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20 distinguishing mark to the workpiece in a previously determined reference position of the
positioning device, and the positioning device subsequently displaces a sensor and the
.-workpiece relative to one another, the reference position of the tool relative to the workpiece
twuq;dcunnnnuiﬁnnnzlpmmuon<ﬂ1nepommmmngdbvmcIn\ﬂmmhthesmumrduucmthe
25
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posmon of a tool relative to a workpiece, a-method of the kind mentioned above for
manufacturing a. workpiece by means of a tool, and a machine tool of the kind mentioned
above are generally known. Such machine tools for carrying out the known methods are
30 often provided with a magazine for a large number of tools, the tool fastened to the first
holder being exchangeable with one of the tools from the magazine by means of an exchange
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30 The reference position of the tool relative to the workpiece is usually
measurable to an accuracy in the micron range by means of the known method in known
machine tools, i.e. to an accuracy of one to several micrometers, so that the workpiece to be
manufactured by the tool has a dimensional accuracy which also lies in the micron range,
given a suitable positioning accuracy of the positioning device. The accuracy with which the

35 reference position of the tool relative to the workpiece can be measured in the known
machine tool by the known method, however, is insufficient for the manufacture of
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3 wor kpi eces with a dimensional accuracy in the sub-mcron range,
wher e t he t o ognisass be positioned relative to the workpp

posi tioning accuracies of the order of 0.4 [err]mor better. Said
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the invention, the methp gg?sdfr fﬁmf d’éfp 3‘??{‘“@"? t ool
relatiwe to a workpiece |sﬂ$ hi sthé;;urpose chraracteri ze %e t ool
and the referencenpositionrof & tool welativeitn af workpiececasrueibas a puching ¢oad of shekinde t o
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e 1 nven
machi ne t thelworkpiece cmbsmMMmmmﬁesMwmnm sm&atdulpmdlu:t
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Si nce t hepositidnizghdevite; has a slimensional accuracy dvhiich also ties inthe subreicrop aangei ons
relative to one anot her fi
provi sion and detectio Mw%Wh% %W Wgﬂs%?n
the t @0l of4 sdcl relative tohe workpiere if for this purpose zharacterized in that the tobdand thened by
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requi red firstrhokien beforethe distinguishing mark tisyprowidedpi ece t o be nanufactured as a
result of a suitable de h W th
whi ch the reference posﬁ‘fq%ﬁ*g%fo Bﬁﬁ%ﬁm @FW%&‘E@M can be
measur ed tharddierized tih bt ke tooll amd)the sensoe arefastenedoin fixed, pernianentrpositions t ool
accor ding . Y ' : r &l 1.S. exclusively determ ned by
t he pg [ tfeg%v?‘igga?&m W%@%ggﬁsﬁf%f@ﬁl%ﬁxt he machi ne tool .
Through the use of a suSiheebthe teolsandithe semsordare ifastened tiln fixed, peampnent positionsg
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thedxstmgmshmgmark,theposmonofthetoolrelauvetothesensorhasanaccuracywhich
~ is determined by the mechanical stiffness and the coefficient of thermal expansion of the first
30 holder and which is comparatively high in relation to the required dimensional accuracy of
the workpiece to be manufactured as a result of a suitable design of the first holder. The
accuracy with which the reference position of the tool relative to the workpiece can be
measured by the method according to the invention and on the machine tool according to the
invention, accordingly, is exclusively determined by the positioning accuracy of the
35 positioning device of the machine tool. Through the use of a suitable positioning device with
a posmomng accuracy in the sub-micron range, therefore, the reference position of the tool
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error fwmector of the optical detector detects. whether the focus of

the Iight radiated bxwmdﬁg&r&gmpﬁgﬁwhmi@ce of
the WOcr:lI:aFl)':!tcetgr?zelclSmthatthesensor:sanopucaldetector The use of an optical detector implies
that the measurement of the reference position of the tool relative to the workpiece is carried
30 out in a contactiess manner, so that no inaccuracies in the measurement are caused by
mechanical friction or hysteresis between the sensor and the workpiece.
| Ayetfuttherembodunentofamachmetoolaccordmgtothemvennonls
characterized in that the optical detector is provided with a light source, an objective lens |
system for focusing the light radiated by the light source onto the workpiece, and a focusing
35 error detector. The focusing error detector of the optical detector detects whether the focus
of the light radiated by the light source and reflected back by a surface of the workpiece is



WO 96/ 13355 '
PCT/ | B95/ 00909 5
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nmachi ne t py theasehsordh ibatithe idher is"disHlide@ by the positi Nwﬁlﬂhﬁfadehe
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rothods and machi ne.t ool di 06 8 hethid Sicofiid @ o e

met hods and nechi ne_t oo accorln otelnv ntlon a geferenc
bosi 1 on TERHERE TS{FrEe ROSED v(sia"ae 3 3 ot bodiment of .
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30 from a diameter of the circular groove which is measured by means of the sensor.

A further embodiment of a machine tool according to the invention is
characterized in that the reference position of the tool relative to the workpiece is determined
from a diameter of the circular groove to be measured by means of the sensor.

. Intheseﬁmherembodxmentsofthemethodsandmachmetoolaccordmg
35 to the invention, a reference position occupied by the tool relative to the axis of rotation of
the workpiece can be measured in a simple, accurate, and fast manner. When the sensor is
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posi tioni ng deV|ce the circul ar groov detected in two
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god accof d!lgll? M&gg ] nﬁent i on f F I rr&lgsurl ngﬁ‘ refer ence}'ﬁ’pféft |019na
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of a tool haracterl zed in that an optical detector is used as the
sensorm%?“ﬁ{e which a side wall of the circular groove is

det ect ed. " A still forther embodinfierft 'of lal méthiéd: 'ﬁdﬂﬁﬁﬂﬁeﬁbnffoﬂachi ne
t ool accordjn the inyvention J s chara ter| ze | n.t t he opti cal
ot oot BEARDIE Eelerease BOSHoR of g topk aelaufve 46,8 3¢ ex

Sai1d seﬂsodiaieht off a iriethodi acCordiig t@rtﬁ@meﬁﬁ&umr abﬂw b9 ‘méaki

groove et ect.abl e nmeans t he opti de ector in a
part i CB{QF‘F@ terizeg, W%‘ W“qaﬂ d“edc 28 theSensos by, means,of ki ng
poi nt  @hichhEside Hallrofthé cmﬁwdmwl | is accurately defined, so

that a reference posjti rking point of the tool atlvetothe
wor kpi ece can bésﬂﬁggﬁ{‘@ P? W}m%m

It is Rhactehizéd ihthatitte opkical ermmm:mmm\@d or the

Wor kpi ece- Referred For, ccura Cont r.ol Syst m'" in "Proceedi ngs of the
I nddrnat fonal " S sie AU g ﬁm 3 Fpiae AGEIAATIf 59 050,
Tokyo, grbaié iwhidhis détedtablétby means ofithe ihl d'partiodlhrlyVaédurdte Mhaiiey) d
cutti n&l ol and an optlcal sensqr ﬁ@q{ire fastened to a common

Z-slid i) Felative,to; a3 side; wall ds gecumtely ¢ he

ZS"ddtfﬁﬁst@tlﬁthUﬁﬁéﬁofﬂbm oﬁm&fobbﬂknvetam%' so

that the cuttin tooleaa_gg‘m& sensor are not fastened in fixe

per man®% bep@ﬂ?@n’é' mAEBer and relative to t he

Z- ;zgl de duri {lg ?permmwughtrwsmtw@twwmtoﬂﬁ U
mecha stiffnes an eresis o e mcro-actuator, so that i
is no?w@%@d MEPHP ﬁqmﬁvmt%l’mwdm %Wﬂ%tiveto
t he seggferentél oh Adviaficed- Mwﬂ&onﬁslmﬁzmmemwsrdkyem@&ntﬁﬁ 143048 30

act uat gor. In addi ti on, So tica sens&rqlls not used for detecting the

pr eserdislese machme(ﬂog{ gensor which;age al

Sensorto@@&%hélﬁ@?lﬁeﬂﬁmwt&mfme Itdlﬂ @f&?ﬁ@gﬂﬁﬁ%ﬁﬂethe f
p1rece e e SENSOQr (o) par, or a con rol system y neans O
wn2sh 'gaadnm-seneer,.\gmﬁmn@dfe%ﬁm% so that the cutting tool and-the,

I nventseﬁgbrvuré hobﬁasﬁii&i il 1044, ipBrniiiefit pkitink r&ﬂﬁ%%hnaméﬁm&mve to the
drawi N 7. dids tihg operation. Nothing is stated in this article about the mechanical stiffness
and hysteresis of the micro-actuator, so that it is not clear how accurate the position of the
cutting tool relative to the sensor and to the Z-slide is in a given position of the micro-
30 actuator. In addition, the optical sensor is not used for detecting the presence of a
distinguishing mark on the workpiece, but the optical sensor measures a distance between the
Z-slide and a surface of the workpiece, while the sensor forms part of a control system by
means of which said distance is kept constant.

35 x The invention will be explamed in more detail below with reference to
the drawing, in which - o



VO 96/ 13355 PCT/ | B95/ 00909

7 Fig. 1 diagrammatically shows a first

erbodi ment  qfo 96/iB38&H1 ne tool for carrying out a nethod podlobde t O
the invention, Frg. 2 shows a control nenber of

t he machi ne tooI of Fi g 1, : Fi g. 3 :
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of the nacAyiagawsR mv:nmnch wor kpi ece a di stl ngui shi ng
mark is provi ded b¥; ﬂfegi t mF
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conpri ses | i . gui ded al ong the guide 7 by
means of 5@%8\“ earing Hﬁ? V1 Si T Fig. 1). Afirst 25 holder

11 for a tool such as, Fig 7eslnwp|ad;olderd'ot8rwoykpxmlbel®gmgtanhangehinomullﬁ

slidel% ﬁé)f sllde 9 is displaceable along the guide 7 by neans of a
posi ti'oni a6évﬁnge so that the first hol der 11 with the cutting

tool 13 is displ aceabl eFiga8dihgrammatically showsiasworkpiece tosbe inanufactured by mieanisc e

15 conpri e r | to
the sl de Of e Tngdti ool Shayp EEGTS, BEwREh Jorkpiele” @E@W@%ﬁh@h&m
3 by neandyahe methodiaecording30 thejinveatiotheel s 21 whi ch are shown
diagrammatically only in Fig. 1. A friction wheel 23, whi ch has |ts
rotation bearings in the housing 19 and can be driven by an electric notor

25 20 fastened to theThefisstembbdimeneof a8 machine tgol it fon canying rout hmdldd/e rod
reans of | SiRORIGE 3o USCinyedrite s shpivl b i, 19 Aipibce i o frnd 3l S
35 placed on a base surfate. Bnghe frafuer3; there it @ \gnide thickrS: with aesttaight gmde 7
conpri ses & fhy asillél to an X-axis. The machine tool 1 comprises a slide 9 which is displaceably
guided along the guide 7 by means of a static fluid bearing (not visible in Fig. 1). A first
25 holder 11 for a tool such as, for example, a cutting tool 13 is arranged on the slide 9. The
slide 9 is displaceable along the guide 7 by means of a positioning device 15, 50 that the first
holder 11 with the cutting tool 13 is displaceable parallel to the X-axis. The positioning
device 15 comprises a drive rod 17 extending parallel to the X-axis and coupled to the slide
9, which rod is guided in a housing 19 fastened to the frame 3 by means of a number of
30 guide wheels 21 which are shown diagrammatically only in Fig. 1. A friction wheel 23,
which has its rotation bearings in the housing 19 and cani be driven by an electric motor 25
fastened to the housing 19, bears under pretension on the drive rod 17, so that the slide 9 is
displaceable parallel to the X-axis by means of the motor 25 vig the drive rod 17 and the
friction wheel 23. .
35 As Fig. 1 further shows, the machine tool 1 comprises a spindle 27
which extends parallel to a Z-axis directed perpendicularly to the X-axis and which is -
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| VI’:’AE;ESJ[%WE WD%W'%I rst %ridlﬁym%ﬁsﬁe cu Elwgmp%ig S
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67 has sufficient elastxcxty for followmg a dlsplacement of the hollow shaft 37 and the further
30 pulley 69 parallel to the Z-axis. ' - '
The workpiece 35canbemach1mdbymeansofmzmmngtool 13 in
that the second holder 33 with the workpiece 35 is rotated about the axis of rotation 29 by
means of the motor 63, the first holder 11 with the cutting tool 13 is displaced in a suitable
. manner parallel to the X-axis by means of the positioning device 15, and the second holder
35 33 with the workpiece 35 is displaced in a suitable manner parallel to the Z-axis by means of
the positioning device 49. If the consecutive Z-positions of the second holder 33 depend
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35 33 with the workpiece 35 is displaced in a suitable manner parallel to
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30 with an optical source 87andanopt1cal detector 89 which are fastened to the housing 19 of
the positioning device 15, and provided with a reflecting surface 91 fastened 10 the slide 9 of
the positioning device 15. As Fig. 2 shows, the first comparator 81 supplies a differential
signal u, = u,, - u, which is offered to a first controller 93, usual and known per se, which
supplies the electric motor 25 of the positioning device 15 such that the differential signal

35 becomes u, = 0, and the measured and desired X-positions of the first holder 11 with the
cutting tool 13 become equal. - -



35 becones u[err]= 0, and the nmeasured and desired X-positions of the
first holder 11 wth the cutting tool 13 becone equal.
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- relative to the workpiece 35 is measured in a manner to be described in detail below. The
machine tool 1 for this purpose also comprises a sensor 109, shown diagrammatically in Fig.
.3 and fastened to the first holder 11 as shown in Fig. 1. ‘The sensor 109 is an optical detector
35 of akind known per se from compact disc players, where the sensor is used in a control
' system for focusing an optical read member on an information-carrying surface of a compact



35 of a kind known per se from conpact disc players, where the sensor is
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extending perpendicularly to the axis of rotation 29, in that the cutting tool 13 is displaced
30 parallel to the X-axis in a predetermined reference position Zgg: of the second holder 33 by
means of the positioning device 15. Subsequently, the workpiece 35 is provided with a
circular groove 123, shown in Fig. 4a, by the cutting tool 13 in that the first holder 11 with -
the cutting tool 13 is displaced by the positioning device 15 into a predetermined first
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the workpiece. - .
3. Amemodas-claimedinclaim,x.orz,inwnichmemonmesecondhomr
20 s rotated about an axis of rotation and the first holder is displaced relative to the second
holder parallel to an X-axis directed perpendicularly to the axis of rotation by means of the
positioning device, characterized in that the workpiece is provided with a surface which
extends perpendicularly to the axis of rotation, while the distinguishing mark is a circular
groove provided in said surface by the tool. -
25 4, A method as claimed in Claim 3, characterized in that the reference
position of the tool relative to the workpiece is determined from a diameter of the circular
groove which is measured by means of the sensor.
s. A method as claimed in Claim 3 or 4, characterized in that an optical
detector is used as the sensor, by means of which a side wall of the circular groove is
30 detected. ' .
6. A machine tool with a first holder for a tool, a second holder for a
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first hol ger is di spl ac@oihéhinetonl by Clainfed iCldim 602 ) tHaractesifed bl the ! |
an X-axis diregt edmg)erP ndicularly to the axis of rotation by neans of :

“the posit iS6HORdS ¢ Beterized in that the distinguishing mark is a
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detector detects.a s the circul ar groove.
25 second holder pﬁeil\?o an ﬁ 3 irected perpendicularly to the axis of rotation by means
| of the positioning device, characterized in that the distinguishing mark is a circular groove
which is provided by the tool in a surface of the workpiece which extends perpendicularly to
the axis of rotation.
11. A machine tool as claimed in Claim 10, characterized in that the -
30 reference position of the tool relative to the workpiece is determined from a diameter of the
circular groove to be measured by mans of the sensor.
12. A machine tool as claimed in Claim 8 or 9 and Claim 10 or 11,
characterized in that the optical detector detects a side wall of the circular groove.




