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(57) Abréegée/Abstract:

Disclosed Is a clamping device of a balancing machine for coaxially clamping a toolholder on a spindle rotary about an axis of
rotation (3), In which the coupling shank (8) Is supported In the recelving socket only on discrete supports (11-15) which are
spaced from each other circumferentially and lie in three relatively spaced engagement planes (E1, E2, E3) intersecting the axis of
rotation (3). Four rigid discrete supports (11-14) are arranged In pairs In the first (E1) and the second (E2Z) engagement plane and
combine to form a rigid support in a first radial direction. Formed In the third engagement plane (E3) lying between the first and the
second engagement plane Is a fifth discrete support (15) which effects a supporting function in a second radial direction opposite
the first radial direction.
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ABSTRACT OF THE DISCLOSURE

Disclosed is a clamping device of a balancing machine for coaxially

clamping a toolholder on a spindle rotary about an axis of rotation (3), in which

5 the coupling shank (8) is supported in the receiving socket only on discrete
supports (11-15) which are spaced from each other circumferentially and lie In
three relatively spaced engagement planes (E1, E2, E3) intersecting the axis of
rotation (3). Four rigid discrete supports (11-14) are arranged in pairs in the

first (E1) and the second (E2) engagement plane and combine to form a rigid

10  support in a first radial direction. Formed in the third engagement plane (E3)
lying between the first and the second engagement plane is a fifth discrete
support (15) which effects a supporting function in a second radial direction

opposite the first radial direction.
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Clamping Device for a Balancing Machine

This invention relates to a clamping device of a balancing machine for
coaxially clamping a toolholder on a spindle rotary about an axis of rotation,
said spindle including at a frontal end a coaxial receiving socket and said tool-
holder including a coupling shank axially insertable into the frontal end of the
spindle, said coupling shank being adapted to be axially clamped in place in
the receiving socket by means of releasable clamping means, and wherein
inner locating surfaces in the receiving socket, outer locating surfaces on the
coupling shank and, where applicable, further engaging surfaces cooperate In
order to support the toolholder in coaxial position radially and axially on the

spindie.

A clamping device of the type referred to 1s known from DE 199 61 451
A1. It serves to connect rotary tools such as drills, miliing cutters or grinding
tools along with their toolholders with the spindle of a balancing machine in an
accurately centered position in order to be able to measure any existing unbal-
ance with the required accuracy. [he known clamping device Includes as
central locating means an arrangement of support surfaces encompassing the
coupling shank in centrally located fashion, being resilient essentially in a di-
rection transverse to its outer envelope surface or deflectable against spring
force and comprised of a plurality of radially resilient tongues circumferentially

spaced from each other and protruding from a base ring heid on a body con-
nected to the machine spindle. Provided at an axial distance to the resilient

support surface arrangement is another rigid support surface arrangement

formed by annular surfaces on the body and the coupling shank.

The problem of a resilient support surface arrangement resides in that
the position of the support surfaces is not accurately defined and may be

affected, for example, by friction between the support surfaces and their
mating surfaces. Each new clamping of a tool shank may therefore result in a
slight variation of the centered position whereby the repeat accuracy of the

clamping operation may be impaired.
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It is an object of the present invention to provide a clamping device of
the type initially referred to which enables toolholders to be centrally located
and clamped in a receiving socket of the spindle with repeat accuracy and at

moderate clamping forces.

In one of its aspects, the present invention provides a clamping device of
a balancing machine for coaxially clamping a toolholder on a spindle rotary
about an axis of rotation, said spindle including at a frontal end a coaxial
receiving socket and said toolholder including a coupling shank axially
insertable into the frontal end of the spindle, said coupling shank being adapted
to be axially clamped in place in the receiving socket by means of releasable
clamping means, wherein at least one inner locating surface in the receiving
socket, at least one outer locating surface on the coupling shank and, where
applicable, one further engaging surface cooperate in order to support the
toolholder in coaxial position radially and axially on the spindle, wherein the
supporting of the coupling shank in the receiving socket takes place only on
discrete supports spaced from each other circumferentially, wherein a first and
a second one of the discrete supports are formed by inner and outer locating
surfaces and define, in combination, a rigid support in a first radial direction,
wherein a third one of the discrete supports is formed by a radially adjustable
first supporting element and defines a support in a second radial direction
opposite the first radial direction, and wherein the radially adjustable supporting
element is carried for radial movement on the spindle or the toolholder and is

adjustable against the force of a spring.

In a further aspect, the present invention provides a clamping device of a
balancing machine for coaxially clamping a toolholder on a spindle rotary about
an axis of rotation, said spindle including at a frontal end a coaxial receiving
socket and said toolholder including a coupling shank axially insertable into the
frontal end of the spindle, said coupling shank being adapted to be axially
clamped in place in the receiving socket by means of releasable clamping

means, and wherein at least one inner locating surface in the receiving socket
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and at least one outer locating surface on the coupling shank cooperate in
order to support the coupling shank on the spindle in a centered position
radially and, where applicable, axially, wherein the supporting of the coupling
shank in the receiving socket takes place only on discrete supports which are
O spaced from each other circumferentially, lie in three relatively spaced
engagement planes intersecting the axis of rotation and are formed by inner
and outer locating surfaces, wherein a first and a second one of the discrete
supports are formed in a first engagement plane and define in combination a
rigid support in a first radial direction, wherein a third and a fourth one of the
10 discrete supports are formed in a second engagement plane and define in
combination a second rigid support in the first radial direction, wherein each of
the first discrete support, the second discrete support, the third discrete
support, and the fourth discrete support is formed by a respective rigid
projection raised relative to the at least one inner locating surface in the
15  receiving socket, wherein each of the respective rigid projections is spaced
from any other projection raised relative to the at least one inner locating
surface in the receiving socket, and wherein in the third engagement plane
lying between the first and the second engagement plane a fifth discrete
support is formed which effects a supporting function in a second radial
20 direction opposite the first radial direction.

According to the invention, in a clamping device of a balancing machine
for coaxially clamping a toolholder on a spindle rotary about an axis of rotation,

the spindle includes at a frontal end a coaxial receiving socket, and the tool-

25 holder includes a coupling shank axially insertable into the frontal end of the
spindle, said coupling shank being adapted to be axially clamped in place in the
receiving socket by means of releasable clamping means, with the receiv-ing
socket having arranged therein inner locating surfaces cooperating with outer
locating surfaces on the coupling shank in order to support the coupling shank

30 In a centrally located position radially and, where applicable, axially on the
spindle. According to the invention, the supporting of the coupling shank in the

recelving socket takes place in at least one first engagement plane inter-secting

CA 2836879 2017-07-13
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the axis of rotation only on discrete supports spaced from each other

circumferentially, wherein a first and a second one of the discrete supports are
formed by the inner and outer locating surfaces and define, in combination, a
rigid support in a first radial direction, and wherein a third one of the discrete

5 supports is formed by a radially adjustable first supporting element and defines
a support in a second radial direction opposite the first radial direction.

The clamping device of the present invention combines the properties of

a rigid support of the coupling shank with those of a radially yielding support in

10 advantageous manner. The rigid first and second discrete supports ensure that
the coupling shank is positioned In the receiving socket of the spindle with a

high repeat accuracy. Their inner and outer locating surfaces are held In

relative engagement by the radially adjustable supporting element which s

CA 2836879 2017-07-13
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capable of compensating for any production-related diameter variations be-
tween the inner diameter of the receiving socket and the outer diameter of the
coupling shank in the plane of engagement. Limiting the central locating func-
tion to discrete supports affords the further advantage that the effects of friction
on the centered position are reduced and lower clamping forces suffice to
accomplish a defined and accurately repeatable centered position. Any over-
determination of the support determining the centered position of the coupling

shank and any variations of position resulting therefrom on repeated clamping

operations are avoided.

In contrast to the known clamping device initially referred to, according
to the invention diameter variations are compensated for only in a radial direc-
tion determined by the position of the two rigid discrete supports. This may
result in errors occurring with respect to the accurate central location of the
coupling pin in the receiving socket. Such locating errors can however be
compensated for in the balancing process by turning through 180° and there-

fore have no adverse effect on the unbalance measurement.

The supporting of the coupling shank may be accomplished in a second
plane of engagement in analog manner on discrete supports only. To this
effect, inner locating surfaces on the receiving socket and outer locating sur-
faces on the coupling shank may form one fourth and one fifth rigid discrete
support, said supports being circumferentially spaced from each other and
combining to form a support in a radial direction. Associated with the fourth
and fifth supports in the second plane of engagement may be a sixth support
formed by a radially adjustable supporting element providing a supporting
function in a radial direction opposite the direction of the rigid support. Owing
to the supports in both planes of engagement, an accurately defined alignment
of the toolholder relative to the spindie 1s achieved, with the manufacturing
accuracy of the inner and outer locating surfaces of the rigid supports deter-
mining the accuracy of the desired coaxial position of toolholder and spindie

and ensuring that spindle and toolholder repeatedly return to the same position

upon disengagement.
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According to another proposal of the invention, an accurately repeatable
coaxial alignment of the coupling shank in the receiving socket of the spindie
may also be accomplished using only five discrete supports by arranging them
In spaced relationship in three planes of engagement intersecting the axis of
rotation, wherein in a first engagement plane a first and a second one of the
discrete supports are formed by inner and outer locating surfaces and define in
combination a second rigid support in a first radial direction, wherein Iin a sec-
ond engagement plane fourth and fifth discrete supports are formed by inner
and outer locating surfaces and define in combination a second rigid support
In the first radial direction, and wherein in a third engagement plane lying be-
tween the first and the second engagement plane a supporting element is
arranged which forms a third discrete support and effects a supporting function

in a second radial direction opposite the first radial direction.

The configuration using five supports Is statically determined. There-
fore, the supporting element forming the third discrete support may be radially
adjustable or, alternatively, be rigid. The former approach is suitable when the
coupling shank has a cylindrical envelope surface or when the outer locating
surfaces of the coupling shank are sections of a common cylindrical envelope
surface, because the adjustable supporting element may then be used to
compensate for diameter variations and produce a defined radial clamping
force. When the coupling shank is formed with a conical envelope surface or
when the outer locating surfaces of the coupling shank are sections of a com-
mon frusto-conical envelope surface, the supporting element defining the third
discrete support may be rigid because the Coupling shank bears against all
rigid supports in the receiving socket by axial displacement. Any variations in

diameter or in the conical shape are also compensated for by adaptation of the

axial position of the coupling shank in the receiving socket.

In cases where the inner and outer locating surfaces are cylindrical and
the supporting element i1s radially adjustable, it is necessary to provide for an
axial support of the toolhoider on the spindie. To this effect, the toolholder

may include a radial engaging surface adapted to make engagement with an
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end surface on the spindle. If the toolholder is radially supported on discrete
supports In one engagement plane only, it iIs necessary according to the in-
vention to configure the axial support of the toolholder such as to effect an
alignment of the axis of rotation of the toolholder parallel to the axis of rotation
of the spindle. This may be accomplished by at least three axial supports be-

tween toolholder and spindie which form the corners of a triangle. Preferably,

the axial supports lie in a plane normal to the axis of rotation.

According to another proposal of the invention, the radially adjustable
third or sixth supporting element may be mounted for radial movement on the
spindle or the toolholder and be radially adjustable against the force of a
spring. Alternatively, the supporting element may be adjustable on the spindle
or the toolholder by means of mechanical controls. Adjustability in opposition
to the force of a spring affords the advantage for the supporting element to
assume the proper position automatically, with the spring producing the

necessary radial clamping force on the support.

The discrete supports may be manufactured in a variety of ways and
are preferably arranged in the receiving socket. They may also be formed by a
compination of inner and outer locating surfaces intersecting each other. ’
Thus, for example, the inner locating surfaces in the receiving socket may be
formed by separate ribs parallel to the axis, which cooperate with annular outer

locating surfaces on the coupling pin, thereby producing discrete supports on

the intersections of the surfaces. The inner locating surfaces of the supports
may snugly éngage the outer locating surfaces of the coupling shank, or alter-
natively, they may be shaped differently, for example, have a reduced curva-

ture or be plane or curved in a convex shape.

The present invention will be explained in greater detail in the following
with reference to embodiments illustrated in the accompanying drawing. In the

drawing,



10

15

20

25

CA 02836879 2013-11-20

FIG. 1 is a cross-sectional view of the spindle of a balancing machine

with a toolholder received therein;

FIG. 2 is a schematic view of the discrete support of a toolholder in a
spindle of FIG. 1;

FIG. 3 is a schematic view of the discrete support of a cylindrical tool-
holder:

FIG. 4 is a cross-sectional view, taken along the line IV-IV, of another

embodiment of a spindle of a balancing machine with a toolholder received

therein: and

FIG. 5 is a partly sectional view, taken from above, of the embodiment
of FIG. 4.

FIG. 1 shows a housing 1 intended for installation in a balancing
machine. A spindle 2 is carried in the housing 1 for rotary movement about an
axis of rotation 3. The spindie serves for the dynamic measurement of the un-
balance of a toolholder 4 for tools driven at high speeds which include, for
example, drills, milling cutters or grinding tools and may be driven in the
balancing machine by means of a rotary drive mechanism not shown in the
drawing. The spindle 2 has a central bore 5 accommodating an exchangeable
adapter 6 fixedly screw-threaded to the spindle 2. The adapter 6 serves to

adapt the accommodating hole of the spindle to a specific shape and size of
the coupling means of the toolholder 4 {0 be measured. In the embodiment

illustrated in the drawing, the adapter 6 has a receiving socket 7 configured to
receive a coupling shank 8 which is arranged on the toolholder 4 and shaped
in the form of a conventional steep taper shank having a frusto-conical outer
locating surface 16. Also arranged in the adapter 6 i1s a pneumatically or
hydraulically actuatable clamping device 9 which is configured to grip the
clamping head 10 arranged at the free end of the coupling shank &, pulling the
coupling shank 8 axially into the receiving socket 7 at a force F and retaining it

therein. The adapter 6 fits snugly with zero play within the bore 5 of the
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spindle 2, and its receiving socket 7 has a hollow conical inner surface 17 co-

axial with the axis of rotation 3, whose taper angle matches the taper angle of

the coupling shank 8.

When the coupling shank of a toolholder is received in the drive spindie
of a machine tool, the coupling shank is drawn into the hollow conical receiving
socket of the machine tool at a very high axial force in order to prevent any
loosening of the fixed clamping of the toolholder and its displacement relative
to the drive spindle during the machining of workpieces. The high axial force
causes some minor elastic deformation of the toolholder and the area of the
drive spindle receiving it, wherein to the positioning accuracy in clamping
adverse effects, such as friction and form errors in the area of the locating sur-
faces, can be overcome. For unbalance measurement, clamping the toolholder
at such a high axial force is however not necessary and accordingly not pro-
vided for cost reasons. The risk of clamping errors and an improperly centered
position of the toolholder relative to the spindle of the balancing machine is
therefore greater. To reduce this risk, the invention provides, as shown in FIG.
2, discrete supports 11 to 15 in the receiving socket 7 upon which the frusto-
conical outer locating surface 16 of the coupling shank 8 takes support exclu-
sively. The discrete supports 11 to 15 are formed of projections raised relative
to the hollow conical inner surface 17 of the receiving socket 7, their surfaces
forming inner iocating surfaces which may be sections of a common hollow
conical surface. The projections are rigid and fixedly connected with the
adapter 6. They may be integrally formed with the adapter 6 or comprised of

inserts or pads affixed in the receiving socket 7.

The centers of the supports 11 to 15 are arranged In parallel engage-
ment planes E1, E2, E3 intersecting the axis of rotation 3 at right angles.
Alternatively, it 1s also possible for the engagement planes E1 to E3 to inter-
sect the axis of rotation 3 at a different angle. Arranged in the upper first en-
gagement plane E1 are the supports 11, 12, in the second lower engagement
plane E2 the supports 13, 14, and in the middle third engagement plane E3 is

the support 15. Furthermore, the centers of the supports 11, 13 lie in a first
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plane R1 radial to the axis of rotation 3, and the centers of the supports 13, 14
lie in a second radial plane R2, with the two radial planes inciuding an angle a
of preferably 120°, but which may also be smaller or greater than 120°. The
center of the support 15 Is located in a third radial plane R3 preferably bisect-
ing the angle a, but which may also be arranged at a different location. The
angle B included between the third radial plane R3 and the first R1 or second

R2 radial plane should in any case be significantly smaller than 180°.

The arrangement of the discrete supports 11 to 15 as described results
in a statically determined support of the outer locating surface 16 of the
coupling shank 8. The centered position of the coupling pin is thus determined
exclusively by the five discrete supports 11 to 15, with a relatively low axial
force F being sufficient to urge the coupling shank 8 against the inner locating

surfaces of the supports 11 to 15 in a defined manner.

FIG. 3 illustrates the supporting of a coupling shank 19 of a length com-
parable to the coupling shank 8, with the coupling shank 19 having a cylindri-
cal outer locating surface 20. Similar to the embodiment of FIG. 2, an analog
arrangement provides in the receiving socket five supports 21 to 25 formed by
inner locating surfaces situated In three parallel engagement planes E1, E2,
E3 and radial planes R1, R2, R3. The radial distance between the supports 21
to 24 and the axis of rotation 3 Is equal. Considering that the cylindrical outer

locating surface 20 cannot be clamped radially by an axially acting force F, the
support 25 is formed by a radially adjustable supporting element capable of
being urged radially inwardly by the force of a spring 26. Alternatively, the
support 25 may also be formed by a p'ressure element radially adjustable by a
mechanical means as, for example, an adjusting screw. The radially adjust-
able supporting element urges the coupling shank 19 with its outer cylindrical
surface 20 in a radial direction against the rigid supports 21 to 24 arranged in
the receiving socket, thereby clamping it radially in a position coaxial with the
axis of rotation 3 with a high degree of repeat accuracy. The coaxial position of
the coupling shank is therefore determined exclusively by the rigid supports 21

to 24, being accordingly repeatable on each change of the coupiing shank. By



10

15

20

25

30

CA 02836879 2013-11-20

suitably dimensioning the spring 26, the radial clamping force can be assigned
a magnitude advantageous for the individual application. In axial direction, the
supports 21 to 25 are unable to support the coupling shank 19 on the outer
locating surface 20. To determine the axial position and the support against
the axial force F of the clamping device, it is therefore necessary to provide an
axially acting support 27 which cooperates with a radially extending engaging

surface 28 of the coupling shank 19.

In lieu of a single adjustable support 25, in the embodiment of FIG. 3
two supports may be arranged which are formed by a radially adjustable sup-
porting element, for example, one arranged in the engagement plane E1 and
one In the engagement plane E2. In this way it is possible to accomplish a

better distribution of the radial clamping force to the individual discrete

supports.

In the embodiment shown in FIGS. 4 and 5, a toolholder 32 is held
clamped in the receiving socket 30 of a spindle 31 and includes a coupling
shank 33 in the form of a holiow shank cone of reduced axial length. Adjoining
the coupling shank 33 of the toolholder 32 is an annular flange 34 serving for
axial support and axially parallel alignment of the toolholder 32 relative to the
axis of rotation 3 of the spindle 31. The toolholder 32 is clamped in conven-
tional manner by means of a clamping device 35 which is arranged on the
spindle 31 and engages an undercut bore in the coupling shank 33 to pull the

toolholder 32 with the annular flange 34 in axial direction against a frontal

engaging surface on the spindle 31.

For centrally locating and axially supporting the toolholder 32, two fixed
supporting elements 37, 38 and one radially adjustable supporting element 39
are arranged on the spindle 31 in an annular extension 36 of the frontal end of
the receiving socket 30. The centers of the supporting elements 37 to 39 are
equally spaced apart circumferentially. The supporting elements 37 to 39 have
first, tangentially aligned, plane inner locating surfaces 40, 41, 42 which coact

with the conical outer locating surface 43 of the coupling shank 33 and are
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arranged at the same inclination as these with respect to the axis of rotation 3.
The supporting elements 37 to 39 extend radially inwardly into the receiving
socket 30 so that the inner diameter in the area of the inner locating surfaces
40 to 42 s smaller than the inner diameter of the receiving socket 30. The
supporting elements 37 to 39 define with their upper sides radial engaging
surfaces 44, 45, 46 lying in a common plane normal to the axis of rotation 3
and serving to support the annular flange 34 axially. The supporting element
39 Is guided for radial movement in a guide 47 and takes support upon a com-

pression spring 48 seeking to urge the supporting element 39 radially inwardly.

Owing to the configuration described, the supporting elements 37 to 39
define with their tangential inner locating surfaces 40 to 42, in coaction with the
outer locating surface 43 of the coupling shank 33, three discrete supports of
which two are rigid and one Is radially adjustable against spring force. Fur-
thermore, the supporting elements 37 to 39 define with their engaging surfaces
44, 45, 46 three discrete supports for the annular flange 34 which are rigid in
axial direction. Thanks to these discrete supports, it is possibie to centrally
locate and coaxially align the toolholder 32 with a high degree of repeat accu-
racy using a relatively low axial clamping force of the clamping device 35. The
compression spring 48 ensures at all times a firm engagement of the coupling
shank 33 with the inner locating surfaces 40, 41 so that the radial position of
the coupling shank 33 as defined by the latter is reproduced on each repeated
clamping operation. Minor locating errors which may result from minor
diameter variations between coupling shanks of different toolholders may be

compensated for in the unbalance measurement by turning over through 180°.
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CLAIMS

1. A clamping device of a balancing machine for coaxially clamping a
toolholder on a spindle rotary about an axis of rotation, said spindie including at
a frontal end a coaxial receiving socket and said toolholder including a coupling
shank axially insertable into the frontal end of the spindle, said coupling shank
being adapted to be axially clamped in place in the receiving socket by means
of releasable clamping means,

wherein at least one inner locating surface in the receiving socket, at
least one outer locating surface on the coupling shank and, where applicable,
one further engaging surface cooperate in order to support the toolholder In
coaxial position radially and axially on the spindle,

wherein the supporting of the coupling shank in the receiving socket
takes place only on discrete supports spaced from each other circumferentially,
wherein a first and a second one of the discrete supports are formed by inner
and outer locating surfaces and define, in combination, a rigid support in a first
radial direction,

wherein a third one of the discrete supports is formed by a radially
adjustable first supporting element and defines a support in a second radial
direction opposite the first radial direction, and

wherein the radially adjustable supporting element is carried for radial
movement on the spindle or the toolholder and is adjustable against the force

of a spring.

2. The clamping device according to claim 1, wherein the discrete supports

lie In at least one engagement plane intersecting the axis of rotation.

3. The clamping device according to claim 1, wherein the supporting of the
coupling shank in the receiving socket takes place only on discrete supports in
a first engagement plane intersecting the axis of rotation and a second
engagement plane intersecting the axis of rotation, with inner and outer locating

surfaces forming four rigid discrete supports arranged in pairs in the first and

CA 2836879 2017-07-13
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second one of the engagement planes and combining to form a rigid support in
a radial direction, and wherein in the first and the second engagement plane a
third discrete support is formed by a radially adjustable supporting element
providing a supporting function in a radial direction opposite the direction of the

rigid support.

4. The clamping device according to claim 1, wherein the outer locating
surface of the coupling shank is formed by a cylindrical envelope surface or a

plurality of cylindrical envelope surfaces.

5. The clamping device according to claim 1, wherein the coupling shank

has a conical outer locating surface.

6. The clamping device according to claim 1, wherein the outer locating
surface of the coupling shank is formed by sections of a common frusto-conical

envelope surface.

7. The clamping device according claim 1, wherein the spindle includes an
engaging surface or a plurality of discrete engaging surfaces for axially
supporting the toolholder.

8. The clamping device according to claim 1, wherein the discrete supports
which lie in the same engagement plane are at the same radial distance from

the axis of rotation.

9. The clamping device according to claim 8, wherein the discrete supports
of different engagement planes are spaced at different radial distances from the

axis of rotation.
10.  The clamping device according to claim 1, wherein the inner locating

surfaces of the discrete supports are curved in a concave or convex shape or

are plane.

CA 2836879 2017-07-13
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11. A clamping device of a balancing machine for coaxially clamping a
toolholder on a spindle rotary about an axis of rotation,

said spindle including at a frontal end a coaxial receiving socket and

said toolholder including a coupling shank axially insertable into the
frontal end of the spindle,

said coupling shank being adapted to be axially clamped in place in the
receiving socket by means of releasable clamping means, and

wherein at least one inner locating surface in the receiving socket and at
least one outer locating surface on the coupling shank cooperate in order to
support the coupling shank on the spindle in a centered position radially and,
where applicable, axially,

wherein the supporting of the coupling shank in the receiving socket
takes place only on discrete supports which are spaced from each other
circumferentially, lie in three relatively spaced engagement planes intersecting
the axis of rotation and are formed by inner and outer locating surfaces,

wherein a first and a second one of the discrete supports are formed in a
first engagement plane and define in combination a rigid support in a first radial
direction,

wherein a third and a fourth one of the discrete supports are formed in a
second engagement plane and define in combination a second rigid support in
the first radial direction,

wherein each of the first discrete support, the second discrete support,

the third discrete support, and the fourth discrete support is formed by a

respective rigid projection raised relative to the at least one inner locating
surface in the receiving socket,

wherein each of the respective rigid projections is spaced from any other
projection raised relative to the at least one inner locating surface in the
receiving socket, and

wherein in the third engagement plane lying between the first and the

second engagement plane a fifth discrete support is formed which effects a
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supporting function in a second radial direction opposite the first radial

direction.

12. The clamping device according to claim 11, wherein the fifth discrete

support is formed by a radially adjustable supporting element.

13.  The clamping device according claim 11, wherein the coupling shank
has a conical outer locating surface, and wherein the fifth discrete support is

rigid.

CA 2836879 2017-07-13
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