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description Is given of an apparatus and a method for grinding a workpiece, In particular a shaft part. According to the method,

the workpiece Is clamped Iin place for the grinding working and its geometry Is subsequently ground in such a way as to maintain its

mensions and shape. According to the invention, at least part of the surface of the workpiece Is precision-worked at least partly at
e same time as the grinding. The apparatus according to the invention has a work-spindle headlock and a tailstock for clamping
e workpiece In place as well as a grinding unit with a grinding wheel for grinding the workpiece. The grinding unit and workpiece

d

e arranged movably In relation to each other in a controlled manner. The apparatus according to the invention additionally has a

precision working unit, which can be moved according to the geometry of the workpiece In such a way that at least part of the
surface of the workpiece Is able to undergo precision working.
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Receivad

AbstractT

A description is given of an apparatus and a
mcthod for grinding a workpiece, in particular a shatt
pAaTt. According bto the method, the workpiece 1is
clamped in place for the grinding working and 1its
geometry is subsequently ground in such a way as ¢to
maintain its dimensions and shape. According to the
invention, at least part of the surface o¢f the
workpliece 1is precision=-workad At least parrly Aart the
samc timc ae the grinding. The apparatus according to
Lhe lnvenlion has a work=spindle headslock and a
tailstock for clamping the workpiece in place as well
as & yriunding unit with a grinding wheel for grinding

the workpiace. 'me grinding unit and workpiece are
arranged movably in relation tco each other in a
rontrolled mannerx,. The ApnpAratus according To the

invention additionally has o precision working unat,
which can be umoved according Lu Lhe geometry of Lhe
workpicece in euch a way that at lecagst port of the

surface ol Lhe workpiece is able Lo undergo precision
working.
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METHOD AND APPARATUS FOR GRINDING WORKPIECES WITH PRECISION

WORKING PERFORMED AT THE SAME TIME AS THE GRINDING

The invention relates to a method for grinding a

workpiece and to an apparatus for carrying out the method.

The components needed 1in engine and gear
construction 1in particular require very exacting production
tolerances. These exacting production tolerances are mainly
achieved by fine working and subsequent precision working.
Bearing seats or other portions of components subjected to
great loading 1in later use are therefore often initially
ground and subsequently further subjected to precision
working, 1in order to achieve the required shape and surface

quality with regard to service life and running properties.

The fine working and precision working are
generally two successive operations on two machine tools
respectively designed for each specific purpose. A
disadvantage of this is that, on the one hand, the number of
different machine tools greatly increases the investment
expenditure required to realize the production of a specific
component and that, on the other hand, the production costs
for the component concerned are likewise increased by higher
processing times with intermediate transporting operations.
A further disadvantage is that the re-chucking in the
machine tool performing the precision working can cause
errors which prove to be disadvantageous for the production

tolerances required.

Methods of precision working include honing in
particular. Honing is a method of machining with bonded
abrasive grain for improving or changing the shape,
dimensional accuracy and surface quality of the workpiece,
with the tool constantly engaging the surface of the

workpilece. Honing is generally used after preceding fine
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working, such as grinding for example, as a finishing

operation. So-called superfinishing in particular 1is also

referred to as fine honing.

There are known machine tools for grinding and
known machine tools for superfinishing for example (see
company brochure IMPCO Machine Tools, USA, 1994). 1In
addition to the disadvantages described above with regard to
investment expenditure and production expenditure, the
concept of two respectively different machine tools, for
fine working and precision working, also represents a

considerable development expenditure.

The invention is therefore based on the object of
providing a method and an apparatus for working workpieces
by means of which the geometry of the workpiece 1s worked 1in
such a way as to maintain its dimensions and shape and
provide it with the required surface quality, and the
production time and consequently the unit costs of the

workpiece are reduced considerably.

In one aspect of the invention there 1i1is provided a
method for grinding a workpiece comprising: (a) clamping
said workpiece in a chucking set-up; (b) grinding said
workpiece in said chucking set-up with a grinding wheel,
said grinding maintaining the approximate dimension and
shape of said workpiece; (c) precision-working a part of a
surface of said workpiece ground in said chucking set-up,
while said workpiece is within said chucking set-up, with a
rotationally fixed precision-working unit, said precision-

working occurring partly at the same time as said grinding.

In a second aspect of the invention there 1s
provided an apparatus for grinding a workpiece, said
apparatus comprising: (a) a work-spindle headstock; (b) a

work—-spindle tailstock, said headstock and tailstock
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operable to clamp said workpiece; (c¢) a spindle connected to
one of sailid headstock and said tailstock, said spindle,
headstock, and tailstock operable to hold the workpiece
fixed translationally and rotatable about the spindle axis;
(d) a grinding unit operable to grind the workpiece, said
grinding unit movably mounted in a controlled manner
relative to said workpiece clamped by said headstock and
tailstock; and (e) a rotationally fixed precision-working
unit movably mounted in a controlled manner relative to said
workpiece clamped by said headstock and tailstock, said
precision-working unit further being operable to precision-
work some portion of the surface of the workpiece ground in
the grinding unit at the same time as said grinding unit

grinds said workpiece and while clamped by said headstock

and tailstock.

In a third aspect of the invention there is
provided a method for grinding a workpiece comprising: (a)
clamping said workpiece in a chucking set-up; (b) grinding
said workpiece in said chucking set-up with a grinding
wheel, said grinding maintaining the approximate dimension
and shape of said workpiece; (c) precision-working a part of
a surface of said workpiece, said part being ground within
saild chucking set-up, while said workpiece is within said
chucking set-up, with a precision-working unit, said
precision-working occurring partly at the same time as said
grinding wherein the grinding wheel and the precision-
working unit are arranged generally opposite each other with

the workpiece in between.

In a fourth aspect of the invention there is
provided a method for grinding a workpiece with a grinding
unit comprising a grinding spindle headstock, to which two
grinding spindles, each with at least one grinding wheel,

are attached in such a way that they can swivel and are on a
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common infeed axis such that the grinding wheels can
successively be brought 1nto engagement with the workpiece,
the method comprising: (a) clamping said workpiece 1in a
chucking set-up; (b) grinding said workpliece 1n said
chucking set-up with said at least one grinding wheel, said
grinding maintaining the approximate dimension and shape of
sald workpiece; (c) precision-working a part of a surface of
sald workpliece, said part being ground within said chucking
set-up, while said workpiece is within said chucking set-up,

sald precision-working occurring partly at the same time as

sald grinding.

In a fifth aspect of the invention there is
provided an apparatus for grinding a workpiece, said
apparatus comprising: (a) a work-spindle headstock; (b) a
work-spindle tailstock, said headstock and tailstock
operable to clamp said workpiece; (c¢) a spindle connected to
one of said headstock and said tailstock, said spindle,
headstock, and tailstock operable to hold the workpiece
fixed translationally and rotatable about at least the
spindle axis; (d) a grinding unit operable to grind the
workpliece, said grinding unit movably mounted in a
controlled manner relative to said workpiece clamped by said
headstock and tailstock; and (e) a precision-working unit
movably mounted in a controlled manner relative to said
workpiece clamped by said headstock and tailstock, said
precision-working unit further being operable to precision-
work some portion of the surface of the workpiece at the
same time as said grinding unit grinds said workpiece, that
portion being ground in that chucking set-up, wherein said
grinding unit and said precision-working unit are arranged

generally opposite each other with the workpiece in between.

In a sixth aspect of the invention there is

provided an apparatus for grinding a workpiece, said
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apparatus comprising: (a) a work-spindle headstock; (b) a
work-spindle tailstock, said headstock and tailstock
operable to clamp said workpiece; (c) a spindle connected to

one of said headstock and said tailstock, said spindle,
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headstock, and tailstock operable to hold the workpiece
fixed translationally and rotatable about at least the
spindle axis; (d) a grinding unit operable to grind the
workpiece, said grinding unit movably mounted 1in a
controlled manner relative to said workpiece clamped by said
headstock and tailstock wherein said grinding unit has a
grinding-spindle headstock, to which two grinding spindles
each with at least one grinding wheel are attached in such a
way that they can swivel and are on a common infeed axis
such that the grinding wheels can successively be brought
into engagement with the workpiece; and (e) a precision-
working unit movably mounted in a controlled manner relative
to said workpiece clamped by said headstock and taillstock,
said precision-working unit further being operable to
precision-work at least some portion of the surface of the
workpiece ground in said grinding unit at the same time as
said grinding unit grinds said workpiece and while clamped

by said headstock and tailstock.

In the method for grinding a workpiece, 1n
particular a shaft part of a gear mechanism, the workpiece
is clamped in place for working and the geometry of the
workpiece is ground in such a way as to maintain 1its
dimensions and shape. According to the invention, at least
part of the surface of the workpiece is precision-worked at
least partly at the same time as the grinding. The

precision working is preferably performed by finishing.

According to one exemplary embodiment, the
grinding and the precision working are performed on

cylindrical and/or conical portions of the surface of the

workpilece.

The apparatus used for carrying out the method

according to the invention for grinding a workpiece 1s used
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in particular for grinding shaft parts, for example of a
gear mechanism. The apparatus has a work-spindle headstock
and a tailstock for clamping the workpiece in place as well
as a grinding unit. The grinding unit is provided with at
least one grinding spindle, which bears a grinding wheel for
grinding the workpiece. The work-spindle headstock and the
tailstock and/or the grinding unit are arranged movably in a
controlled manner between the grinding unit and the
workpiece for achieving relative movement in grinding,
producing the desired workpiece geometry. According to the
invention, the apparatus is provided with a precision-
working unit, which can be moved according to the geometry
of the workpiece, at least part of the surface of the
workpliece being able to undergo precision working by means

of the precision-working unit.

According to a preferred exemplary embodiment, the
grinding unit and the precision-working unit are movable in
such a way that at least some of the time they are

simultaneously in engagement with the workpiece.

This makes it possible for the first time to carry
out complete working of a workpiece, i.e. fine working and
preclsion working, on one machine tool. This dispenses with
external linkages for a number of operations, possibly with
transporting procedures in between. Since it is no longer
necessary for two different machine tools to be installed,
ror the fine working and the precision working, consequently
the investment requirement, the overall costs and also the
unit costs can be reduced considerably. In addition, the
necessary space requirement is less, since there is a
smaller number of machines with the same output on a defined
production area. Furthermore, the processing and storage
times are reduced as a result. Production can be made more

transparent overall. Further advantages of the invention
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are that the number of machine suppliers can be reduced,
since there is an identical machine concept for a machine
which performs both the fine working and the precision
working. This leads to considerable advantages in the

servicing and maintenance area as well.

According to a further exemplary embodiment of the
invention, the grinding unit and the precision-working unit
are preferably arranged essentially opposite each other with
respect to the longitudinal axis of the workpiece, so that
the workpiece is clamped in place between the two working
units. This has the advantage ﬁhat both the grinding unit
and the precision-working unit have freedom of movement,
without hindering each other. 1In addition, with such an
arrangement of the grinding unit and precision-working unit,
simultaneous grinding and precision working of the workpiece
are performed essentially over the entire length of the

workpiece.

According to a further exemplary embodiment, it is
also possible preferably to arrange the grinding unit and
the precision-working unit essentially on one side of the
workpiece with respect to the longitudinal axis of the
workpiece. This is advantageous for example whenever only
part of the surface of the workpiece has to be precision-
worked and the length of the workpiece to be worked is great
enough for the precision-working unit and the grinding unit
not to hinder each other during simultaneous engagement with

the workpiece.

In one embodiment, the grinding unit has a
carrier, to which two grinding spindles each with at least
one grinding wheel are attached in such a way that they can
swivel and are on a common infeed axis such that the

grinding wheels can successively be brought into engagement

(L ¥ A T



10

15

20

25

30

. S N 1 e o P ey SR AR (A APV P R L IS el A i | RTINSy T P ok AP s /NS oottt e oottt T PP it o PN oSSR LNTIMTON oy 0 ORI 4 (Y T ST SO B B a7 G R TR TP A e Al e 1 T

CA 02315930 2004-11-15

77619-19
- 8 -

with the workpiece. Such a grinding unit is advisable in
particular whenever different surface contours of the
workpliece are to be worked in such a way as to maintain its

dimensions and shape by means of the grinding unit.

The precision-working unit is preferably designed
as a precision-grinding unlit or as a finishing unit. Both
the precision-grinding unit and the finishing unit serve the
purpose o0f achieving surface qualities of the workpiece or
of part of the surface of this workpiece that lie in the
range of the methods of production usually referred to as

precision working.

Further advantages, features and application
possibilities of the invention are explained in detail on
the basis of exemplary embodiments with reference to the

attached drawings, 1n which:

Figure 1 shows a schematic plan view of the
apparatus according to the invention according to a first

exemplary embodiment;

Figure 2 shows a schematic plan view of the
apparatus according to the invention according to a second

exemplary embodiment of the invention;

Figure 2a shows the engagement of a first grinding
spindle of the apparatus according to Figure 2 on the

workpiece;

Figure 2b shows the infeeding of a second grinding
spindle according to Figure 2 and of the precision-working

unit to the workpiece; and

Figure 3 shows a schematic plan view of the
apparatus according to the invention according to a third

exemplary embodiment.
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Represented in Figure 1 is the plan view of the
apparatus according to the invention according to a first
exemplary embodiment. Between a work-spindle headstock 1
and a tailstock 2, a workpiece 3 is clamped in place between
centres 20, 21. In this case, the longitudinal axis of the
workpiece 3 1s aligned with the longitudinal axes of the
spindles of the work-spindle headstock 1 and of the
tailstock 2. The work-spindle headstock 1 and the
tailstock 2 are arranged such that they can be moved on a
movable grinding table (not represented) along a CNC
axis Z1. On one side of the work-spindle
headstock/workpiece/tailstock arrangement there is provided
a grinding-spindle headstock 23. The grinding-spindle
headstock 23 has a grinding spindle 14 with a grinding
wheel 15. The grinding-spindle headstock 23 is arranged
movably with respect to an axis of movement X1 in the sense
of an infeed to the workpiece 3. The longitudinal axis of
the grinding spindle 14 may be arranged such that it can
swivel 1n parallel or horizontally with respect to the axis

of the workpiece.

Instead of the work-spindle headstock 1 and the
tailstock 2, the grinding-spindle headstock 23 may also be
movable 1n the direction of the Z1 axis. 1In such a case,
the work-spindle headstock 1 and the tailstock 2 are fixedly
mounted on the machine stand. Arranged opposite the
grinding-spindle headstock 23, in an essentially horizontal

plane, is a precision-working unit 25.

By means of this precision-working unit 25, the
surface of the workpiece 3 is re-worked according to the
shape, tolerance and surface requirements, it being possible
for the precision working to be carried out at the same time

as the grinding wheel 15 engages the workpiece 3.

.
G e W M AT s e BB A o VAR T e e - e s S — et AN WA A v WA v See . - LIS v - “. - - B —-f---w“-ﬂ—-.—_-_ . = em o S mmvr



10

15

20

25

30

L A L I e T ATV Yt 2 -Wm‘mmuu%meMWwwMWmemww e B L L e e T )

CA 02315930 2004-11-15

77619-19
- 10 -

This precision—working unit 25 is provided for
example with a superfinishing unit. The precision-working
unit 25 is movable along two CNC axes X2 and Z2, arranged at
right angles in relation to each other, so that it can
execute movements independently of the grinding-spindle
headstock 23. This exemplary embodiment, 1n which the
grinding unit 14, 15, 23 and the precision-working unit 25
are arranged opposite the workpiece, has the advantage that
essentially the entire surface of the workpiece 3 can be
ground with the grinding unit 14, 15, 23 and at the same
time can be precision-worked with the precision-working

unit 25.

Figure 2 shows the plan view of the apparatus
according to the invention according to a second exemplary
embodiment. An apparatus according to this exemplary
embodiment 1s used in particular 1f the outer contour of the
workpliece 3 has to be worked with at least two grinding
wheels. On one side of the work-spindle
headstock/workpiece/tailstock arrangement there is again
provided a grinding-spindle headstock 24. This grinding-
spindle headstock 24 bears two grinding spindles 12, 13 in a
common horizontal plane, which are mounted at an angle in
relation to each other on the grinding-spindle headstock 24.
Each grinding spindle 12 and 13 bears a grinding wheel
intended and shaped for a respective portion of the contour
of the workpiece. The grinding-spindle headstock 24 can be
swiveled about the point B, so that, according to the
production sequence, the grinding wheel 5 mounted on the
grinding spindle 12 or the grinding wheel 6 mounted on the
grinding spindle 13 can be infed. The swiveling movement of
the grinding-spindle headstock 24 which can be executed

about the swivel axis B, 1s executed hydraulically or under

CNC control.
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Arranged opposite the grinding unit 12, 13, 24 1in
a way analogous to the exemplary embodiment according to
Figure 1 is the precision-working unit 25. The controlled
movements of the grinding unit 12, 13, 24, of the precision-
5 working unit 25 and of the work-spindle
headstock/workpiece/tailstock arrangement are analogous to
those described in connection with the exemplary embodiment

according to Figure 1.

In Figure 2a, the grinding spindle 12 of the
10 grinding-spindle headstock 24 is in engagement with the
workpiece 3 for grinding a conical contour 4 by means of the
grinding wheel 5. For the sake of overall clarity, both the
grinding-spindle headstock 24 and the precision-working

unit 25 are not depicted.

15 In Figure 2b, the infeeding both of the grinding
spindle 13 with the grinding wheel 6 of the grinding-spindle
headstock 24 and of the precision-working unit 25 with a
finishing stone 9 to the workpiece 3 1s represented. With
the grinding wheel 6, a cylindrical journal 7 is ground on

20 the workpiece 3. The conical contour 4 of the workpiece 3
1s at the same time subjected to a finishing operation, 1in
order to 1ncrease the surface quality by means of the
finishing stone 9. The use of a finishing stone of this
type 1s advantageous 1n particular whenever high load-

25 bearing elements are to be achieved with respect to the

surface quality of the workpiece surface.

Figure 3 shows the plan view of the apparatus
according to the invention according to a third exemplary
embodiment. According to this exemplary embodiment, both

30 the grinding unit 14, 15 and the precision-working unit 25
are provided on one side of the work-spindle

headstock/workpiece/tailstock arrangement. Both the
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grinding unit 14, 15 and the precision-working unit 25 are
movable under CNC control along respective axes X1, Z1 and
X2, 22. This makes it possible to infeed the grinding
wheel 15 and the finishing stone 9 to the workpiece 3 at
least partly at the same time, at least at part of the
surface of the workpiece, for the grinding and the precision
working. For producing the relative movement between the
grinding wheel or the finishing stone 9 and the workpiece 3
that 1s required for the grinding or precision-working, a
movement of the grinding unit 14, 15 along the axes X1, Z1
or of the precision-grinding unit 25 along the axes X2, Z2
1s possible, and the work-spindle
headstock/workpiece/tailstock arrangement is mounted such

that 1t 1s fixedly connected to a machine stand.

In particular in the case of gear parts which have
cylindrical shaft portions with different diameters and, for
example, conically formed or bevelled gear wheels, use of
the apparatus and method according to the invention is
advantageous, since the normal grinding and precision
working can be performed at least partly at the same time

and, as a result, considerable cost savings can be achieved.



IV AN AL AT

10

15

20

25

s 3 3 g ELAT R 4 A L TG T 7 1 b, AT AT DO O S A Sl YA THTHEN AT TS SR oo 5 ettt o A TN A I T NI

CA 02315930 2004-11-15

77619-19
- 13 -
CLAIMS:
1. A method for grinding a workpiece comprising:

(a) clamping said workpiece 1n a chucking set-up:;

(b) grinding said workpiece in said chucking set-up with a
grinding wheel, said grinding maintaining the approximate

dimension and shape of said workpilece;

(c) precision—-working a part of a surface of said workpiece
ground 1n said chucking set-up, while said workpiece 1s
within said chucking set-up, with a rotationally fixed
precision-working unit, said precision-working occurring

partly at.  the same time as said grinding.

2. The method of claim 1, wherein said precision-

working comprises finishing.

3. The method of claim 2, wherein said grinding 1is

performed on a cylindrical portion of the workpiece.

4 . The method of claim 2, wherein said grinding 1s

performed on a conical portion of the workpiece.

5. The method of claim 2, wherein said precision-
working 1s performed on a cylindrical portion of the

workpiece.

0. The method of claim 2, wherein said precision-

working 1s performed on a conical portion of the workpiece.

7. An apparatus for grinding a workpiece, said

apparatus comprising:
(a) a work-spindle headstock;

(b) a work-spindle tailstock, said headstock and tailstock

operable to clamp said workpiece;
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(c) a spindle connected to one of sailid headstock and said
tailstock, said spindle, headstock, and tailstock operable
to hold the workpiece fixed translationally and rotatable

about the spindle axis;

(d) a grinding unit operable to grind the workpiece, said
grinding unit movably mounted i1n a controlled manner
relative to said workpiece clamped by said headstock and

tallstock; and

(e) a rotatilionally fixed precision-working unit movably
mounted in a controlled manner relative to said workpiece
clamped by said headstock and tailstock, saild precision-
working unit further being operable to precision-work some
portion of the surface of the workpiece ground in the
grinding unit at the same time as said grinding unit grinds
sald workpiece and while clamped by said headstock and

tailstock.

8. The apparatus of claim 7 wherein said grinding
unit and said precision-working unit are movable in such a
way that some of the time they are simultaneously 1n

engagement with the workpiece.

9. The apparatus of claim 7 wherein said grinding
unit and said precision-working unit are arranged generally

opposite each other with the workpiece in between.

10. The apparatus of claim 7 wherein said grinding
unit and said precision-working unit are arranged generally

to be on the same side of the workpiece.

11. The apparatus of claim 7 wherein said grinding

unit comprises a grinding-spindle headstock, to which two

grinding spindles each with at least one grinding wheel are

attached in such a way that they can swivel and are on a
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common infeed axis such that the grinding wheels can

successively be brought into engagement with the workpiece.

12. The apparatus of claim 7 wherein said precision-

working unit is a precision-grinding unit.

S5 13. The apparatus of claim 7 wherein sald precision-

working unit 1is a finishing stone.

14. A method for grinding a workpiece comprising:
(a) clamping said workpiece 1in a chucking set-up;

(b) grinding said workpiece 1in salid chucking set-up with a
10 grinding wheel, said grinding maintaining the approximate

dimension and shape of said workpiece;

(c) precision-working a part of said workpiece within said

chucking set-up, with a precision-working unit, said

precision-working occurring partly at the same time as said
15 grinding wherein the grinding wheel and the precision-

working unit are arranged generally opposite each other with

the workpiece in between.

15. The method of claim 14, wherein said precision-

working comprises finishing.

20 1o. The method of claim 14, wherein said grinding 1is

performed on a cylindrical portion of the workpiece.

17. The method of claim 14, wherein said grinding 1is

performed on a conical portion of the workpiece.

18. The method of claim 14, wherein said precision-

25 working is performed on a cylindrical portion of the

workpliece.
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19. The method of claim 14, wherein salid precision-

working is performed on a conical portion of the workpiece.

20. A method for grinding a workpiece with a grinding
unit comprising a grinding spindle headstock, to which two

5 grinding spindles, each with at least one grinding wheel,
are attached in such a way that they can swivel and are on a
common 1nfeed axis such that the grinding wheels can

successively be brought into engagement with the workpiece,

the method comprising:
10 (a) clamping said workpiece in a chucking set-up;

(b) grinding said workpiece in said chucking set-up with
said at least one grinding wheel, said grinding maintaining

the approximate dimension and shape of said workpiece;

(c) precision-working a part of a surface of said workpiece,
15 said part being ground within said chucking set-up, while

sald workpiece is within said chucking set-up, said

precision-working occurring partly at the same time as said

grinding.

21. The method of claim 20, wherein said grinding is

20 performed on a cylindrical portion of the workpiece.

22 . The method of claim 20, where said grinding is

performed on a conical portion of the workpiece.

23. The method of claim 20, wherein said precision-
working is performed on a cylindrical portion of the

25 workpiece.

24 . The method of claim 20, wherein said precision-

working is performed on a conical portion of the workpiece.

25. The method of claim 20, wherein said precision-

working comprises finishing.
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26. An apparatus for grinding a workpiece, said

apparatus comprising:
(a) a work-spindle headstock;

(b) a work-spindle tailstock, said headstock and tailstock

operable to clamp said workpiliece;

(¢) a spindle connected to one of said headstock and said
tailstock, said spindle, headstock, and tailstock operable

to hold the workpiece fixed translationally and rotatable

about at least the spindle axis;

(d) a grinding unit operable to grind the workpiece, said
grinding unit movably mounted in a controlled manner
relative to said workpiece clamped by said headstock and

tailstock; and

(e) a precision-working unit movably mounted in a controlled
manner relative to said workpiece clamped by said headstock
and tailstock, said precision-working unit further being
operable to precision-work some portion of the surface of
the workpiece at the same time as said grinding unit grinds
salid workpiece, that portion being ground in that chucking
set-up, wherein said grinding unit and said precision-
working unit are arranged generally opposite each other with

the workpiece in between.

27 . The apparatus of claim 26 wherein said grinding
unit and said precision-working unit are movable in such a
way that some of the time they are simultaneously in

engagement with the workpiece.

28. The apparatus of claim 26 wherein said precision-

working unit 1s a precision grinding unit.
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29. The apparatus of claim 26 wherein said precision-

working unit 1s a finishing stone.

30. An apparatus for grinding a workpiece, said

apparatus comprising:
5 (a) a work-spindle headstock;

(b) a work-spindle tailstock, said headstock and tailstock

operable to clamp said workpiece;

(c) a spindle connected to one of said headstock and said
tailstock, said spindle, headstock, and tailstock operable
10 to hold the workpiece fixed translationally and rotatable

about at least the spindle axis;

(d) a grinding unit operable to grind the workpiece, said
grinding unit movably mounted in a controlled manner
relative to said workpiece clamped by said headstock and

15 tallstock wherein said grinding unit has a grinding-spindle
headstock, to which two grinding spindles each with at least
one grinding wheel are attached in such a way that they can

swivel and are on a common infeed axis such that the

grinding wheels can successively be brought into engagement

20 with the workpiece; and

(e) a precision-working unit movably mounted in a controlled
manner relative to said workpiece clamped by said headstock
and tailstock, said precision-working unit further being
operable to precision-work at least some portion of the

25 surface of the workpiece ground in said grinding unit at the
same time as said grinding unit grinds said workpiece and

while clamped by said headstock and tailstock.

31. The apparatus of claim 30 wherein said grinding

unit and said precision-working unit are movable in such a
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way that at least some of the time they are simultaneously

1in engagement with the workpiece.

32. The apparatus of claim 30 wherein said grinding
unit and said precision-working unit are arranged generally

opposite each other with the workpiece in between.

33. The apparatus of claim 30 wherein said precision-

working unit is a precision-grinding unit.

34, The apparatus of claim 30 wherein said precision-

working unit is a finishing stone.
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