- 1 - Method for Machining Fl at Workpieces The invention relates to a

nmet hod for machining flat workpieces in a doubl e-sided machi ning tool,

whi ch has an upper and a | ower work disk, wherein at |east one of the work
disks is rotatingly driven and the work di sks each have an annul ar work
surface, wherein the work surfaces anpngst thenmselves limt an also annul ar
work gap, in which at |east one carrier is |ocated, which guides at |east
one workpi ece in the work gap, . the “} ast one workpiece is

machi ned i n a doubl e- si ded“HaHiret achiping KlaWorknlecss  f aces.  For exanpl e,
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concavely or convexly, is also known from DE 10 2006 037 490 Al. The known
met hods for determ ni ng workpi ece thickness often do not provide the

requi red accuracy. In particular, nmeasurenent errors and thus inaccurate

t hi ckness determ nations result fromdeviations in the gap geonetry from

t he plane parallelismthat are unavoi dable or consciously brought about
during operation.




Starting fromthe explained state of the art, the object of the invention
is to provide a nethod of the initially named type wth which workpi eces
can be machined nore precisely up to a predeterm ned thickness. - 3 - The
object of the invention is achieved through the subject of claiml.

Advant ageous enbodi nents can be found if_the dependent clains, the
description and the figures. For a nethod of the initially naned type, the
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machi ni ng'appéraﬂ.ls_for influencing the work gap geometry, with which at least one of the work

disks can be deformed concavely or convexly, is also known from DE 10 2006 037 490
Al.

The known methods for determining workpiece thickness often do not provide the
required accuracy. In particular, measurement errors and thus inaccurate thickness
determinations result from deviations in the gap geometry from the plane parallelism

that are unavoidable or consciously brought about during operation.

Starting from the explained state of the art, the object of the invention is to provide a
method of the initially named type with which workpieces can be machined more

precisely up to a predetermined thickness.



particul ar additional, |location of the work gap and to determine fromthis
a workpi ece thickness or a turn-off tinme for the machining. In particular,

t he di stance between the work di sks can be cal cul ated at any radi al
position fromthe neasurenent signals of two neasurenent sensors arranged
radially spaced and used for the determynation of the turn-off time for the
machi ni ng or for calculation of the actual workpiece thickness. This is

expl ai ned j.n greater, detail below, erei he fol |l ow efjnitjons are
eod R - Rt QUEGToT e Ao Rt Aghey dubuidey & ek A ge
Ra: Radi us QfnddifieRY LAl beRAulid S Bl deperddeRnGSidsY Bl Yie¥Pipkiof Bhd Beaigege Average
value fromR and Ra (average radius of the work disk) RI:Radial position

of the first (inner) sensor R2:Radial position of a second (outer) sensor
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the distance between the work disks is measured at at least two radially spaced
measurement locations of the work gap and in that, from the measured distances, a
distance between the work disks is determined at a location of the work gap
representing the thickness of the at least one workpiece machined in the work gap, for
example a location of the work gap in turn radially spaced from the measurement
locations, and the thickness of the at least one workpiece machined in the work gap is
determined from the distance determined in this manner. The work surfaces of the work
disks are formed by their surfaces facing the work gap. The distance between the work
disks is thus in particular the distance between their work surfaces. The double-sided
machining according to the invention can be e.g. grinding, lapping, honing or polishing.
The workpieces can be e.g. semiconductor wafers. In particular, a plurality of
workpieces can be machined simultaneously in the work gap. The workpiece thickness,
which is determined according to the invention, is the momentary workpiece thickness
during machining. In particular, the workpiece thickness can be concretely determined,
in particular calculated, from the distance between the work disks determined from
measured distances. The determined distance can thus be taken directly as the
workpiece thickness, if applicable by subtracting a work coating thickness. But it is also
possible to determine just one turn-off time for the machining, without thereby
concretely determining the workpiece thickness. It is thus only determined in the case of
a certain distance determined according to the invention from the measured distances
that the desired workpiece thickness is now present and the machining is ended. Based
on the conclusion according to the invention about the workpiece thickness, the turn-off
time for the machining is thus determined so that the workpieces have precisely the

predetermined thickness after the machining.

According to the invention, for the first time, measurement signals from at least two

distance sensors are combined in order to determine the distance at a certain, in




Di st ance between the work surfaces of the work disks at R Da: Di stance

bet ween the work surfaces of the work disks at Ra Dm D st ance between the
wor k surfaces of the work disks at Rai DI: D stance between the work
surfaces of the work disks at the |location of a first di stance sensor
D2: D st ance between the work surfaces 05 the work di sks at the | ocation of
a second di stance sensor T

particular additional, location of the work gap and to determine from this a workpiece
thickness or a turn-off time for the machining. In particular, the distance between the
work disks can be calculated at any radial position from the measurement signals of two
measurement sensors arranged radially spaced and used for the determination of the
turn-off time for the machining or for calculation of the actual workpiece thickness.

This is explained in greater detail below, wherein the following definitions are used:

Ri: Radius of the inner work disk or respectively work surface edge

R Radius of the outer work disk or respectively work surface edge

Ry: Average value from R; and R, (average radius of the work disk)

Ry: Radial position of the first (inner) sensor

Ry Radial position of a second (outer) sensor

Rs: Radius, at which a change in the gap geometry causes no distance change

D Distance between the work surfaces of the work disks at R;

D.: Distance between the work surfaces of the work disks at R,

D Distance between the work surfaces of the work disks at Ry,

Dy: Distance between the work surfaces of the work disks at the location of a first

distance sensor

D5: Distance between the work surfaces of the work disks at the location of a
second distance sensor

AD;:  Change in the distance between the work surfaces of the work disks at the
location of the first sensor

AD;:  Change in the distance between the work surfaces of the work disks at the
location of the second sensor

D(R): Disk distance at any radial position R.

The radii relate to the center of the annular work gap, which usually lies on the
rotational axis of the at least one rotatingly driven work disk. As vectors, the radii each
specify a radial position. The distance measurement and thus the distance between the
work surfaces of the work disks thereby also takes into account (indirectly) a possible

provided work coating, since it influences the measured distance between the work



A D : Change in the distance between the work surfaces of the work di sks at
the location of the first sensor A D2: Change in the distance between the
wor k surfaces of the work disks at the |ocation of the second sensor D(R):
D sk distance at any radial position R The radii relate to the center of
the annul ar work gap, which usually lieg on the rotational axis of the at

| east one rotatingly driven work disk. vectors, the radii each specify a

radi al positjon. The di stance nmeasurenment and thus the distance. between the
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Assuni ng ttdial phativofionditsk neesurenes scgnatsespona radially spaceddistance isensoedi al
direction, HFgﬁg%ﬁtance bet ween the two work disks can be cal cul ated at any
radi al pos!'t SRS  ur enent signal's of two radially spaced

di stance sensors with the foll ow ng equati on:

DZ—DI

DRY=D +(R-R)*
(R)=D,+ (R-R)*

Eqg. 1

Through the combination according to the invention of two radially distributed sensor
signals, it is possible when determining the workpiece thickness to detect and
compensate for errors caused by a non-parallel work gap. The invention is based on the
knowledge that a workpiece thickness cannot be determined reliably with one single
distance sensor since the work gap during operation almost always deviates from the
parallelism, regardless whether or not this is desired. Different distance measurement
values thus always result in the radial direction. Through the linking according to the
invention of the values measured by radially spaced distance sensors, the actual
workpiece thickness can in contrast also be determined precisely for a non-parallel work
gap. In particular, a work disk distance characteristic for the workpiece thickness also in
the case of a changed gap geometry or respectively a characteristic gap width and thus
the actual workpiece thickness can be determined from the measured distance values.

The quality of the workpiece machining is thereby increased according to the invention.

According to one embodiment, the distance between the work disks at a location on the
inner and outer edge of the work gap can be determined from the measured distances
and the thickness of the at least one workpiece machined in the work gap can be
determined from the thus determined distance value. This embodiment is based on the
assumption that the smallest gap width occurs either on the inner or on the outer edge of
the work disks and it represents the actual momentary workpiece thickness since the
workpiece must regularly pass this narrowest area of the work gap during its machining

and, as a result, cannot be thicker. It is thereby also possible to determine both the



DR =D +R RL)* D - D Eg. 1 Through the conbination according to the
invention of two radially distributed sensor signals, it is possible when
determ ning the workpi ece thickness to detect and conpensate for errors
caused by a non-parallel work gap. The invention is based on the know edge
t hat a workpi ece thickness cannot be determned reliably with one single
di stance sensor since the work gap during operation al nost al ways devi at es
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t he neasured distance values The quallfé of the workpiece machining is
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distance value representing the workpiece thickness is for example calculated through

the following equation:

+Ra_RJ*Df—D
R, —R

D, =D(R,) =D, + (% Eq. 4

This embodiment is based on the knowledge that the workpiece thickness neither
corresponds with the gap width on the inner nor on the other edge of the work gap, but
rather based on a certain flexibility of the work coating, for example a polishing cloth,
and thus of a compression of the work coating by the workpiece and a movement of the
workpiece over the entire width of the work disks corresponds with the disk distance at

the location of the average work disk radius.

According to a further embodiment, it can be provided that the work surface of at least
one of the work disks can be adjusted into a convex or a concave shape and the distance

between the work disks is determined from the measured distances at a location where



Eg. 2 R - D=DR')=+ (R - R)* D2 -D1 Eq. 3 R2 - In accordance with
anot her enbodi nent, the distance between the work di sks can be determ ned
fromthe neasured distances at a |ocation, the radius of which corresponds
with the average value of the radius of the inner edge of the work gap and
the outer edge of the work gap and the_thickness of the at |east one

wor kpi ece machined in the work gap can be determ ned fromthe thus
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equation: flo workliRk inth= dddfex br BaldAcavelshape and the thickness of the at least one
workpiece machined in the work gap can be determined from the thus determined
distance. In the case of this embodiment, at least one of the work disks can be adjusted
such that its work surface assumes a slightly concave or convex shape and the gap
geometry deviates accordingly from the plane parallelism. A suitable adjustment device
can be provided for this, as is known for example from DE 10 2006 037 490 Al. This
embodiment is based on the knowledge that a more or less strong deformation of the
work disks and thus a change in the gap geometry arises during each machining due to
the introduced process heat. This results in turn in changes in the measured distance
values in the course of machining, which are not solely attributable to the reduction in
the workpiece thickness due to the abrasive machining process. Thus, in the case of this
embodiment, precisely the distance at the radial location where such a change in the gap
geometry causes no distance change is determined. This location thus concerns the
rotational point or respectively pivot point of a desired or undesired deformation of the
work surfaces. This embodiment permits an even more precise determination of the
workpiece thickness, wherein the radius at which the distance value to be determined
exists depends on the individual machining tool and the respective machining
parameters. The radius for which the distance change during a change in the gap
geometry is zero does thereby not need to lie in the middle of the annular work gap. It
can be determined in advance in the course of a calibration of the machining tool with a
corresponding adjustment device for the work gap. It was thus observed that a change in
the gap geometry leads to a characteristic change in the measurement values of two
radially spaced distance sensors. Accordingly, it can be provided according to a further
embodiment that the location where the distance between the work disks does not
change during an adjustment of the at least one work disk into a concave or a convex
shape 1s determined in that the at least one work disk is adjusted into a concave and/or a
convex shape, a change in the distance of the work disks at the measurement locations is
thereby measured and from this the radius of the location is determined at which the
distance between the work disks does not change during an adjustment of the at least

one work disk. If the distance changes occurring during a defined adjustment of the
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di stance between the work disks is determned fromtheé neasured di stances

at a | ocat gemantyas equal to zero can be calculated with the following equation:

_AD,*R +AD, *R,

R\'
' AD, +AD,

Eq. 5

The distance value representing the workpiece thickness can then be calculated from the

distance of the work disks at the radius R;:

AD,

D =DR)=D,+D, - D) ——1
§ (\) 1 (DH I) AD1+AD2

Eq. 6

According to another embodiment, a distance between the work disks can be
determined from the measured distances at a plurality of locations radially spaced from
the measurement locations, the thus determined distances are weighted with a variable
representing the radial probability of presence of the workpieces at the locations
assigned to the determined distances in the course of their machining in the work gap
and the workpiece thickness is determined from the average value of the weighted
distances. The determined distance locations can be distributed evenly over the work
gap in the radial direction. In this embodiment, the respectively resulting work disk
distance is calculated from the measured distance values initially for several different
radii. The average radial probability of presence of the workpieces in the work gap is
then taken into consideration. The workpieces move through the work gap in the course
of their machining. Depending on the specific design and geometry of the machine,
such as workpiece size, work gap size, ctc., and the machining parameters, such as
rotational speed of the work disk(s) and carriers, the workpieces stay at different
locations of the work gap with different frequency. A detailed description of the radial
probability of presence and its calculation can be found in T. Ardelt “Einfluss der
Relativbewegung auf den Prozess und das Arbeitsergebnis beim Planschleifen mit

Planetenkinetik™ (Influence of the Relative Movement on the Process and the Work
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adj ustnent of the at |east one work disk into a convex or a concave shape
and the thickness of the at | east one workpi ece machined in the work gap
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surfaces. rHiies mnbadi eationemietes tlan vexkpietmr saprmosts eqendy ndwaty ctheiof t he
wor kpi ece t hi ckness, wherein the radius at which the distance value to be
det er ni ned™8%}EYE- depends on the individual nachining tool and the
respective machi ning paraneters. The radius for which the distance change
during a change in the gap geonetry is zero does thereby not need to lie in
t he mi ddl elnodecorienenwithanotber kmbagimeht, ticamethed det@dimgriedhd imvauiemes b t he

course of a calihration,of the nmachining tool .wth a,correspondin

ad] st ment PAEUTES RBTAIE AdFRPGHD SheCsty e pudkbies (RS are i n
the gap gepEBided dnB8afSciPtiticChAr Re HkightE f6NBROGoIKPidchani@ASHE FRINthe/al ues
of two radially spaced distance sensors. Accordingly, it can be provided

accor di ng teopardl whatrsteristibodiherswm-affidime der thscawrlyningheane thenebelipsaciiibie
bet ween the sork digks does. nat, ;tﬂgnt%?ng)d%'fég L%%éa%i?esrfasgb ust %@tdéﬁfmcteh%lﬁ s | east

T
one work digk 1RTO & concave or conv éetermned in that the at

| east one Waeknidedks ihe vadkpistethicknbs. Duead diavaceastdoiredsionavexdimbapehe a
change in the distance of the work disks at the neasurenent |ocations is

t her eby neddeRiEan ambthelawet pirer-suseentuRHitis!t df Pesidle & siake fopdugierePiithfed at
which the di i bl tenGRIREASHAYF ihe JerBfbral

adj ust mntﬂﬂg?és?ﬁ%ﬁé?@}wﬁ%@?a%ﬁ@n%ﬁ% 'ﬂ%’s .ngﬁgtﬁ}]{eﬁgcﬁhgﬂtﬁancelcﬁgnge% %tggurri ng
during a defrvaed tadjweskpieset thadkntdse Mainly twonstabde gappraging tshasest wan thadibal ey

spaced meagur ek pefiyons,tere determ ned, el TeasuL e e

eq ‘F’;;" AtD ? isr{Ad[))a CBReRNnERLC AL thhiiflg tdrend Qlokgeds. eRiY@ipk Afing BtafDshdwst AD,
itself in the characteristic of the curve as a line with a (negative) slope determined
through the removal rate. The second operating state is achieved mainly when no further
material removal of the workpieces takes place since they have reached the thickness of
the carrier or rotor disks receiving them. This range shows itself in the temporal
characteristic accordingly as a line with the slope zero. Of particular interest is the
transition between these two operating states. Depending on the selected machining
strategy, the machining can be ended in this transition area. Accordingly, it can be
provided according to another embodiment that the end time is determined as the time

when the first mathematical derivation of the recorded temporal characteristic changes

by more than a predetermined threshold value. The mathematical derivation of the



Eq. 5 The distance val ue representing the workpiece thickness can then be
calculated fromthe distance of the work disks at the radi us Rs:

Accordi ng to anot her enbodi ment, a distance between the work di sks can be
determ ned fromthe measured distances at a plurality of locations radially
spaced fromthe measurement |ocations, fhe thus determ ned distances are
wei ghted with a variable representing the radial probability of presence of

t he workpi eces at the locatigns assigned.to the determ ned di stances in the
course of EIREICECTIFHE KNARERY Nreritehe ahBiekrypioRnRF R b@ﬁrtk"ﬁi %58“??‘?{ AU s
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di stance | ocations can i buted evenly over the work gap in the
radi al di restilpassuhe 4 tilse etbothanento, Thhe thempthematied] yeriwatifing dlsrgchopess di sk

di stance is.calculated fromthe.ne red di stance valu i.nitially for
Sevecnl i fichity aresdiisrore e b aelgtn B tPoamiteciier b i lambaodt (e
wor kpi ecespf A nbifalWaEAsuRient Ind/Be Mdchingl} 13¢QatiANh dedartipfite shile aWligkipi eces
nove through the work gap in the course of their machining Dependi ng on the

speci fic ddeingsn Hed thye rvplusf is eedetasmingd;, Huetglasuiighl« pickeeton ofe Thanor k
gap size, gtc and the machi ni.ng para r such | Qn pegd of
t he work dt?lg SP gl)d g?\&e’cg?rr ie}(g,arrrsll?Il etﬁg ﬁ%lre Eﬁ‘g’ézﬂs‘e sr'tégl)llafg’?’ %1?% faS ttg,a‘rﬂtzaén'?(l Ic%cat | ons
of the worKggi@ipawiyt BarflbfréRKend 1dkiet qlseme yrefeferdet ithtefbr ddgarg piei mactohinghe
radi al probability of presence and its calculation g?n be found in T.
Ardel t " Ei Hpwesy. ddp 2Rel eneeibahiledesgninie he mashiyeg Oy acrtpi ime past the

A bet T SRR, O ARG BT, LIS BT ke lA bt (e
thickness. The evenness of the workpiece surfaces is optimized in this manner.
Accordingly, the end time can be determined as a time, which occurs a certain period of
time after the time when the first derivation of the recorded temporal characteristic
changes by more than the predetermined threshold value. The duration of the process

continuation after the significant change in the first derivation decides the thickness of

the workpieces after machining.

The work surfaces of the work disks normally have a work coating, e.g. a polish coating
(a polish cloth or pad) or the like. The thickness of the work coatings should be taken
into account accordingly during the determination of the workpiece thickness, e.g. in
that it is subtracted from the distance value calculated from the measured distance
values. However, the thickness of the work coatings constantly changes depending on
wear. Since, in the aforementioned embodiment, the determination of the end time of
the machining takes place via the thickness of the carrier receiving the workpieces, for
example the rotor disks, this type of process control is dependent on the thickness of the
used work coatings on the work disks and is in this respect also insensitive with respect
to a reduction of the work coating thickness due to wear. Complicated calibration
processes to account for such wear, such as provided in the state of the art, are thus not
required. From the series of individual measurement values of the distance measurement

system, the respective end point can be determined through numeric processes.



- 9 - Result during Surface Ginding with Planetary Kinetics), |SBN
3-8167-5609-3 (T. Ardelt). In this enbodi nent, the distance val ues
determ ned at different radii are thus weighted with the average radi al
probability of presence at the corresponding radii or respectively
according to T. Ardelt with the appli e_dllp_at h I ength distribution defined
there. The actual workpiece thickness can then be determ ned as an
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to this embodiment, the invention thus suggests recording the magnetic fingerprint for
example during a calibration of the double-sided machining tool for one or more work

disk revolutions and calculating from it a parameter, for example the average value, as



The work surfaces of the work disks normally have a work coating, e.g. a
polish coating (a polish cloth or pad) or the |ike. The thickness of the
wor k coatings should be taken into account accordingly during the

determ nation of the workpiece thickness, e.g. in that it is subtracted
fromthe distance value calculated from4he measured distance val ues.
However, the thickness of the work coati'’ngs constantly changes dependi ng on

wear. Since, in the aforenentioned enbodi nent, the.determ nation,.of the end
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eddy curreptesgipsor, is caused during the rotation of the work disks

t hrough nechani cal inaccuracies in the disks. Based on this, the state of
the art suggests only neasuring the distance in the short term and
periodically at. a.certain position qf the rk di,sk wever . exaf nations
byt he apptFeip@uE Gt BnhaPi@drlytedical oot et ot G ter A7 PR 2P
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Rat her, the signal fluctuations are a nultiple of that which is explainable
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If a work disk is turned accordingly under such an eddy current sensor, on
the thereby detected circular path the sensor neasures a signal
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so-called "magnetic fipgerprint". This magnetic fingerpyint superinposes
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i nvention thus suggests recording the magnetic fingerprint for exanple

during a calibration of the doubl e-sided machining tool for one or nore
work di sk P8y exenplaysembriiipanicef] the inygntion i Wlaanqslgl?eé%tl@g{ea%rde@%dwmge t he
aver age Vafilife, dhe diadifesho e HERBIENGPar amet er. During a subsequent
machi ni ng process, a 'sfance neasur ement signal is also recorded for
respectively one or nore disk revolutions and a paraneter, for exanple the
average value, is in turn calculated fromit. The sought distance val ue can
then be determned fromthe difference between the current paraneter and
the reference paraneter. Since the neasurenent is thus determ ned through
the duration (of one or nore disk revolutions) and no | onger through the

| ocation (position of the disks with respect to each other), it can be
controlled by the speed sensor already existing in such machines in
connection with a tine neasurenent. Additional angle transmtters are not
requi red. The advantages of this enbodi ment are generally naturally al so
realized in the case of a distance neasurenent at only one radial |ocation
of the work gap. However, further inprovenent in the nmeasurenent accuracy

o oy o, . o



In a further particularly practical enbodinment, the distance between the
wor k di sks can be neasured with at | east two eddy current sensors arranged
at radially spaced neasurenent |ocations of the work gap in one of the work
di sks. Such sensors provide reliable distance neasurenents and are often

al ready provided in doubl e-sided nmachinjng tools for other purposes, in
particular the controlling of a plane-parallel gap. One exenplary

embodi nent _of .t he |nvent|on s .expl.ai ned bel o reat r det
figures. ThE dradhi¥s§ l%&ﬁsasﬁ%@ﬁf‘é?ﬁ@mm’g‘ﬂlﬂmﬂgv%oq TR Qrm]fgaﬂ%eél?ei%tb%gof a
doubl e- si ded Wﬁcmcamg% {oand lﬁv@ﬁtlcnﬁfnfﬂéﬁlmsédﬁ%nwmod according to the
invention in a vertical section view qu 2 an enl arged section of the

|

doubl e- si dElg Practn erilarged exstion pbtheogblessidadimachting o &t Big- from Fig. 2 in
anot her re mwth a var| abl e representing the

radial pro §b |I{h%s8c%oaljgo§ggb%zd? agom%rarlgﬁreﬁenéau h’the work gap, and

Fig. 4 a diagram with a variable representing the radial probability of presence of a
workpiece in the work gap, and
Fig. 5 a diagram with a temporal characteristic of a work disk distance representing

the workpiece thickness during the machining.

If not specified otherwise, the same reference numbers are used for the same objects in
the figures. Fig. 1 shows part of a double-sided machining, in the example of a double-
sided polishing machine. The machine has an annular upper carrier disk 12 as well as an
also annular lower carrier disk 14 arranged opposite the upper carrier disk 12. An
annular upper work disk 16 and an annular lower work disk 18 are held on the upper
and lower carrier disk 12, 14. The work disks 16, 18 each have an annular work surface
20, 22, which amongst themselves border an also annular work gap 24. At least one of
the carrier disks 12, 14 is thereby connected with a drive that is not shown in greater
detail here, with which the carrier disk 12, 14 and thus the work disk 16, 18 assigned to
it can be rotatingly driven around the rotational axis shown in Fig. 1 with 25. In
particular, the carrier disks and thus the work disks can rotate in the opposite direction.
In the present example, several not shown but generally known rotor disks, which are
also rotated via a geared ring arrangement during a rotation of the work disks, are
arranged in the work gap 24. They each have recesses for workpieces, for example
wafers, to be machined in the work gap 24. Through the rotation of the rotor disks, the
therein received wafers are thereby moved along cycloid paths in the work gap 24. For
the machining, the work disks 16, 18 rotating relative to cach other are pressed against
each other with a pressing force and the workpieces held swimmingly in the rotor disks
are machined, for example polished, on both sides between the work disks 16, 18. The
work surfaces 20, 22 of the work disks 16, 18 can be provided for this with suitable

work coatings, for example polishing coatings.



Fig. 5 a diagramwith a tenporal characteristic of a work disk distance
representing the workpiece thickness during the machining. If not specified
ot herwi se, the sanme reference nunbers are used for the same objects in the
figures. Fig. 1 shows part of a doubl e-sided nmachining, in the exanple of a
doubl e- si ded polishing nmachine. The nmac Jne has an annul ar upper carrier
disk 12 as well as an also annular lower carrier disk 14 arranged opposite

t he upper carrier disk 12. An annul ar upper work di sk éG and an annyl ar
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26,, 28 L t he dashed | ti. th tti
hown 1P AT o ASARE e & B o oth Rk gaE e T |

can al so be seen that no change in the distance occurs during an adj ustnent



of the work gap at a radial position R Thus, no change in the work gap

w dth takes place at this pivot or rotation point of the upper work disk 16
in the case of a change in - 15 - the gap geonetry. This can be taken
advantage of in that the distance between the work disks 16, 18 at the

radi al position Rs (determ ned for exan‘gge previously within the franmework
of a calibration) is calculated fromth rreasurerrent signal s of the eddy
current sensors 26, 28 d thi’ E’ﬂl st nce is &%n as..t he Hélckne s of the
wor kpi eces e@RieseAtF e capbe tatgﬁ@f%b thgdlissance fepgvech REFREK 5
vari abl e SgiskeRpeseat indrddig L{{oé‘ﬁ'oﬁlR p{}@&ﬂgldeﬁtﬂﬂr AafFRSEBARLAL Wil the

wor kpi eces 1n the work gap 2 here ‘the drawn path length distribution. The
vari abl e sframswetowh acaibratioe) isadilagati! fikhe thmnmasmnmenju&lémalfﬁ aflithe Ridnd Ra

bordering the vvork 2 hown with dashed i be .seen t hat
Che. or Kpi BB SERTS PGy Shandny Patires 4hgeopns REknser PRGN o
know edge grBhiR&d fntke WoRihiantiagiRonskafapioa. order to cal cul ate the distance
bet ween the work disks for a plurality of for exanple evenly distributed

radi al positions fromthe nmeasurenent signals of the eddy current sensors

26, 28, tc)F ',thBO hea L& dzﬁﬁ% t " rggl%lgesqtt%nc&% Ivéfd alf' Sp;rldgab\{gtk d&? 8‘?@}331106 pltflf?d In

Fig. 4 speciyi g Y he' ra prona ence ormfromthese

wei ght ed dixstignees it e vairk tdapeu| mraﬂwaﬁmqﬁtm&hgmkﬁbm tlihe clariglds s° Fi g.
5 shows a tenporal characteristic of a certain work di sk dj st ance accordi ng
to the i nvEripyR oxer deradivaR. [[§e anc and puiechradjidriang dp, bojdirng the Jogs 8 s t he

wor kpi ece Eﬁg la&k%e% i) 'dgﬁle& ﬁﬁxe?ﬁPSﬁiﬁé Mn &f\eﬁ tﬂf%}l&'ﬂéc%é staly ﬁﬁcr)ﬁ‘é%’i@l;d hSK

di stance 1: term ne sul t e radial Tocation is appli over
time t andtichengeeaSie émentadiod. Mhss kmde@obaatbedalfa‘rmc@antagwmsﬁ am erdsonbi ned

to formthe cyrve shown i . It can see t hat ere ar ly two
stabl e opefdfy Li?.‘ﬁ b ghdancg eaw%a 61 WAt a‘wfs B PP o 7 R e
before ti nBistrfputdd Rliladip8&liohd H@m"‘!h@hné’asﬁ&ﬁ%@@fgnﬁ!@gﬁtthé/ ed @ﬂ@erft%%hﬁorr§
Around tinme tE, the wor kp| eces nmachined in the wrk gap 24 reach the

t hi ckness 86, 2heta otedght dihs kisspantiveridiginces evigh \Ihmgfatlhlelm s’ pepdiedi ingFig. 4 he

materi al renpy n_end an c and t hus
The o kpi SegitsinedRy, Bulel FRfRERit Lo T BrSies 2t e R RoM e BhBba MRl o
i.e. a Ilngle\/grf&mn@tim@mpas abhfl %ﬂ@léogtmamdsbus be sel ected as the end time
for the machining. It can be determned in a sinple manner in that the

first mathematical derivation of the curve shown in Fig. 5 is cal cul ated.

As s00n s phey GRANAENShATLAd-GABAN of d cR] WEAPLS ARAKR. Acl RN AL Val ue

hi di ng neas
invention at a radial location of the work gap, which represents the workpiece thickness

during the processing. In particular, the work disk distance Dy, determined at a suitable
radial location is applied over time t and the measurement points recorded at different
times are combined to form the curve shown in Fig. 5. It can be seen that there are
mainly two stable operating states. A largely constant material removal takes place
before time tg. A straight line with a constant negative slope results. Around time tg, the
workpieces machined in the work gap 24 reach the thickness of the rotor disks
swimmingly receiving them. Accordingly, the material removal mainly comes to an end
and the work disk distance and thus the workpiece thickness remain after time tg mainly
at a constant value, i.c. a line with slope 0. The time tg can thus be selected as the end
time for the machining. It can be determined in a simple manner in that the first
mathematical derivation of the curve shown in Fig. 5 is calculated. As soon as they

change significantly, if applicable above a threshold value hiding measurement



- 16 - fluctuations, the time tE is reached and the nmachi ning can be ended.
In order to optim ze the evenness of the workpieces and in particul ar of
their surfaces, the machining process can also continue for a certain
period beyond the tinme tE. However, this leads to an increased wear of the
rotor disks. A precise machining of thglyprkpieces to a predeterm ned

t hi ckness is possible in an easy manner wth the nmethod according to the

i nvention.

- 17 - i B! . . .
ﬂuctuat170ns, t%le %me tg is reached and the machining can be ended. In order to optimize
the evenness of the workpieces and in particular of their surfaces, the machining process
can also continue for a certain period beyond the time tz. However, this leads to an

increased wear of the rotor disks.

A precise machining of the workpieces to a predetermined thickness is possible in an

easy manner with the method according to the invention.




1. A nethod for machining flat workpieces in a doubl e-sided machining tool,
whi ch has an upper and a |l ower work disk (16, 18), wherein at |east one of
the work disks (16, 18) is rotatingly driven and the work di sks (16, 18)
each have an annul ar work surface (20, 22), wherein the work surfaces (20,
22) anongst thensel ves border an al so ular work gap (24), in which at

| east one carrier is |located, which guides at |east one workpiece in the
work gap (24) so that the at |east one workpiece is nachined in a

doubl e- si deliBgnner between the work surfaces (20, 22), characterized in
that the di stance between the work disks (16, 18? is nmeasured at at | east
two radial Ly % pathad! frsanashinven flat vodknienss lop doyblenidded gaghipipg)toalnavhich t hat

fromthe neasured. distances, a dist.a en.. r i . k8) is
et or i ned as e sEhs 0N e S TRR Gk, TEL AT AL e bR AEL ' o
the at | east (pfielwes kpitBeey dRed ARdhe vdrbdisko{ ks, d8pedchdave ian apauilht wutkar a
| ocation in turn radially spaced fromthe neasurenent |ocations, and the

t hi ckness of StHaceat20) dakstvhsian s wprkevalansscRPned aonEe B Vesaberdegn s
det ermi ned f ' ter . RN : T,
etermned Try éﬁﬁ@&@%@@@ﬁ%ﬁ, S PRiPE ttfﬁ:g%t ot'ﬁhgag%?sefoca@% \Dﬁcg%h{aﬁg at

according to clarm ized 1IN I stance betwe e work
di sks (16, 18asabona wakpicco o thoek igapa4ppndition thetaerleaadogee oforkpiecavor k gap

(24) is determned fromthe sured di stances and the i ckness of the at
| east one mﬁ"kﬁf?‘é@@ ‘%?ﬂ?ﬂéﬁﬂﬁ @%@W%ﬂf‘g’a@e@ﬁ‘; Sy, e%gbdg{f)erm ned from
the thus det ehRef- i St @RCEHe idkidiRe b@twe-gﬂgh@ﬁjbhpgisﬁscﬁfg[ @BPE h&isGiediaihd ,

characterized in that the distance between the work disks (16, 18) is be

det erm ned f reast the ravbabuseded nehamessntdpcaions odthowork pep (Zddiand infthathi ch
corresponds with the average. val ue of,.the radi us t he, i nner ge,0f the
wor k gap (24\)%05?1015’? hIBe?fﬂfe%r 8@ E%f " { éa%r%qgﬁi)“ ?564)W(§hdfhtgﬁse( %i i?()nésss of
the at |east jepemwRlkiRiaCloBatiHRCEY 1A GvdrR éla_EG{ZM\Pf raemidp?dhe thekaes efheied from
the thus determ ned distance. -18- 4. e met hod according to claim1,

char act er i zededshorhaprkprsempgdbingdrin dee wodogap @) .on nartiquisist logateonon ile wor k
di sks (16, 18)..can i in ex . qQr C e

ai stance bet WRUETY HREcERHIHE e iy PR Gy B RRERNS TRRE 19000

di stances at warkpiead irgachnidr & tthe Wbkt gae q2betivedsterhliedvdron dhe kdistad&: 18)
does not change during an adjustnent of the at |east one work disk (16, 18)
into a conveCimyed ihBuy®agddpe and the thickness of the at |east one

wor kpi ece machined in the work gap (24) is determ ned.

2. The method according to claim 1, characterized in that the distance between the
work disks (16, 18) at a location on the inner and/or outer edge of the work gap (24)
is determined from the measured distances and the thickness of the at least one
workpiece machined in the work gap (24) can be determined from the thus

determined distance value.

3. The method according to claim 1, characterized in that the distance between the
work disks (16, 18) is be determined from the measured distances at a location, the
radius of which corresponds with the average value of the radius of the inner edge of
the work gap (24) and the outer edge of the work gap (24) and the thickness of the at
least one workpiece machined in the work gap (24) is determined from the thus

determined distance.



5. The nmethod according to claim4, characterized in that the |ocation
where the distance between the work disks (16, 18) does not change during
an adjustment of the at |east one work disk (16, 18) into a concave or a
convex shape is determned in that the at | east one work disk (16, 18) is
adjusted into a concave and/or a convex,shape, a change in the distance of
the work disks (16, 18) at the neasureh% t locations is thereby neasured

and fromthis the radius of the |ocation is determ . ned at ich. t
di stance b#t vig€rn¢thed apsording ixslapm ¢; chagyctetred Théat éh?awa@( a%“?amé‘zoa% of
adj ustment  ofy §he; e &F@l@tw&ﬂ%ﬁ%r(l%,df@lﬁaﬁ 38 adiBled ifito 4 BEnVIRLAIO A& di ng

to claim1, characterized in that ‘a di stance between the work disks (16,
18) can be dehagrarambthd dstmtd betveras uhedvadk stisksc@s, a8) & pétamaingd yroof the

| ocations radially, spaced fromthe asurement locations, the.th

detor i ned dIREHERSTECHEI DREUIPANTHE Sis Pt GO e Bt Fl5<t - A8k al
probabil ity QfhePhESaRGE: Qhirikd)8n WERKRIAE BF Rlat &Rt bACALIOASK 6] W)Gklol:0 T he
determ ned distances in the course of their machining in the work gap (24)
and the wor kppeesx e chineesshiage det Ge whinkeess phiire 2hlsashooe ayekpiatu@adiinghe

wei ght ed distgt%ggjkY. Iﬂﬁ. ng%nggcording to one of the previous clains,
characteri zed" 'l t Hat®?Pt |s’g§%r]forme'd repeatedly, a tenporal characteristic
of the workpiece thickness is recorded and an end tine is determ ned for

the wor kpi gcernreminal ngchfddip (d1R1ABNMPOEIRratdiddeaCinethad th | RbtibMhavhaes ki ece
t hi ckness. -19- 8. The net hod accordlq%hto claim7, characterized in_that

the end ti ne digangethstwionabic awrk Hisks i(he Mihdaes net dhianga dwrinchamadipstglent of

derivation of,t d : a teristi . - an a
or edet er m ned™t AsbRERG Gtk SETTE: 4y BRAL ARV 3L o8 PR 4F e S fd

char act er i zedhdtnhé baleatthmicanstktdiske(lics 18piseddiisn@idinasa @otidafe anot altogeaur s a
certain period of tine after the tine when the first derivation of the
recorded tenpBiRs acehpngetia rthe digancgafgbs Borkndisks {anl 83 45r1Be SicaswicRsat

threshol d valiy@tions is thereby measured and from this the radius of the location is determined

at which the distance between the work disks (16, 18) does not change during an

adjustment of the at least one work disk (16, 18).

6. The method according to claim 1, characterized in that a distance between the work
disks (16, 18) can be determined from the measured distances at a plurality of
locations radially spaced from the measurement locations, the thus determined
distances are weighted with a variable representing the radial probability of presence
of the workpieces at the locations assigned to the determined distances in the course
of their machining in the work gap (24) and the workpiece thickness is determined

from the average value of the weighted distances.

7. The method according to one of the previous claims, characterized in that it is
performed repeatedly, a temporal characteristic of the workpiece thickness is
recorded and an end time is determined for the workpiece machining from the

temporal characteristic of the workpiece thickness.



10. The method according to one of the previous clains, characterized in
that the distance neasurenent takes place at the neasurenent |ocations in
that the distance at the respective nmeasurenent |ocation is nmeasured
multiple times during one or nore revolutions of the at |east one
rotatingly driven work disk (16, 18) anﬁ;a paranmeter is determned fromthe
measur enment characteristic and this determ ned paraneter S conpared wth a

ref erence r 11. The t ho ccordin .. racte |zed in
e Thet B AR hod dccoptias i Qs doaeir et SaChasrLiies PasminRLe

measur ed dlSH&QQ%nEahM§§ ﬂézfh&hﬁmﬂﬁhﬁﬂ@MaQ@HGQkﬂQ(ﬁoﬂﬁnﬁaﬁﬁd&ﬁﬁaﬁﬁﬁﬁlOUS
clains, characterized in that the at | east one carrier is at | east one

rotor disk, whirhtehistc edanpesdhst moredharea peedetermingf tlobshokbvalee. | east one
wor kpi ece to be machined is received, and which is rotated by nmeans of a

Iler devj t | 3 ed .in the rot
0 sk movesal BgRane oG i HATh RBbre Qb hE S5 G HotRoedit ng

to one of th%tﬂ‘h@\&b}ﬂ%o@dlﬁé Heertih PEASH @ﬂ'ﬂu%%ﬂem%h@&e \Fvﬂéh e ShraneeivRgimeen
t he work di sks T5?16 18) is neasured wt | east two eddy current sensors

(26, 28) arramgad FSGOI’ﬂ@EHlt%mP@fabph@@dem@sglnfellmtbyl ot ithomsa gfreddierminedk gap
(24) in one qflregﬁ})qdvxqr k_ di sks (16, 18).

10. The method according to one of the previous claims, characterized in that the
distance measurement takes place at the measurement locations in that the distance
at the respective measurement location is measured multiple times during one or
more revolutions of the at least one rotatingly driven work disk (16, 18) and a
parameter is determined from the measurement characteristic and this determined

parameter is compared with a reference parameter.

11. The method according to claim 10, characterized in that the parameter is the average

value of the characteristic of the measured distance values.

12. The method according to one of the previous claims, characterized in that the at
least one carrier is at least one rotor disk, which has at least one recess, in which the
at least one workpiece to be machined is received, and which is rotated by means of
a roller device, whereby the at least one workpiece received in the rotor disk moves

along a cycloid path in the work gap.

13. The method according to one of the previous claims, characterized in that the
distance between the work disks (16, 18) is measured with at least two eddy current
sensors (26, 28) arranged at radially spaced measurement locations of the work gap

(24) in one of the work disks (16, 18).




