;e3e P LLMN@XTP6PTP h >*159159* W RE- TYPE BORE LAPPI NG APPARATUS
- BACKGROUND OF THE | NVENTION Field of the Invention The present invention
relates to a wire-type bore | appi ng apparatus. 5 Description of the Rel ated
. Art In recent years, parts requiring high-precision machining of a
" smal | -di anmeter bore have increased in nunber. As such par anpl e,
ferrules for optical fiber and fuel injection valves for ””m’ﬂﬂmﬂ ’M
conbusti on engi ne can be cited. Japanese Patent Application on No.
5-113523 has di scl osed a bore | apping td apparatus 100 for a''®¥anic
ferrule as shown in Fig. 10. The configuration of the apparatus 100 will be
described briefly. The I ef erence nuner al
100 will be configured &i@im%@mkﬁéﬁg@m 104 is stretched
between a right-hand side reel 102 and a Left-hand side reel 103 provided
on a drive base 101 so as t%%ém&afaﬁim ol.di ng device 15 106, and a
plurality of ceram c bl anks br—tte | apping wire 104 and
held in a freely novable state. In order to perform| appi ng operation, one
ceram c bl aﬁieldlﬁﬂamhm ed from t he af orementioned ceram c blanks 105 is

turned, and at t same I teg 8& ¥| Iélg reailqog aomx%er (not shown)
froma |apping po 8?56%15‘5? oy iAo 1 37 18 PAS PREB TG W e 104, the
lapping wire 104 is reciprocated transversely, by whi ch t he bore of the
sel ect ed 5t ubDascrigtichwf deRetiiad A1t ank 105a is subjected to | apping operation.

Subsequent |y, th%FgE@hSﬂrggreS%ﬁle@ O@’Br&clé?d J‘cﬁmfnggn?Exﬁ?li;%x’ﬁ&éreo%reone by

one in sequence, are su ppi ng operation
i n the sanehaygyncrdaspd in hembsor eAs| samang ferppamele. dgrul@domntal fibaradd &usl descri bed

above, si ”C?néécﬂ&n QWe??orﬂfterBﬁ%orﬁ §?L§“‘H’% %%ﬁ are subjected to | apping

operation on y one, SOMe resu ts In stabl e finished di aneter
and bore circul arapapesgfPatehtcApplieatinn Bubibicetion h@o@lb?é%b@»dmtoaﬁdméme Hpiwever, the

above- del%cr ' ﬁﬁgx L%%H 5'08' c fgﬂﬁé‘\as S 199%%‘8@“% pgggitlyégfﬁhnﬁagparatus

configuratio ch t e ceramc 1S a wor ece

subj ect ed tdo%wﬂ@cldaqﬁpbqﬂgmeﬂ)s i nstall ed on the transversely stretched

| appi ng wire 104, t 0). As
a result, the cerTe{%l%gret% g[ng%%%ﬁl%s&agﬁ ée & (gta"ie1 aprbﬁg&}f llIgdgstlate 30

i n whi ch t hdesgribedibelpwi sAdgppingendreila4 tShéetﬁl@ﬂtbP@aW iight-bardgrde reeh 142wad at here i s
room for fugfdh d side Rell OB mﬁ@mametbas% 1@@gyﬁsq%enq&at@%ﬁm@m&m &LtY-

Al so, the bore ar at us has a confriguration such that one

stret chetd | dppiarda Wﬁagtylomer#rsw @@eﬁs ItOé aggapstabledrPibthe Eappiap pira d0ommd haldiinm .

Therefore, whap nIobﬁ)lé)st&@ |Iﬁl8ﬂbﬂ9 pé}ﬂﬁﬁl%ip% oBéra@ollloerceltaHEc ka0 LseRE@MNKS
105, workpieces, installed on th ﬁ%b@? wre 104 been finished,
u

prepar at ory fipesy the fff@rreméwon%q ‘i?&“‘t“bb't“ﬂ‘é l RS @ldi %B‘ﬁ Pfﬁ@e PR MRS SRMkes nuch
time, sot haﬁpm bwded (ok iHoWn} fr&xﬂa%ﬁffng pavoALs suppRaklies 107tththe RRHRE WaRRDNY

operation. the lappmé wgrfe I-BT I1_:5 rlecl:}';\){'lgclélrtred transversely, by which the bore of the selected turning
20 ceramic blank 105a is subjected to lapping operation. Subsequently, the remaining other
ceramic blanks 105 are selected one by one in sequence, and the bores thereof are subjected to
lapping operation in the same way.
For the bore lapping apparatus 100 configured as described above, since the bores of
the ceramic blanks 105 are subjected to lapping operation one by one, some results including
25  stable finished diameter and bore circularity of the ceramic blank 105 can be obtained.
However, the above-described conventional bore lapping apparatus 100 uses a
configuration such that the ceramic blank 105, which is a workpiece subjected to bore lapping,
is installed on the transversely stretched lapping wire 104, and thereby the bore thereof is

lapped (see Fig. 10). As aresult, the ceramic blank 105 is subjected to bore lapping in a state

30 in which the gravity is applied in the vertical direction, so that there is room for further

[T
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Accordingly, a principal object of the present invention is to provide a
.Wre-type bore | apping apparatus in which the accuracy of bore circularity
i s high, and noreover continuous to bore |apping operation can be
performed. To attain the above object, the present invention is directed to
"a wWire-type bore | appi ng apparat us, corrpri sing: a wire holding device which
holds a lapping wire in a vertical direction, a workpiece to be subjected
to bore | apping being installed on the lLapping wire; a wire

| oadi ng/ unl oadi ng devi ce which | oads and unl oads the | apping wire to and
fromthe wire 15 hol ding device; and a bore | apping device which holds the
| appi ng w rgﬂdrmﬁl@gnpmeg&gm@& Bfeooyé)&ghlg%unl oadi ng device in the vertical
direction so as to performbore | appi operation for the workpiece with

t he | appi ng wi r e Alsphihg b@zpﬂmplaga@ara@sda hdsgispritgusasion pugh thahene sitpighiedg wi r e
hel d vertic a ferred by
using an ap%k%%% ?g% gﬁgzﬁeacg)&gﬂﬁgﬁ bl Qﬁbﬁhggpehﬁmﬁ pﬁ}éf ?ﬁg’?{a}{gf}?\t{eﬁ, E% wor kpi ece
such as a blappike opsratien @Qﬂllrﬁéﬁlelcﬁratllr@l@!(&i@ wwkmmghnqtﬁédpaﬁmlmmww@ is held
vertical ky. I n i ation in
whi ch bor & 1 B R B R B R ppi g
Wi re stretchgeh ttmeaﬁ@\hétrlyéﬂgfﬁam@ eonipynyply geréam thebopelapirgendratian-t he state in
which there is no influence of the own wei ght of workpiece, so that the

accuracy of bore circularity can be i roveigI 25 Preferably, the | apping
W re conprises a pI urality of%@%&—ﬁ@s‘——ﬁ%re hol di ng devi ce | ocks
the plurality of wres a intervals in L currferentlal

di rection on perlpﬁ’ﬁ@B v@a‘frlnc’%lr"}’leﬁﬂgalﬁf pregent Hiventppn ‘ﬁﬁ°§f¥’vé‘{‘?é‘ﬂ’€[f “tgpe bore
cylindrical lappmgaﬂp@ﬂadlelixﬁwldusm@s&dratyloﬂbpwmﬂﬁtdy s, artinbort @@t eAsnmhs t he

pluralit res; and the |ocked plurality of |apping wires are
transfer ed["i’rﬁﬁgg‘ﬂ%g‘?f@émf‘ﬁa“t%é’eww 41 oadi ng/ unl oadi ng devi ce by i ndexing

the wire 30 hol defosittgih tHraBsltobjets, meﬁremsmwrmaxs;s dﬁ@dlﬂrtdlaﬂ&grcttsbpetﬂbﬁ: present
invention, the wire hol di ng .device r vertical ol di ng t.he

wiree o™ BnE b RS v pp R eI RA S B  Bn ar T o val s
in the ci rcumécablelatvuoa&pldde foeiétsubjébtddno bdsrelappmg pdigy inbtaliuloh tm:(]ﬁrlphr(grm&fat he pair

of di sk-shape r. cylin dj sed in the er _and | ower
ond "t egi one vt paetahiad e Bher gad e hRets WrARE estien Sk P e Mot by
i ndexi ngist haolm_ng de\h@t ateira b@te lmﬁtgeie@mwmeldhqjdmhé lappflﬁg ‘@bylosdddu»ly Mervgreand
Stopping the, Wil £, DOKAEl AL, anPradet SLTlned POSLEL Olre fig,] SRRLAG W T es

| ocked to tH8%R r} e?{ al'e"t Yansrerre quence e‘toppflll'mge jacently
provi ded w re Wmquﬂacngy,itu[ﬂechmm:xgwaew ce. In th| S apparatus, the |apping
wires held verticgl , rkpi stalled on
the | appi ng w regﬁlzligr éﬁ?géplg?%@glﬁ}r?g @‘r’t\gﬁé f rr%’{}s éél\?eh@ \?%ﬁi%%gwar he 10 wre
hol di ng devihcldmgandcctlheaptua@ipmganﬁfmébmmgtanamsﬁmmwvmn asé thadappieg bha t he
wire |oagin : WeTo [ : j can be
per for mel c st o defigief bR o (uch peBifidun 18 RRIR e MBI MHER, P
the wire | ohddneticatly.oattierrioradn Parepariepnivtith theroavindppl epligeriienen wWiisk bover e

| oadi ng/ unl %gfnggs SIS f@rrtﬁ@waﬁﬂeéa%sm@@o& th@la\%&%anLtﬂ}tdﬂgd fgsbeg,and the
15 bore | appi device may be nade to performwork for returning | appi ng
wire in whi ('?hre @gpaplmmgm@fedmhe ewte@m‘éh%tihkrpuwesﬂqen@etcéltheewwwhé@fn have
been fi ni Sh%rl&pﬁkc& Q@ttﬁ%@adcﬁ‘rﬁ&' &Q:ofi%‘i&blﬁé‘nt{f BerRiimgbi&r referred to as "a

wi re having finished | appi ng operation") ain to the wire hol ding device.
Speci fi c® Iy, theProferably, thealapping wwwaesm iy oldpraing Wisx: the wire kaldipted one
after zo anqthes loé’lésfttl% p@frﬁﬁ%ﬁ&ﬁpld‘g%rés'a{@qﬂﬁ uﬁt&%ﬁ In%n@&’rﬁf%rc'nﬁﬂ@lr&ﬂoﬁ&}’ lce to
the paired wre ders having a wre |ock mg@ unction, by which the wires
can be Iocké’éﬂlﬁ’@@i wali RPrtions ofepains diskishaned or qybrdricalredpldensdisapsedinnppater s,
and ther eby aﬁ@l?;w@ﬁen'ﬂ?ég%n‘!%f b Eﬁ}all&& oflldﬁpltng‘ Were& @rPrhe Idaﬁ'ed%lrﬁlﬁgowci oh0| der s
not only |load |apping wre (not fini shed bore | appin

function as Vdre§fEERn Fle‘bseﬂ'éﬁ"“ttﬁéhwlfeéga nipgding fevidedy lllﬂﬁklég lhamm: ng.

30  holders at predetermined positions.

According to the present invention, the wire holding device for vertically holding the



25 Preferably, the wire-type bore | apping apparatus further conprises a

. di sk-shaped or cylindrical internediate |ocking nmenber interposed between
the pair of wire holders, the internediate | ocking nenber | ocking the
plurality of lapping wires to prevent the plurality of lapping wires from

" swaying or oscillating during transfer. According to the present invention,
since the lapping wire does not sway during 30 transfer, there is no fear
of the lapping wire comng off the wire_hol der of the wire hol ding device.
Al so, in the process in which the | appi ﬁg wire is transferred to the wire

| oadi ng/ unl oadi ng devi ce, the | ocking position of |apping wire does not
shift, so that the . 4 |appin Lre i.s surel el.d vert.i cal and thus the
appi ho”vi r g Giried e BET PRAE G FpbBe Fe Sy b BRaR I RER Y von | nowhi ch
t he | appi ngciwumerdnsialtdirattivh e tiegetigheiah@aliporton daleh paiy/ob diklostdipedordevi ce.
Preferably, the wre-type hore |l.apping apparatus furt conprises: a

cont ror PRt ke e Sttt BEpps FROPYE HPreatth oibe EREREVE St o1 i ned
posi tions d msg,ewe@ dbﬁﬁgm\ﬂi:uﬁiﬁ iCL0H ﬂlﬁﬂlwiﬁdﬁﬁing ﬁﬁd\iitlaglomalcht predaadiing pofitiérli byl appi ng
wires; and a device ich contrqls the bore | apping operation, erein a
Ser o5 of PR SHGn I SU8 Lot EPEOSRTSH AL R s scass SR bor o

| appi ng pr ote e ablderedd timsfe@et inketubnca i MEBdjacedlyl providvacaredbsighg@loadigg pr esent
invention, the wire holding process, wre |oading/unloading to process, and
bore | appi ngf'fffocess can be carried out continuously in an unmanned node.
Preferably, the bote dppamud)thedpingavieongd varallgintRehasirswhiftothecontrol ling a
| appi ng pressure to he fixed o that the bore |appin ccuracy can further
be. | mpr oved ORBECss i ialed o e Fbpng Wiret e meRrrel o AT ATHPF I adues Of e

confi gur@t i aire Bolding tdrvade, drldahd laggigireslafe@ranSeridtin sequdnic€ l thyywhet ween a pair

of pulleys disposed in the upper and | ower positions, and wejghts are t 5
Chobal 1 ont BdRECT b sy r 20 Sspidemrpinatrerayian pe RO p gy
conpri ses abywidsfeRagdind lapdid golireg i Rsentd feonihe kil @6@in anpadih©ddvice kome | appi ng
operati on; gnd t he wor k hol der conprises a nechanismfor automatically

| oadi ng and°¥fl%BE88 AY€he | apping wire. Thereby, the |oading and unl oading
wor k bet ween t he TneferellGiapignglotiyg deeicamnthnkbibetwdes tHeadd Hopfingdeviaclinaghaevi ce
can be made 20 unmanned. Preferabl the wi.re hol ding devi.ce conprises a
sensor whi RO HBERE drickmayhs mipe Pk val iy B e dPig e e Rbyg

t r ansf er r edldpping bfalvdf tte Waplgdécagihstiiled Actraog hale\beaefidighed im the Wee¢ lapgied desicat e,
the sensor heing.arranged negarby one.of the pair of w re. holders di sposed
at the T oner R E RS TR NG Rop BefiRicbr Rt iSRS, Yoo 28
Speci fi cal | y#plding deviee. case where the |l apping wire to be held vertically by
bei ng | ocked at 0t I e rential dir i on each
peri pheral wall Ssg)g‘?#%aﬁg’éﬁer%ﬁéeﬁag?% ﬁ@g‘églé%g‘g \%rg‘r%‘gk ﬁ%lr%ferg(?grlﬁesa%grsed in the
upper and® | euwmher pith ptedetermimditintisg frono the bbre lapping db ok g pposl virowldefs t he

lower wire Iﬂg\lx 4 witdfdc gﬁﬁ ﬁgltﬁgﬂrv&a}'ﬂ%hy wirésk&?rll L@l\é@{edg n BQ§é CekiB%ga? fwafl he

| apping wire rises sli e confrguration Is s at the
shift of t heoitiowe thervdrefoldetsi oM UBOebycart becheldygpicalty. win thisicasedibe patcé#irby a

posi i on dehGELA A AGISRMappe WY (i el ABDRITbAibY bf adclifindioh lalehept at e of
| apping wire can be found Tnstantly.” In the wre-type bore | apping

appar at us i devesdor baries hving fipkkedporedenping nvent i on, regarding the |apping
wire, eijher a wpgreMbiytndanaete 8h 8ping apparaingihel RRPHAG aRAWARIped 5 Caused
to adhere to the | appi ng wire’in advance or a wire with free abrasive in
whi ch | appi sylindsed @rermediatg Ksking megperiperppseabetyeensias rain o e Agldepdheat i on can

be used. ThegghRhige dcRing nRRBE 1Bk, th@pl@r_al‘(t?%ﬁﬁbﬁihgfewﬂ&% bRaviMatre pitang Jeype of
| apping wire is not subject to any special 5 restriction.

lapping wires from swaying or oscillating during transfer.
According to the present invention, since the lapping wire does not sway during
30 transfer, there is no fear of the lapping wire coming off the wire holder of the wire holding
device. Also, in the process in which the lapping wire is transferred to the wire

loading/unloading device, the locking position of lapping wire does not shitt, so that the



As described above, the present invention can have a technical neaning such
‘that a wire-type bore | apping apparatus in which the whole of the apparatus
is made snmall in size by holding the lapping wire vertically, the holding,
|l oadi ng, and unl oadi ng of workpi ece and bore | apping operation are

acconpl i shed by automatic control, and the |lapping time can be to shortened
is supplied to the industrial field. BRI EF DESCRI PTI ON OF THE DRAW NGS The
nature of this invention, as well as other objects and advantages thereof,
will be explained in the following with reference to the acconpanying

drawi ngs, in which |like reference characters designate the sanme or simlar
parts ,througgahlgbwﬁ@ﬁ shic GRS oARERI LMo Hipidg fre chn biteld b8 GAREAe [Nt Vi ew
of a wire-type bore lapping apparatus ( 1) in accordanc he present

i nvention, Prdaimined peréioappahigh ths lqppingiwdrevs teanefarrddrio theaviferloading/yalagding is a
plan view of.tle apparatus (1), in which the apparatus (1) is viewed from
the top; Fig. 3 is a partially omtted side view of the apparatus ( 1), in
whi ch t he appar afPifergbly. thepwird-yps/haseapping apprratup Brr@er capprisey akovirddey(i®) si de;
Fig. 4(A) 'ahﬁnufameaﬁgg)quwge P(dl@e‘é\é mheq,raa%ﬁmaa gbitifnd Qg&aagvh%@sﬁv&s _
portion (31 an upper wre Céq’](I’nV\hIC a lapping wre (2a) is
hel d verti Cguequdmg.agi urﬂ((asyngpéthalapamg WérPﬂ gncerdesicg adiich camrols teebasé lappipor t | on

of a lOCkedo;BeQeﬁx%h%eW ﬁgEst%tQ\rhg(h%ljd)ng ﬂr&eMﬁ:@loE&ﬁg/ﬁrﬁ&‘ﬁin%%rcféﬁgFalrn\g'BBlljon (21)

is viewed fromthe to |nt irection an arrow 2 (A));
Fig. 5(A) |lﬂmngBIIQP%i*gedm"s?CH@therﬁatlaﬂUwort| on of a | ocking concave
portion (32b) of i's
hel d vertically; 0&9}9@( &ngﬂpsgﬁl?él W& 0&f4aaﬂ{gl?deaglvn%y#ﬁlgadqr§atl on

of a | ocki ngroeessl apdbare ppi@ prpcess Wn\bhw@rhect Mcw@mkwalg leardurpmnmdomd(ezz) is
viewed fromthe t %{At Fi g.
6 is a partially Pgﬁ ‘(Sir"g g%rggﬁﬁ?%%ggﬁg%uﬁgei{%%gﬁe@ ]FIJPV\AO?R mElng ng end
portion  6Pspie tope fixddagpghai ghokoredagpiig)aceumes sarofufthey be epyed. cHbnesamerlporti on
(32b); Fig. one
enbodi nment g}‘% lgp%lnlg%{cgé}lfr‘i%?gg gl%l%g b}lt\}gwﬁgdrggwl&gmﬁh %ﬂfﬂé &H%ﬁ’}iﬁ \s&gﬁqgn | ar ged
sectional vivevicaltiGaivaen Bpaitcdpellcss disrese méﬁplpmj ap log(eransrxplpilsf, prslveighteminer
Fig. 9(A)s i $nsBn¥d tg\fy,qul;mq NG2 state in which a wire | oading/unloading
device (4) receives a Ssﬁpl ng wire (2a) froma wire hol ding device (3);

Fig. 9(B) is a vikssieshlgvinhpralapriag devich copprises aweik helderodtshrgiasnhheadi ng
device (4) %k@ieealoxﬁemg&ryﬁmﬁgdoge%sﬁ faﬁa thl‘,%hc lﬁlde@&f?ﬁﬁ?iges"éﬂ th&hdnfs for

Fig. 9(C) is aviews ovm%r%astateln a wre oalng unloadlng
devi ce (4) Begmpticaliylopding elploadlv&ﬁbﬁiaﬁ@mwrr@ (Bhgyeby ghedoasiineeng yppading devi ce
(9); work between the bore lapping device and the wire loading/unloading device can be made

20 unmanned.

Preferably, the wire holding device comprises a sensor which checks that one of the
plurality of lapping wires to be transferred to the wire loading/unloading device is in a vertical
state, the sensor being arranged nearby one of the pair of wire holders disposed at the lower
end region of the one of the plurality of lapping wires.

25 Specifically, in the case where the lapping wire to be held vertically by being locked
at equal intervals in the circumferential direction on each peripheral wall portion of the paired
opposed wire holders disposed in the upper and lower positions shifts from the wire locking
position of the lower wire holder and is held obliquely, the lower end position of the lapping
wire rises slightly upward. The configuration is such that the shift of the lower end position

30  of the lapping wire is detected by a position detecting sensor, by which the abnormality of the
holding state of lapping wire can be found instantly.

In the wire-type bore lapping apparatus in accordance with the present invention,



Fig. 9(D) is a view showng a state in which a lapping wire (2a) is
-inserted in a work holder (53); Fig. 9(E) is a view showng a state in
which a lapping wire (2a) is engaged with t5 pulleys (51, 52); Fig. 9(F) is
a view showing a state in which a work hol der (53) of a bore |apping device
" (5) noves upward to capture a workpiece (W~) at a |lowest end, by which
bore lapping is started; Fig. 9(G is a view showng a state in which

wor kpi eces (w) having been subjected to520 bore |apping are collected in a
| ower portion of a work holder (53); Fig. 9(H) is a view showing a state in
which a wire (2b) having finished |apping operation is |locked to a wre

hol di ng devlleg@al the 1pPitlg Wir8, eith&} al viiredvith R cAABME I ADinaviEd ng?}&grp@tvu&ns of a

rel ated art. DETAILE D%SCRI PTI ON. OF THE PREFERRED EMB NTS 25 Hereunder
preferred efwaitadhess todhe lappiag Wirs iyadinge prii Wiy Wit rqegbragivevn which lagpingor o

| appi ng appgyaitius supplidd a@%@iﬁ@%@ﬁ&eﬂpﬁxhg bieatidh eaeStusddV eREERIL, Wist h reference
to the acconpanyi ng drawi ngs. First eneral configuration of the

Wi re-type bippaafuaisgivagatBpeneriavhish 1he|tweézgkaavla&WE@lsmfwbleﬁéo prespesil i nvention
wi Il be desgiiibed. brlefly with reference to Fig. 1, which is a general
front view of the wre- e bore IaP_p;mg apparatus 1, the 30 apparatus 1
bei ng vi ewed fror‘hsf‘PFé“?eldd‘ £VC, thp gresept inygptiemcandiave IPAIcH; BeAnBe Sthdhdhppar at us
1, the appayge- %e ﬂor@ﬁilpﬁigg yppmﬁﬁl n{ meﬁ thB §hbieBf th@ﬁﬂ)aﬁhﬂ is Iﬁade\éﬂhm sllz% b9

partially omtted side view of appar at us t he paratus 1 being

vi ened frontaldipe e lagping e ﬁaﬂ@élv,u tlzfeh@'%a éﬂ@dmswad wl?aéi"tgw&vowreee mdypreng
appar at us 1labﬁln%&ﬁ€ﬁﬁgxﬂzﬁ€ @chnbhshEJ‘@y ﬁicﬁﬁlﬁﬂ'&odtﬂayﬁﬁﬂ thORppiREliMEem R W re

hol di ng devi ce a wire | oadi ng/ unl oadi ng device 4, and a bore | apping
devi ce 59 Tﬂ@ﬂwe#wﬁ?ﬂl@ﬂf?gth%i@dwér@lﬁelﬂs a device which holds a plurality of
| apping wires Za in the 5 vertical direction, the |lapping wire 2a being

inserted in a plurality Oth sb%g&k&am&%“ﬁkﬁﬁﬁiv%&b% be subjected to bore

| appi ng. The wire | oading/ Sl-ivimnie ce that receives the
lapping wire 2a fTrhe?_rgt&rh%f t\Msrlr?vent?ondglsn ll. a@ lh & ob ec%ngd ngg‘rﬂg%\E[h% eo% w1let he bore
| appi ng device 5 he B R one

| appi ng wi r@(p:?aawuavﬂmg)llbwmggﬁbrrcf@dnq‘en@ﬂmamumnymgldmdngsgmmhhcmarkn ng devi ce 4
e ver | alacd bl RN RELLRLPRAGY Sl BRRLAR: 1 sOREL Al Al,0T 1 NE
wor kpi eces are s osed ‘6 (see
Figs. 2 1and 3) erfastach gnew:ralufovmtVlywmﬁawrc:&@phge(appﬂig]epmam(wonglqcmgarut@v. ce 3
pl ays a rol wor kpi eces Wto
be subj ect egqtt’ﬂ’e[)&gersgh eM&g lhggghﬁ%sp%{;ﬁ%ﬁﬁﬁvg%%gﬁaﬁtr(r)gsabl e state, in a
det achabl y | ockecFlthaftﬂeplaradethaﬂsﬁpemms 6, mhémhalmppﬁgam (rlblsz'ecwemfrglequence
to the wireyt PJ oadi ng/ unl oadi ng device 4. The nunber of |apping wires 2a
to be held By the wire holding device 3 is not linmted by the exanple shown
in Fig. 1 etc., digl3danpavénlldemitedisidedicambieppragtes(f), immphchihe gpparatus (1)

| oadi ng/yynl m“y&g e [=\VARTo=N lﬂpp‘i‘ﬁgadé%c@(ﬂiﬁ’ih@ in holding a |apping wire 2a,

havi ng been transferred to predeterm ned position by the wire holding
devi ce 3, by han(flgréh‘ﬁé%“?@f%ﬂ S’éﬁdleﬂ?f“f’%‘ﬂ??fg’l??@glcaﬁf‘&i"%ﬁownr@lbé&fafter

receiving 'Bnﬁﬁﬁéfﬂvfr@ﬁold&r(ﬁ)hﬂblﬂé%agﬁ ﬁleeé@l@mldwr@daﬂ;errl ng the |apping
wire 2a to the bore | apping_device I sposed on the right side of Fig. 1.

The bore | apping lﬁ%\ﬂ%)és %Pﬁlaﬁ@“’éfg%l’lé“ Ylﬁwééi)k"ti?‘?“dﬁ aé??&e‘blr"%]g'ﬂﬁﬁﬁpf“ﬁ‘énl owest
one wor kpi ege) Wi dhieh e hekg ekPpRESS2 ik ishel frdflthe fopQinahd @RBIHDLIW firfovda
transferred fromthe wire 25 | oadi ng/unl oadi ng device 4 by using a work

hol der 53, &hérer®Pns bore | apping operation while suppiying Iapping

powder (| apping @'l?@ﬁﬂs POMMILRE cd 918 3161 2 BoBbR Ot 185K B Acalé ?drfiorﬁ(BZ@»of&ee

Fig. 8). The use.o re with bonded abrasive in place of the |apping
wire 2a is lower wire holder (32) i which a lapping wire (2a) 1s held vertically;

.-

Fig. 5(B) is a partially enlarged plan view of a portion of a locking end portion (22),
in which the locking end portion (22) is viewed from the top (in the direction of an arrow U, in
30  Fig. 5(A));

Fig. 6 is a partially enlarged side view showing a state in which a locking end portion



conveni ent because a process for supplying | appi ng powder is unnecessary.

- The lapping wire 2b in the state in which all workpieces Winstalled

t hereon have 30 been subjected to bore | apping is grasped again by the hand
menbers 41 and 42 of the w re | oadi ng/unl oadi ng device 4, being
“rotationally transferred to the wire holding device 3, and is held again by
the wire holding device 3 in a |locked state. The following will be a
detail ed description of the configuratien and function of the wi re hol ding
device 3. This wire holding device 3 has a wire holder 31 disposed in an
upper position in the casing C (hereinafter referred to as an "upper wire
hol der 31")(2a)nﬂaaappjngev1ﬂacotajeasme%2>ffdzils@c(me:dndivaporaod @®y position at a

predet ermi ned di ce from he u W re der 31 in nner as to
e opposed ot hbikbpan WREe 1EA HEF Foregofefilion PretetuhtfiieR Bl as ¢ ha
of the uppeimtevﬂuddﬁtﬂeéld@maﬂbea(mthe center position of which COI nci des with

the center posit on of t %@ V\fh ol der 31 her |nafter rred to as
a "lower wire hoftfef iS5 cﬁ‘ arg RONA AW G IN& f SfaK 6’9‘3 JoPe ‘“?WE’P
arrangedsa wmminer, 34, and a rotating shaft 35 10 (see Fig. 1) extend| ng

downwardfromth 34 is fixed to the upper wr ol. der, 31.

e B Sal o™ ¢ nEa B ls e Motsesasin b dPRE oA el R @ o

pr edet er mi neebimaﬂatppmnlw(Iat)&omraem&thomm@ewbhe) motor 34. As the notor 34, a
stepping notor, a.s onot.or, or thellk sswt d. On the other
nand the rotat i 5 SR8 noRinett uriac i asn e aals i s Hor 31 and
ext ends dovmmafg@mdv&swwdﬂ’ogéthdﬂghtyaﬂappmgv\ﬁ@(lzhe Iower wi re hol der 32 so

t hat the 15 | ower., W hol.der, 32 is turn dand dlnterall with the
Lpoer wi o hol deFiEs i vifpihor g et dgpmpn e g g & Vot al | v

sEpported bUegﬂlslﬁﬁ?délbiﬁg%ifﬁpmggﬁﬁﬁ@d)l 0@ bb liﬂpﬁlgalbﬂusa(sggzcrl bed com(‘jl gu(rjatl on,
the upper wire hg and the | ower, wir r are turned an
st opped i nt egr al & 8{9?(]5alﬁ%‘?’étwl‘fgraaﬁ’@‘f‘é’ww&‘é‘qf‘%?ﬁﬁw& (grigiosestgd MWK oy e

hel d as desgkslideeshybel ow, in sequence to a predeterm ned position in which

t he 20 hand nenb of the wire,loadi ng/unl oadi ng device 4 are on
ey Nt O el roStrer i s S R R B TN e | over
wire hol1derp‘aléys‘(6n sml ding the lapping wire Za will be descri bed in detail

with reference tq.Figs. 4.and 5. Fir perl 3la.and 32a of
the upper wire el e i eRirensilt L AR RARES Y Pla fud iRy, *a
plurality oflevice¢kimyecopwaad/® cpourt hmﬂ(p&tb(\undt Bdlyest eal; by ehicivhore lappisg

provi ded so. 2 aé to be concave toward the inside in the radial direction,
are provi detf qual intervals in the circunferential direction. Fig. 4(A)
is a partially erﬂlgsg:ads svide shiveng shawinnghich workpieces (w)whvisgbeen syljdctedra cal

| ocki ng nd I .tion of the |apping
wire 2a b&g'i pPl Eﬁ%%ﬂge\?%ﬁ i} e’ﬁﬁ%‘g}?‘ié‘g’%%gg”%kg‘%g%re Q{W on, hereinafter being
omi tt ed) | s I ock diig. Bdi)onevmw shdvang pYiE g cwinc@vhapoe finshel labingof t he
upper wire wire 2a is held vertically. Fig.
4(B) is a pgé)%rﬁg)ﬁ lsel&ke{?yoMl&ml&%e\f:vg\?v@g{%g portion of the | ocked | ocking
end portion 21, |1?18\AﬁﬂWl@VnéIOMMI@mgﬁ@m!wpefftliebFPdZ-II is viewed fromthe top
(in the direction of 9 arrow U in Fig. 4(A)). As shown in Figs. 4(A) and

4(B), a lower end portion 21 a of the king en ortion 21 provided at
t he upper end of tﬁg—%—% :[Ié.uom:c%& Ei%@&gf a step

portion 3lc provi n the l.oc con t 8) The | a ng wire
port on 21c Broviged, D & 06 0ski iR 57 i F%’mé J §0BE ¢ SRR ght of
the | appi ng lapping ajgt@ran(an ih h@otﬂhrhaeIwuhahbd),res_Entgnveﬁt(oﬁ)wuhsrefareWtb thel |y enl ar ged
S| de- Vi ew SQ?C‘#@%?IB' Sdtraé\ﬁags Flﬁt a ngenefral ﬁtlltllqull ngtl hwﬁe lyggb erg?alpgortl on 22

provi ded in po e gt ? )¢ked to one
of the | _ockiap;gumrioam:omandelvamsheaﬂésemfm\tehteonl vmnm descrited batftlewitiB@ferdnye whi ch
tplhg_nl \al-lpgllvng (WT it S 0I’2 1ck?s agg%ngralvﬁeorn \Iflg\g ol" t¥1ﬁ: wire- gype%gre)iappmg appp aarttgsl Ial Ly enl arged

30 appardtus 1 bcmg viewed from the front, Fig. 2, which is a plan view of the apparatus 1, the

apparatus | being viewed from the top, and Fig. 3, which is a partially omitted side view of the



to the locking end portion 22, in which the |ocking end portion 22 is
-viewed fromthe top (in the direction of arrow UZ in Fig. 5(A)). As shown
in Figs. 5(A) and 5(B), the locking end portion 22 of the lapping wire 2a
~is locked to the |ocking concave portion 32b, which is provided concavely
in a semcylindrical formtoward the inside in the radial direction on the
peri pheral wall 32a of the lower wire 15 holder 32, in a state of entering
substantially by half. According to the-above-described configuration, the
| apping wire 2a is |locked to both of the upper wire holder 31 and the | ower
wire holder 32, and is held vertically. Specifically, the upper wre hol der
31 and the &@ fus W thSappRhEAST bddg %w&rﬁ&ﬁm%oén ?iﬁ o ABARS §ad or the | apping
wire 2a. 20 case can be assuned in which the [ocking end portion 22 of

t he | appi ng wi r e Theawirenips berefappine appseasrign aesardance “pkbrthq mEesemARVepiayi ded in
the | ower \MnEl%dfgql\&qgrhOl%%l Q%Vlgf?ﬁQ%lﬁfloz@m%ﬁl'ﬂfoﬁ&lflé"&@kcef402rn@% bequﬂf)ﬁl%Qieh@e a
process in which pg ng wire 2a 1s transferred. For this reason, a
sensor S isS. pr'B‘sll“d@chmidmgtdh\éCQﬁ sianpYige wifich hddsjaglusalityplrlapring wigss 283 the  qui ckly
detect the gk mc@&ﬂmgw yng %k 3 saﬂg 16 fn 4 Mttt P SKéMYIGANGSYGedOBE | ON
32b. 25 A detail ed explanation w | iven wth reféerence to Fig. 6. Fig.
6 is a part todqewbj%cmda@ bae lagpige vaé\xﬂ@ ingynigadingdexicp f isgrdeyise tRresedeeki ng
end porti Onth% :l?apﬁlfn Wie 2!1 ﬁ@ﬂ'ti’i@wﬂ H&dx@d&ﬁ%%n@ﬁimsfeﬂ% tb%ﬂo%]aﬁf?%%\ﬁ%e portion
32b. As shown i'n E fers between a | ower en osition P,
of the loc kifh@b%ml@pm@ﬁdqmwm c%mcelwt)@h b@léwne;’/apama “arC|2ewngetmsfp@@i framyn Pz
of the | ockj tion 32b to
a degree in gggggdm%rhm g&?ggggﬂgﬁg%gggngh@fﬁhggﬁﬁﬁgﬁagﬁgpggore, t he

| ower end obpewm@n oy ehiei ngkmm‘ds Wor Thedevizes 3, ¢iand)S iie gisposed prambaspimembsadr end
position P . Thereby, it can be j udged easily
that the lo,f%§59§%§%§ﬁ9 Qﬁaégﬁ%ﬁﬁggaﬁm (éone of f the | ocking concave
portion 32b and tThe wirgpplding dewieesd playsiagolg i heldingthelapping wiresei ongwitied! the
vertical ly a@r@k@ésewwbe%b]@amq%bxqmmg% ihdble® BISRIelySnovable 9l iGal  sensor

or other sensors that can 'detect the |ower end position of the | ocking end
portion 22 depchply lpskad stapp prskirangferaing the dappiag e da Enisausperenhc e | appi ng

W re 2a |ss hgg%gqngﬁﬁmﬁﬁoméme paired wire holders 31 and 32, and a

di sk-shaped or cylindrical internediate |ocking nmenber 33 is provided to
perform funct i on e npmbs; ehtappipe vies Jadpba el b thewrahqldipgleyiggiihept limited
(oscill ati ng) ¢dWkdnfife §h6®ﬂ§fﬁg (SE&inkrtsh bejdlatenﬁhai apFrobx%at@? enl arged side view
showi ng a configuration of ohe enbodi nent O intermedi ate | ocking
menber 33. As shoWs Wik lggdigg/uploadipg %eryémpbtw sﬂle ipAplding 3dappime i 2p.Apepsedi at e

| ocki ng menggs, u?aﬁsferwalt&Dpﬂe&téﬁﬁmgoglﬁ&%y%&u@%ﬁﬁg &Wicy 3.0y ithésRks shape
haV|ng the sanme di aneter as those_of the upper. wire holder 31 and the | ower

wire hol Her 439nd 42 Wripgifs lappipg WFBE?(#F‘?@”E‘BY]‘B%& &opdhe Visheldngdeyice 3 Andyi ded i n
the sane posdahsféfife thdllapplfy PRE R elicorelbppRtdedide Adispdianse thé rigHiSidé ORFKE.NQ
concave portions 31b and 32b provided in the peripheral walls 15 31a and
32a of the dpper and | ower wire holders 31 and 32, respectively. The

provi sion of t he Tlﬁ:tbefeﬂﬁqblr@tdev&m#lhﬁgi 1o fiibeiptudiag eld ghdspiag €= 16wt @eayi ng

(oscillation t ng,transfer re is no
fear that ¢ Meripisspieg! B Sengirttsof dBBuRyon E o Re W PALPRAR bonMEahet al Ty,
tp? | Owe%]S }Mldiaﬁm@ﬁlhld@dm@&)uce Alb$ 0singsa WOk hblder ﬂ3a4n1ﬂlp@§fom$rbere2@pﬂfg®{§ermm¥1 Cor’rg

o] or shift [ 0GesS | appi n is 20 transferred to
The v ro | oatiRstaRisdtivms el aovite Tt iRsRind) (¥ pE L ebimbigdBR “he hel o
vertically aird, seaFigs8)r eThe lbeoftznaresxf/ﬂﬂroadedabrathexmplerce of uhalipplgg wirt 26idi ng

devi ce 4. af orenentioned wre

| oadi ng/ unl (f%veﬂlﬁrt&%&ﬁuﬁea OWSI thr Sblgglélélgg‘\ppl%aow%r é‘f"éecfssar)&s shown in Figs. 1
to 3, the wire Ioﬁlchlu;gﬁngnﬂrlmwumglcdmmum%ﬁh a&wﬁptecaséﬂ'inytanhdsp@&mdlavm 25 a
position etween the, w.re hol di.n YiGe 3 he i device 5
(descri be(g Ib§ nesru ae%té)tbgrlellrjlppm'%ﬁseg\z}&p?e amb |t%’g ué] o8 ‘?1 2 g\%?_ 829’91 &8s the
_hang _ mentz)er sloaﬁilngémhbadlﬁg ddvncchh hrmxgerotamrmthyetrmsfemd loglm: wmilodn;m@cltévhy} ,and Brr OW2Y
in Fig. aspin and turn the |apping wire 2a
inthe direc eld ?‘cé‘grgé' @mgglg‘ﬂ(é%%‘v%l%%fgggeﬁ g. 2), and a sliding

mechani sm 43 for slldlng the hand nenbers 41 and 42 integrally in the
vertical direction 30 (direction indicated by an arrow X in Fig. 1).
According to this configuration, the wire |oading/unl oadi ng device 4 grasps
the | apping wire 2a, which has been transferred to the predeterm ned
position while being | ocked Il by the wire holding device 3, and after
sliding upward (in the direction indicated by arrow X in Fig. 1), the whole
of the wire | oading/unloading device 4 slides toward the bore | apping
deV|ce 5 (|n the dlrectlon |nd|cated by arrow Y in Flg 1 ) along QU|des

[ —— o ~ [ TR



15 In the vicinity of the chuck portion 53b of the work hol der 53, a sensor
- (not shown) for detecting the presence of the workpiece Wi is provided.
This not il lustrated sensor detects the position of the | owest workpiece W
i installed on the lapping wire 2a, so that continuous bore | apping

- operation can be perforned quickly. In the bore | apping device 5
constructed as described above, the lapping wire 2a is 20 hung vertically
by the paired pulleys 51 and 52 dlspose% in the upper and | ower positions
(see Fig. 1), and weights 58a and 58b are installed at the ends of the

| apping wire 2a, by which the | apping pressure is made fixed. In Fig. 1,

ref erence nuneral i | i . rni ng
of the pul leys. 51ianyBuBites, KERRLAEoRLPLS b dfeuBhiial bl o’
character Ewdehﬂdmgdamméncoder for detecting the | oad of the pulleys 51 and
52. 25 Figs. 9( A)Th SQVI?E:(hlz)le ha%wcé ?ﬁasfalwglygh% def ﬁedl %Ee% 141 %pl?;i?nrg%ogﬁrgr? frtie US! NY
the wre-type bore l'appi ng us I'n accor dance sént

i nvention. dhmg@Whbéreinafier a;:f@eﬂdrttezs apf ufiper wird hxpnpnr a(g)sme:pwxrpb«vlﬂﬂﬂﬂédpdsyd usi ng

e T 24t Y B ROl ARP - GRRA ARl REpBF ST RBRE A Sl b
of the wi readtohebpmhadrd decippry vmiehblde'&l Gmcrghaaslpssamndlametcmsvlmoitthfeuppappr ng
22 s in anvgsand il BeRld Ryt kil Syl B cnb Bios RE SO RS J0e"
slides upwamte\hbid¢ré!1t(lhﬁeemraeimdrefcsnd3@rasa“lbsrem\&lrfghm& bhe |l apping wire 2a

Fig. 9(C: The w Lnglu Iy Vi th

| appi ng device 5 l\{,a%)?/% P%g Ire h%qnggﬂr‘%g f.%gn diﬂ{ogo?&l a?l%f\aro"-ézftm ehal?thW fe
2a. Subsmwquéset Fig, 1)teh@ndmgx¢bmmatnle”rcm hé matod 348 faa@totthﬁupeer wiceet ditr 31he bore

| appi ng devi.ce. di ng/ unl.oadi n

| ovr ed,  andPeHE b ports i ngHE Y S R ot SRR i By, ¢ o

aut omat i caI Itl;e operstimtof cheinmotdr3a. Was the hmtodé4 aS&pping motoha stroweotoe ndhd tilerieof .

Fig. 9(E) e | ga I in Vi retreats toward
the Wire hOISL(l:}EIbld uaeev 03 qlg:(%lﬂﬁﬂ nﬁatge rogatlggnshaﬁ%iawlﬁch e%?tra?esghe : UDpEr Wie pul | eys
51 and 52. thOldéi3g an@@ﬁe)nds ddvenwaat; ks mnﬂtldemglﬁﬂxedfto thhemm)wee helgpilago thesthee 5
noves upwar r nt | appi ng
wre 2a Loy Ty S PR S kPN SR G M pAPLEL hBHRR. DR,
started. Fl gipwe@(:@)of tliﬁhp@tlmh& Baispivaglly pwpertdddn albsarpler3\60r med for all of the
workpi eces I A | AQbho HRLRK AEESHI BENLAGORSALBUN AR, S Cubate | aPping

sl i de down by graV|ty | on W re are
col | ect ed i howdnavire bolder 3@@rﬁttumnd o stoppedvipteiraltyn prgietherglsy, traBS/feltthfr lapping ereS

configurati %’w%ﬁ%&lﬁe’@&s%&c%%ﬁelﬂpfnese(%&[?&' 9 p&é&exﬁﬁne\fi' S4a ¥ whidf eed

easily. Fi wire avrn(% i ni shed 4Erng Poperation is
recei ved2(by hapdemegitess 41gad 7 6f thavbaler gg/eré«eﬁrdwdaweq ge pafandignber s 41 and 42

thereof) by revergiagnd B&ri rafe)ﬁ@wheu,ﬁ;serwlreﬁ&ia&gﬂah@mbmrwgemsmeeﬁemto t he
wor k hol der 53, and is | ocked r‘f%j&/ | ock mﬁg 20 concave portions 31b

and 32b of twklingahelarping wige :H*d’Y‘Hé? écsglbeé etpgl Wphggicesace P KigsHeandidr eFiFGI di ng

device 3. Iny a@hmr@nﬂsmfaanagrzdeodt&n@bagmnmreaimdlhdmwefcrﬁmﬂmem with the
pr esent |nvent|on as shown_in Fi W res 2a are

transferred r?ﬁﬂe%‘éﬂlré‘r?&%alft}’ ghipeking Cal“'raée Igﬂf%“ﬂisﬁbb tgﬂg\)ﬁlz&eea%h ¢ 8 ht“}tfégHB‘r‘@e 459ppi ng

devi ce S/ astd® cohdabe loRadi tgindid i0 @i rfitial dRYLGR, afe pravigedtabequdBinteivale tn RO
havi ng fini shed | aﬁfg%ag?f&geratl on, on which the workpi eces w havi ng been

subj ect ed t Fpypigre Bre installed, are returned to and stocked in the
wire hol di ng deviEig. @Amamuwmgeursldb hiershds\emgmetehmwmcm apPintgapppar at us

1 in accordance with the res inventio t her re provi ded trol
devi ce whic O‘?W&%E"‘P%ZWTPE o e HEPS gndppeionpf g'tc PREEIFCH z‘HétWérre ned
pos:j tions (d?vmgﬂnmﬁwuppﬁlgrabéralos ﬂcr@xartwmrﬁg@nhlfbdamdocﬁfmgager magam;l g
pr edet er m ne osition evi ce r t he | oadi ng.and unl oadi ng
of the |é‘bpr°ﬁ@ 90&%)31%% %“988‘\/‘?’%@“\?6??@:1 ¢ tcﬁé*}egaﬂpr{@"ﬁ{?r 16‘3bipi ng
operation, sertichial Flred@havigradaBgeildged plan view of a portion of the locked locking end

portion 21, in which the locking end portion 21 is viewed from the top (in the direction of



14 series of wire holding process, wre |oading/unloading process, and bore
-| appi ng process can be carried out full-automatically. The main effects
achieved by the wire-type bore | appi ng apparatus in accordance with the
~present invention are as follows: (1) The lapping wire held vertically by
the wire holding device is captured and transferred by using an appropriate
device, and the lapping wire is vertically reciprocated in a state of being
hel d vertically. Therefore, bore | appi ng, operation can be perforned in the
state in which there is no influence of the own wei ght of workpiece, so
that the accuracy of bore circularity can be inproved. That is to say, the
accuracy of J I operation can be to enhanced. (2) The | apping
wires held ?/Igos{lgblgﬁs%d'@%)'t he state in which the workpieces are installed in
the w re hol di ng Adelwvoeindigs. KAbakleldB), algweuendlportionidés ef thalodkingend pagipi ng
wires are t . [ t i ' di i ce.
Ther of or o, - LEOHaNGT ey BRI Sadid WE: Hsbe b BEL A WAL SR BN’ £

t r ansf er r i nglapnevided ppiha tpching emcave peeiquéiic e The bppinpwirela & sedied on and

| oadi ng/ unl i V] 10,1 h ar ' V] o that a series of
operati o%s %ggedg%th%gtaéﬁﬁrﬁ%%lﬁg too“glu‘{eﬁgi’ﬂge %gpﬁt'g‘gir? a(3) The di sk-shaped
or cylindrical i finshewsbiérdnml, FigckiAng apartiaBy ¢nlaggideidelvaerkshowing alseEpn myichi r es
and t hereby, i i t i e from.swayi ng
Cosci I/t i 18] el Bofind HOTLHRR 22 broR o e R po BP0 b LIS

hol ders. Théckddde ene df e 1@dingapmangponiane 3Zod shelowversviegyhotiier 3hyy whshgfeer, and
thus there S, . PP | ; 1 - \M hol of the
wre hol di noBRoEEH isBuipN AR BE PRGN g Bl ol Tl drg o008t

per for med stwdicking end poxtiohHk2, meyisdirthd lockingoend getion 22 & lveesled friomtthd tae (ih gppi ng
wireis in g .vertical at e. i.s configuration is conveni ent because an
abnormal w rg%ecﬁglf%fi:a%’wyzé glgCS-IaEH\B be found instantly, so 25 that neasures can
qui ckly be taken Asghowsin RigseS@bamt 5(8), itteylock{ng end pertiow 22oftthyedeppidx@rvere 2appi ng

appar at o] - ' i i i ¢h I Wi .are hel d

vorti oal 1y, osRAAE BieIRlD ol R Bion Do iy pFipr ARRLIR W S e

under st ood, fdromewad thetidsade it the radial diraution ont thenperipheralovallidga of thhlwwerwient i on to

t he spec{ffi %%IB%_rﬁBin(JiS&geIO?g&gi g%%staqnalfymg ggntrary, the invention is to
nmodi ati c '

cover al ications, 3o alternate nstructions and equivalents falling
within the spiri tAgodingdoihe absfvedprsribqdvcemigumtionshedspingskicalainlocked talpgiended

claim. 13t fool SicChilid/BPabdthe ot b8 BURT 3RARFisBRRLACaAPP e@itﬂ?ﬁlg)( b,
conprising: a wre holding device (3) ich holds a aEplgg wre (2d) in a
vertical di theappaviregolderdming the Igwar wirg hpldergddgnstionas stogk memeers fgsgieng bei ng
installed opLhei@BRi ng wire (2a); a wire |oading/unloading device (4)
whi ch | oads and unl oads the lapping wire (2a) to and fromthe w re hol ding
device (%); and 2\ BSPEAnbeEpTuAGd ettt gehy Dykinggnd Rorion d3 of helapRippFiig2ai re (2a)
| oaded by t Rem¥ diiné RALNGERL pedbM PR dRWIdR i tht 10w WRELMBE T3 6 meslisioegt | on
so as to performbare |apping operation for the workpiece (W with the
| appi ng wir é;ex(n?fggql force produced in a process in which the lapping wire 2a is transferred.  For this
reason, a sensor S is provided in the vicinity of the lower wire holder 32 to quickly detcct the
locking end portion 22 coming off the locking concave portion 32b.
25 A detailed explanation will be given with reference to Fig. 6.  Fig. 6 is a partially
enlarged side view showing a state in which the locking end portion 22 of the lapping wire 2a
comes off the locking concave portion 32b.  As shown in Fig. 6, the height differs between a
lower end position P, of the locking end portion 22 held vertically and a lower end position P;
of the locking end portion 22 coming off the locking concave portion 32b to a degree indicated
30 by reference character H in Fig. 6.

Therefore, the lower end of the locking end portion 22 lying higher than the lower
end position Py is detected by the sensor S.  Thereby, it can be judged easily that the locking



2. The wire-type bore | apping apparatus (1) according to claim1, wherein:
-the lapping wire conprises a plurality of lapping wires (2a); the wire
hol di ng device (3) locks the plurality of |apping wires (2a) at equal
intervals in a circunferential direction on peripheral wall portions (31a,
32a) of a pair of disk-shaped or cylindrical wire holders (31, 32) disposed
in upper and | ower end regions of the plurality of lapping wires (2a); and
the locked plurality of |apping wires (% ) are transferred in sequence to

t he wue | oadi ng/ unl oadi ng device (4) by indexing the wire holders (31, 32)
at predeterm ned positions. The wire-type bore | appi ng apparatus (1)
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20 transferred to the wxre loading/unioading device 4 the lappmg w1re 2a can surely be held
vertically and can surely be transferred to the wire loading/unloading device 4.
Next, the configuration and function of the aforementioned wire loading/unloading
device 4 will be described in detail.
As shown in Figs. 1 to 3, the wire loading/unloading device 4 is vertically disposed in
25  aposition between the wire holding device 3 and the bore lapping device 5 (described later in
detail). The wire loading/unloading device 4 has the hand members 41 and 42 which move
in the direction indicated by an arrow Y in Fig. 2 while grasping the lapping wire 2a, and turn
the lapping wire 2a in the direction indicated by an arrow Z (see Fig. 2), and a sliding
mechanism 43 for sliding the hand members 41 and 42 integrally in the vertical direction
30 (direction indicated by an arrow X in Fig. 1).

According to this configuration, the wire loading/unloading device 4 grasps the

lapping wire 2a, which has been transferred to the predetermined position while being locked
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chuck portion 53b of the work holder 53, the work holder 53 turns via a belt 56 for
transmitting the drive of a motor 55, by which the bore Wa in the workpiece W, (the bore in
30  which the lapping wire 2a is inserted) is lapped.
This bore lapping operation is performed by supplying lapping powder (for example,

diamond powder) D with a uniform grain size of about 0.5 micron from a powder supply
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109%&' () - 10%&ofk) kolder 53 turning while grasping the workpiece W is moved downward under a fixed
pressure with respect to a lapping portion 24 (see Fig. 8) formed in a predetermined position of

10  the lapping wire 2a so that the diameter thereof increases gradually, by which the bore Wa is
gradually widened from the downside thereof, and finally a cylindrical bore with a
predetermined inside diameter is formed. After the bore with the predetermined inside
diameter has been formed, the workpiece W slides down on a cylindrical portion 25 on the
downside of the lapping portion 24 and is collected in the lower portion.

15 In the vicinity of the chuck portion 53b of the work holder 53, a sensor (not shown)
for detecting the presence of the workpiece W is provided. This not illustrated sensor
detects the position of the lowest workpiece W installed on the lapping wire 2a, so that
continuous bore lapping operation can be performed quickly.

In the bore lapping device 5 constructed as described above, the lapping wire 2a is

20  hung vertically by the paired pulleys 51 and 52 disposed in the upper and lower positions (see
Fig. 1), and weights 58a and 58b are installed at the ends of the lapping wire 2a, by which the
lapping pressure is made fixed. In Fig. 1, reference numerals 57a and 57b denote cylinders
for adjusting the turning of the pulleys 51 and 52, respectively. In Figs. 2 and 3, reference
character E denotes an encoder for detecting the load of the pulleys 51 and 52.

25 Figs. 9(A) to 9(H) show the flow of the bore lapping process using the wire-type bore
lapping apparatus 1 in accordance with the present invention. The whole of a series of bore
lapping steps performed by using the wire-type bore lapping apparatus 1 will be described
briefly with reference to Figs. 9(A) to 9(H).

Fig. 9(A): First, the upper hand member 41 of the wire loading/unloading device 4

30  grasps and receives the lapping wire 2a from the wire holding device 3. At this time, the

lower hand member 42 is in an open state.

Fig. 9(B): The wirc loading/unloading device 4 slides upward while the hand member
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Z" 109X ( ) 5 whlile l]rgl(ﬁ‘ne(r)bers 49 %nd 42 grasp the lapping wire 2a. Subsequently, the hand
members 41 and 42 are turned toward the bore lapping device 5.

5 Fig. 9(D): The wire loading/unloading device 4 is lowered, and the lower hand
member 42 is opened. The lapping wire 2a is automatically inserted in the work holder 53
from the lower end thereof.

Fig. 9(E): The wire loading/unloading device 4 slides and retreats toward the wire
holding device 3. The lapping wire 2a is engaged with the pulleys 51 and 52.

10 Fig. 9(F): The work holder 53 of the bore lapping device 5 moves upward and
captures the lowest workpiece W, installed on the lapping wire 2a, by which the bore lapping
operation for the workpiece W is started.

Fig. 9(G): This bore lapping operation is performed for all of the workpieces W. All
of the workpieces w having been subjected to bore lapping slide down by gravity along the

15 lapping wire 2a (see Fig. 8), and are collccted in the lower portion of the work holder 53. By
this configuration, the completion of bore lapping can be visually checked easily.

Fig. 9(H): The wire 2b having finished lapping operation is received by the wire
loading/unloading device 4 (the hand members 41 and 42 thereof) by reversing the procedure
for loading the lapping wire 2a to the work holder 53, and is locked to the empty locking

20  concave portions 31b and 32b of the paired wire holders 31 and 32 provided in the wire
holding device 3.

In the wire-type bore lapping apparatus 1 in accordance with the present invention, as
shown in Figs. 9(A) to 9(H), the lapping wires 2a are transferred in sequence from the wire
holding device 3 to the bore lapping device 5 via the wire loading/unloading device 4, and the

25  wires 2b having finished lapping operation, on which the workpieces w having been subjected
to bore lapping are installed, are returned to and stocked in the wire holding device 3 in
sequence.

In the wire-type bore lapping apparatus 1 in accordance with the present invention,
there are provided a control device which indexes the wire holders 31 and 32 at the

30  predetermined positions (device which controls the turning to and stoppage in the
predetermined position), a device which controls the loading and unloading of the lapping

wire 2a, and a device which controls the bore lapping operation, so that the above-described
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series of wire holding process, wire loading/unloading process, and bore lapping process can
be carried out full-automatically.

The main effects achieved by the wire-type bore lapping apparatus in accordance with
the present invention are as follows:

5 (1) The lapping wire held vertically by the wire holding device is captured and
transferred by using an appropriate device, and the lapping wire is vertically reciprocated in a
state of being held vertically. Therefore, bore lapping operation can be performed in the state
in which there is no influence of the own weight of workpiece, so that the accuracy of bore
circularity can be improved. That is to say, the accuracy of bore lapping operation can be

10  enhanced.

(2) The lapping wires held vertically in the state in which the workpieces are installed
in the wire holding device are stocked in plural numbers, and the lapping wires are transferred
in sequence to the wire loading/unloading device. Therefore, the bore lapping operation can
be performed continuously by transferring the lapping wires in sequence from the wire
loading/unloading device to the bore lapping device, so that a series of operations can be made
unmanned by automatic control.

(3) The disk-shaped or cylindrical intermediate locking member, which locks the
lapping wires and thereby performs a function of preventing the lapping wire from swaying
(oscillating) during transfer, is interposed between the paired wire holders. Therefore, the
20 lapping wire does not sway during transfer, and thus there is no fear of the lapping wire

coming off the wire holder of the wire holding device, so that continuous bore lapping
operation can be performed smoothly.
(4) The sensor is provided to check that the lapping wire is in a vertical state. This
configuration is convenient because an abnormal wire holding state can be found instantly, so
25  that measures can (uickly be taken against the abnormality.
(5) The wire-type bore lapping apparatus of space-saving design, in which the lapping
wires are held vertically, can be supplied to the industrial field.
It should be understood, however, that there is no intention to limit the invention to
the specific forms disclosed, but on the contrary, the invention is to cover all modifications,
30 alternate constructions and equivalents falling within the spirit and scope of the invention as

expressed in the appended claims.
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a wire holding device (3) which holds a lapping wire (2a) in a vertical direction, a

workpiece (W) to be subjected to bore lapping being installed on the lapping wire (2a);

a wire loading/unloading device (4) which loads and unloads the lapping wire (2a) to
and from the wire holding device (3); and

a bore lapping device (5) which holds the lapping wire (2a) loaded by the wire
loading/unloading device (4) in the vertical direction so as to perform bore lapping operation

for the workpiece (W) with the lapping wire (2a).

2. The wire-type bore lapping apparatus (1) according to claim 1, wherein:

the lapping wire comprises a plurality of lapping wires (2a);

the wire holding device (3) locks the plurality of lapping wires (2a) at equal intervals
in a circumferential direction on peripheral wall portions (31a, 32a) of a pair of disk-shaped or
cylindrical wire holders (31, 32) disposed in upper and lower end regions of the plurality of
lapping wires (2a); and

the locked plurality of lapping wires (2a) are transferred in sequence to the wire

loading/unloading device (4) by indexing the wire holders (31, 32) at predetermined positions.

3. The wire-type bore lapping apparatus (1) according to claim 2, further comprising a
disk-shaped or cylindrical intermediate locking member (33) interposed between the pair of
wire holders (31, 32), the intermediate locking member (33) locking the plurality of lapping

wires (2a) to prevent the plurality of lapping wires (2a) from swaying during transfer.

4. The wire-type bore lapping apparatus (1) according to claim 2 or 3, wherein the wire
holding device (3) comprises a sensor (S) which checks that one of the plurality of lapping
wires (2a) to be transferred to the wire loading/unloading device (4) is in a vertical state, the
sensor (S) being arranged nearby one of the pair of wire holders (32) disposed at the lower end

region of the one of the plurality of lapping wires (2a).

5. The wire-type bore lapping apparatus (1) according to any one of claims 2 to 4,
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a device which controls the bore lapping operation,
wherein a series of wire holding process, wire loading/unloading process, and bore

lapping process are carried out full-automatically.

6. The wire-type bore lapping apparatus (1) according to any one of claims 1 to 5,
wherein the bore lapping device (5) comprises a mechanism (51, 52, 58a, 58b) for controlling

a lapping pressure to be fixed.

7. The wire-type bore lapping apparatus (1) according to any one of claims 1 to 6,
wherein:

the bore lapping device (5) comprises a work holder (53) which grasps the workpiece
(W) to perform bore lapping operation; and

the work holder (53) comprises a mechanism for automatically loading and unloading

the lapping wire (2a).

8. The wire-type bore lapping apparatus according to any one of claims 1 to 7, wherein

the lapping wire (2a) is a wirc with bonded abrasive.

9. The wire-type bore lapping apparatus according to any one of claims 1 to 7, wherein

the lapping wire (2a) is a wire with free abrasive.



