; JKe3eU@R<Lj 6T@7 , WORKI NG METHOD FOR CURVED SURFACE OF A ~~' OP~K AND AN
APPARATUS THEREOF BACKGROUND OF THE | NVENTI ON Fi el d of the i nvs\%)lﬁ Thi s
invention relates to ﬁmﬂ@”mmwmﬁlu’ thod for curved surface of & i ng
a concave surface suc cal durface of a given radius and a
concave and curved surfaceisfs-a bearing groove and an apparatus thereof.
Convertional art As a working apparatus for carrying out a precision

I gfft}fé:bf %ﬁﬁegﬂi&?mﬂ%ﬁﬁﬁzbﬁ SRR T RS

as a MOI_ePPAMA'aUS tISI—IEmE@Fend of the cylinder porti on a coni cal gri nd| ng
surface | eferred to as "cup grindstone")

formed b ' chranfer T e dianeter of the cup grindstone
1 and t heiehdld i ] ) of the conl cal grinding surface are selected in
accordance w t fi And. .t p e 1l
installed in thh”ﬁ(irl?{\}leﬁlqy&gtr%f&f%rtc?tavé?%d]w %jecfh%% i cx?{de’HjE{:P%%;ea?f %W A
(her ei naft erk rkefamrged r:onaeVé therfece sﬁtucchr eV ﬁgsshaftca)l sicfacheorai gdv ey
surface 1a4igsdihyen LohdRlalnd Thelr curfaerti lb Aligg! boPovUdder) 1!

is provided with a displacing means not shop=n in which n a state w here
a drivi ngraartus thergpfven to rotate, the grinding surface la is made to
be di spl avgdvdomphd] the direction B. The work W as a surface v'i'a to be
wor ked, has ,a spherical surface ich remains a finishing praocess to be
applied for?§r ?n&'loﬁ IERPRRFA Y ORFAR TN HAL Y AnPSEGE PRI & IDGAPE RO s2
coupl ed wipthle raded §uxfadetsmch dsiaviod e&fdaebf addlhgoritnahicer isefbat eéd smvahso
as ''the.se ond driving. shaft” rot ted o i S. per d|
to the fi rsf gshaf t” A lﬁrat%io% ?hl Bﬁlno 81 w Y Aﬁ% (]’aﬁ & Qt ag ¥ the
cup gri nd@tléaenlleusem&@é the ¢xlfateripvrtive d| crcentcabrgruﬁdmg ewrﬂacanblatdfeavvor K
' is made;Lonrekate be ek fiar wg h 2 Lpne S
made to g"etg% ose]éto“?%hlrée Wtair & %f'cl)c@eg ¢ E{é) C g tgsﬁlﬁ %l@en%(%%?unf ereJDrl%e)
of the gems’h@geu@ha@éera%f@uwdt o Tihreed sque&%leo ahegir grindsteaegt g ng
surface qhet b@cmahorﬁ%genefaﬂe@ @ﬂlbﬁpeﬁﬁhaﬁmm onptaceebati ¥€lected in

di spl acement bet ween ndi ng. surface 2
P accordance vmt%m cgnhgura%ono a work W.

And the cup grindstone 1 is installed in the driving shaft 2 rotating
toward a direction of an arrow A (hereinafter referred to as “the first
driving shaft”) and the grinding surface la is driven to rotate in a
circumferential direction. Further, it is provided with a displacing means
not shown in which, in a state where a driving shaft 2 is driven to rotate,
the grinding surface 1a is made to be displaced toward the direction B.

The work W, as a surface Wa to be worked, has a spherical surface
which remains a finishing process to be applied for grinding. Further, the
work W has a through hole, which is coupled with and fixed to a driving
shaft 3 (hereinafter referred to also as “the second driving shaft”) which
is rotated on an axis perpendicular to the first shaft 2 in the direction of
arrow C.

And, in a state where the cup grindstone 1 is made to rotate in the
direction of arrow A and the work W is made to rotate in the direction of
arrow C, the cup grindstone 1 is made to get close to the work W. Then,
the total surface (circumference) of the grinding surface la abuts to the
surface Wa, which is the grinding surface of the work, and generates a

three-dimensional relative displacement between the grinding surface la

AR

*Goooo2*



10 April 2003 of the grindstone 1 and the surface 'a to be ground of the
wor k W. Such three-dinensional relative displacenent provi dei 2@”
preci si on roundness or surface roughneéi. By the way, in the q

grinding is carried out by not only a cup grindstone 1 but al so anot her
grindstone, it is necessary to carry out a dressing on the grinding surface
of the work after a given tine period of working. This is because fine
particl es,gnound; by i rapadghm%hggﬁa R%, 309, 4 B QL ”&SEﬁ)&; %@WSSB%%' ed
of f the grlnsone are c e grin n@ surrtace cl ogai

becomes ridvreeoditrseaadingg ine @mporduwﬂmcemetrlrte ficdess of hh@hgrpllndsilone
grai n which JBkes & SUPElPIEES inding difficult. In order to solve the
above probl em dress?ng%C @Lﬁé dﬁ?%rmhl ch the ground worKi ng) and the
dressing pr c?c)é&ea\ffé\camrb@dcw“éxeﬁal% Sroatid & 15 sadried eyeédy mothenlyakent

| ai d- open¥ogy 1ﬂﬁto%@1§%2ﬁ6al%6damherr gﬂﬁ@@t@z’i‘éj H0i ORe c MGy £ES LAY o/ hod

is explai ngd In accorgance stone, 4, what contains a

conduct i Ve Rt BRiEn it eﬁéam%ﬁﬁﬁgﬂrce ek fétet FV(S’d sagearaegaqegwg@a RippediHtg
each ot havoﬂnntohergfs neliegasuefane ﬁﬂtiﬁle&@o@fﬂm%i one AinRUtdhNergradns

le 6 f duct t di f 4
Dot neon (G Bty 048407 € HrepotalFEarbyne TR IaH T ASFITez8Eporych the
equi pmentgrinfiprg suphed.nGuah cdbeging betymes mbee gnitsdsh dieg 4ni Srg@pamiicded on
th t Leh. 4 No
at the 1 ioeily GpeHOhe of SEPRRRIGHRL Cehd® SRR HpR0YL G5 g0 R se O
gri ndstorﬁélmdmg drieiltection of arrow D, the conductl ve coolant is

suppl i ed torhhe ﬂﬁj'sﬂgveg%hg%\ﬂeapﬁgﬂeefnggta??igﬁyyﬂg mrchblemgfw%a%uahet he

el ectrodes 5 from 0z and

el ect r od€ 05 gy oF énélae't‘%rtgé ds‘ifﬁﬁ}% &ﬁﬂ?%’ﬁ%ﬁfeﬁarﬂféﬂn Ob‘ét%‘ﬂtﬁﬁ’é‘ﬂg’ﬁl)ﬁd| ng
S;J][fa;:e Eiﬁ cﬁtldlc%sﬁﬂ mqh@?paeex%/mm?epeﬁ 1spp! iFpsk u01wwest Qalrtﬂ:l ameleI/eCIfmytl c
effec e to i e ic e. conductive ,mater ] e
ot ng 20t PR S Fl B e IR e b lGite S Adsir afnes e Blet e

cl oggi ng Aonatgengsiamk Ay vela f a@ntadasmcsnﬁuebﬁvel-m\mvara,l leheve dpBhytilngr & he
above dr t-h ri f S i e, t he
fhol 6 of SIRAAYARE diate Aflsh Rl P BUBHEGR cith ARRRI ML fritlng i lECa 1O
surface athe mn\d@ﬁm@l 4. tlﬂ@r@eéctar@@r@def%foapppwmﬁ tar@mblqtag@ Ctoolmé
grinding o%%ﬂ@&ﬁﬂﬁn%%ﬁa@@%ab@eﬂ% gl%’electroﬁe%@s ﬁ@é}')&sengéagﬁ nabie

case of working a sp cal surface shown in i)‘b‘é@s dr essi ng

i n-procedd (ARCHABL HEPP oeégspwem A 80hefUpP 2% otdedtHst Ehett ath¢ ed
out and agiRdswnel 4, ist peseideasohegit aridefaohet hatyhiehels thagbtdd@ogtlad n

si ze of t51 ?l’l ndstone IS hlggh) a desired surface roughness could not be
obt ai ned 1 FUIFIHEP LI PRL S88TH where not only the spherical surface working
as shown i nNeivg. afAthdautmalo&fcgrandmg/adsx&lﬁat«aé’éagasﬂ aci ngk eby ooyetieratlion of
three- di mensianale rekatine glsplageneni, het veenthe Grdnding sirdiace of the
gri ndst orie fe “sUrface 1o be round is carried g , an_arrangenent
for a coﬁpppé@tdedos@hﬁagéllbbﬁfgl Qmé%qeoh‘ra{ ¢k thel I&?\Aééllbgl pentiey ah the

el ect rod%w&%@@@@ t hemﬂltml RCLITBY 2 98 tﬁe%b@%%ﬁﬁ%b%ﬂ‘i‘@&' tH&BtlgqaudHe The
present invention geen rraelnthe | i ﬁoepro em the
9

pur pose s%eqtf:odgs% @n vithe alesprisr puap! % 070 BGU AR e \REFWeEd U or a
concave guidf@ie ohrfudaonk §u@mﬂ6c@@1amltn@ 109y € 1% é;;fplaedmt@hc@ﬁecasa @m of

roundness, or urv ac 0 anfl rst d
oo PSS BReehy Phibcts st ulh Sbed.s of W8 RRucind B (1A
char act ephztédk grintdiatg, sarfile e&ﬂmémodwml inglhat ¢ored di B pé acehent . tserebde to
b f. duct dst d
our e ShEQIBELEe D Tl L e B OB g bt to arind
curved surf adew evefhmfeezs@r@pllwmgt}aﬁ abeNAUETE SFen E g ERed 0@ Bh @rﬁﬂ%‘{ﬁrh@ﬁ

portion ofi fhe ydwnbel weenst be, Gonduatyole cﬁTéH@%Eﬁflﬁn%nduM&%eCP@@lfQ‘HeVe
work and the work is ground while gre35|n %P nduct g €ﬁstone by

el ect r ol GEP BTAPAERE SIARROY APHES 0 TRRS HRGR herks sier 63 b PAEF o4

vol t age f&@r 4pplignignthagopiaide ontbettwtedi igheuednduts icval@midatdsd preveded t he
conductive work, since the conductive material of the grindstone is

di ssol ved in the conductive cool ant, the clogging of the grinding surface
of the conductive grindstone is avoided. According to a second aspect of
the met hod for working a curved surface of the present invention, whole of
the grinding surface of the conductive grindstone is made to be abutted to
the surface of the work to be ground, and at the tinme when grinding a
curved surface while generating a three-di nmensional relative displacenent,
a voltage is applied to a grinding portion between the conductive
grindstone and a



10 April 2003 4 .surface to be ground while supplying a conductive cool ant
thereto and a grinding is carried out while dressing the grindéh@ng%ﬁ%

el ectrolysis. According to the above aépect of the present inv in
the case where a grinding work is carrifed out in such a manner as whol e of
t he conductive grindstone abuts to the surface to be ground of the
conductive work too, a voltage i's applied to a grinding portion between the
conductive indston : gﬁ e_conducti,ve t nd cti e nmateri

o e sutt dos 1 RE ROk 1 b B R e B A e
conduct i ven-gookast (anhaaitcaﬁyart peocrelceggimgnocithehepismrrefsaq\,eouﬂdtﬁmet lcondunciteidv e
r | ndst ongut Su8PlYeE refUIL Mler AREOTIA04! @ Ak il S9REC S 0pB0RAIR U
for working a curved ‘Sur of Cesent 1 avention ¢ ‘above
probl ens, size ebtie iogesdatcme vé ﬂngghean@eslcnegemerrfat:@ raughmessdi matnlsii npgalbe
relative gysplagement between the grinding surface of the conductive
grindstone and the surface to be ground of the conductjve work, a cool ant
suppl yi ng nmeahs! theTs apping EREe BaHTECEP Y E1EDERENTP hetifak AUt e egionli g s
surface ofhéwe |F1§St40ﬂﬁ1@@@isd aen@wefda@arf@ebgmgrcmir&ddQE fohge gORAESH | 3

wor k and f.he el,ectric sup equ means,t o supp, rent t he
Conduct | VELGA-ROSEOE ST T O AAIACE B Re CHEE B eien g Bl DRes whige of

i nvent i onthd5gtine sabnveadd \theg smre&n& Iiio ib& rmdemtdo ienableiedo gmonkda an
desired curved surf and sin e duct.i ye
r 1 ndst ond By EnE e abave Bl eopPiE=Zed oV 88e SnlRBuLEhobhg dEndolPrSy ¥

mat eri al bévime agr eheigtrode foflovhed $hef @m@latemn@tcwﬁidugnm\detgne st breni s
di ssol vedyig the conductive cool ant supplied fromthe above nentioned
supplying nmeans, the above cl ogging of the grinding surface of the
conductive grilRistisHETits 18BEVEAN hRsaddieri shadaceprthhdiebt a0 dhet Bbagpect

of the C%y&ﬁewrﬁmgu@pegewhﬂ% @@I@%@M@a ﬁﬂi&h@@ﬁguﬁdc‘é%mnﬁd&g%@n
conprises_a,.coni cal rin inggﬁ Qé% IVIE neans co risgs % b

first dri Rﬁi‘iiglss%flt“i TaAv6t at' e AChe° c%ri’l SBF gaétﬂ% AEBOBYF Mt 18
conduct i vergrisiudsbdHneundnieBe oai 4 cunted entrifate.di recti on on an axis

per pendi cul ary C% &gh%%rsi rg{ ia\éiaggt 8{:@% méaﬂhdoaa{oql &%Eﬁﬁ?ﬁ%déu%%”é xyig € ch

makes t he fir econ Fiv 0 cl'ose an
ot her. Ac&bthenglasemhwmmencdhst iayhiodnis whialrectutive hgnt hleabl @g@imaga of

the gri ndai@igy aaqe %%%xh@ cﬁQPgéf’ccetﬂléfﬁt 9| eP"t% b8 éfht@'&i%@&%e

becomes POSS to nake t hr ee-di nensi onal T’at | ve
di spl acengtitdy éﬁérua“tf%@e pé Rt d W1 Ee 87 bl S‘g’ﬁien%ﬁliiig"i suripge e cﬁcqrh%uctlve

conduct i v@ogkifddst Ofes @i, meexﬁu:raflaaﬁi QuRetgreeund @fcutrhedcgpﬁta@bi Ve er K
and give the surface to be wor ke the co ductiv ¥ ﬁ (%ELEFECISIOH
of roundn%é%p]éﬁngr?ébéﬂﬂgé‘gtld’ie EN 1t aEEF‘Pé‘C%rm BERf; 50%8 50 % %tpvé%?nof a
curved suwHaoenardkivg appdsatns ohdt tlee pecasenttivaventrkonandeitheewcake ior
both of the figfst,.an con riVi ft. comri J s to
swi ng ar SRR Ad hid ddregsm tﬁie cotnrd%c%&ae El%ﬁghﬁeﬁ' @le;c\r%gg) i gp

a cros he “axes econ r'i ving
shafts. And, ﬁdwerdnnghpag@negdnom ohveastpomutbyalapsilgn giga nspliegebéo weed t he

first an ﬁﬁ%i?ﬂg J%I‘t‘f&ﬁ'%éﬂ%@é r?rthié"é ﬁcﬁb@n@hﬂasme%mml Béh St At §e

bet ween t ace la'" and surface round, the grjnding
surface |Workngindeet @rcp@éelcmeanﬁ)teiséa PbliRg &rﬁnéﬁéfirl%lﬁﬁhﬁ%@h’éé i the ks

the surf agedBihed cggﬁa&{ﬂ,pctlieoéilo%fglﬁh%fftﬂl%wgﬂgfdmv surface of the conductive
grindstone 1s avoided.

According to a second aspect of the method for working a curved
surface of the present invention, whole of the grinding surface of the
conductive grindstone is made to be abutted to the surface of the work to
be ground, and at the time when grinding a curved surface while
generating a three-dimensional relative displacement, a voltage 1is

applied to a grinding portion between the conductive grindstone and a



Fig. | is a general front view of an enbodi mrent of a spheri cal surface
wor ki ng apparatus of the present invention. Fig. 2 is a side vy (2\ g
spherical surface working apparatus shown in Fig. 1. Fig. 3 i d

pl an vi ew showi ng a case where the sphé’ri cal surface working apparatus of
the embodi nent has a swinging function. Fig. 4 is a general plan view
'showi ng a wor ki ng apparatus which makes a precision polishing such a
spheri cal of vent

sehemt ¢ Hacr e Thame B0 RS S B RO R G oeP R eob Pt o €
process sgmnrinlagle@urglrylad @ht c\dmlterdtrleewaiv ghe @dnm@sm*ekbyn@lecﬁnbbxﬂbment
Hereinafter) ahadi €, e V. l )l expl.ai.n ased
on the attacﬁ%gogravﬁ rEHE{He %,Ow ﬂa&?dﬁl%%}%ﬁ%egﬁ 1\(gfr‘ ernt Cglefairi1 t% ?% o
portions ‘Bheihe éémﬁélmgi Bivalk bﬁrtﬁaalrlédl odt datBecthy m@@msgv@r@ée aarfdthe

expl anat lc@rﬂﬁidcfﬂweeghr@dsqo%éw@é tdtBe shredo 3ol &1QRINIBWLRE c%nsi%%{xleca'
surface vvor ng@apparat us of ent invention. Further) Fig. IS a

si de vi ew of= 'sphe¥q! éég“séﬁf%E%L r kPng ﬂfﬁafia’ﬁ%‘usp%ﬁ\ﬂﬁ |br?‘F’-'*iegfn 1therhe

cup gri nd:@tn@lﬁ&tﬂxd s gnstdakbed gndatherséndniseeshahlc 240 vhet @fo@dlurécwbe
direction_o i V~~_.A its |nd|n%dsurface 1a|€Pé$r|vent te|n
I

the circdhf ?réﬁ KU Bl?‘%e?:{]ﬁq%lﬁ.e of fipeasPRAShos &Rt 18 H?ﬁ‘&sh
di spl acenBnsolvedns: tle diogpluate et twlpot atlye stigf the cloggine o rlecsuofadd of t he

state ths\tlhcg§ Joqﬁiﬁcqﬁ@%?ég?ﬁﬁ%n% {'S ?cgw yen to rotate. The work Whas the

spherical surface un Inishing to polish as a surface W to be
wor ked, andFiuwther.apeeptsinghto saeébmrdi drsipeichpishaf apBaratuhdodi wetkingn aC on

the shaftcue%eesnﬁlfﬁeé A th@ IRkt gl e Shaf £ MMM otHhS &y&v%&ef; RPeid s

a conductive cast |r8 ber - bond di anond gri ndstone and the work %is
formed WCPHRIIEShddC Wénﬁatnéwasf e ngraie car bbpesdamensipnheielabigten of

the fi rstdlghsla\clelﬂgelsmfewaeﬁnﬂwsg@mr{y sMiNGeshbAthe Zond JRIVEErMddtode

conducti ve terial i Vi n shaf t nd th .second
oo GBS e D0 wetBE R0 ol B et dui s Rk ke B SubafiR e o
net al br usétanand betwsenht ru@nghucmmmgoshmﬁuabetdaemfthtehgrmdpngrwmfab@rta’ 1

and the %Héf%gﬁd\é‘é’m% t%tﬁQ%&%%%o"% rEBn@a ?ER%% A QuN, %Prka%% w

here the I'ng surface e surface round contac
nozzl e 10has el sHiutEP vl cobhiameeslpphye arfi ety chc@@wntl ot illest at e

where th%oﬁHEc&Rﬂe”@ﬁh‘&%@oﬁe lashd Hﬁ@%@nuﬂc%ﬁ% dprection of arrow A and the
work Wis the direction of arrow C he cup grlndstone is made to cone

close to thécarding kel dembore gweﬁmm égr he 2 h oy Bt ¥ g0 M RN S aF fifice WA

;0 ble grmmle%téxh@m@?ﬁk Wlt]pggaegmﬁecﬁh@ed @h}?@fdheﬁﬁﬁﬂl el arfélaagaas .

IS acenen e e I nNalnNng s 0 e Ccu nast one an

Chersor { BRI &t ooV O eEHIdTaRE Wt oot A HeGh r SardSn

roundnessqmpmlemftaazed mhagjmmehgtlmmdtemalvwfetheggrmﬂstg))emf tduepphafeng dfhe
duct | f 7l t f f

conauc 'YE %g%d%%tmer QHJGHH‘%RH%% éQl@ w%ge NG AL &N’% @g%ﬂ}{ W@do

the cup Stone | e sur Ace gr oun and
turni ng orpme| Bt ralgivey mentinaefi suprbrng meataf thamdovkeckhagond of thieng

shaft 3, ,a;vphl-age apr bgiMmee mgbg;ﬂengg pgvedrface la of the cup
gri ndsto%g 1 Iéllnd iig%gurfacéet%\}l\a t%Mﬁe%r hervork W and, by

0
el ectrol ysikt 4ed Héﬁ’@luc%"?c\% #ag efP af éﬁu’ftﬁ\e %Wrefcécé?fo’F ?h%uﬁ‘r‘%qﬂd%‘f%rﬁéel S
di ssol Vegrbébstsﬁlﬁgcﬁfiﬁuﬁﬁtly§ cand %ﬂndddt@sf@bghmiu?bﬁ@lcdbnﬁplﬂ@elsoﬁ theical
cl oggi ng of g ]lé%c % s(irface la is sol ved. Thelao gration. and tgteteffect
of the pPE 85 2 atd QIR PRADS EPPRTISE R StTaLHTE EPyL 8
adapt ed tetdie shpplonédzbetweding Berfime gf|trh@stmméudt1aad011hds$nmé acethe be
O ol SbisbRm Mot ML, WSl A9 301 HlSRRNdeRLI! E51 IR0 BALInEP
shaft and a dlcplacement means which makes the first and second
driving shafts come to close and separated each other.
According to the above constitution, while solving the clogging of the

grinding surface of the conductive grindstone in an in-process, it becomes



10 April 2003 7 possible to apply voltage to the cup grindstone 1.
Accordingly, in the case where, as the.enbodi nent of the present |nvent|on
whol.e of the grinding surface |la abuts to the surface W to bd d} Sof
the work Wtoo, the grindstone dressi ng'3|n process becones possi bl e and a
super ball finishing using a grinding stone with quite high grain size.
becomes possible. Conventionally, even a gramsize # 2000 grindstone causes

than the BREELS dEned iy ROOR TGP a1 TP STSEME T g AL e c BETEreated ©
accor di ngbémem theesentakbgbodimgndyrfevenfah# GOM 1000V grirndds one @I@és:hreo_t
cause 10 ¢l og. 61 ENAPLES, A QUILG RIERISE T Kind FATCL, A% show Tn
Fig. 3, if a’sw hging“neans i's Provi around "a CcroSsi hg p0|n tife
axis of tWerkedstofdrt i mprshaftive andkt e hxdls pfetiseoseodndodnidviesg shaf t
3 so ast ) a0 the first driving shaft 2 and the second
driving sg ?%@gﬂggé%g%h_ Qgﬁgg%ch other in the direction of arrow E, F,
even if a sritdosdingpogei fididt esecet of garrgdroithee \iBpKkWE epRsadtus ok he

whol e of ﬁﬂ?pQHEéﬁgﬁnV@nERuanﬂﬁék%%eoézQﬁﬁh“@ﬁKh&Vﬁﬁ&EhﬁHﬂ#koEHﬂB?ﬁhﬂ% can
be carrle out. It js because. by generating such a putual sw ng mgﬁgé ween

the firstSRRILAHBPEIEE D SHIHSHRE DEeXBHAC GV Shad & FAFSTREROIR

t he cont a@iémgfshatieréxetamemdomi Qiivﬁﬂgr@lﬁlﬂéf Aed, kRie a@cthteh@exsweff@@ﬁ d@h
to be gro rinding surface

und t he

spher car Lt Pe SRR Rt bEreCERlnE s COPRARSOP e TiiFuRS SRdts
surface Wiithaitbehgngung. thsi moheadiypgidtats hpdssiehl eht oginidingsswdnke ofa’
further | Kark QLo )s e h Ta

bet veon L2 s ULt SAa he ek Rrag e TARE B R o Wa 1
appl i ed tb>h@tr@nwviUhéu@hgenww@nerQSpﬁéyﬂg%t@@ﬁndfm@B|s carried out to a
spheri cal > S u L Bep@bove enbodi nent, such as the rod end of
a ball jOInt out a so to € case e the grlndlng S rried out by a
conbi nat i on 8- & soﬁqo%%&naleﬁlgméﬁfaw @’{ﬁﬁﬁ@éﬁél%‘ﬁ@té’ sphssicalcaadagher o
a grindingotﬁquappggaougoﬁqh@]ugﬁknmaﬂw@gtﬁncurved and concave surface

t 00, _Sinc

such as a b ng. gr oo an, appl i e

hdepandent TaRect FoBeTTS AT Shih P RETGA RHS LA PSRN e RARTEC e Y Puhen
a curved suFigce grinding is carried out by- generatlng a t hree-di nensi onal
relative defg,gctd an BeB\Q@EE’awﬁ grkpe‘ibnghémﬁ e Hfsd h@h&fe' g3t Bgﬁe?ﬁ%ﬂ he
surface to be ground of g becones nnecessary 0 prepare an
count er measifeee oo Hekg apparagisipf the 200B0@ine¢ vt hesde stongome dupseion.

grindstone (ih%pl@cswtg)en%@gl ay1he eRY cthfb\ﬁ%l%ea%b?kﬁug%"ﬂﬁd&%h%dw%%ﬁace
confi gur ati Due to the above constituti present 1 nvepntio can

oxpect 1 HBAKEP| BVR TG EOReBOLsh F}lgs%mha@cé?g?ﬁ’@ 20 S PHESr |15 Hepetd 6 Ehe

present idyRRttd%nal Ballwiwer k having a spheri cal surface havi ng a glven
radi us and ? cuwved and conca surfa e such as_a be arin

i gh preci sFoR & BUAGHERIDBIG TV T o™ CUNELE FUPERG T4 BPdi ng
to the sa&mndraspagnnaheshszpndseneoumwewnﬂmnpnbynummad&nnnd1m@uwarkag e of
t he grlngaggxgﬁéﬂﬁgﬁ of the conductive grindstone abuts to the surface to
be groun ductive work, when carrying out grinding the curved
surface of Aeysharli agueidodimevitref Hhegbvese Hali e tapd vflﬁg baorielpENe Ag a
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work and caii give to the conductlve wor k a spherical surface having a high
preci sion roundness or an inproved surface roughness.




Further, according to the fifth aspect of the present invention) it is
becone pOSSIb|e to select free the nmutual size of the conducqbvﬁxgﬁmﬁpstone
and the conductive worKk. 10 April 2003 9 Wat is clained is A et hod
for working a curved surface, wherein,” when carrying out grinding a curved
"surface of a conductive work while generating the three-dinensional

rel ative deflection between a grinding surface of a conductive grindstone
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conducti ve
the cup grindstone 1 and the surface Wa to be ground of the work W to

obtain a high precision roundness or surface roughness.

Further, when grinding, by supplying the conductive coolant from the
nozzle 10 between the grinding surface 1a of the cup grindstone la and
the surface Wa to be ground of the work W and turning on electricity to
the first driving shaft and the second driving shaft 3, a voltage is
appplied between the grinding surface 1a of the cup grindstone 1 and the
surface Wa to be ground of the work W, and by electrolysis the conductive
material on the surface of the grindstone is dissolved in the conductive
coolant, thereby with such function the clogging of the grinding surface
la is solved.

The operation and the effect of the present invention is as follows.
First, since an electricity is adapted to be supplied between the cup
grindstone 1 and the surface to be ground of the work W, without using an

independent electrode to pair up with the cup grindstone 1, it becomes



grindstone conprises. a cone-shaped grinding surface, said driving neans
conprises a first driving shaft to drive the grinding surfacgogbnmnmg
cone-shape grinding surface of the cog uctive grindstone to the
circunferential direction, a second 10 April 2003 10 driving shaft to
“rotate the conductive work on an axis crossing the first shaft

perpendi cularly and a deflection neans to nmake the first shaft and the

second Sh%ToTSbS:}Ql@etcPla?%% %qltasgeeo% ahe cu@?hrﬁisu@‘n%q V@@ccﬁ‘&ﬁkgﬁe i Vl# Qﬁse
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according to the present embodiment, even a # 300,000 grindstone does
not cause to clog, which enables a quite precise working.

Further, as shown in Fig. 3, if a swinging means is provided around a
crossing point P of the axis of the first driving shaft 2 and the axis of the
second driving shaft 3 so as to swing either one of the first driving shaft 2
and the second driving shaft 3 or both with each other in the direction of
arrow E, F, even if a smaller cup grindstone 1’ mutually to the work W is
used, to the whole of the surface Wa to be worked of the work W, the super
finishing can be carried out. It is because by generating such a mutual
swinging between the first driving shat 2 and the second driving shaft 3
without changing the contacting state between the grinding surface 1a’
and the surface Wa’ to be ground the grinding surface 1a’ displaces on the
whole of the spherical surface in such a manner the grinding surface 1a’
licks the surface Wa’ to be ground. Similarly, it is possible to grind a
work of further larger diameter (not shown), and select free the mutual
size between the cup grindstone and the work.

Now, the present invention can be applied to not only the case where a
precise grinding is carried out to a spherical surface, as shown in the
above embodiment, such as the rod end of a ball joint, but also to the case
where the grinding is carried out by a combination of a comparatively
small grindstone and a work as a case where a grinding is carried out to a
work having a curved and concave surface such as a bearing groove. In
such an applied example too, since an independent electrode to pair with
the grindstone becomes unnecessary, when a curved surface grinding 1s
carried out by generating a three-dimensional relative deflection between
the grinding surface of the grindstone and the surface to be ground of the

work, it becomes unnecessary to prepare an countermeasure to make an
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electrode followed the grindstone displacement, and quite easy to cope
with a complicated surface configuration.

Due to the above constitution, the present invention can expect the
following effects. First, according to the first aspect of the present
invention, to the work having a spherical surface having a given radius
and a curved and concave surface such as a bearing groove, a more high
precision roundness or improved surface roundness.

Further, according to the second aspect of the present invention, by
the manner where whole of the grinding surface of the conductive
grindstone abuts to the surface to be ground of the conductive work, when
carrying out grinding the curved surface of a spherical surface having a
given radius and the work having a curved and concave surface such as a
bearing groove too, it becomes possible to obtain a high precision
roundness or surface roundness.

Further, according to the third aspect of the present invention, when
carrying out grinding the spherical surface having a given radius and he
work having a curved and concave surface such as a bearing groove, since
it becomes possible to carry out the dressing of the grindstone in an in-
process, and use a grindstone having a quite high grain size, depending
on the work a high precision roundness or an improved surface roughness

is obtained.

Further, according to the fourth aspect of the present invention, the
three-dimensional relative deflection is made to generate between the
conical grinding surface and the surface to be worked of the conductive
work and can give to the conductive work a spherical surface having a
high precision roundness or an improved surface roughness.

Further, according to the fifth aspect of the present invention, it is
become possible to select free the mutual size of the conductive

grindstone and the conductive work.
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10% & () - 810%0&”@ pt @rgmo;gﬂggtwwork the method compnses the steps of applying a voltage

between the conductive grindstone and the conductive work while supplying an
conductive coolant to a grinding portion between the conductive grindstone and the
conductive work and carrying out grinding while dressing the conductive grindstone
by electrolysis, wherein no electrically insulating material 1s required between points
of application of the voltage and the conductive work.

2. A method for working a curved surface comprising the steps of abutting whole of the
grinding surface of a conductive grindstone to the surface to be ground of an
conductive work, generating a three-dimensional relative deflection between the
grinding surface and the surface to be ground, at the time of carrying out grinding a
curved surface, applying a voltage to a grinding portion between the conductive
grindstone and the surface to be ground of the conductive work, while supplying a
conductive coolant between the conductive grinding surface and the surface to be
ground of the conductive work, and grinding is carried out while dressing the
conductive grindstone by the electrolysis, wherein no electrically insulating material is
required between points of application of the voltage and the conductive work.

3. A curved surface working apparatus comprising a driving means to generate a three-
dimensional relative deflection between the grinding surface of a conductive
grindstone and the surface to be ground of a conductive work, a supplying means to
supply the conductive coolant between the grinding surface of the grindstone and the
surface to be ground of the conductive work and electric supply means to apply
voltage to the work and electric supply means to apply voltage to the conductive
grindstone and the conductive work, wherein no electrically insulating material is
required between points of application of the voltage and the conductive work.

4, A curved surface working apparatus according to Claim 3, wherein said conductive
grindstone comprises a cone-shaped grinding surface, said driving means comprises
a first driving shaft to drive the grinding surface of the cone-shape grinding surface of

the conductive grindstone to the circumferential direction, a second
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