- 1 - danping Apparatus The present invention refers to a clanping
apparatus, conpris- ing a first coupling elenent provided with at | east
three center- ing pins having at |least partially conical shape and a second
cou- pling el enent adapted to be releasébﬂy‘attached to said first cou-
pling el enment. The second coupling elenent is provided with a num ber of
grooves corresponding to the nunber of the centering pins provided on the
first coupling element such that the centering pins provided on the first
coupling el enent engage the groo when.t he secaond coupling elenent is
attached to the first coupling éﬁ%m A9 PRESFAMSE and second coupling

el enrents both are provided Wwth Z Tererence stop surfaces—adapted—to
cooperate such as to deter- mne the position of the second coupling
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element.

The first and second coupling elements both are provided with
Z reference stop surfaces adapted to cooperate such as to deter-
mine the position of the second coupling element with regard to
the first coupling element in Z-direction when the second coupling
element is attached to the first coupling element.

Such clamping apparatuses are preferably used for clamping a
coupling element provided with a workpiece or with several work-
pieces in a well-defined position in the machining area of a ma-
chine tool. The one coupling element provided with the workpiece
is usually designated as workpiece carrier or pallet, while the
other coupling element, fixed in the machining area of the machine
tool, is usually designated as chuck.

In known clamping apparatuses, one of the coupling elements,
i.e. the chuck, is provided with four centering pins, each com-
prising two conical lateral surfaces. The other coupling element,
i.e. the workpiece carrier or pallet, is provided with four
grooves, corresponding to the four centering pins as far as posi-
tion and shape is concerned. During the operation of clamping the
workpiece carrier to the chuck, the centering pins engage the

grooves and align the workpiece carrier with regard to the chuck



grooves and align the workpiece carrier wwth regard to the chuck - 2 in X
and Y-directions as well as with regard to its angular posi- tion around
the Z-axis. A fundanental disadvantage of such known clanping apparatuses
may be seen in the fact that the centerrng2 pins may jamor seize in the
grooves upon cl anping the workpiece carrier to the chuck. The Patent
docunent EP-A-0 255 042 discloses a clanping appa- ratus for attaching a
wor kpi ece or a tool to a machine tool. Es- sentially, the clanping
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around the Z- axis. In each flank of each groove, an inci'sion is cut
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lip that is elastically resilient in Z-direction. Projecting from
the bottom of the chuck are four ridges that correspond to the
grooves of the electrode holder as far as position and shape is
concerned. In the region of the corners of the chuck, four posts
are provided, serving as Z-reference. Upon clamping the electrode
holder to the chuck, the ridges of the chuck come into contact
with the elastically resilient lips and bend these axially inwards
in Z-direction until the posts, serving as Z-reference, rest on
support surfaces provided at the top of the electrode holder, with
the result that the Z-position of the electrode holder with regard
to the chuck is determined. By means of the ridges resting on the
resilient lips, the electrode holder is positioned with regard to
the chuck in X- and Y-directions as well as regarding its angular
position around the Z-axis.

U.S.Patent 3,880,267 discloses a coupling device assembled
from first and second clutch members which each have lug elements
formed on a face thereof so that the lug elements of one clutch
member can be brought into coupling contact with lug elements of
the other clutch member to form a driving connection thereof. The

lug elements of one clutch member are of a type in which individ-



menber can be brought into coupling contact with lug elenents of the other
clutch nmenber to forma driving connection thereof. The |ug elenents of
one clutch nmenber are of a type in which individ - 3 wual lug elenents are
convexly curved | engthw se, with the |ug el e- nents of the other clutch
menber being of the type in which indi- vidual lug el enents are concavely
curved |l engthwi se. Further, there is a |engthw se m smatch between the
convex and concave cur- vatures of the lug elenents of the clutch nmenbers.
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support The alignnment surface has a plurality of i gnnment
conpri stAg elements carried adjacent to the gaps when the walls of the

same lug elements are loaded against lug elements carried by the
second clutch member. Such a clutch is not suitable for precisely
clamping & pallet on a chuck, particularly also because the entire
system is multiply overdetermined. Moreover, the position of the
one clutch porticn with regard to the other clutch portion is not
defined in Z-direction, i.e. in axial direction.

The document EP-A-0 897 776 discloses a coupling assembly to
be used in a machine tool for mounting a work piece to be machined
in a torsionally fixed manner. The assembly comprises a pallet
adapted to hold the work piece to be machined and having guide
channels and a pallet support, whereby the pallet is positioned on
the pallet support. The pallet support comprises an alignment sur-
face for aligning the pallet with regard to the pallet support.
The alignment surface has a plurality of alignment cams comprising
base portions and incisions disposed below the base portions. The
incisions provide for a resilient yielding of the related align-
ment cams, whereby the cams are disposed such that two opposite
cams cooperate with the guide channels. A plurality of rest heads

is located substantially in the corners of the alignment surface.



base portions and incisions disposed bel ow the base portions. The
incisions provide for aresilient yielding of the related align- nent cans,
whereby the cans are di sposed such that two opposite cans cooperate with
the guide channels. A plurality of rest htads is |located substantially in
the corners of the alignnent surface. - 4 Further, there is provided a
swiveling pallet, whereby the pallet support is operationally coupled to
the swiveling pallet. The swi veling pallet conprises a support wall
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wheel once the two shafts are coupled together. Such a clutch is
not suitable at all for precisely clamping a pallet on a chuck,
the more so as this system is multiply over-determined and the ax-~
ial position of the spur gear with regard to the gear wheel 1s not
well defined upon coupling.

It is an object of the present invention to provide a clamping
apparatus, comprising a first coupling element provided with at
least three centering pins and a second coupling element provided
with grooves to ke engaged by the centering pins and adapted to be
releasably attached to said first coupling element, which is rigid
and can transform high loads. It is a further object of the inven-
tion to provide a clamping apparatus of the kind mentioned above
in which the danger is minimized that the centering pins are
jammed or seized in the grooves they engage. A still further ob-
ject of the invention is to provide a clamping apparatus of the
kind mentioned above in which the second coupling element can be
clamped to the first coupling element repeatedly with very high
precision.

In order to meet these and other objects, the invention pro-

vides a clamping apparatus, comprising a first coupling element



jamred or seized in the grooves they engage. A still further ob- ject of
the invention is to provide a clanping apparatus of the kind nentioned
above in which the second coupling el enment can be clanped to the first
coupling el ement repeatedly with very hirghb precision. In order to neet
t hese and other objects, the invention pro- vides a clanping apparatus,
conprising a first coupling elenent - 5 provided with at |east three
centering pins having at least par- tially conical shape and a second

couplin%Jelquq% adggteg io be éeleasably attached to said first coupling
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the cengeriefgrpinteaant of haoppasd taqdpenk of thepasseei ated nut tangeckhe
second coupling element is attached to the first coupling el enent, whereby
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element is attached to the first coupling element.

The centering pins provided on the first coupling element may
have a width that is smaller than the width of the grooves prc-
vided on the second coupling element. Thereby, the arrangement of
the centering pins on the first coupling element is such that each
centering pin rests only on one of the two flanks of the associ-
ated groove, whereby a gap remains between the centering pin and
the copposite flank of the associated nut once the second coupling
element is attached to the first coupling element, whereby at
least in a first groove the centering pin rests on that flank that
faces a second groove adjacent to the first groove, while in the
adjacent second groove the centering pin rests on that flank that
faces the adjacent first groove such that the position of the sec-
ond coupling element with regard to the first coupling element is
defined in X- and Y-direction as well as with regard to its angu-
lar position.

Of course, it is also possible that at least in a first groove
the centering pin reéts on that flank that is remote from a second

groove adjacent to the first groove, while in the adjacent second



adj acent second groove the centering pin rests on that flank that faces
the adjacent first groove such that the position of the sec- ond coupling
el enent with regard to the first coupling elenent is defined in X- and
Y-direction as well as with regard to itsbangu- |lar position. OF course, it
is also possible that at least in a first groove the centering pin rests
on that flank that is renote froma second groove adjacent to the first
groove, while in the adjacent second - 6 groove the centering pin rests on
that flank that is renote from the adjacent first groove. Due to the fact,
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acconpanyi ng drawi ngs, in which: Fig. la shows a top view e first
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ciéely determined in X- and Y~-direction as well as regarding its
angular position around the Z-axis and an over—-determination is
largely avoided, with the result that the second coupling element
can be clamped to the first coupling element repeatedly with very
high precision, even if the centering pins rest only on one of the
flanks of their associated grooves.

In the following, an embodiment of the clamping apparatus ac-
cording to the invention will be further described, with reference
to the accompanying drawings, in which:

Fig. la shows a top view of the first coupling element;

Fig. 1lb shows a side view of the first coupling element;

Fig. 2Za shows a top view of the second coupling element;

Fig. 2b shows a side view of the second coupling element;

Fig. 3 shows a side view of the two coupling elements in an
assembled state;

Fig. 4 shows an enlarged view of a portion of Fig. 3; and

Fig. 5 shows a cross sectional view of the two coupling ele-
ments in a clamped state, taken along line B-B in Fig. 3.

Fig. la shows the first, essentially cylindrically shaped cou-
pling element 10 in a top view, and Fig. 1b shows the first, es-

sentially cylindrically shaped coupling element 10 in a side view.



Fig. 2a shows a top view of the second coupling elenent; Fig. 2b shows a
side view of the second coupling elenent; Fig. 3 shows a side view of the
two coupling elements in an assenbled state; Fig. 4 shows an enl arged vi ew
of a portion of Fig. 3; and Fig. 5 shows a—cross sectional view of the two
coupling ele- nents in a clanped state, taken along line B-Bin Fig. 3.

Fig. la shows the first, essentially cylindrically shaped cou- pling

elenent 10 in a top view, and Fig. |Ib shows the first, es- sentially
- 7 Usually, this

cylindrigcally shaped coupling elepent 10 in a_side view _
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In the center of the surfaces 6, there is provided an outlet 7 for
blowing out air. For mounting the first coupling element 10, the
latter one is provided with a plurality of mounting bores 12.

The second coupling element 15 shown in Figs. 2a and 2b is
adapted to receive a machining tool, a work plece or similar. Es-
sentially, it is of similar general design having a cylindrical
configuration as well and comprises a central recess 16 for re-
ceiving a clamping pin (not shown), by means of which it is con-
nected to the first coupling element 10. Projecting from the bot-
tom surface of the second coupling element 15, four sections 17,
18, 19, 20, in the shape of a segment of an annulus, are provided,
the top surfaces of which having a reference surface 17a, 20a
serving as a Z reference, as can bee seen particularly in Fig. 2b.
This sections 17, 18, 19, 20 delimit four grooves 21, 22, 23, 24
which generally correspond to the centering pins of the first cou-
pling element 10 as far as shape and position is concerned. The
flanks 21la, 21b, 22a, 22b, 23a, 23b, 24a, 24b of the grooves 21,
22, 23, 24 run conically, whereby the upper region of the particu~-
lar flank 21la, 21b; 22a, 22b; 23a, 23b; 24a, 24b is less inclined
than the lower region of the particular flank 21a, 21b; 22a, 22b;
23a, 23b; 24a, 24b, as seen in Fig. 4.



tom surface of the second coupling elenent 15, four sections 17, 18, 19,
20, in the shape of a segnent of an annulus, are provided, the top
surfaces of which having a reference surface 17a, 20a serving as a Z
reference, as can bee seen particularly-in8Fg. 2b. This sections 17, 18,
19, 20 delimt four grooves 21, 22, 23, 24 which generally correspond to
the centering pins of the first cou- pling elenent 10 as far as shape and
position is concerned. The flanks 2la, 21b, 22a, 22b, 23a, 23b, 24a, 24b
of the groove 22, 23, 24 run conically, whereby the upper region of
the particu- ?5r1P|&HQG?f&OO@lSha?zﬁacﬁzﬁrqsz 223b2224£3fziwlh§3<§%p

i nclinedrithan,t Remke @1%GQQQ% OEz%hez L f g 28, .,22b;
23a, 23b; 24a, 24b, ageseen in gﬁg :ﬁgéqﬁ%ﬁerqug%atha %ﬁ$iﬁb

21, 22, QSlYZQHﬁa§lﬁmb off] aaks, gm@wwby 2l&,. 2Hs 22ak ZznzcﬁﬁapﬂﬁbmanH124a
e. the flank 21a of groove

24b Iﬂg£§? kagga grgggg%ﬁgf ﬁggpga%ﬁvféa%QP GroBFEPE #nd &k LTHe ank

24a of gfbave 24aS@fV@30a$682ﬂe§'Esr$@[sf a6e of e dthe  RILHC W Ar tkféegat & NG, R 0
of the first coupling elenent, as will be explained in nore det ﬁ herei n

after. ARSWa§<2E8%hePaRgPé BhetﬁérﬁFaﬁQﬁpéﬂngtﬁéeg@@@ve§8|9Hdd1¢he@xpiaﬂn§d
| f Fi 3.sh | at
gl of et sabeel Lo arkoglon shn Ty SR8 B S0

the two coupling elenents i'n a tion
but areﬁhﬁ yeroves ahpedatchedchoother anbtesbauktebg1natked ot hate U@%ﬂﬁ%ﬁ&ﬁ

cou- kgghelenent 15 is shown in a partially sectional view Coal esced
nmeans | 74t connection that the second coupling elenent 15 is 1lying on

the first Couﬂgjng3Qhﬂﬂﬁ@ta195@6%@9”&1@@Yo§|@H@'990f958 §1n§ehﬁgm%ﬁ%%t§% at
all, in _other words, the two coupling elenents re not yet clanpéd

tomards]é%éﬁld%H%%tU4¢#@%eW%%©@etm%ﬁt@Dﬁedoeéasesdedbstaaeﬁ the second
COUp"n%lamped tc each other. It should be noted, that the second cou-

pling element 15 is shown in a partially sectiocnal view. Coalesced
means in that connection that the second coupling element 15 is
lying on the first coupling element 10 without any clamping forces
being exerted at all, in other words, the two coupling elements
10, 15 are nect yet clamped towards each other.

In the above mentioned coalesced state, the second coupling
element 15 is positioned with regard to the first coupling element
10 not only both in X- and Y-directions, but also with regard to
its angular position around the Z-axis Z. The only thing remaining
is to determine the position in Z-direction. In order to clamp the
second coupling element 15 to the first coupling element 10, and
thereby to determine the Z-position of the second coupling element
15 with regard to the first coupling element 10, as will be fur-
ther explained herein after, the second coupling element 15 is
pullied towards the first coupling element 10 by means of the afore
mentioned tension bolt (not shown).

In the sectioned portion of Fig. 3, in representative manner,
a centering pin engaging a groove of the second coupling element
15 is shown. This centering pin 1, engaging the groove 21 of the

second coupling element 15, is shown in Fig. 4 in an enlarged



element 15 is positioned with regard to the first coupling elenment 10 not
only both in X- and Y-directions, but also with regard to its angul ar
position around the Z-axis Z. The only thing remaining is to determ ne the
position in Z-direction. In order to clang the second coupling el enment 15
to the first coupling element 10, and thereby to determ ne the Z-position
of the second coupling elenent 15 with regard to the first coupling

el enent 10, as will be fur- ther explained herein after, the second
couplln el e t. 15 i.s |l ed towards the first cou I|n el enent 10 by
means of e af'dre © qﬁﬁﬁé) et $'2 et ot Hol ¢ %%%WSsﬁ%ﬁg)th?nC@ﬁEe§éégl@hédl
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cl anpi ng force acting,

groove 21. Ip t sho te t haut
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surface 20a of the second coupling element 15 and the % reference

stop surface 6 of the first coupling element 10. In the present
example, the gap A is shown in an exaggerated width for clarity
reasons. When the second coupling element 15 is clamped towards
the first coupling element 10, this gap A is reduced to zero, us-
ing the elasticity of the material of the centering pin 1 and the
elasticity of the material of the flank 2la of the groove 21.
During the clamping process, the second coupling element 15 is
pulled against the first coupling element 10 in %-direction to
such an extent that the reference surfaces 20a of the second cou-
pling element 15 rest on the 2 reference stop surfaces 6 of the
first coupling element 10; now the pesitioning of the second cou-
pling element 15 with regard to the first coupiing element 10 in
Z-direction is accomplished, too. Due to the fact that the second
coupling element 15 is moved during the clamping action in Z-
direction with regard to the first coupling element 10 exclusively
utilizing the elasticity of the material of the centering pins 1,
2, 3, 4 and the elasticity of the material of the flanks of the
associated grooves 21, 22, 23, 24, after the two coupling elements

16, 15 having been coalesced and centered without any clamping



the first coupling elenent 10, this gap A is reduced to zero, us- ing the
elasticity of the material of the centering pin 1 and the elasticity of
the material of the flank 21a of the groove 21. During the clanping
process, the second coupling elenment 15 i3580 pulled against the first
coupling elenent 10 in Z-direction to such an extent that the reference
surfaces 20a of the second cou- pling elenent 15 rest on the Z reference
stop surfaces 6 of the first coupling elenment 10; now the positioning of
t he second cou-, pling element 15 with regard to the first coupling el ement
10 in -Qﬁ?%mt%%nl$SH%EC%%%$$§%éH,t@o@¥otm@eténwhmeﬁa§tthhatamheeéa@mnd
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contact, area contact and positive fitting contact, whereby the
difference between line contact and area contact, between area
contact and positive fitting contact, and between line contact and
positive fitting contact cannot be exactly defined, but is float-
ing. In the present case, the two coupling elements 10, 15 not be-
ing clamped to each other, the front end of the conically designed
lateral surface la of the centering pin 1 rests on the associated
groove flank 2la along a line, i.e. establishes a line contact. To
achieve this behavior, the angle of the conically designed lateral
surface la of the centering pin 1, adapted to rest on the associ-
ated groove flank 2la, differs by 0,5 % from the angle of the as-
sociated groove flank 2la. The region in which the centering pin 1
rests in a line contact on the associated groove flank 21a is des-
ignated by reference numeral X. This initial line contact changes
after the clamping operation into an area contact due to the re-
silient deformation of the material of the centering pins 1, 2, 3,
4 and the resilient deformation of the material of the flanks of
the associated grooves 21, 22, 23, 24.

Fig. 5 shows a sectiocnal view of the two coupling elements 10,

15 in a clamped state, taken along line B-B in Fig. 3. For the



contact and positive fitting contact, and between |ine contact and
positive fitting contact cannot be exactly defined, but is float- ing. In
the present case, the two coupling elements 10, 15 not be- ing clanped to
each other, the front end of the conicallyldesigned lateral surface |a of
the centering pin 1 rests on the associated groove flank 21a along a line,
i.e. establishes a |line contact. To achieve this behavior, the angle of
the conically designed |lateral surface |la of the centering pin 1, adapted

to rest on the associ- ated groove flank 2la, differs by 0,5 %fromthe
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is des- ignated by reference nunefal X. This initial |ine contact changes
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grooves_and_four centering pins, respectively, this ~neans that not
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pling element 10, the right flank of the first centering pin 1,
i.e. the one closest to the lower edge of the drawing, rests on
the flank 21a of the first groove 21. Between the left flank of
the first centering pin 1 and the left flank 21b of the first
groove 21, a gap S1 remains. The adjacent second centering pin 2,
as seen in counterclockwise direction, rests on the flank 22b of
the second groove 22 on that side that is facing the adjacent
first groove 21, while a gap 52 remains between the second center-
ing pin 2 and the associated groove flank 22a of the groove 22 on
that side that is remote from the first groove 21. The next adja=
cent centering pin 3, as seen in counterclockwise direction, does
not rest on the flank 23b of the groove 23 on that side that is
facing the adjacent second groove 22, with a resulting gap S3, but
it rests on the associated groove flank 23a of the groove 23 on
that side that is remote from the second groove 22. Finally, the
next adjacent fourth centering pin 4, as seen in counterclockwise
direction, rests on the flank 24b of the fourth groove 24 on that
side that is facing the adiacent third groove 23, while a gap 54

remains between the forth centering pin 4 and the associated



pling el enent 10, the right flank of the first centering pin 1, i.e. the
one closest to the | ower edge of the drawing, rests on the flank 2la of
the first groove 21. Between the left flank of the first centering pin 1
and the left flank 21b of the first groo¥® 21, a gap Sl remamins. The

adj acent second centering pin 2, as seen in counterclockw se direction,
rests on the flank 22b of the second groove 22 on that side that is facing
the adjacent first groove 21, while a gap S2 remai ns between the second

center- | i N--2..an he associ ated groove flank 22a of the groove 22 on
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centeri nthepithidkd ag-&@en ;. countercl ockwi se direction, does not rest on
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23b; 2WE1N24H BERA§ iddheriametpored bheg afpesietd olifagksolel, 223b2222823andand
24, theopgegntering pins 1, 2, 3 and 4 rest in each case on two pairs of
dianetrically opposite flanks 2l1la, 23a, 22b and 24b, while the centering

pins 1, 2, 3Iandng dasept imesirdet tie deremendTeiHE Ngkpat rsn@ilar position
In any case, in order

dianetri%?%hg oggositeltlanﬁiﬁglb,_23b, 22a and 24a. ‘
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regard %@ ENSudkhetnBReecalch MéStering pin rests on one flank of its asso-
ciated groove, whereby at least one of the centering pins has to
rest on a flank of its associated groove that is opposite to the
flanks of the grooves on which the remaining centering pins are
resting, as seen in circumferential direction. In other words, and
just as an example, in the case of four centering pins, three cen-
tering pins can rest on the leading flank of its associated
groove, as seen for example in clockwise direction, while the
fourth centering pin has to rest on the trailing flank of its as-
sociated groove. Or, as in the example described herein before,
with four centering pins, two centering pins rest on the leading
flank of its associated groove, while the remaining twc centering
pins rest on the trailing flank of its associated groove.

Due to the facts that each centering pins rests on its associ~-

ated groove flank, that a high clamping force is exerted, and that
Z reference stop surfaces having a large area are provided, the
clamping apparatus of the invention is very rigid and can absorb
high forces in ¥-, Y- and Z-directions. Since each centering pin
rests only on one of the groove flanks, the clamping apparatus is

relatively insensitive to contamination.



be ensured that each centering pin rests on one flank of its asso- ciated
groove, whereby at | east one of the centering pins has to rest on a flank
of its associated groove that is opposite to the flanks of the grooves on
which the remaining centering pins are- rEst+ng, as seen in circunferential
direction. In other words, and just as an exanple, in the case of four
centering pins, three cen- tering pins can rest on the leading flank of its
associ.at ed groove as seen for exanple in clockw se direction, while the
fourth centerlnq. in has to rest on the trailing flank of its as- sociated
groove. O, as MY RESRERANG esteritbes ekt rodesdrke twindd i burexest B ng
pi ns, two i t flank of its asso i at ed
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forces in X-, Y- and Z-directions. Since each centering pin rests onl'y

one of P8 B?SBV@rﬁW&ﬁ%§lYtW§aﬂaﬂﬁﬂQﬂ}hﬁﬂxuaius is relatively |nsen5|t|ve
to contamnation. - 13 It is understood that it is also possible to nodify
exi sting clanping apparatuses according to the invention, i.e. clanping
ap- paratuses in which the centering pins rest on both groove flanks. The
only action to inplenent is to renove sone material on one side of the
centering pin and/or on one of the groove flanks, as has been previously
been described. -14- Patent Clainms 1. A clanping apparatus conprising: a
first coupling element having a central axis and



provided with at |east three centering pins having at least partially

coni cal shape; a second coupling elenent having a central axis and adapted
to be releasably attached to said firstld4eoupling elenent and provided with
a nunber of grooves having two flanks opposite to each other and
corresponding to the nunber of said centering pins provided on said first
coupling elenment such that said cehnteeihgChibgsprovided on said first
coupling elenment engage said grooves when said second coupling elenent is
attached to sai i .coupl | I ._said first and said second
coupling eleﬁéﬁ?sé%%ﬁ l%@i%%bgg?gegggg%affﬁl‘gfeference stop surfaces
adapted to chopktatle SOERLABIt ocdERERH nEaVHE DS t i T oTa saiaksBcomad
coupl i npretement wiichh ategardsto tSaiak f besteeoupl igigh el paehhgi mtZ-least

di recti gm mhem sai o, secondscoupl ing el ement is attached to said first
coupl i ng el enent’ arrangenment of said cenfering pins on said first
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appar atus comud sfngst and said second coupling elements both being

provided with Z reference stop surfaces adapted to cooperate
such as to determine the position of said second coupling

element with regard to said first coupling element in Z-
direction when said second coupling element is attached to
sald first coupling element;

the arrangement of said centering pins on said first
coupling element being such that each centering pin rests only
on one of said two flanks of the associated groove, whereby a
gap remains between said centering pin and the opposite flank
of said associated nut once said second coupling element is
attached to said first coupling element;

whereby at least in a first groove the centering pin rests
on that flank that faces a second groove adjacent to said
first groove, while in said adjacent second groove the
centering pin rests on that flank that faces sald adjacent
first groove such that the position of said second coupling
element with regard to said first coupling element is defined
in X- and Y-direction as well as with regard to its angular
position.

2. A clamping apparatus comprising:

a first coupling element having a <central axis and
provided with at least three centering pins having at least
partially conical shape:

a second coupling element having a central axis and
adapted to be releasably attached to said first coupling
element and provided with a number of grcoves having two



a first coupling elenent having a central axis and provided wth at |east
three centering pins having at least partially conical shape; a second
coupling elenent having a central axisisnd adapted to be releasably
attached to said first coupling elenent and provided with a nunber of
grooves having two -15- flanks opposite to each other and corresponding to
the nunbéenkef opaicd icentiar i aycpi nshprownded corresgichdiinstto coupl hngbekenment

such that said centering Rits @Ml%ia%%pdfﬂﬁgtcewbwgg %hgﬂ?fﬂ: |
ache 0 sai

engage sai % en, sai d. seco

first c%upﬁ gkggléﬁg' YRR ?s?lﬁﬁdp§§ydgggcéﬁﬂ 6%ﬁ%l$h élgﬁﬁﬁgé "Hot h
bei ng %#@Waéd eWIeR eZ Srae?f%r@ﬁ@@vgﬁ ophsur Baces m’tcédc@epbb@@eﬁé?@en§uch
as to de.t;e&t’ﬂ:Hehéhetposaﬁdoﬁl@%ts@bdp&@&@n@l@méﬂhzl ng element with regard

to said fi réngO%deg?:g shams id ngécoﬁaf%C&dpq]f&n%egléggﬁtge%%% CBg@hgng
elenent is attache ai 1 Tst coupli € arrangenen
sai d ceRfer+age pVﬁ§hoﬁis§?§eFFP§? 5%6ﬁbl$%ﬁf%$%ﬁeﬁ@aﬁéﬁﬁgt§hcﬁOPH§FaE§ch

cent erisgcpi ma esbs datgrmoneonshof peaiiditbwo &Fandksi df skhenassoonpl édg
gr oove,em@é@@y @trga&ergea% ng pekuegn §PJ':Q1: C%Lgsmgg p'éle?r%tt hqrpp@os' te

fl ank f associ ated .groove once sai.d seco pllng

attaché%ﬁ%%cé%?% it E8&%I|ﬁ%C%T%néﬁ?“ﬂﬁﬁE%eB GQFH east Q?ﬁ gr oove
t he centakdnglpsh ¢espsingnethaentlank that is renote fron1a second groove
adj acent tothsaidgk fidGdndiOOVEeE WHilEe |dér§'c@ﬂr®dlf§%%t secopdigroeyesthe

cent ef bt g €] 9uonct Bt oL anic,! hL | s sl LOM P34y edl pcent, {1 st

groove su
to sai PFi?PRE Eguﬁlallﬁlg e erkehnks O@eFFﬁeéslsﬁCXﬁtéﬁd NOH G rect P OFERAS Wel I

as W thyapgeedatiosi between said centering pin and the opposite flank
of said associated groove once said second coupling element is
attached to said first coupling element;
whereby at least in a first groove the centering pin rests
on that flank that is remote from a second groove adijacent to
sald first groove, while in said adjacent second groove the
centering pin rests on that flank that is remote from said
adjacent first groove such that the position of said second
coupling element with regard to said first coupling element is
defined in X- and Y- direction as well as with regard to its
angular position.

3. A clamping apparatus according to claim 1 or 2 in which
salid centering pins provided on said first coupling element
have a width that is smaller than the width of said grooves
provided on said second coupling element.

4. A clamping apparatus according to claim 1 or 2 in which
sald first coupling element is provided with four centering
pins essentially evenly distributed around said central axis,
and in which said second coupling element is provided with
four grooves essentially evenly distributed around said
central axis.

5. A clamping apparatus according to c¢laim 4 in which
centering pins located opposite to each other rest on those
flanks of the associated grooves which are diametrically
opposite to each other.



angul ar position. 3. A clanping apparatus according to claim1 or 2 in
which said centering pins provided on said first coupling elenent have a
width that is smaller than the w dth ofé-said grooves provided on said
second coupling elenent. 4. A clanping apparatus according to claim1 or 2
in which said first coupling elenment is provided with four centering pins
essentially evenly distributed around said central axis, and in which said
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8. A clamping apparatus according to claim 1 or 2 in which
sald centering pins rest on the asscciated groove flanks in an
area contact once the first and second coupling elements are
clamped to each other.

9. A clamping apparatus according to c¢laim 1 or 2 in which
said first and second coupling elements are matched with
regard to each other such that a gap exists between said 7
reference stop surfaces as long as the first and second
coupling elements are coalesced, but not yet clamped, whereby
salid gap 1s reduced to zero once the second coupling element
is clamped to the first coupling element, utilizing the
material elasticity of the centering pins and/cr the groove
flanks, such that the Z reference stop surfaces rest on each
other in the clamped state of the clamping apparatus.

10. A clamping apparatus according to claim 1 or 2 in
which said centering pins are of symmetrical configuration,
while said grocves have an asymmetrical shape.

11. A clamping apparatus according to c¢laim 1 or 2 in
which said Z reference stop surfaces essentially extend
between said centering pins and said grooves, respectively, of
the first and second coupling elements, respectively.
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whi ch said centering pins are of synmmetrical configuration, while said
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claim1 or 2 in which said Z reference stop surfaces essentially extend
bet ween said centering pins and said grooves, respectively, of the first
and second coupling el enents, respectively. -17- 12. A cl anpi ng appar at us
according to claiml or 2 in which said Z reference stop surfaces
essentially have the shape of a segnent of an annul us.



