned outer ring, giving a



device, and then determning the rigidity of the aforenentioned bearing
device on the basis of said resonance frequency. (4) An apparatus of
producing a bearing device conprising a bearing having an inner ring and an
outer ring and an outer ring fixture menber nounted on the aforenentioned
outer ring, characterized in that there are provided an vibrating unit of
giving a radial input vibration to the aforenentioned inner ring or the

af or enent reaedl shafit vhuntetohhes eadh of thidrabrenendébeaetiimhami i ngé
detecting the vibration of the aforenentioned outer ring fixture menber or

a mass atpachbpd bethhendaf ereanet hgbednent eonelinghbifxt uaetseobey, tRet ransfer
function calculating unit of determning the transfer function fromthe

out put of ,t e8] BLEIERECANSE M PEZLLRReHEE 8ARENL Y Lridld $P&HE both
af orenenti oned |nput vibration to calculate the resonance frequency of the

af or ement LARgdoBeabng cAPULER-aulen thaledl Ly oRRbol! B ERgSUNAL.OLe

determ ning the r|g|d| orenenti one earing eV|ce on t%e basi s

of the resogﬁggﬁggigg uenc ?gé%ulﬁtege gcégg\m.%ﬂﬁiLlluuﬂ tlogdggkculating

unit. (5" earfng “device tompri<i Ag pair of

b h d t ft t th
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outer ring, characterized in that there , are provided an V|brat|ng unit of
giving a PABFEMERfHOred $REPPO A SHES UV 4R VRINELS RREALPIHFUBr t he
aforenentioned shaft nounted thereon, a vibration detecting unit of

det ect i ng2ERECHHPE RS BRPBRT %ﬁéQﬂ?w%ﬁﬁﬁfFﬁﬁéH*SﬂF@PHﬁ%ﬁF%W%f&FE“ﬁEnber or

anmass attached to the aforenenti oned outer ring fixture nenber,
member or the aforementioned mass to obtain a third detected

vibration value, determining the transfer function from said
third detected vibration value and the aforementioned sum to
calculate the resonance frequency of the aforementioned bearing
device, and then determining the rigidity of the aforementioned
bearing device on the basis of said resonance frequency.

(4) An apparatus of producing a bearing device comprising a
bearing having an inner ring and an outer ring and an outer
ring fixture member mounted on the aforementioned outer ring,
characterized in that there are provided an vibrating unit of
giving a radial input vibration to the zforementioned inner
ring or the aforementioned shaft mounted thereon, a vibration
detectingunit of detecting thevibration of the aforementioned
outer ring fixture member or a mass attached to the
aforementioned outexr ring fixture member, a transfer function

calculating unit of determining the transfer function from the

output cf the aforementioned vibration detecting unit and the



a transfer function calculating unit of determning the transfer function
fromthe output of the aforenentioned vibration detecting unit and the

af orenenti oned input vibration to calculate the resonance frequency of the
aforenenti oned bearing device and a rigidity calculating unit of
determining the rigidity of the aforenentioned bearing device on the basis
of the resonance frequency calculated by the transfer function calculating
uni t. (6)afomemkeodiohegr dchmitngvabbehiongtdedale daenyy i sheigraspaance of
hearings having an inner ring and an outer ring, a shaft nounted on the

i nner ringragdeanyodfeth¢ iafy fdmdnriemeibenringnd edide ;and ker afbd etrent i oned
outer ring, which conprises attaching a nmass to the aforenentioned outer

ring, givigdcaibadingl A o bradtomimieachcpé thegadofenesti ogred i nner
rings or the both ends of the aforenentioned shaft, detecting the vibration

of each gk tBReRkALAIRN YR80 R BYS tBle HBS180bLR €RdSreEohBfce
aforenentioned shaft to obtain™a first detected vibration value and a

second deteated i, bratd o vah i dd 0g: £ e LU Aer  fid shdet ect ed

vi bration va ore 1 oned secon etected vibration value to
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vi bration yaluef deLerniging the transfer function from said thhrg det ect ed
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f f the af ti d beari devi ce, d then det i ni th
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resonance frequency. . . . . -
on tge afg}ementloned outer ring, characterized in that there

areprovided anvibratingunit of givingaradial input vibration
to the aforementioned inner ring or the aforementioned shaft
mounted thereon, a vibration detecting unit of detecting the
vibration of the aforementioned outer ring fixture member or
amass attached to the aforementioned cuter ring fixture member,
atransfer functioncalculatingunit of determiningthetransfer
function from the output of the aforementioned wvibration
detecting unit and the aforementioned input vibration to
calculate the resonance frequency of the aforementioned bearing
device and a rigidity calculating unit of determining the
rigidity of the aforementicned bearing device on the basis of
the resonance freguency calculated by the transfer function
calculating unit.

(6) A method of producing a bearing device comprising a pair
of bearings having an inner ring and an outer ring, a shaft

mountedontheinner ringand anouter ring fixture member mounted



(7) An apparatus of producing a bearing device conprising a bearing having
an inner ring and an outer ring and a housing fitted on the aforenentioned
outer ring, characterized in that at |east one of radial rigidity,
resonance frequency and anti-resonance frequency is detected and when the
val ue thus detected reaches a predeterm ned value, press fitting is
termnated. (8) The apparatus of producing a bearing device as described in
G ause (79n vhereforéheneianedpoavedediag, vivhiahi cgnpnites aftgehving radi al
vibration to the aforenentioned inner ring or a shaft fitted in said inner

ring, a loadidigtenthefl OfoPersstidhédidiedrinlrajivingel eatiiag umpht of
detecting the vibration at |east one site on the aforenentioned shaft or

i nner ringipaRd; bhe ALALATBPHHRNSdo PeNEN Yo B0y KRG s AR 9peK ati on
cant-rolling unit of determning the rigidity, resonancé frequency or

ant | - 1 es08aag o rIENRY: Sled it PeRThE e Yot g bieysbgnaloffebect od by

t he af orenenti on ration etecting unit. appar at us of produci ng
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f .. (10) A met ' heari.ng_devi.ce whi.ch i
using 5 o EREERFBR AR STAC BE GHCH Bt Aot ARy B OTHHRI ALH} (o (o)
t d bearing device.. (11) A bearjng devj. i dial rigidit
or clet er rRRGE = Ty B RS EEROT TN BEL Bl CRFEA THE e SEeReTB}oBre (10).

I n accordance with the aforenentioned constitutiaons, the,
first detected vibration value and the aforementioned seccnd

detectedvibrationvaluetoobtainasum, detectingthevibration
of the aforementioned outer ring fixture member or the
aforementioned niass to obtain a third detected vibrationvalue,
determining the transfer function from said third detected
vibration value and the aforementioned sum to calculate the
resonance frequency of the aforementioned bearing device, and
then determining the rigidity of the aforementioned bearing
device on.the basis of said resonance frequency.

(7) An apparatus of producing a bearing device comprising a
bearing having an inner ring and an outer ring and a housing
fitted on the aforementioned outer ring, characterized in that
at least one of radial rigidity, resonance frequency and
anti-resonance frequency is detected and when the value thus
detected reaches a predetermined value, press fitting is

terminated.
(8) The apparatus of producing & bearing device as described

in Clause (7), wherein there are provided an vibrating unit



transfer function concerning the vibration in the direction of deformation
of the bearing device can be determned to accurately determ ne the radial
rigidity of the bearing device. In accordance with the aforenentioned
constitutions, isophase and isoanplitude conmponents (vibration conponents
devel oped at sites other than bearing device) detected at each of the inner
and outer rings can be separated fromeach other 9 to extract the vibration
properti esfofivhrgbeadinl devreeiahone. thénaparenent dtnedhibnear nBbsy i S
attached to the outer ring fixture nenber to increase the weight and nonent

of inertigraf stheriyakled iRosd i @M HAEMKISg)dat eadH ranitngodnghréde out er
ring fixture nenber, the detection of resonance peak can be easily

conduct edflt%b%?éé\ﬂ% USS ot 8L ELEEnQTad r\?o‘f@i@mc@l d R&e J\élg%’if s Hprion

makes it possi to reduce the resonance frequency ue tor rigidity
and rai se,| heoaopl phude;of pgs ﬂsngfopsﬁﬁgngggaggeghakbe of |88 0F Lhig, moment
of inertia alTows & tive re uctron € resonance Trequency of the
beari ng deV|ch: onlcal maki_n ol oggssible t Q J ncrease
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enhanced. Moreover, the
detectlng unit.

(9) The apparatus of producing a bearing device as described
in Clause (7) or (8), wherein there 1is provided a transfer
function calculating unit to determine resonance freguency.
(10) A method of producing a bearing device which comprises
using a production apparatus as described in any one of Clauses
(7) to (9) to produce a bearing device.
(11) A bearing device having a radial rigidity predetermined
by a production method as described in Clause (6) or (10).
In accordancewith the aforementioned constitutions, the
transfer function concerning the vibration in the direction
of deformation of the bearing device can be determined to
accurately determine the radial rigidity of the bearing device.
In accordance with the aforementioned constitutions,
isophase and isocamplitude components (vibration components
developed at sites other than bearing device) detected at each

of the inner and outer rings can be separated from each cther



enhancenment of the precision in neasurenent of radial rigidity or resonance
frequency nmakes it possible to stabilize the quality of a pivot which has
been press-fitted in resonance node. <Brief Description of the Draw ngs>
Fig. | is a general view of an apparatus of producing 10 a bearing device
according to a first enbodi nent of inplenentation of the present invention.
Fig. 2 is a graph illustrating the effect devel oped by adding a nmass in the

first enbedigmitactt e v3biratdogrppdpétt st oFftt g behe ihgeimeinmyalone.
characteristics of a transfer function in the first enbodinent, Fig. 4is a

di agram i thysdratd e, wRehadnak sai § aehiargedar o botebe rpfingudevi ce of
the first enbodinent. Fig. 5is a diagramillustrating a nodification of the

first enbadaedl.c Fidrefsésnd W aph Ahbushieald Mgihbereblgctnohoaapl ber

nodi ficatron. Fig. 7 is a general” view of an apparatus of producing a
mvent PonbSEF g0 R E P R B e A IR I O e degel ukd af ter
Concept | oRAFSAFadi s 6F S FARLI: - PRRBERGR EGa eht 18 AT oF ReTaRchedel in't he
second erhedient, Figi 101 @ diaotam |l ustrating (s Aad ghovippation
makes it possible toreduce the resonance frequency due toradial
rigidity and raise the amplitude of rescnance peak. Further,
the rise of the moment of inertia allows effective reduction
of the resonance frequency of the bearing device in conical
mede, making it possible to increase the difference from the
resonance frequency inradial translationmode and hence conduét
accurate measurement of rescnance frequency.
Moreover, in .accoxdance with the afcorementioned
constitutions, the radial rigidity or resonance frequency of
the bearingdevicecan fallwithin a predetermined range, making
it easy to effect tuning of the servo system when the bearing
device is incorporated in, e.g., a swing arm. Further, the
precision in measurement of radial rigidity or resonance
frequency can be drastically enhanced. Morecver, the
enhancement of the precision in measurement of radial rigidity
or resonance fregquencymzkes it possibletostabilizethequality
of a pivot which has been press-fitted in resonance mode.

<Brief Description of the Drawings>

Fig. 1 is a general view of an apparatus of producing
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Fig. 11 is a diagramillustrating a nmethod of attaching a mass in the
second enbodinent. Fig. 12 is a general view of a nodification of the second
i | enbodinment. Fig. 13 is a general view of another nodification of the
second enbodinent. Fig. 14 is a diagram of waveform neasured in the

nmodi fication shown in Fig. 13. Fig. 15 is a general view of other

nodi fication in the second enbodinment. Fig. 16 is a general view of further
modi fi cat konbeartihg decand embedicddny. tb theseifsgur embolihmenef eoEnce
nuneral 1 indicates a support portion, the reference nuneral 2 indicates an

vi brati ngimpoehefrattiba bef taeepeerentr anvéntnghcates a vibration detection
portion, the reference nuneral i ndi cates an operation processing portion,

the reference nyﬁgtat s 1 DA GRS 13 RedEHIIGg 8 81 elhegeebebgraeppuneral s
10 and 60 each indicate an "~ apparatus of producing a bearing device, the

referenceaggq55?% m238 Eﬂdkﬁ@t?ir%tpkﬁéﬁﬁﬁgéhilc el ement type vibrator

(vibrating unit), the reference nunerals 3la to 31c each indicate a
Puner al 33" ndi E486s an afier® (agdrRy untoLT s i) A tRERERERSG,
D01 2 05 ol atale el an cal ol UL s £ 0 G4 chglathaly 0 o).
reference numeral 51 104 8 & ARNAL LS Ndd L TRARRE) - the
ref erence g lagr g g
a mass to the bearing device of the first embodiment.
Fig. 5 is a diagram illustrating a modification of the
first embodiment.
Fig. 6 is a graph illustrating the effect of another
modification.
Fié. 7 is a general view of an apparatus of producing
a bearing device acccrding to a second embodiment of
implementation of the invention.
Fig. Bisadiagramof frequencycharacteristics develcped
after calculation of FFT transfer function in the second
embodiment.
Fig. 9 is a conceptional diagram of transfer function
which is a vibration model in the second embodiment.
Fig. 10 is a diagram illustrating the radial vibration
mode of a pivot in the second embodiment.

Fig. 11 is a diagram illustrating a method of attaching

a mass in the second embodiment.

Fig. 12 is a general view of a modification of the second



nuneral 52 indicates a shaft, the reference nuneral 53 indicates 12 a
rolling hearing, and the reference nuneral 54 indicates a nass. <Best Mbdde
for Carrying Qut the Invention> Enbodi ments of inplenentation of the present

invention wll be described in detail in connection with the drawings. in
the second and foll owm ng enbodi nents, the nenbers having the sane
constitution and action as that of those described already will- be given

t he sane emfedonert nuneral's and signs in figures to sinplify or omt their
description. As shown in Fig. 1, the apparatus 10 of producing a bearing
devi ce of the fRigt 1@nbheodh rneri=tl Makenl §yf cogIsadmel id ikagidnt yf téweal uati on
devi ce 10a having a support portion | of supporting and fixing the bearing
device 5 d&-dhe axbabifeksection, an adder 2 of vibrating the bearing device
5inthe radial direction, a vibration detection portion 3 of detecting the

radial vibratiop g of 1t4hel£>e%r'@gagfxfn0%f5 980 20 APGHAL L QLT 960810

portion 4 of evafuating the ra rigidity o e bearing device 5 on the

basi s Ofd£9§ H%Qﬁ&ogfsﬁgﬁ rﬁi onlgetectlon portion 3. Herein, the
evic

beari ng bearings 53, 53 disposed axially apart from

each ot her, af t fltted in.th nner n h qu

(outer ring f|§$u$e ﬁglﬁ%er?egfxﬁlt g& on t%{hogt%?géfgé 5?38? e nass
54 is attacheg to the {lphery of the housing 51. The weight of the nass
54 may be*tHE"™ aﬁ@bgng load actually applied to 13

Fig. 16 is a general view of further modificaticn in the
second embodiment.

In these figures, the reference numeral 1 indicates a
support portion, the reference numeral 2 indicates anvibrating
portion, thereferencenumeral 3 indicatesavibrationdetection
portion, the reference numeral 4 indicates an operation
processing portion, the reference numeral 5 indicates a bearing
device, the reference numerals 10 and 60 each indicate an
apparatus of producing a bearing device, the reference numeral
23a indicates a piezoelectric element typé vibrator (vibrating
unit), the reference numerals 3la to 31c each indicate a
vibration detection sensor (vibration detecting unit), the
reference numeral 33 indicates an adder (adding unit), the
reference numeral 41 indicates a transfer function calculating
unit (rigidity calculating unit), the reference numeral 43

indicates a rigidity conversion device, the reference numeral
5] indicates ahousing (outerring fixturemember ), thereference

numeral 52 indicates a shaft, the reference numeral 53 indicates

12



a device (e.g., swing arm bearing device for magnetic disc device) in which
the bearing device 5 is incorporated. The shape (center of gravity, nonent
of inertia) of the mass 54, too, naybe equivalent to that of parts (e.g. ,
swingarm actually born by the bearing device 5. A bearing portion 11 has a
| oadi ng device 11 di sposed on one end (upper end) of the shaft 52 to give a
fixing power to the shaft 52 of the bearing device 5 and load cell" (Il oad
sensor) k2 rd1Spesedbeayime, aifierciand dfdrawrie entjexef] tdhe isltafdates3 at o
nonitor the load. In this arrangenent, the shaft 52 can be fixed at a
const ant y;gad. The | oading device 11 and the |oad cell 12 nmay he di sposed
on the sane side of the bearing device 5. A bearing part 24a and an adder

23a descr{%& Ir%%tﬁvfl@g ecl%évﬁ"ﬁ%adﬂtﬁ{eomm n one end of the shaft 52

and the ce earing part 24b and an adder 23b are

di d i d. . h f_th . | oad I
12" S nce the BEREEBIT I g P ERE SaEA ReRhatBF Tre SRarl B2 T he

bear ts 24a_24h affects the. results of .eval uati di al
(gl 0l Ly AT RS Shat SeRaLnkbiSIRECAPRCH B B RRA B by t he

gener ati ng & VoI A SEGRPr Afn RN BFn GEAPARITe. PR i gh
speed with a predeterm ned frequency range, a pair of piezoelectric el enent
type vi bri'okd 28he S3meofceet Bt HeR aﬁngi Ry 3%r EB2Et °F4 W¥PSHhpl i t ude
and frequency corresponding to the voltage waveform generated by the
vi br at or SasSTHPL SR 34y e¥iDD B spien) the same reference numerals
and signs in figures to simplify ox omit their deSCription.
As shown in Fig. 1, the apparatus 10 of producing a bearing
device of the first embodiment is mainly composed of a rigidity
evaluation device 10a having a suppoxt portion 1 of supporting
and fixing the bearing device 5 in the axial direction, an adder
2 of vibrating the bearing device 5 in the radial direction,
avibrationdetectionportion3 ofdetectingtheradial vibration
of the bearing device 5 and an operation processing portion
4 of evaluating the radial rigidity of the bearing device 5
on the basis of the output of the vibration detection portion
3.
Herein, the bearing device 5 has two ball bearings 53,
53 disposed axially apart from each othexr, a shaft 52 fitted

in the inner ring thereof and a housing {(outer ring fixture

member) 51 fitted on the outer ring thereof. The mass 54 is
attached to the periphery of the housing 51. The weight of

the mass 54 may be the same as the load actually applied to

13



i nt erposed between the vibrator 21 and the adders 23a, 23b. Wen the pair
of vibrators 23a, 23.b vibrate at the sane phase in the radial direction,
radial vibration is given to the bearing device 5. The vibration excited in
the bearing device 5 conprises radial translation node attributed to the
radial rigidity of the bearing device S (node of -vibration based 01, the
translation of radial rigidity of the housing 51 and the elastic flexing of
t he shaft a5Revicni oal g nodewinpdarnf beabingi davipbasédromaghetitncldisgt i on of

t he housing 51), elastic vibration node of parts of the bearing device 5
and vi br atdiedri geddeLrcadteicH ridre thes migas Wdvig-e ristiunemorystamconiheed of
the bearing portion | and the vibration portion 2 superposed on each other.

The vi br atsihem dQlcRGt N dFOGia®1t§ , hasmanyi Hf al hept i dpteeting mesansar, 3lc
di sposed at the axially central position between the housing 51 and the

Tass 54 aRdeyi Rl il Il LOLANES cHRASOS 5318341 WippasedmoRChe 199ar i Ng

parts 24a, 24b at the ends of the shaft 5 respectively. TheSe

vi bration t i 31a,. 31lc are disposed on the sanme pl ane
i ncl udi ng btqr(%g1 gjg a%??ec% |Ig %%%‘ﬁ%%s'haft 52. As the vibration detecting
sensors 3la, 31 n c_there may .b sed .pr rly, a piezoel.ectric el ement
type sensor, a :Aagjfgrﬁé‘rﬁ oo‘r%:ttalccfn%fL pg“a%s n c?ra%%%% éi(?grl epﬁék%&%%o(ﬁe? The

vi bration detected by the_ various vibratign _detecting sensors 3la, 31b and
S1e. compri<ToE R o APEPEEAR) Hec VETAE 10158 ShES Dot h BXST of her

ends of LE SR B0t 11 <tE dohe AR IDARYhE vl 106 6 wogated
vibration svee}llsuoe ) 1r2e?i%%%[oisve%l ¥>’n g}rlg oat elrI fe=jnecid (lower end) of the shaft
53 to monitor the load. 1In this arrangement, the shaft 52 can
be fixed at a constant load. The loading device 11 and the
load cell 12 may be disposed on the same side of the bearing
device 5. A bearing part 24a and an adder 23a described later
are disposed interposed between one end of the shaft 52 and
the loading device 11 while a bearing part 24b and an adder
23b are disposed interposed between the other end of the shaft
52 and the load cell 12. Since the state of fixing of the both
ends of the shaft 52 to the bearing parts 24a, 24b affects the
results of evaluaticn of radial rigidity, it is desired that
the shaft 52 be fixed at a proper load by the loading device
11 and the load cell 12.
The adder 2 has an vibrator 21 of generating a voltage
waveform in which sinusoidal wave sweeps at 2 high speed with

apredetermined frequencyrange, apairofpiezoelectricelement

type vibrators 23a, 23b of generating an vibrating force at



by amplifiers 32a, 32b, and then added at the adder 33. This addition
causes the conical vibration conponent of the shaft 52 to be elim nated,
giving a signal of translation node of the shaft 52. The signal outputted
fromthe adder 33 is an added signal and thus is anplified by a main
anplifier 34b. Thereafter, the level (anplitude) of the signal is halved.
The operation processing portion 4 has a trans f er function calculating
unit 41 whh ehpleceideesndir ogtphty sicgnrals ponding tdehestodd agehrate foemal ue)
fromthe vibration detecting sensor 31c via an anplifier 34a as well as an

out put sigaatritem bhe tneddenek ot a21 henanghi kimpn i¥4ler Bre dispsded
function calculating unit 41 makes the use of fast Fourier transform (FFT)

to cal cul aleetheskasnBaneen tRaUGNEYatehas achRa i sh Caad&LIUENEY)2 S8, of the
bearing device 5. in sone detail, the transfer function H of the inner and

outer 11 Neged NAUYERIL SHA Lip22:80d BOUS! G Wbl LACUhal edn DT 0 cause

i sophase an I'soanplitude vibrating conponents 1 nclud vari ous

[ l's i d . . . ' .
Fromal S LRUSEEA0 8, SERAALEY AL PODEE. £UAS.T OBl chSRUIANGE: T euEreY
vi bration,detecti_ng sensor . Bl c_observes t%ﬁﬁ%ghfg%a ﬁcenteréﬁgtmee;ithe

housi ng Siéghaetﬁé : S sHiPEIRARRI X TodE . X ¢8R pSTEMCS al I1's and
G 1 cul (FSPBELBEF oA=Lk EAE RS ok TR SF h1e 1 ThY Rt s
mainly detected. The timng at which the vibrator 21 of the adder 2
gener at esflgidity of the bearing device 5 (mcde of vibration based on
the translation of radial rigidity of the housing 51 and the
elastic flexingof theshaft 52), conical mode (modeof vibration
based on the inclination of the housing 51), elastic vibration
mode of parts of the bearing device 5 and vibration mode came
from the measuring instrument system composed of the bearing
portion 1 and the vikration portion 2 supexrposed on each other.
The vibration detection portion 3 bhas a vibration
detecting sensor 31lc disposed at the axially central position
between the housing 51 and the mass 54 and vibration detecting
sensors 3la, 31b disposed on the bearing parts 24a, 24b at the
both ends of the shaft 52, respectively. These vibration
detecting sensors 3la, 31b, 31lc are disposed on the same plane
including the axial direction of the shaft 52. As thevibration
detecting sensors 32la, 31b and 31c there may be used properly
a piezoelectric element type senscr, a laser non-contact type

sensor, & record pick up, etc. The vibration detected by the

various vibration detecting sensors 31la, 31b and 31c comprises

15



a voltage waveformand the timng at which the transfer function

calculating unit 41 of the operation processing portion 4 perforns sanpling
are conpl etely synchroni zed. In the present enbodinment, the nass 54 is
attached to the housing 51 of the bearing device 5 to reduce the resonance
frequency as conpared with the case where no mass is added (bearing device
al one) as showning. 2. Further, the addition of the mass 54 makes the

di fferencepi %fo"z%%@ff’&@bﬁé’@ﬁﬂ?ﬁl@ﬁs mReiestp s agh aba bnddd Rbikaernodghand
coni cal node about 10 tinmes that in the case of bearing device alone Fi g.

3 illustr h t fs I f ct
il gﬁgg wkhg: bR eguePov Ehanact€fd s &&%&l{]&t s%'?l%o 5, ‘1'3 b?l ustrat os

cal cul ate t he |g|d|ty evaluatlon devi ce

the phase. dLALSeNceR0d HLocib DLy [Hyst e égﬂaevgg?attmevég@e When

t he beari arlng eV ree or “grease,
attenuation ssed by t.he bearin IS ne %i smal | d.th re is no
di f f er enc8&Sf ng\/‘g T%‘% VW%@@%*’%%“B%?V%%?P tf‘ﬁ %eégﬁr@%ﬂff g
frequency at which the phase difference of transfer function His, - /2
and by 170YhemBRasipEfehta of3 3k equidhEpet 2dArERt H amsidatude i sThts peak.
However, when the bearing 53 of the bearing device 5 is prOV|ded with a seal
or filledadlihigngrauses the oenpahtydiFaties connpignt o 5darshais3 i s not
negligible. In this case, the dispersion of frequency at which the ‘
anplitudeSEstatbpeakimﬁnameésesivmegeathébesi,othérenabeunsnnEOGEspérsion in
the frequency at which the phase difference is - . /2, and evaluation by
t he phasetHef Edrgncé2car. be conducted to maintain the
The signal outputted from the adder 33 is an added signal
and thus is amplified by a main amplifier 34b. Thereafter,
the level (amplitude) of the signal is halved.
Theoperationprocessingportion 4 has atransfer functicn

calculating unit 41 which receives an output signal (third

detected vibration value) from the vibration detecting sensor

3lc via an amplifier 34a as well as an output signal from the

adder 33 via the amplifier 34b. The transfer function

calculating unit 41 makes the use of fast Fourier transform

(FFT) to calculate the resonance frequency {(characteristic

frequency) fr of the bearing device 5. In some detail, the

transfer function B of the inner and outer rings (between shaft

52 and housing 51) is calculated by FFT to cause isophase and

iscamplitude vibrating components included in the various

signals inputtedtobeseparatedandhencecauseradial resonance

frequency fr to appear at a phase difference of . /2. At this

point, since the vibration detecting sensor 31lc observes the

16



precision in rigidity evaluation in the present invention. The waveform of
Figs. 3 (a) , (b) is displayed on a waveform display 42 as shown in Fig. 1.
Further, the radial resonance frequency fr determined is inputted to the
rigidity conversion device 43. since the relationship between the radial
resonance frequency and the radial rigidity of the bearing device is
nonlinear and the radial rigidity cannot he directly determned fromthe
radi al r esgrdheeftaqbeawigert ithd albhedinggSteséhddthes nasyplsayedontlmalri gidity
conversion device 43 perforns FEM (Finite El enment Method) analysis to

appr oxi maicRid he whekat tpastbRpbseneere e apidevibusky sdeieh ninedxiadi al
rigidity and radial resonance frequency fr of the bearing device by a

pol ynom aleand- yfgehe%‘éuébﬁ Pl WRoH1 @dgd ea@;abe%.@felé@ftiya@@clectréagl dity Kr

of the bearing ice wthr spect to the radi al resonance frequency for

tted . t
:ngcaﬁlﬂfikgﬂggfgfﬁ%ﬁgﬁfidﬁééxgéﬁl?gd%a|nﬁﬁit ﬁ?ﬁ ggresonaﬁ'unC on

frequencye JTac Qtact 18 angle . is previously subjected to FEM anal ysis to
deternlne A Jf tete val ue fronlmhich the aforenentioned function is

approxi mat ed by a onlal Vi resonanc uen f a . variable.
using this pol yTr“}benf ﬁ@z}s"tﬂje Fggoﬂgﬂf ‘ﬁe etﬂ‘c%/a‘%eﬁgrﬁedbe *&fferted to
radial rigidity Kr in the case where the radlal gidity Xr of the beari ng
devi ce tHu¥® Etaéﬁerﬁﬁ‘e‘%if?ﬁf‘FéldbE’i‘%\F/lB‘rln&&*eeB%cpﬁé‘%FéaegéPiﬁ% Wt ue.. the

radi al rlgldnﬁg?of t he bearing device is optim zed by re-predeternlnlng t he
prel oad SR WERWRE. URekt 41a Gfet PRl ePeXREEeRi RGOFRESHRSS PREHE™ e housi ng

performs sampling are completely synchronized.

In the present embodiment, the mass 54 is attached to
the housing 51 of the bearing device 5 to reduce the rescnance
frequency as compared with the case where no mass is added
(bearingdevicealcone) asshowninFig. 2. Further, theaddition
of the mass 54 makes the difference in resonance freguency
between radial translation mode and conical mode about 10 times
that in the case of bearing device alone.

Fig. 3 illustrates the frequency characteristics of
transfer functionHcalculatedbytherigidity evaluationdevice
10a. Fig. 3(a) illustrates thephasedifference and Fig. 3 (b)
illustrates the amplitude (gain).

When the bearing 53 of the bearing device 5 is free of
seal or grease, the attenuation possessed by the bearing 53
is negligibly small and there is no difference in evaluation

of rigidity between by the measurement of frequency at which

the phase difference of transfer function H is - . /2 and by
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51 of the bearing device 5 will be described in connection with Fig. 4. In
the exanple shown in Fig. 4 (a), the mass 54 consists of two nenbers, i.e.
, first portion 54a and second portion 54b. The stepped cylindrical first
54a having an inwardly protruding flange 54c provided at the end on the

| arge di aneter side thereof is nmounted on the periphery of the housing 51,
and the cylindrical second portion 54h is threaded onto or otherw se

mount ed Oﬁhetrﬁl@aéj@féﬁgﬁiBbﬁ)ffrégﬁeﬁp.@ét%@.@%tﬁfﬁe%(ﬂ{ﬁl'ﬂ'ﬁdg ikha peegt portion
54a. There is provided a fl ang 54d”al so at the other end of the second

port i on Sab, andok el ajge, Se anch e, 1:age ﬁécbegfllg%%é\}?’ug% spgLtion 54a

clanmp and fix t ou5|ng earlngs ong the
shaft. Since t e 2% def natlo of t.h hou5|n

ol o ng BRAV R Rt haA SHAGE Cha LR o Troate Seahe s Eetbetinat |«
19 desired that the defor tion be pr.evi ousl ete ned for . correction. In
t he exanpPBSSRERT HYFFBGF%E({)}W 5t£ ScPPit nﬂgggé‘ﬁlﬁ% Iy SN SsERSRed on t he

peri phery of the housing 51. Herein, the radially extending hole of the
mass 54 | $hEhféARETSIABNOL HEXCTWRAY & (PR B hesaRPl yEhdetHe ATPEa84 noves
inwardly. since the contact of the periphery of the housing 51 with the
i nner sudhgzeasiest-he Nenesthsles s, hshegorestirsn nof dilspersdsonngnsthepy t he
axial force of the screw 59 greatly affects the evaluation of radial
rigidity, firequendssat et iidrat hélphaser @i 58rbacdrisven /2w 4id avplapeichor que | n
the exanple shown in Fig. 4 (c) , the axial bole of the
by the phase difference can be conducted toc maintain the
precision in rigidity evaluation in the present invention.

The waveform of Figs. 3(a), (b) is displayed on a waveform
display 42 as shown in Fig. 1. Further, the radial resonance
frequency fr determined is inputted to the rigidity conversion
device 43. Sincetherelationshipbetweentheradial resonance
fregquency and the radial rigidity of the bearing device is
nonlinear and the radial xigidity cannot be directly determined
from the radial resonance fregquency, the following method is
employed. The rigidity conversion device 43 performs FEM
(Finite Element Method) analysis to approximate the
relationship between the previously detexrmined radial rigidity
and radial resonance frequency fr of the bearing device by a
polynomial and then uses the polynomial to calculate the radial

rigidity Kr of the bearing device with respect to the radial

resonance fregquency fr inputted. In some detail, since Kr =

f(fr, . ) is defined as a function indicating the relationship

between radial rigidity Kr and resonance frequency fr, contact
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mass 54 fornms a tapered hole the inner surf ace of which is bitten by one
end face of the housing 51 which is a chanfered surface so that thenmass 54
is fixed to the housing 51. In this case, too, since the contact of the
mass 54 with the chanfered portion of the housing 51 affects the eval uation
of radial rigidity, it is desired that the fixing conditions be stabilized
by providing a guide portion or otherwise so that the insert force can he

control | edp@ekeeps ?ﬁ@f@%l?zs%‘jjeé{'@d r@s FEIB a82dXisdks. tbndébermine
af orenenti oned enbodi ments, as shown in Fig. 1, the output signal fromthe

vi brationadgtigetic@ s@N@ Bddm Wisich NPrd tefbiondeidniédsiehict Uort ion
calculating unit 41 via the anplifier 34a while the output signal fromthe

adder 33 LppcbiRubiced b0 4 IS IVARMAY nhyask eo-6RLALLAI AN oyl the

20 anplif weve e ‘present 1 nvention I's not to these

enmbodi nent.s, i gh pass.filt 3 5h can b r.avi ded. | sed
betme;n t Re %%%g?g%gfsp3§§}B§4b€%%% 3%ggﬁé§ﬁ§2# uﬁg¥kgh Egkgé?g??ng uni t
41 as shogggin Fi

. 5. in this arrangenent, .unnecessary.frequency
conponent ﬁugﬁfgrﬁ5lcaﬁo'§b§c?ﬁfﬁ% §8m§Fd§ﬁ pF§9ﬁ§?§¥ gﬁh be cut off to
SimTar to tha 1B the (255 TATHEDE FAGAG 5eBLLhBRFoR ORBBPREREs, L he
rigidity _evaluation device 43 perforns FEM anal ysis to approxi mate the
rel ati onsAEYI5& Weeh dteﬁ@rﬁ‘rlé\ﬁdogél;ys PELOMR R EHCPRISA NG PEREPEFTMAREY  adi al
resonance frequency fr of the bearing device 5 by a polynom al by which the
radi al ri §Réiey kheofadhel pekgidity of the bearing device 1s optimized

by re-predetermining the preload or otherwise. '

Next, a method of attaching the mass 54 to the housing
51 of the bearing device 5 will be described in connection with
Fig. 4.

In the example shown in Fig. 4(a), the mass 54 consists
of two members, i.e., first portion 54a and second porticn 54b.
The stepped cylindrical first 54a having an inwardly protruding
flange 54c provided at theend onthe large diameter side thereof
ismounted on theperipheryof thehousing 51, andthecylindrical
second portion 54b is threaded onto or otherwise mounted on
the periphery of the small diameter portion of the first portion
54a. There is provided a flange 544 also at the other end of
the second portion 54b, and the flange 544 and the flange 54c
of the first portion 54a clamp and fix the housing 51 and the
pair of bearings 53, 53 along the shaft. Since the axial

deformation of the housing 51 by the effect of clamping and

fixing can change the preload in the bearing device 5, it is
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device with respect to the radial resonance frequency inputted 1is

cal cul ated. However, the present invention is not limted to these

enbodi ments, and on the basis of, e.g., a supposed one- freedom nodel
conprising the weight Mof the novable portion consisting of the outer ring
and housing 51 of the bearing 53 and the mass 54 and a spring having a
radial rigidity Kr, the radial rigidity Kr can be easily determ ned from

the resongnce hr efuenHhd rd%fbka'&iéﬂi dit :%%v)%rs%ir}pra LeE B £ the

aforenentioned nodel, the radial rigidity Kr is represented by: Kr =

AM , fr) 2 g&rf%pé%éﬁuting M whi ch has been previously determ ned fromthe
outer ring, e housing 51 and the mass 54 and neasured fr for Mand fr,

respectively, i th af orenent.i oned. equat i gn ieI?F t?e radiah rigidity Kr.
Filg 605 a graph 19 GeEPEng EHE SBriar | P or PRargE TP PEGF ALY ot er i ned
by the usg, of FEM %%%L sis wth radial i igﬂt determ ned by the use of
one- 11 eodbin TbAEF SV RILED TRASTHF RIS RS STRITH Tl afFoReAY p 2D give a
very small _error. By determining the transfer function caoncerning the
vi br at i onFdR1gheY bRt eRGIABVRRES T th1 &S T ¢t il6n Lt cd8rsr RRENoRR2t t he
radial rigidity of the bearing device 5 can be accurately _determned. In
accor dancehentd ¢eeapFaist 451Y6nef thedtRes Mt AEs ithgarddyi-ceSaRedrding to
a first enmbodi nent, isophase and isoanplitude conponents (vibration
conponent shdeyehbpet &f the periphery of the housing 51 with the inner

surface cof the mass 54 cr the deformation of the housing 51

by the axial force of the screw 59 greatly affects the e\}aluation

of radial rigidity, it is desired that the screw 59 be driven

with a proper torque.

In the example shown in Fig. 4(c), the axial hole cf the

mass 54 forms a tapered hole the inner surface of which is bitten

by one end face of the housing 51 which is a chamfered surface

so that the mass 54 is fixed to the housing 51. In this case,

too, since the contact of the mass 54 with the chamfered portion

of the housing 51 affects the evaluation of radial rigidity,

it i1s desired that the fixing conditions be stabilized by

providing a guide peortion or otherwise so that the insert force

can be controlled to keep the shaft 52 and the mass 43 coaxial.

In the aforementioned embodiments, as shown in Fig. 1,
the output signal from the vibration detecting sensor 31lc is
inputted to the transfer function calculating unit 41 via the

amplifier 34a while the output signal from the adder 33 is

inputted to the transfer function calculating unit 41 via the
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sites other than bearing device) detected at each of the inner and outer
rings can be separated fromeach other to extract the vibration properties
of the bearing device alone. In particular, when the nass 54 is attached to
the housing 51 to increase the weight and nonent of inertia of the novable
portion conprising the outer ring and the housing 51, the detection of
resonance peak can be easily conducted. This is because the rise of the

wei ght of aipe@ ifdeabBabporti on nmakes it possible to reduce the resonance
frequency due to radial rigidity and 22 raise the anplitude of resonance

peak. Further, tbgetege ohe phesenenigbenrtesiibs aldwVIsineffeal tioveheeduct i on
of the resonance frequency of the bearing device 5 in conical node, making

it possibhgc@nditscasnd el Haensa tearamatshe neoranced peguened in
radi al transl ati on node and hence conduct accurate neasurenent of resonance

freq“ency-ing%ﬁts%’gf AR Y 4 r}la‘ig'fﬁiteﬁ% 3 sheanifg Jovirge '%‘i‘é?xléﬁieEg to a

second enbodi I npl ementatio e present invention W

described.. As . shown_in R a.. 7. in.the_ apparatus 60 of.produci .hearing
devi ce acggP&ﬁﬁfﬁ(f%%ﬁy%ékkﬁ% %ﬂﬁ%d?ﬁeﬁg,%}ﬁiﬁrl%fglgrb éto?g %§é? 23b
apply radial vibration to the both ivot via a resz fitting

nds of a ]
frxture 6EITADGGRENF b SARTLCDBATY SIEABFY ST HRIEHOPY COFE PROs 6

o1 ez00] oc AT GHER SRSk GRS SARE GRER CUMERA BealFOR S Egnal
generated Dby the adders 23a, 23b results in good swept sinusoidal signal
On adder S3& F&td8nnetReFIt Bttt FOESH2F SR P tBviideF 29 - > may
be similar to that of Fig. 1. |
Further, inthe aforementioned embodiments, the rigidity
evaluation device 43 performs FEM analysis to approximate the
relationship between the previously determined radial rigidity
and radial resonance frequency fr of the bearing device 5 by
a polynomial'by which the radial rigidity Kr of the bearing
device with respect to the radial resonance frequency inputted
is calculated. However, the present invention is not limited
to these embodiments, and on the basis of, e.g., a supposed
one-freedommodel comprising the weight Mof themovable portion
consisting of the outer ring and housing 51 of the bearing 53
and the mass 54 and a spring having a radial rigidity Kr, the
radial rigidity Kr can be easily determined from the resonance
frequency fr in the rigidity conversion device 43. 1In the
aforementioned model, the radial rigidity Kr is represented

by:

RKr = 4M(. fr)2
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11 such as hydraulic or feed screw nechanismwhile the other adder 23b is
connected to the load cell 12, nmaking it possible to detect the press
fitting force. The press fitting force is fed back to control the feed rate
and is used also for correction of neasurenents as described |ater. The

vi bration sensors 3la, 31b and 31c are disposed on the both ends of the
shaft 42 or on the press fitting fixture 23 61 and the housing 51 or on the
peri pher swfs tieitouneM nhigeh HEsebeebr pt fvnosehygodst8imingd bf zond 31 are
linearly disposed on the sanme plane as that of the vibrating direction. The
vi brati onpwensarisig3lahe3lbuandg3dr sachheayabe Df ard xedsuypd Suctpras

accel eration pickup, feeler type such as record needle or non-contact type

such as haged PeppteipesYeedRyet 81 thENgrbvenshanahedl é@uat hen resPegd i ve ends
of the shaft are added to each other, hal vedinlevel, passed through a

filter, éﬂgnfgafghtfhéga VRE Si on, and t hen subjected to FFT anal ysis.
The addltlon causes su trac i on of vibration conmponents which are out of

phase from each, h t t hus
processed is eqU| alen ?o t r3brat|on %R%Iggﬁp?ﬁgggg ?er 0 e shaft

52. This sjgnal ) saskpogseds 19 BRaR LRyt Lshonal. X . Thg st gl 1 om he

hou5|ng er rang subjected are processing as

dercr bed aeye (raspoluiony Toig i3 upposed o.0s.g Logpones,gignal .

Input si gtnk?l )g?o 6xlnnoddetlh:se I{ae\;sgon%*gil gnqatlcnsh*p to give a very smaill
error.

By determining the transfer function concerning the
vibrationofthebearingdevice5 inthedirectionof deformation,
the radial rigidity of the bearing device 5 can be accurately
determined.

In accordance with the apparatus 10 of producing a bearing
device according to a first embodiment, isophase and
isocamplitude components (vibration components developed at
sites other than bearing device) detected at each of the inner
and outer rings can be separated from each other to extract
the vibration properties of the bearing device alone. In
particular, when the mass 54 is attached to the housing 51 to
increase the weight and moment of inertia of the movable portion
comprising the outer ring and the housing 51, the detection
of resonance peak can be easily conducted. This is because

the rise of the weight of the movable portion makes it possible

to reduce the resonance frequency due to radial rigidity and
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Xb. Herein, Xb* is a conjugated conplex nunmber. H (j.) = Xb x Xb*/ Xa x Xb4,
As shown in Fig. 8, the frequency characteristics of gain and phase

di fference obtained fromthe results of calculation show that the frequency
at which the gain peak or phase difference 24 is - 90. is the resonance
frequency of the pivot. By detecting the vibration of the two masses (inner
ring and outer ring in this case) opposed to each other via bearing

rigidityraigedeher ampiingudie oifr aesbamnkengeaan therehetryeene riwe i he
frequency characteristics of a |local system conposed of bearing rigidity

and wei ghty forfeit €6 £l @da NoUss RE robt iGN L @I dR6E Ul s Aalaat i on.
The af orenentioned effect is represented in the vibration nodel shown in

FLO. o B, (o 2bhad s0f; delaup gi Bg L0k ndaomndesnpance

frequency, Ity 1s represente ow ng~ equation = (1/2.)

. (k/ Subst.i.tut . ' . t i ned f foi
v and £ oRaans PO s e b AR B PR AR Yy
Al 't ti.vely, | at i hip bet bear.i igidit d ch teristi
frequency WIS BEERARHGUS S Ses PABI | ERBOS bye SAPUTEr i Ve ysi s
such as -finite elenment nmethod may be used. During press fitting, the | oad

cor r espoMEATFATH e FEIRIRFE o eILRAY on the shaft 52, causing the

change of solid ) ) ) .
Next, an apparatus of producing a bearing device according

toasecond embodiment of implementaticnofthepresent invention
will be described.

As shown in Fig. 7, in the apparatus 60 of producing a
bearing device according to the second embodiment, a pair of
vibrators 23a, 23b apply radial vibration to the both ends of
a pivot via a press fitting fixture 61. As the vibrators 23a,
23bthere are preferably used those having a sufficient strength
andrigidityintheaxial direction, e.g., piezoelectricelement
or magnetostrictive element. The vibration signal generated
by the adders 23a, 23b results in good swept sinusoidal signal.

On adder 23a is connected to a direct acting loading device
11 such as hydraulic or feed screw mechanism while the other
adder 23b is connected to the load cell 12, making it possible
to detect the press fitting force. The press fitting force
isfedbacktocontrolthefeedrateandisusedalso forcorrection

of measurements as described later.
The vibration sensors 3la, 31b and 31c are disposed on

the both ends of the shaft 42 or on the press fitting fixture



prel oad and hence deviating the resonance frequency fromthe unloaded

val ue. Therefore, the neasured value is subjected to correction for shaft

| oad. Using the load F detected by 25 the |load cell 12, the normal frequency
is determned by the follow ng equation. Fr = C(F) x i wherein Fr is the
normal frequency; F is the frequency neasured; and C(F) is a correction
coefficient. In accordance with the second enbodinent, the radial rigidity
or resonacand efuechonsdhg B@ beashnghdeyeciphsralddOvat: durdmlding.t hin a
predeterm ned range, making it easy to perform tuning of servo system when

the bearimg §9WIGR iich ISRGGNRY 31aJ 30B, aBd031c asMlihedry Rirdderyed t he
precision in neasurenent of radial rigidity or resonance frequency can be

drasti caldy +hhaneed 1 My eqvamad e anhancasmnt: ff PnRSid in

measur enent of radial” frequency or resonance frequency nakes it possible to

stabilize the %@ ix}ﬂazoaftiﬂ:rpis"e‘?lts j %;a%lq)eearv%ﬁlq %rlgzz%cged‘s%ﬁeyé rgsonance

node. A nodification of the secon enbodi ment ( .
el nal e A LESIANGE, RN B S RS A8 (5 il ot (0
Shoun 11 Fidhca MOkl Ola?, Fol doodt ode SoLled oo gal wode, shoun, | Fio
mass is1g%éégg£§¥§}Phe wei ght of the outer ring7
The two signals from the respective ends of the shaft
are added toeachother, halved inlevel, passed through a filter,
subjected to 2D conversion, and then subjected to FFT analysis.
The addition causes subtraction of vibration components which
are out of phase from each other at the both ends of the shaft,
and the signal thus processed is equivalent to the vibration
signal at the center of the shaft 52. This signal is supposed
to be an input signal Xa.
The .signal from the housing 51 ox the outer ring is
subjectedtothesameprocessingas described above (noaddition).
This is supposed to be a response signal Xb.
Using the following equation, a transfer function is
calculated from the input signal Xa and the response signal
Yb. Herein, Xb* is a conjugated complex number.
H (3. ) = Xb x Xb*/Xa x Xb*
As shown in Fig. 8, the.frequency characteristics of gain

and phase difference obtained from the results of calculation

showthat the frequency atwhichthegainpeakor phasedifference
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| owering the resonance frequency of the bearing device 5 and 26 hence nmaking
it possible to evaluate the resonance frequency wthin a | ow frequency
range giving little effect of noise. Further, the anplitude during
resonance is anplified, making it easy to detect peak. At the sane tine,
the nonent of inertia of the outer ring is increased to |ower the
characteristic frequency of conical node. Even in the case where the
charact efssti gof r eggueneyresonthaesifabgaanspdefandecpiiveal node are close to
each other and thus can difficultly be individually distinguished in norma
operation, thepycastbetensgitilye diisinarguinsheéd-¢ amocaalsos heinndy rmimki ng t hese
characteristic frequencies different. In order to decide the shape of the

addi ti onahamBgteri finkSirefithast bugetl) Ooppdccd e wacahdthaPrElY beladimertia and
center of gravity such that the individual nodes have a desired resonance

frequency; ghor; 1xamRl Betblm! $iRGCEBEM €Fa A8 r IAF c1GIH SheRler@itideny, be at
the center "of the bearing span. "Since the rigidity (contact rigidity) of the

addi t i on%llygggaofpgg%ﬁgyp&{éig&@ﬁ%&gﬁ%& tde or fé@@f@%f‘st?é@%%@%\ée%f the

pivot, a ne fixin irtional mass I's preferably used.

U9, 5 BY BIIYA BIFULIE DRG04I Sodsiea of
i 8 P st ) o By | (O

The aforementioned effect is represented in the vikratien
model shown in Fig. 9.

Referring to a method of determining rigidity from
resonance frequency, rigidity is represented by the following
equation.

£ = (1/2.) x . (k/M)

Substituting known weight M z2nd determined resonance
frequency £ in M and f, respectively, in the aforementioned
eguation yields rigidity k.

Alternatively, a relationship between bearing rigidity
and characteristic frequency which has been previously
establishedbyanumerical analysissuchasfiniteelement method
may be used.

During press fitting, the load corresponding to press
fitting force acts on the shaft 52, causing the change of solid
prelocad and hence deviating the resonance freguency from the

unloaded value. Therefore, the measured value is subjected

to correction for shaft lcad. Using the load F detected by

25



in Fig. 11 (a) , the inner hole of a cylindrical additional mass 54 is a
tapered hole 54e which is bitten by the chanfered portion of the outer ring
or housing 51. In accordance with this nounting nethod, the pushing force
is controlled, making it possible to f ix the additional nmass 54 to the
bearing device 5 firmy and stably. This case is simlar to Fig. 4(c). In
Fig. 11 (b) , a straight portion 54f is forned in a part of the tapered
hol e 54etbe Lhat théladidittbmranownss Sxequsnps lprdesaradnedohybeheg fi xed
inclined. Fig. 11(c) illustrates a cylinder conposed of two divisions which
cl anp t héoghdwinf kheabeéaning device. This case is simlar to Fig. 4(a). In
Fig. 11(d), a cylindrical additional mass is fixed to the side of the
housing with argceegrhnxthis case, screw fixing may be repl aced by
adhesion. This case is simlar to Fig. 4(a). in Fig. 11(e), the radial -

expansi oprhaRdish¥d Rkage RbraalhotdQresyy) i rdid eak iRl acheksuebgient 62 is
utilized. Fig. 12 illustrates a nbdification involving the elimnation or

|1
driving Qgggexggeigfatgﬁgg%gggpgnqog el ikLprators. In this case, only one

vi br at or i'S'used. riving node can be freely excited al so by

arranging - such! AL Lhe aper, ANd | oUEL Y brar s an: beclLl yens at

i ndi vi dual anpl'1'tudes™an hases. genera OoWer “vi brators

o o oe g PESPERE AT e SRR R e o e
bot h end%o
tuning of servo system when the bearing device is incorporated
in, e.g., a swing arm. Further, the precision in measurement
of radial rigidity or resonance frequency can be drastically
enhanced. Moxeover, +the enhancement of precision in
measurement of radial frequency or resonénce frequency makes
it possible to stabilize the guality of a pivot which has been
press-fitted in resonance mode.
Amodification of the second embodiment will be descrxibed
hereinafter.
Any resonance frequencymay bemeasuredso far as it appears
in the radial direction of the pivot.
For example, there is a translation mode shown in Fig.
10(a) er a rigid body mode called conical mode shown in Fig-.
10(b).
An additional mass may be added. The effect of such an

additicnal mass is to increase the weight of the outer ring,

lowering the resonance frequency of the bearing device 5 and
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the shaft or the press fitting 61 fromwhich anti-resonance frequency is
determned. Fig. 14 illustrates the waveform of neasurenents in the present
nodi fication. In this case, the vibration anplitude of the housing 51 and
the outer ring becones maxi num at the resonance frequency of the hearing
device 5, and the systemin resonance acts as a dynam c vibration absorber
to danp the vibration of the inner ring and the shaft 52, mnimzing the

anpl i tudaecare hardagkeéeppogsiblki tbesvannste thenafaseandy fdeipenayy t he
vibration of only the inner ring and the shaft 52 and then determ ning the

anti-resgnange fa agwerabqgddi-parmnhdd feaiimp 1tihall e tader Mnidd sd.he
resonance frequency of the hearing device can he excited. in this

arr angenegat e '%%@Qﬁxp@fit%‘é%sﬂﬁ§iﬁg; £bE6 ggée%@ D1 £dUeeha KB Ng it

possi ble to reduce cost. Referring td6 anot nmodi fication whichis a sinple

net hod, i&e%ggg?q$>ﬂﬁ§gg§p$kéﬁglbe determined fromtinme axis data. In this

case, a trans unction i*s termned fromtwo signals in a tinme range.
The resonance %&gg#engé?c n_he Sstinated fron1t@e re %é?onsg%ﬁ bet ween t he
amplitude of tRAE “BPFardter P ERSTART T RS pPETTOASTY @&t 2P hTASd Shpl i t ude
and resanance frequepcy, of the System Thi,s can_he applied_also to the

af or enentifoNBATARETT ESoHONTE TR Ko 25 58 “Fife of F BBEEBFY A C TR i s to
elimnate the necessity  of FFT and hence speed up.calculation. This |eads

to cost Mot E¥FTaml TRy 3BiWNSNF ERfaRBeRRAT ST FRELE HESIRERFY & to

j udge resonance frequency can be reduced, nmaking it possible
: translation mode and conical mede axe close to each other and

thus can difficultly be individually distinguished in normal
operation, they can be easily distinguished from each other
by making these characteristic frequencies different.

In order to decide the shape of the additional mass, it
is effective to tune the weight, moment of inertia and center
of gravity such that the individual modes have a desired
resonance freguency. For example, it is preferred that the
center of gravity be at the center of the bearing span.

Since the rigidity (contact rigidity) of the additional
mass mounting portionlaffects the resonance frequency of the
pivot, a method of firmly fixing the additional mass is
preferably used.

ﬁsing a sQing armmain body attached to the bearing device
instead of additional mass, evaluation may be conducted under

actual working conditions.

Figs.ll(a), 11(b), 11{(c), 11(d) and1l(e) eachillustrate

a method of mounting the additicnal mass.

27



to enhance the precision in positioning of press fitting and reduce the

di spersion of rigidity. Further, as other nodification, the vibration unit
may be nodified. To this end, a nethod involving the vibration of the
entire device in the radial direction or a nethod involving the vibration
of the housing 51 may be used. For exanple, a nethod which conprises hitting
the housing 51, a nethod which conprises striking the vibrators 23a, 23b
agai nst the housi Pgg5111 @ rethedinhet hodenpr isseglappkytay smindonsdve to the
housing 51 to vibrate the housing 51 in non-contact process, a nethod which

conpri sesnARPlsyi A9 & tBgedd hdielde §ho8haE Mittier bggtn@icqume_laedcoi | to
the housing 51, etc. may be used. As shown in Fig. 15, the housing 51 can

be Press-idiah 4 e ARA G MPV:ChoRswhlgl 8100t 28 M Al dldiiee sisdl © radi al

rigidity-o bearing device romthe di"splacenent neasured at a static

5
020 5 RS SR BpEBRy I A St sols e iy S

~the innerring an neasure
ing Te oot RESRARar BPATE TaRtooripr At hotarae Baaflad it aac Tur e
3o 31b AR T TRSRLY emalis (HEY i Gvitg Bodt AR 4 (Sded. - F = K(x2
- xl) wherein Fl o itme 1 0B X 2iY0E o RPi SR, Ot L 19 e
of the tapered hole S4e so that the additicnal mass 54 can be
prevented from being fixed inclined.
Fig. 11(c) illustrates a cylinder composed of two
divisions which clamp the ends of the bearing device. This
case is similar to Fig. 4(a).
In Fig. 11(d), a cylindrical additional mass is fixed
to the side of the housing with a screw. In this case, screw
fixing may be replaced by adhesion. This case is similar to
Fig. 4(a)-
In Fig. 11(ej, the radial expansion and shrinkage of &
hollow cylindrical piezoelectric element 62 is utilized.
Fig. 12 illustrates a modification involving the
eliminationcrdrivingof anyoneoftheupper and lower vibrators.
In this case, only one vibrator 23a is used.
The driving mode can be freely excited also by arranging
such that the upper and lower vibrators can be driven at

individual amplitudes and phases. In general, the upper and

lower vibrators are driven at the same phase and amplitude.

28



point; and x2 is the displacenent of the shaft and inner ring. Measurenent
and press fitting can be conducted while rotating the outer ring. in this
case, the circunferential dispersion of rigidity which can occur due to
precision in ball position, race, etc. can be evaluated. Further, as a
resonance neasuring function, vibration and neasurenent may be conducted on
the press fitting device while fixing the work at the press fitting force

or less. In thijg.cage, alsheuehdee for sbaipingtibg engsoDéitde whaft is
used instead of the press fitting fixture. Qher nechanisns nmay be the sane

as the stcrést%trfo@ecf%qku@gthe -I;v*ﬂer§e§9ﬂds,l§ﬂ@pdxm theShehRWIL &S dF 9. 16,
t he press flttlng nol d (lFoadi ng devi ce) 4 may be struck agalnst the i nner

ring on [gﬂégﬁ] %mg qﬂ& f dod fped by
the vibrators %%3 ﬁetoést%yfsjléctg%sﬁe&% e varfrPl%ﬁ |ng evi ces are
separate __nechanisns_ b ich the clanping force and the press fitting

force cagﬁﬁgu%ﬂﬁ%enel & %ﬁﬂ%?ﬁ$ in general, an article having a snal
press fitting farce ot be rOV|ded with a sufficient clanpin force in
Phis” case, | Shé it ORaFrEECEdMOm BE AT Sin RES ST ANEREEr BB ThE t bt s
article. Further, the contact rigidity of the press fitting type bearing
devi ce sﬁﬁﬁﬁﬁqquﬁﬁﬁﬁ¥+?ﬁl}%nreduced making it inpossible to measure
correct resonance frequency. _in this arrangenent, however, an_article

havi ng a smal | Iy &34 FREEI ntyhe fikeR bhen tféﬂqalrbw%@ﬁmtﬂlﬁ howsirgctknt

cl anping force, ) _
and the outer ring becomes maximum a2t the scnance freguency

of the bearing device 5, and the system in resonance acts as
a dynamic vibration absorber to damp the vibration of the inner
ringandtheshaft 52, minimizing the amplitude and hence keeping
anti-resonance. Therefore, by detecting the vibration of only
the inner ring and the shaft 52 and then determining the
anti-resonance freguency, thesameeffect as that bydetermining
the resonance freguency of the bearing device 5 can be exerted.
In this arrangement, the number of sensors or circuits can be
reduced, making it possible to reduce cost.
Referringtoancthermodificationwhich is a simplemethod,
resonance frequency can be determined from time axis data.
In this case, a transfer function is determined from two
signals in a time range. The resonance freguency can be
estimated from the relationship between the amplitude of the
transfer function and the previously determined amplitude and
resonance frequency of the system. This can be applied also

to the aforementioned anti-resonance method.

[
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making it possible to determ ne correct resonance frequency. The present
invention is not limted to the aforenenti oned enbodinents and can be
properly nodified, inproved or otherwi se changed. For exanple, the

af orenenti oned various nodifications nay be conbined as necessary. The
bearing device is not limted to ball bearing but nay be a cylindrical
roll er bearing or tapered roller bearing. while the present invention has
been descri bedTIhe dé¢tfact afidtiis hmetdiet asceot ol Spiecatfectisrriediassitty t her eof
it wll he apparent to one skilled in the art that various changes and

nodi f i catdOrEFTasnbenande tpeeai npwictahewtl ad€par.t i 0gikr amaidse tspidstt and
scope thereof. The present application is based on Japanese Patent,

Appl i cat i Qo i AO0nd | A8l 1 411 Btk Pre ki 0B6he Rt . 200 alihd heequigient s

t hereof are incorporated Herein by Teference. <Industrial Applicability> 32

As ”entioabeguaggvfesé, REC - AaNCe W Lh, the PEESERt g it Pysdihg d ransfer
ce f ﬁ §EV| In

function co ning the vibration t he beari ng [ the direction of

def or mati,on i eterm ned,_ .. ing i ihl.e t t ryd ne the
adi al i G e EResitas Tan belRRpiids. 07 PELLE ALY AR I IR
present inventio i sophase and_isoanplitude vibration conponents
(vibrati&ﬁ’Q§ﬁnébﬁwé%§ ?¥ﬁﬂ°?rﬁﬁ1{&?#§&?%h attributed to the rigidity 01
t he bearing device) included.in the. vibration o eaca o{.the i hner and
fation unit may

outer rings are YepHiat &F PrORTeICAIGEREE P  dEPEr Fi-

be modified.

To this end, amethod involvingthevibration of theentire
device in the radial direction or a method involving the
vibration of the housing 51 may be used.

For example, a method which comprises hitting the housing
51, 2 method which comprises striking the vibrators 23a, 23b
against the housing 51, a method which comprises applying sound
wave to the ﬁous ing 51 to vibrate the housing 51 in non-contact
process, a method which comprises applying a magnetic field
from an outer ring which is a coil to the housing 51, etc. may
be used.

As shown in Fig. 15, the housing 51 can be press-fitted
to the beéring device 5 while determining the static radial
rigidity of the bearing device 5 from the displacement measured
at a static load using Hooke's Law.

In this case, the displacement of the housing 51, the

inner ring and the shaft 52 is measured by a contact type or

non-contact type displacement meter while the housing 51 or



radi al resonance frequency (characteristic frequency). in particular, when
a mass is attached to the outer ring fixture nenber to increase the weight
and nonment of inertia of thenovable portion conprising the outer ring and
the outer ring fixture nenber, the detection of resonance peak can be
easily conducted. This is because the rise of the weight of the novable
portion makes it possible to reduce the resonance frequency due to radi al

ri gidity eindotitiexer ihe ianpeligdmdefr sesvhancadeabisplackarent néeers se of
the nonent of inertia allows effective reduction of the resonance frequency

of the begsingteviree 3¢ eel gakporedeatmkengotit DORSI Bderéopbngiggse the
difference fromthe resonance frequency in radial translation node and

hence condiciy,ACGHI8he PRRSAE BORNLeRECEESPNANCE T ggyeney, noreover, the
radial rigidity or resonance frequency o t he bearing device can f al

WEhin & predel oLt et (A0GEy . M 0% o LHogRsY 40,81 [ptaL Loy, of the servo

system when t he hearing ~ device 'S i ncorpora . SWi ng arm
Further, the eci gg? in asurenent of radial rigidity or resonance
frequency can dr calfy) enhanced. Moreover, the enhancement of the
precision jn measurenent of radial rigidity. or resonance frequen makes it
hossi bl o ¥BESELDi 1158 The IRATT Y] oF b HTONAFERSARSO hebAepLoseetitted i n
resonance made. Thus, a bearing device producing apparatus and net hod

capabl e oPCPRBaARTNG %atBe PP I TRAA TSI 0 SBeut bt &F 2 PHePSSH ARG t he

radial rigidity thereof can he provided. 34 Cains .
Measurement and press fitting can be conducted while

rotating the outer ring.

In this case, the circumferential dispexrsion of rigidity
which can occur due to precision in ball position, race, etc.
can be evaluated.

Further, as a resonance measuring function, vibration
and measurement may be conducted on the press fitting device
while fixing the work at the press fitting force or less. In
this case, a structure fer clamping the ends of the shaft is
used instead of the press fitting fixture. Other mechanisms
may be the same as the structure according to the second
embodiment.

AsshowninFig. 16, thepress fittingmold (loadingdevice)
64 may be struck against the inner ring on the periphery thereof
while the ends of the shaft are clamped by the vibrators 23a,
23b. In this case, the various loading devices are separate
mechanisms by which the clamping force and the press fitting

force can bhe separately controlled.



1 . An apparatus for evaluating a radial rigidity of a bearing device

i ncluding a bearing having an inner ring, a shaft attached to the inner
ring, an outer ring and an outer ring attaching nmenber attached to the
outer ring, conprising: a mass attached to the outer ring attachi ng nmenber;
an input vibration unit for giving a radial input vibration to one of the
inner ring and the shaft attached to the inner ring; a vibration detecting
unit for detectimgeaevihr, adn artdic lenkaving kesnal erpresy fiattiaghieowgrerenber
and the mass; a transfer function calculating unit for calculating a
transfer damedt Ge premided Witpuad Oifthel snbrdatdnyimdetregicieng mhithand the
radial input vibration to determne a resonance frequency of the bearing
device; afyka rad gk piragiidnt YosabCed @ibHbiRhbrbagndst erah8kBgraqradia - |
rigidity of the bearing device on the basis of the fesonance frequency of

t he bearing: deyi term y t rtuagtign Gal ) unit. 2.
An appar a%gf %!rreg\sg?l]at ?qr%g%ge?édi%}% r‘%‘é‘?ﬂ%’; 6?1;}2&%3& io(r\?g ﬁ%v?é:%égsi ncl udi ng
a pair of i ng i a_i.n rin Q ing, ttached
to the i%ﬁ%?iégnﬁpgﬁdggﬁggﬁ eg%&ﬂﬁg at g%ﬁ?%f#ﬁéﬁﬁglégnﬁﬁhégéé%Fﬁﬁe out er
ring, conprising:, a mass .attached to the outer ring attaching nemrber; an
nput vi BV i PG G g HePRAES CPABGE ST BTSERBRSL 5 SRESBTY the each
i nner riqg %gg%both ends of hhe shaft _attached to the inner Ein e 2 pair of
vi brat i ontHétEct AT ARFTE  or DAMEYELIFRAYF BT BT i I GneTBft Lt RS Bach

inner Ong and the both ends of the shaft attached to the inner _ring; an

addi ng unfitE BRI IRAGRCAR RUPBAY 18R AR hai T BF 1G4 PR B G G PGt T TY units; a
vi bration detecting unit for detecting a vibration of one of the outer ring
at t achi nd"#ehd8riaRPINE ade dgteradsteFOoraRELi BRASERRBGRaTTRGUERFY - f or
calculating a transfer function froman output of the vibration detecting
unit and the oUFRRIPIEF SRR NMRIITHP AT ROl Hateedtad e 2fREBRGRELCRER@quency

of the bearing device; and i .
embodiments and can be properly modified, improved or otherwise

changed.

For example, the aforementioned various modifications
may be combined as necessary.

The bearing device is not limited to ball bearing but
may be a cylindrical roller bearing or tapered roller bearing.

While the present invention has been described in detail
and with reference to specific embodiments therecf, it will
be apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the
spirit and scope thereof.

The present application i1s based on Japanese Patent,
Application No. 2001-311501, filed on October 9, 2001 and the
contents thereof are incorporated herein by reference.

<Industrial 2pplicability>

[F%)
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aradial rigidity calculating unit for determning a radial rigidity of the
bearing device on the basis of the resonance frequency of the bearing
device determined by the transfer function calculating unit. 3. A nethod
for evaluating a radial rigidity of a bearing device including a pair of
bearing having an inner ring and an outer ring, a shaft attached to the
inner Ong and an outer ring attaching nenber attached to the outer ring,
conprising thenst apate@bnedatdvehe Ngia MRESHIdaide QEtar 4Hdgpres¥hog a
radi al input vibration to one of each inner ring and both ends of the 35
shaft ati{acdedidf, (ke i tWBEsfé PG LAl RO iddhce M BIAkiRNvebrhRgcanerof each
inner ring and both end of the shaft attached to the inner ring so that a
first vibgablon Qetanli g nanies And & SeoPRd s RRALIAN - dekechiRgayal ue are
obt ai ned; "addi ng the 17t vibration and the second Vibration 3o that an
added val ue.of the first vibratio efecting.val ue and .the_secqnd vibration
et ect | M EARaE T Bogaekinetl ¥ Foteidin, a8 torli kR tie 3P0 B ES TR St or 11 ng
attachi ng_nenber attached to the outer ring and the mass so that a third
vi br at i o deR8cPFREIDEI HEVAESobt ai ned; cal cul ating a transfer function from
the third vibration detecting value and the added value so that a resonance
frequency of tHerBR&FinddedFEeTAangst éiimelheaRFes&R cultBVPRELIE r adi al
rigidity of the bearing device fromthe transfer function. 4. An apparatus
for produgPhbaschédd ntSeRWPEatiAe| Ydbagtaobe#IMRPNERES NgVARTRRAGR ring, a
shaft attached to the. inner ring, an outer ring and an outer ring
at t achi ngomepabentatebberdhan tidrmition pthyibesegrtsithe rdgidigpyt ofi brati on
unit for giving a radial input vibration to one of the each.inner ring and
t he shaftheabsabingi davieeecinayudedi in fiore detlecttiiup @ idacdt iodntbk one of
the outer ring attaching nenber and a nass attached to the outer ring
at t achi njjnnentzard cateransigs afrenceparatoad cubateah onherftor dedkecunliaki ng a
transfer function from an

radial resonance frequency (characteristic freguency). 1In

particular, when a mass is attached to the outer ring fixture
member to increase theweight andmoment of inertiaof themovable
portion comprising the cuter ring and the outer ring fixture
member, thedetection of resocnance peak can be easily conducted.
This is because the rise of the weight of the movable portion
makes it possibletoreducetheresonance frequency due toradial
rigidity and raise the amplitude of resonance peak. Further,
the rise of the moment of inertia allows effective reduction
of the resonance frequency of the bearing device in conical
mode, making it possible to increase the difference from the
resonance frequency inradial translationmode and hence conduct

accurate measurement of resonance frequency.
Moreover, the radial rigidity or resonzance frequency of

thebearing devicecan fallwithin a predetermined range, making
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out put of the vibration detecting unit and the radial input vibration to
determ ne a resonance frequency of the bearing device; and a radi al
rigidity calculating unit for determining a radial rigidity of the bearing
device on the basis of the resonance frequency of the bearing device
determned by the transfer function calculating unit. 5. An apparatus for
producing a bearing device including a pair of bearing having an inner ring
and an ouateeasynge efEtatttuning el the skevionagsteinghearkthabesation ring
attachi ng nenber attached to the outer ring, conprising: a mass attached to
t he out edeviing adts actiompaoented ; imn ¢ npui &idwatg ccmni tFdmrheyd,vithg a radi al
i nput vibration to one of each inner ring and both ends of the shaft

att achedprectik@ dinen fid@Gureerpadit o6f viadhiatll ongeiecyi 6g Wistohanete
detecting a vibration of one of the each inner ring and the both ends of

t he shaf trraldrehed tcad hed NEga sG] 130 addzngedni t Hipiradddng ameout put of
the pair of vibration detecting units; "a vibration detecting unit for

deteCtin%n@aa‘ﬂé@i@éﬂ@@f@ih@?}léﬁiéi% OHLRL s Sl e LRCPLRY, TBTREIG 53R the

mass; a transfer function culating unit for calculating a transfer

functi O”OfHPéE&S‘aan'fE\é u%fnct;}]ﬁ%%éﬁé‘%ioggi‘i’ﬁ%%é’@gbﬂfi%e?ﬁg q‘aieé‘ii put of

the adding unit to determ ne-a resonance frequency o aring devi ce;

and a radial_ ri.gidity . ul at.i nit faor. deteryinin radial,rigidity of

t he bear ?’nfg @ el\%l%(%e %nl%Lghansgsl?éslg%& e rfelstgtn‘:“aé:cljg11 f‘éreesc‘cqbung""nnct:;3le 5‘?0 c][eh'e beari ng

device determ g%lby t t.ransfer. function calculatigghlJnit A Jyret hod
ar |

h 6.
for produci ng SAr iané’%(fel'\i‘i% ‘{:Jtcuedil?fé’ ucp]aﬁgr PP e Sngan%gl\ﬁtﬁlgc’é;ﬁ i nner
[ d t i haft at hed to,the i Ny d t [
ft { Schi ng RIS | St AERBA TS Pl oBtat: TIgScRaRsr | SF it e e,
ttachi S 1o t, t i . Qi ial i t_ vib i t
o R e S s B "L 0P gl on o one
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shaft attached to the inner ring; detecting a vibration of one of the each
I nner ring and the both ends of the shaft attached to the inner ring so
that a first vibration detecting value and a second vi bration detecting
val ue are obtai ned; adding the first vibration and the second vibration so
that an added value of the first vibration detecting value and the second
vi bration detecting value is obtained; detecting a vibration of one of the
outer ring attaching nenber attached to the outer ring and the mass so that
a third wlamgd i on detecting value is obtained; calculating a transfer

function fromthe thifd vibratign detecting value. and th added val ue so
that a resonanck freddbP§'8 ”stﬁ’é %5@?1?'?99adree\?laéé'gf@yoﬁt%ﬁﬁaﬁgﬂ;a%é'ﬁ%

cal cul at iingjuding adieating hayiirdi anyinodr ringea blaft attaghettipi the inneoring, e outeamiad er

functi on.ang anSliéga8bdkng MEmBErQREGHA% MeRRRE HRG cBRpiiSifg:i ncl uding a bearing
having an inner ri ngé a s{gaft attacheag%to the inner ring, an outer ring and
a housi ng fittedmasyatfacheqioiths oytering aliaghing %‘Fﬁ'b’?”a detecting unit for

det ecting at | essinpatndbratfonaunitdai giving & gadialtiyput aibradiso t@anoe of thedupeemcy and an

ant i - r eSQANRE shEAAERED 1o Me b gt hod according to claim3, wherein a.
press-fitting opetat)on,is fini east on?fof t he radi al

fi1ni shed when the at | :
rigidity, the r §Mﬂﬁ8§#‘?°é&%é‘ﬁ89°hﬁ#gﬂwg & rfhrationsynanfc &Y theHERENS becone a
pr edet er rattacking alenber &)d Mhenaspipar at us for producing a bearing device '
i ncluding a beay iradsfentttg. @NeuldlRg lunit éldcalduting f traHsteaRdioh Grdnh@n | Nner

ring, an outer rjng.and a housing Jit tq the outer. rin ccording to
a7 ot bEorBAfa] A8 8Eie" il b4 Jhs Al RPeivbhiet BRGNS o b
vi br at i orfesenapne frefuenpeciithebearingdgviegidnd  shaft inwardly fitted to the inner
(rj ing; a | oadi Nga Wadidi ra‘gwyreéelﬁﬁﬁﬁd kid ﬂag;de@nmn#a@?at Feih] GigidRE bf B bédrihg f Or .
etectin - V1 brat | L e e of . .£a nNg and thnhe
CoL et el A b 0oL ARl B0 i e AT o

transfer function calculating u_mt.

2. An apparafus for evalvating a radial rigidity of a bearing device
including a pair of bearing having an inner ring and an outer ring, a shaft attached to the
inner ring and an outer ring attaching member attached 1o the outer ring, comprising:

ra mass altached o the outer ring attaching member;

an input vibration unit for giving a radial input vibration to one of the each inner
ring and both ends of the shaft attached to the inner ring;

a pair of vibration detecting units for detecting a vibration of one of the each
inner ring and the both ends of the shaft attached to the inner ring;

an adding unit for adding an output of the pair of vibration detecting units;

a vibration detecting unit for detecting a vibration of one of the outer ring
attaching member and the mass;

a transfer function calculating unit for calculating a transfer function from an
output of the vibration detecting unit and the output of the adding unit to determine a
resonance frequency of the bearing device; and

a radial rigidity calculating unit for detemmining 2 radial rigidity of the bearing
device on the basis of the resonance frequency of the bearing device determined by the
transfer function calculating unit.

3. A method for evaluating a radial rigidity of a bearing device inciuding a
pair of bearing having an inner ring and an outer ring, a shaft attached to the inner ring
and an outer ring attaching member attached to the outer ring, comprising the steps of:

attaching a mass to the outer ring;

giving a radiaf input vibration to one of each inner ring and both ends of the
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a calculating control unit for calculating one of a radial rigidity of the
bearing device and both a resonance frequency and an anti-resonance
frequency froma signal detected by the vibration detecting unit. 9. The
Apparatus for producing a bearing device including a bearing having an
ring and an outer ring and a housing fitted to the outer ring

i nner

according to

claim?7, further conprising: a transfer function calculating

unit for calculating a transfer function. 10. A nmethod for producing a

beari ng dﬁ%h%ﬁa

appar at us_ accor

H%anhhﬁhmgfﬁge step of: producing the bearing device by the

11. A bearing device, conprising: the

bearing devi ce $&ieFng aavibtiompl 1he gingi afyeaghiinner §va apg botteentehiba shektor di ng t o

M 6. attathed to the.inrR riig P& that b First QbrAivR b@Etingdsafel A Abedoh@iBidtiyn of a
beari ng dgﬁegwgnlmgludu%%@gjbearlng havi ng an inner ring, a shaft attached

to the inner

claim

attached to thea

e r'ring and an outer ring attachi ng nenber
ingethe firshgibratiomprd e sgeondrvitiratppntsovhadraatddded vrlie ofthe gi ving a

radi al Innnyttv.afbmrmétmng Qalbd'gnd tﬂ@@écornamraaﬁidétaam Shfifetis sthinedied to the

I nner
outer

ring; a VI
ring at t ad

i L9654 B o o R

cal cul at i eudergingrandshemasuswcthatenthird vitmation dedertipgvaloé istdbéeingdbr at i on det ecti ng

;JRI tband the ra&dlajnat.hawaﬁérebrf@rmmfrba HEkiaNlibtatich déteama%ﬁe drigageiency of
e pearin

radi al

or determning"a

1| el R0 RS e itts tregliemty ot ok e i lelice W ttimineOind o o

frequency of t h@am&aﬂng adadidvigididy ofdbeberring detige frote thettranstef fncamnct i on

calculating unit.

beari ng device

outer

ring,

13. An apparatus for eval uating a radi al rigi dity of a

Hiaft ot AEREARRorT RuoRERaCT Serfls ARyEE kil 5 PRARLL S01i ng

menber at 'ﬂ%’&ﬁe@ﬂ iNHEK FiRg, @uqi'@ft apatﬂgd te dfpinney; I‘ﬁlg an outer ring and an cuter ring

attaching member attached fo the outer ring, comprising:

an input vibration unit for giving 2 radial input vibration to one of the each inner
ring 2nd the shaft;
a vibration detecting. unit for detecting a vibration of one of the outer ring

attaching member and a mass attached to the outer ring attaching member;

a transfer function calculating unit for calculating a transfer function from an

output of the vibration detecting unit and the radial input vibration fo determine a

resonance frequency of the bearing device; and

a radial rigidity calculating unit for determining a radial rigidity of the bearing

device on the basis of the resonance frequency of the bearing device determined by the

transfer function calculating unit.

5.

An apparatus for producing a bearing device including a pair of bearing

having an inner ring and an outer ring, a shaft attached to the inner ring, and an outer

ring attaching member attached to the outer ring, comprising:

a mass attached to the outer ring attaching member;

an input vibration unit for giving a radial input vibration to one of each inner ring
and both ends of the shaft attached to the innerring;
a pair of vibration detecting units for detecting a vibration of one of the each

inner ring and the both ends of the shaft attached 1o the inner ring;

an adding unit for adding an output of the pair of vibration detecting units;

a vibration detecting unit for detecting 2 vibration of one of the outer ring

attaching member and the mass;

a transfer function calculating unit for calculating a transfer funciion from an

output of the vibration detecting unit and the output of the adding unit to determine a
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an input vibration unit for giving a radial input vibration to one of the
each inner ring and both ends of the shaft attached to the inner ring;, a
pair of vibration detecting units for detecting a vibration of one of the
each inner ring and the both ends of the shaft attached to the inner ring;
an adding unit for adding an output of the pair of vibration detecting
units; a vibration detecting unit for detecting a vibration of the outer
ring attaching 38 nenber; a transfer function calculating unit for

cal cul at i pgsoRakdeaRylBhcylorhetbe@fnd dededdhd out put of the vibration detecting
unit and the output of "t he adding unit determ ne a_ resgnance frequency
of tho. beari ng. AdONEETISHGEAEHRIAN AT (5T ELE el T i e e

det er m ni dgviee p@athediasisi ofj thohi reyorahcd frequsear ofrige bekaring clevioa défesmibedbsthef t he

resonancetrgflgg,u,gﬁl&;gngglc&,gﬁg%ﬁri ng device determ ned by the transfer
function calculating unit. "14. A nethod for evaluating a radial rigidity of

a bearing device including a pair of bearing having an inner ring and an
outer ring, a sbBaft awtraethed fdrqrodueingrenbearing igvice dmdliding @ phierof beapgat t achi ng
menber - at {aghedn tridef fiy SidtaRlould IR 21t54hBE 14 ME infePRSg 9hd ardbitédipgd radi al
I nput Vi bratﬁ%nntngeo'ﬁ\"gg 0 aea?gL r:ﬁﬂ 'ea?, ri r?‘%téagng“{)otﬁ enﬁ@g o‘i ?rﬁe sﬁgft

attached B2 MRS aftpchge to thgouter iRgy caMpivhae s1¥PSPT t he one of each inner
ring and bot h epthabingtdreasshatie outertingiched to the inner ring so that a first

vi bration det echivgfey P iffBraRBiY & 6ne LAtk iRflr MRL SfA bAIM eHas UPwg! ©

obt ai ned; addi na% I rst vibration and the second vibration so that an
added val §afbgtaehed tosthe wpensing; at i on detecting val ue and the second vibration
det ecti ng val uedetectingt=avibretion ofdeé etthe mgchainneryingtaind itheotioth hedwefttisr shaftng

at tachi ngafiEINRE o HeliAkdtflgls8 thdi® MittirationNtetnd Pilie 8nd Bistcbndiviralohon
detecti ngdvtaltue | S obt alle}ned'_ calculating a transfer function fromthe third
vi bration ﬁgf&gtvlaﬁ"ﬁ PEPRIESHd the added val ue so that a resonance frequency

of the bearing &eédingtheifisstyibrationjanethe sgpend vibration so that an added value of the
first vibration detecting value and the second vibration detecting value is obtained;

detecting a vibration of one of the outer ring attaching member attached to the
outer ring and the mass so that a third vibration detecting value is obtained,

calculating a transfer function from the third vibration detecting value and the
added value so that a resonance frequency of the bearing device is determined; and

calculating a radial rigidity of the bearing device from the transfer function.

7. An apparatus for producing a bearing device including a bearing
having an inner ring, a shaft attached to the inner ring, an outer ring and a housing fitted
to the outer ring, comprising:

a detecting unit for detecting at least one of a radial rigidity, a resonance
frequency and an anti-resonance frequency by the method according {o claim 3-

wherein a press-fitting operation is finished when the at least one of the radial
rigidity, the resonance frequency and the anti-resonance frequency become a
predetermined value.

8. The Apparatus for producing a bearing device including a bearing
having an inner ring, a shaft attached to the inner ring, an outer ring and 2 housing fitted
to the outer ring according to claim 7, further comprising:

an input vibration unit for giving a radial vibration to one of the inner ring and a
shaft inwardly fitted to the inner ring;

a loading unit for press-fitting;

a vibration detecting unit for defecting a vibration of at least one of one of the
each inner ring and the shaft and one of the outer ring and the housina: and
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calculating a radial rigidity of the bearing device fromthe transfer
function. 15. An apparatus for producing a bearing device including a
bearing having an inner ring, a shaft attached to the inner ring, an outer
ring and an outer ring attaching nmenber attached to the outer ring,
conprising: an input vibration unit for giving a radial input vibration to
one of the each inner ring and the shaft; vibration detecting unit for
detecting a vibration of the outer ring attaching nenber; transfer

function cal culptdieatngidonfr@TurR8bCERIANdtNG oReldf aNSRY ribiIMCEI MB HebAfg an
out put of, the .vi g)rgal on detecti ngrbctpj/m t. and .t he I’adlf| | n(g/uft vi_br at Lon to
det er mi n&ieYice A0 b2 LesppaNFe JIRUENGY anfl &N ANLF P TRY2RER reauenaynEera arsighieh
ri gi di ty detdctad ytthegibeatipn détectindehiér m ning a radial rigidity of the bearing
device on the basis of the resonance frequency of the bearing device
determ ned by the transfer function calculating unit. 39 16. An apparatus
for producing & bear iﬁ’(j RRATRMES fCPraEiang & hrarpg sevise pusipe ﬁéﬁﬁaﬂ'@dpan i nner
ri ng and haming#nenneriring and as lvafet ried tedé eolisirg fitfed 1o theasuteriring ,aceordingto out er
ring att%g%ﬁgf%gpggmﬁgﬁ@phed to the outer ring, .conprising: an input

r

vibration unit fo &I |n€ a radi,al input vibration to one of each inner ring
and both ends dFranster Ynsian calquiztin@initTer alrulating atrapsfergunction. 5 pair of
vibration detecting units for detecting a vibration of one of the each

i nner ring and fghe bog : ' r ring; an
addi ng unit for1toé1ddi nA '?“Sﬁggﬁ%’&@;&‘tggif ﬁgﬁgﬁebiggu\?ﬁwbg?% gﬁ sglégtrbg'cti ng units; a

vi brat i oP"RUCIRG: i thg PEHINg dpyre Hyus 25795908 °HRB - t he outer ring
attaching menber; a transfer function calculating unit for calculating a
transfer functign frodbédiing QeNidd coprisidye Vi bration detecting unit and the

output of the aad] g Wl L del eTILN% By [SSO0AGN HEHUEIRYGhg e bearing

12 An apparatus for evaluating a radial rigidity of a bearing device
including a bearing having an inner ring, a shaft attached to the inner ring, an outer ring
and an outer ring attaching member attached to the outer ring, comprising:

an input vibration unit for giving a radial input vibration to the inner ring and the
shaft attached to the inner ring;

a vibration detecting unit for detecting a vibration of the outer ring attaching
member;

a transfer function calculating unit for calculating a fransfer function from an
output of the vibration detecting unit and the radial input vibration to determine a
resonance frequency of the bearing device; and

a radial rigidity calculating unit for determining_a radial rigidity of the bearing
device on the basis of the resonance frequency of the bearing device determined by the
transfer function calculating unit.

13. An apparatus for evaluating a radial rigidity of a bearing device
including a pair of bearing having an inner ring and an outer ring, a shaft attached to the
inner ring and an outer ring attaching member attached to the outer ring, comprising:

an input vibration unit for giving a radial input vibration 1o one of the each inner
ring and both ends of the shaft altached to the inner ring;

' a pair of vibration detecting units for detecting a vibration of one of the each
inner ring and the both ends of the shaft atached to the inner ring;

an adding unit for adding an output of the pair of vibration detecling units;

a vibration detecting unit for detecting a vibration of the outer ring attaching
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aradial rigidity calculating unit for determning a radial rigidity of the
bearing 'device on this 'basis of the resonance frequency of the bearing
device determ ned by-the . transfer function calculating unit. 17. A nethod
for producing a bearing device including a pair of bearing having an inner
ring and an outer ring, a shaft attached to the inner ring and an outer ring
attaching nenber attached to the outer ring, conprising the steps of: giving
a radial input vibration to one of each inner ring and both ends of the

shaf t at%ﬁﬁﬂag to the inner ring; detecting a vibration of one of the each

i nner ring and the both ends of the shaft attached to the inner ring so
that a first viebiransfesfurriior celcvigtingavnitefos selculatingcatnsfebfugciohfrometnect i ng

val ue ar eu@btt &f thediibrafieH ﬂ'@eéuh@ uhit 8d thed BBl SMharddihg/nkes @e@miinbat i on so
that an added %I V|br ion. detecting value and the second

vi br at i of™ 485 r‘%?g'ewﬁt&ﬂ‘e beaﬂrﬁﬂéﬁvffgd detecting a vibration of the outer
ri ng attachi ngamsdiakrigidiy eal¢ualing aunit Hier dieratining agadie! tigidity of thaibedringi br at i on

det ecti ngeyiéd B theShAR! &Itﬁbefésomkg nbaséne@ oﬁh& bahrHgedevich ieidnRimed b9Ret he third
vi bration dete ue and the added value s¢ that a resonance frequency

of the b@ﬁ?ﬁﬂ'“ﬂgﬁgéﬁﬁFgmﬁﬁf rmined; and calculating a radial rigidity of
the bearing device fromthe transfer function. 40

14. A method for evaluating a radial rigidity of a bearing device including a
pair of bearing having an inner ring and an outer ring, a shaft attached 1o the inner ring .
and an outer ring attaching member attached {o the outer ring, comprising the steps of:

giving a radial input vibration to one of each inner ring and both ends of the
shaft attached to the inner ring;

detecting a vibration of the one of each inner ring and both end of the shaﬂ

“attached to the innér ring so that a first vibration detecting value and-a second vibration

detecting value are obtained;

adding the first vibration and the second vibration so that an added value of the
first vibration detecting value and the second vibration detecting value is obtained;

detecting a vibration of the outer ring attaching member attached to the outer
ring so that a third vibration delecting value is obtained;

calculating a fransfer function from the third vibration detecting value and the
added value so that a resonance frequency of the bearing device is determined; and

calculating a radial rigidity of thé bearing device from the transfer function.

18. An apparatus for producing a bearing device including a bearing |
having an inner ring, a shaft attached to the inner ring, an outer ring and an outer ring
attaching member attached to the outer ring, comprising:

an input vibration unit for giving a radial input vibration to one of the each inner
ring and the shaft;

a vibration detecting unit for detecting a vibration of the outer ring attaching
member;

a transfer function calculating unit for calculating a transfer function from an
output of the vibration detecting unit and the radial input vibration to determine a
resonance frequency of the bearing device; and

a radial rigidity calculating unit for determining a radial rigidity of the bearing
device on the basis of the resonance frequency of the bearing device determined by the
transfer function calculating unit.
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16. An apparatus for producing a bearing device including a pair of bearing
having an inner ring and an outer ring, a shaft attached to the inner ring, and an outer
ring attaching member attached to the outer ring, comprising:

an input vibration unit for giving a radial input vibration to one of each inner ring
and both ends of the shaft attached to the inner ring;

a pair of vibration detecling units for detecting a vibration of one of the each
inner ring and the both ends of the shaft attached to the inner ring;

an adding unit for adding an output of the pair of vibration detecting units;

a vibration detecting unit for detecting a vibration of the outer ring attaching
member,

a ftransfer function calculating unit for calculating a transfer function from an
output of the vibration detecting unit and the output of the adding unit to determine a
resonance frequency of the bearing device; and

" a radial rigidity calculating unit for determining a radial rigidity of the bearing
“"device on the basis of the resonance frequency of the bearing-device determined by-the .
transfer function calculating unit.

17. A method for producing a bearing device including a pair of bearing
having an inner ring and an outer ring, a shaft attached 1o the inner ring and an outer ring
attaching member attached fo the outer ring, comprising the steps of;

giving a radial input vibration to one of each inner ring and both ends of the
shaft attached 1o the inner ring; _

detecting a vibration of one of the each inner ring and the both ends of the shaft
attached to the inner ring so that a first vibration detecting value and a second vibration
detecting value are obtained;

adding the first vibration and the second vibration so that an added value of the
first vibration. detecting value and the second vibration detecting value is obfained,

detecting a vibration of the outer ring attaching member attached to the outer
ring so that a third vibration detecting value is obtained;

calculating a transfer function from the third vibration detecting value and the
added value so that a resonance frequency of the bearing device is determined; and

calculating a radial rigidity of the bearing device from the transfer function.
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