
5 

5 

10 

15 

20 

25 

30 

35 

very little material removal, such that the process times 

during double-side polishing are lengthened unnecessarily. 

Object 

Consequently, embodiments of the present invention seek to 

improve" 	 - 	 _, 	the known double- -- 	 -- 	- 	_ 

side group processing methods, and in particular the 

corresponding grinding method, such that the thickness 

deviations from batch to batch and between the actual and 

desired values 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 providedThe 

- 	 for the - 	- 	 - 	a method 	simultaneous 

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 wi(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 ratios 

cut,Admiet) 	the i #i of 	angular velocities wt,q01,ALW deviate by no 
coi,AcTuAL(0 )  

coi(t=o) 10 	% 	from 	the 	initial more 	than 	 ratios 
toj(t=1:01

i#j , 	of 	the 

angular 	velocities 	wilt=0) 	corresponding 	to 	when 	the 

preselected target thickness was attained 	(t=0). 
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6(0 of all the drivco i arc rcduccd in ouch angular velocities 

the deceleration the ratios of all 

the 

a way 

the 

that, during 

to one 

phaoc, 

another ao a function of 

time 

angular velocities w4(t) 

t 	 not more than 101 not more deviate by by and preferably 
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the preselected  

chi&cnccc target 

In this case, 	it is possible to reduce the angular velocities 

5 co1(0 of the drives i during the deceleration process in 

accordance with the formula w,(t)=co,0 -4t, 	i.e. 	linearly with 

time. 

However, it is preferred for the magnitude of the change in the 

10 angular velocity co,(t) of each drive i per unit time to increase 

in the course of the deceleration process. This is preferably 

achieved by reducing the angular velocity (DJ° of each drive i 

in accordance with the formula co,(0 -Thlw20 ---2.-fit. 

15 In this case, 	coo  denotes the angular velocity at the beginning 

of the deceleration process, 	J, denotes the moment of inertia 

where J,=.11),(r)r 2 dr, 	p1 (r) 	denotes the density distribution, 	r 

denotes the distance from the axis of rotation, 	k, denotes a 

deceleration capacity of the drive i, dr denotes an 

20 infinitesimal 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 k results as 

k,== j;:" 	if 	 the beginning 	the an angular velocity wo  at 	 of 

25 deceleration process and a time duration for  from the beginning 

of the deceleration until all the drives are at a standstill 

are predefined. 

The duration for  of the deceleration process is preferably 

30 determined by the drive i having the greatest angular momentum 

L,=J,co o . 

Brief description of the figures 
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Patent claims 

1. A method for the simultaneous double-side material- emoving 

processing of at least three workpieces between a ro ating 

5 upper working disk and a rotating lower working di- 	of a 

double-side processing apparatus, wherein the wo 	pieces lie in 

freely movable fashion in a respective opening 	n a guide cage 

and are moved by the latter under pressure in a working gap 

formed between the two working disks, where 	, upon a 

M 

15 

preselected target thickness of the workpieces being attained, 

a deceleration process is initiated, dur ng which the angular 

velocities ml(t) of all the drives i o 	the upper working disk, 

of the lower working disk and of the •uide cage are reduced to 

a standstill of the two working dis s and of the guide cage, 

wherein the angular velocities col 	) of all the drives i are 

reduced in such a way that, dur 	g the deceleration phase, the 

ratios of all the angular vel• ities 01(t) to one another as a 

function of the time t devi- e by not more than 10% from the 

ratios at the instant at wr.ich the preselected target thickness 

20 is attained. 

2. The method as clai ed in claim 1, wherein the angular 

velocities wt(t) of :11 the drives i are reduced in such a way 

that, during the •-celeration phase, the ratios of all the 

25 angular velocit'-s 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 pr selected target thickness is attained. 

3. The m- hod as claimed in either of claims 1 and 2, wherein 

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

circu -r guide cages each having at least one cutout for a 

wor •iece and each having a toothing extending 

c 	cumferentially 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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concentrically with respect to the rotational axis of th 

working disks, and wherein the two drive rings constiti e the 

drives of the guide cages by means of which the guide cages are 

moved circumferentially with simultaneous inherent 	otation 

5 about the rotational axis of the working disks, 	h that the 

workpieces describe cycloidal trajectories rela 	e to the two 

working disks. 

4. The method as claimed in either of claim; 	and 2, wherein 

10 the working disks are circular and exactl 	one guide cage is 

used, which covers the entire area of t 	working disks and is 

driven by eccentrically rotating guide rollers arranged on the 

circumference of the working disks t.' effect an orbital 

movement such that in the resting r ference system for each 

15 workpiece there is a respective s ationary area which is 

completely covered by the workp 	ce at any time. 

5. The method as claimed in 	ny of claims 1 to 4, wherein the 

angular velocity od1(0 of each drive i is reduced in accordance 

20 with coj0=coi3O -50, 	where 	coo) denotes the angular velocity at 

the beginning of the de eleration process, 	Ji denotes the 

moment of inertia whe 	Ji =fpjrfr 2 dT, 	A(r) denotes the density 

distribution, r den 	es the distance from the axis of rotation, 

lc denotes a dece 	ation capacity of the drive i, dr denotes an 

25 infinitesimal e 	ent of the volume t that encompasses the 

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

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

magnitude 	the change in the angular velocity cojO of each 

30 drive i per unit time increases in the course of the 

decele ;6tion process. 

7. F e method as claimed in claim 6, 	wherein the angular 

v
/
e
~
i ocity com of each drive i is reduced in accordance with 

35 
2k, 74( )= 	

2 	57t, wherein coo) denotes the angular velocity at the 
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beginning of the deceleration process, 	Ji  denotes the moment of 

inertia where 	Ji =ipi eck 2 dr, 	pi(r) 	denotes the density 

distribution, 	r denotes the distance from the axis of 	otation, 

k1  denotes a deceleration capacity of the drive i, dr denotes an 

5 infinitesimal element of the volume t that encompa see the 

rotating parts of the drive i, 	and t denotes the :'time. 

8. The method as claimed in any of claims 1 	o 7, wherein the 

duration for  of the deceleration process is determined by the 

10 drive i with the greatest angular momentu 	r =f,co o , 	wherein cofc, 

denotes the angular velocity at the 	e+inning of the 

deceleration process, 	I;  =fri(r)r 2  dr de otes the moment of 

inertia, 	pjr) denotes the density distribution, 	r denotes the 

distance from the axis of rotation, 	dr denotes an infinitesimal 

15 element of the volume t that en 	passes the rotating parts of 

the drive i, 	and t denotes t 	time. 

9. The method as claimed ' 	any of claims 1 to 8, 	wherein the 

pressure exerted on the 	orkpieces by the two working disks is 

20 reduced during the deceleration process. 

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

the end of the d 	e eration process is greater than zero. 

25 11. The methov as claimed in any of claims 1 to 10, 	wherein 

each workin 	disk respectively carries a working layer 

containing fixedly bonded abrasive which, through contact with 

the wor .ieces, brings about material removal from the 

workp 	ces by grinding. 
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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 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 w1(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 	ratios 
iduicrum,(0 	• I * j of the angular velocities wiAcTuAL(t) deviate by no 
wiAcrum.M 

10 	% 	from 	the 	initial 	.111,i*j more 	than 	 ratios 	 , 	of 	the wi(t=o) 

angular 	velocities 	w1(t=0) 	corresponding 	to 	when 	the 

preselected target thickness was attained (t=0). 

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

being 	 that 	 on.Acrum.(0 i  carried 	out 	such 	all ,ratios 	 * 
j 	of 	the 

0.tscruszA0' 

angular velocities wtAcruAL(t) deviate by no more than 5 % from 

(L-161± i initial the 	ratios 	* j, 	of the angular velocities wi  ( t=0) wi(t=o)' 

corresponding 	to 	when 	the 	preselected 	target 	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 

workpiece 	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 	of 	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 	circumferentially 	with 	simultaneous 	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, wherein 

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 	of 	the 	working 	disks 	to 	effect 	an 	orbital 

movement 	such that 	in the 	resting 	reference 	system for each 

workpiece 	there 	is 	a 	respective 	stationary 	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 	w,(0 	of 	each 	drive 	i 	is 	reduced 	in 

ye-accordance 	with 	toi(t) = too 	t , 	wherein 	wo 	denotes 	the 

angular velocity at the beginning of the deceleration process, 

J, 	denotes 	the 	moment 	of 	inertia 	where 	Ji =fp,Ork2 dr , 	Mr) 

denotes the density distribution, 	r denotes the distance from 
the axis of rotation, 	k, denotes a deceleration capacity of the 

drive 	i, 	dr denotes an infinitesimal element of the volume t 

that 	encompasses 	the 	rotating 	parts 	of 	the 	drive 	i, 	and 	t 

denotes the time. 

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

the 	absolute 	value 	of 	the 	magnitude 	of 	the 	change 	in 	the 

angular velocity wi(t) 	of each drive i per unit time increases 

in the course of the deceleration process. 

5 

10 

15 

20 

25 

30 



35 

7. The 	method 	as 	claimed 	in 	claim 	6, 	wherein 	the 	angular 

velocity 	w,(t) 	of each drive 	i is 	reduced in accordance 	with 

w,(t)= o.)12.0-A2 t, 	wherein 	wo  denotes the angular velocity at the 

beginning of the deceleration process, 	J, denotes the moment of 

inertia 	where 	J,=1/),(r)r2 dr 	, 	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 denotes an 

infinitesimal 	element 	of 	the 	volume 	r 	that 	encompasses 	the 

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

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

the duration tin  of the deceleration process is determined by 
the drive i with the greatest angular momentum L7 =JAp, wherein 

mo 	denotes 	the 	angular 	velocity 	at 	the 	beginning 	of 	the 

deceleration 	process, 	Ji=j/WW2dr 	denotes 	the 	moment 	of 

inertia, 	pAr) denotes the density distribution, 	r denotes the 

distance from the axis of rotation, dr denotes an infinitesimal 

element of the volume 2 that encompasses the rotating parts of 

the drive i, and t denotes the time. 

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

the pressure exerted on the workpieces 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 either of claims 1 and 2, wherein 

each 	working 	disk 	respectively 	carries 	a 	working 	layer 

containing fixedly bonded abrasive which, 	through contact with 

the 	workpieces, 	brings 	about 	material 	removal 	from 	the 

workpieces by grinding. 
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