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very little material removal, such that the process times

during doubkle-side polishing are lengthened unnecessarily.
Object

Conseguently, embodiments of the present invention seek to

improveis—basedon—theeblect—ofimproving the known double-
side group processiﬁg methods, and in particular the
corresponding grinding method, such that the thickness
deviations from batch to batch and between the actual and
desired valueg are reduced. In this case, the small thickness
deviations from workpiece to workpiece and within a workpiece
(plane-parallelism of the two surfaces) and also the good
flatness of the workpiece which are obtained in accordance with

the prior art must be maintained.

Achieving the object

According to an aspect of the invention, there is providedZhe
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w-means—aE a method for the simultaneous
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double-side material-removing processing of at least three
workpieces between a rotating upper working disk and a rotating
lower working disk of a double-side processing apparatus,
wherein the workpieces lie in freely movable fashion in a
respective opening in a guide cage and are moved by the latter
under pressure in a working gap formed between the two working
disks, wherein, upon a preselected target thickness of the
workpieces being attained, a deceleration process is initiated,
during which the angular velocities w;(t} of all the drives i of
the upper working disk, of the lower working disk and of the
guide cage are reduced to a standstill of the two working disks

and of the guide cage, wherein the reducing being carried out

such that all ratics

3@£ﬂﬂél,1#] of the angular velocities wjuerpa(t) deviate by no
wjacTAL(E) : :

ko - {(t=0) . .
more than 10 % from the initisl ratios g%%?%’l¢j ;, ©of the
: =
anguaiar velocities - w;(t=0)} corresponding to when the

preselected target thickness was attained {(t=0).
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In this case, it is possible to reduce the angular velocities
@,(t) of the drives i during the deceleration process in

accordance with the formula o(!)=e,~%7, i.e. linearly with

time.

However, it is preferred for the magnitude of the change in the
angular velocity w,{f) of each drive i1 per unit time to increase

in the course of the deceleration process. This is preferably
achieved by reducing the angular velocity o,(f) of each drive 1

in accordance with the formula o/(f)=

In this case, @,, denotes the angular velocity at the beginning
of the deceleration process, J, denotes the moment of inertia
where Ji:f;yﬁﬁrzdr, p:(r) denotes the density distribution, r
denotes the distance from the axis of rotation, k, denotes a
deceleration capacity of the drive i, dr denctes an
infinitegimal element of the volume T that encompasses the

rotating parts of the drive i, and t denotes the time.

In this case, the required deceleration capacity & results as

kfz%gf if an angular velocity.a)f‘0 at the beginning of the

deceleration process and a time duration tp, from the beginning
of the deceleration until all the drives are at a standstill

are predefined.

The duration f&. of the deceleration process is preferably

determined by the drive i having the greatest angular momentum
L=Jow,.

Brief description of the figures
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Patent clains

1. A method for the simultaneous double-side materialjiémoving

processing of at least three workpleces between a rqféting
5  upper working disk and a rotating lower working digk of a
double-side processing apparatus, wherein the workpieces lie in
freely movable fashion in a respective opening ; a guide cage
and are moved by the latter under pressure in/a working gap
formed between the two working disks, wherz% , upon a

o

10  preselected target thickness of the workpiéces being attained,

a deceleration process is initiated, during which the angular

velocities w;{f) of all the drives 1 o‘Jthe upper working disk,

of the lower working disk and of the_iuide cage are reduced to
a standetill of the two working disﬁé and of the guide cage,

15  wherein the angular velocities wifé) of all the drives 1 are
reduced in such a way that, dur;Jg the deceleration phase, the
ratios of all the angular velglities w;{t) to one ancother as a
function of the time t deviafe by not more than 10% from the
ratios at the instant at wiich the preselectad target thickness

20 ie attained.

5. The method as claiged in claim 1, wherein the angular
velocities w;(t) of A1l the drives i are reduced in such a way
that, during the géceleration phase, the ratios of all the
25  angular velocitlgé to one another as a function of the time t
deviate by not/more than 5% from the ratios at the instant at

which the pre¢selected target thickness is attained.

3. The mthod as claimed in either of claims 1 and 2, wherein

30 the worKing disks are ring-shaped, wherein at least three

circular guide cages each having at least one cutout for a

workbiece and each having a toothing extending

cifcumferentially on the circumference of the guide cages are

sed simultaneously, wherein the toothing engages into an outer

35 / and an inner drive ring, which are in each case arranged
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drives of the guide cages by means of which the guidefcages are

moved circumferentially with simultaneous inherent yotation
about the rotational axis of the working disks, suych that the
workpiecess describe cycleidal trajectories relative to the two

working disks.

£, The method as claimed in either of claim£'1 and 2, wherein
the working disks are circular and exactly one guide cage is

used, which covers the entire axea oI ¢ éfworking disks and is
driven by eccentrically rotating guide/rollers arranged on the

circumference of the working disks to effect an orbital

movement such that in the resting réference system for each
workpilece there is a respective s¥ationary area which is

completely covered by the workpifce at any time.

5. The method as c¢laimed in gny of claims 1 to 4, wherein the
angular velocity o,{f) of é?gh drive i is reduced in accordance

with o (fi=w,~% t, whereifi o, denotes the angular velocity at

the beginning of the degeleration process, J, denotes the

moment of inertia wher J[:fpﬂtﬁjdr, p,{r) denotes the density

distribution, r dengtes the distance from the axis of rotation,

k, denotes a decezgfation capacity of the drive i, dr denotes an
infinitesimal ei;”ent of the volume t that encompasgses the

rotating partsﬁ@f the drive 1, and t dencteg the time.

6. The methyé as claimed in any of claims 1 to 3, wherein the

magnitude @f the change in the angular velocity @ {f) of each
drive i Yer unit time increases in the course of the

decelervhtion process.

7.

velocity {f) of each drive i ils reduced in accordance with

/.

he method as c¢laimed in claim &6, wherein the angular

k,

s , B ,
35 /ﬁq@)mgaaﬁ~j—t, wherein o,, denotes the angular velocity at the
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beginning of the deceleration process, J, denotes the mome’ﬁ cf
inertia where Jizfggﬁjrzdr, p.(r) denotes the density
distribution, » denotes the distance from the axis oflxgtation,
k, denotes a deceleration capacity of the drive i, 47 denotes an
infinitesimal element of the volume 1t that encompa ées the

rotating parts of the drive i, and t denctes the/s/time.

8. The method as claimed in any of claims 1 %0 7, wherein the
duration tpr of the deceleration process is/determined by the
drive 1 with the greatest angular momentup I, =Jam,, wherein
denoteg the angular velocity at the kegdnning of the
deceleration process, Jizjga@jrzdr deylotes the moment of
inertia, p,{r} denotes the density d¥stribution, r denotes the
distance from the axis of rotatiod, dr denotes an infinitesimal
element of the volume t that encOmpasses the rotating parts of

the drive 1, and t denctes the time.

9. The method as claimed i any of claims I to 8, wherein the

pressure exerted on the workpieces by the two working disks is

reduced during the decdleration process.

10. The methed as
the end of the 4

aimed in claim 9, wherein the pressure at
eleration procegs is greater than zero.
11l. The method as claimed in any of c¢laims 1 to 1§, whersin

each working disk respectively carries a working layer
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{Claims}

1. A method for the simultaneous double-side material-
removing processing of at least three workpieces between a
rotating upper working disk and a rotating lowsr working disk
of a double-side processing apparatus, wherein the workpieces
lie in freely movable fashien in a respective opening in a
guide cage and are moved by the latter under pressure in a
working gap formed between the twe working disks, wherein, upon
a preselected target thickness of the workpilieces being attained,
a deceleration process is initiated, during which the angular
velocities w;{t) of all the drives i of the upper working disk,
of the lower werking disk and of the guide cage are reduced to
a standstill of the two working disks and of the guide cage,
wherein the reducing being carried out such that all ratics
[#) of the angular velocities wiycryar(f) deviate by no

1
wiacTuaL(t)

more than 10 % from the initial zratiocs Ji#=j, of the

angular velocities wi (t=0} cerresponding to when the

preselected target thickness was attalined {t=0).

2. The method as claimed in claim 1, wherein the reducing

N . . ) w; (ty , \

being carried out such that all ratios i&ﬂi&ﬂ;l'1¢j of  the
@ AcTUAL(E)

angular velocities wjueryar(t) deviazte by no more than 5 % from
wi{t=0)

the initial ratios ,
b.lj(f=0)

i#j, of the angular velocities w;{t=0}

corresponding toe when the preselected targst thickness was

attained (t=0).

3. The method as claimed in either of claims 1 and 2, wherein
the working disks are ring-shaped, wherein at least three
circular guide cages each having at least one cutout for a
workplece and each having a toothing extending
circumferentially on the circumference of the guide cages are

used simultaneously, wherein the toothing engages into an outer
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and an inner drive ring, which are in each case arranged
concentrically with respect to the rotational axis c¢f the
working disks, and wherein the two drive rings constitute the
drives of the guide cages by means of which the guide cages are
moved c¢lrcumferentially with simultanecus inherent rotation
about the rotational axis of the working disks, such that the
workpieces describe cycloidal trajectories relative to the two

working disks.

4. The method as claimed in either of claims 1 and 2, whersain
the working disks are circular and exactly one guide cage is
used, which covers the entire area of the working disks and is
driven by eccentrically rotating guide rollers arranged on the
circumference o©of the working disks to effect an orbital
movement such thet in the resting reference system for each
workpiece there 1is a respective statiocnary area which is

completely covered by the workpiece at any time.

5. The method as claimed in either of claims 1 and 2, wherein
the angular velocity o, (f} of each drive 1 is reduced in

accordance with wi(t) = wyq— t , wherein @, denotes the

K;
Jiwio
angular velocity at the beginning of the deceleration process,

!

J. denotes the moment of inertia where J[:fpgﬁjrldr ;o)
denctes the density distribution, r denotes the distance from

the axis of rotation, 4, denotes a deceleration capacity of the

drive i, dr denotes an infinitesimal element of the volume =
that encompasses the rotating parts of the drive 1, and t

denotes the time.

6. The method as claimed in either of claims 1 and 2, wharein
the absclute value of the magnitude of the change in the
angular velocity @, (f) of each drive 1 per unit time increases

in the course of the deceleraticn process.
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7. The method as claimed in claim 6, wherein the angular
velocity @,(f) of each drive i is reduced in accordance with

w ()= aﬁo—%ﬂt, wherein @, denotes the angular velocity at the
beginning of the deceleration process, J, denctes the moment of
inertia where Jf=Jﬁ%UjF2dT ' p.{r)y denctes the density

distribution, r denotes the distance from the axis of rotation,
k, denctes a deceleration capacity of the drive i, dr denotes an

infinitesimal element of the wvolume 1T that encompasses the

rotating parts of the drive i, and t denctes the time.

8. The method as claimed in either of claims 1 and 2, wherein

the duration tyr 0of the deceleration process 1s determined by

the drive i with the greatest angular momentum L =Jw®,, wherein

@, denotes the angular velocity at the beginning of the
deceleration process, J,=Ipﬂkﬁ2dr denotes the moment of
inertia, p,(r) denotes the density distribution, r denotes the
distance from the axis of rotation, dr denotes an infinitesimal

element of the volume 1 that encompasses the rotating parts of

the drive i, and t dencotes the time.

9. The methed as claimed in either of claims 1 and 2, wherein
the pressure exerted on the workpileces by the two working disks

is reduced during the deceleration process.

10. The method as claimed in claim 9, wherein the pressure at

the end of the deceleration process is greater than zero.

11. The method as claimed in elither of c¢laims 1 and 2, wherein
each working disk respectively carries a working layer
containing fixedly bonded abrasive which, through contact with
the workpiecesg, brings akout material removal from the

workpieces by grinding.



