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(57) Abrege(suite)/Abstract(continued):
clamping head (3) In such a way as to transmit force. Attached to the basic body (4) Is a deformation sensor (12a, 12b, 12c¢), for

example as a strain gauge, which Is intended and designed for determining a deformation of the basic body (4) in a circumferential
direction. In this way, the condition and state of wear of the clamping chuck (1) can be determined.
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ABSTRACT

A chuck body (2) for a clamping chuck (1) for clamping a workpiece has a substan-
tially rotationally symmetrically formed basic body (4), provided on which is a re-
ceiving opening (5), which is formed as a portion of a cone and 1s formed for receiv-
ing a clamping head (3) in such a way as to transmit force. Attached to the basic body
(4) is a deformation sensor (12a, 12b, 12¢), for example as a strain gauge, which 1s
intended and designed for determining a deformation ot the basic body (4) in a
circumferential direction. In this way, the condition and state of wear of the clamping

chuck (1) can be determined.
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CHUCK BODY FOR A CHUCK, CHUCK AND METHOD FOR
DETERMINING A CLAMPING FORCE ON SUCH A CHUCK

FIELD OF APPLICATION AND PRIOR ART

[001] The invention relates to a chuck body for a chuck for clamping a workpiece,
having a substantially rotationally symmetrically designed basic body on which 1s
provided a cone portion-shaped receiving opening designed for a force-transferring
reception of a clamping head, as well as a chuck equipped with such a chuck body

and a method for determining a clamping force on a chuck.

[002] US 6,908,086 describes a chuck with a chuck body having an internal conical
surface for receiving a clamping head. The clamping head has an at least segmentally
conical outer contour which is matched to the chuck body and is subdivided by
means of several separation slots into individual clamping jaws, which are coupled
together in relatively movable manner by elastic connecting elements. By exerting an
axially directed tensile force on the clamping head the latter can be fixed in the chuck
body and as a result of the tensile force exerted there is a radially inwardly directed
relative movement of the clamping jaws leading to a narrowing of a free diameter

bounded by said jaws, so that a workpiece can be clamped in the free diameter be-

tween the clamping jaws.

[003] As a result of their clamping precision and their advantageous, automatic con-
trollability such chucks are preferably used in mass production, particularly of turned
and milled parts, and must be able to function under rough ambient conditions over a
long period of time without dropping below a minimum clamping force. In the case
of a known use for a chuck, following a predetermined number of machining cycles
carried out and in particular turning or milling processes, in which the chuck has been
used for clamping workpieces, the chuck must be maintained, because otherwise the
clamping force can drop below a minimum clamping force. In the case of said main-

tenance the clamping head is disassembled from the chuck body, the clamping head
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and chuck body are cleaned, provided with fresh lubricant and subsequently reassem-

bled. It is possible that a chuck maintenance was already overdue as a result of unfa-
vourable ambient conditions and the final machining cycles were carried out with a
clamping force below the minimum clamping force. Under favourable ambient con-
ditions the case can arise that the chuck is maintained at a time when this was not
necessary. A considerable influence on the need for maintenance of a chuck is exert-
ed by contamination and high temperatures, which as a result of dirt particles and/or
transformation processes in the lubricant can lead to a rapid increase in the friction
between the clamping head and chuck body and consequently have a negative influ-

ence on the clamping force on the workpiece.

PROBLEM AND SOLUTION

[004] The problem of the invention is to provide an aforementioned chuck body, a
chuck and an aforementioned method making it possible to obviate the prior art prob-

lems and in particular allow an as needed chuck maintenance.

[005] Therefore in accordance with a general aspect of the invention, there 1s provid-
ed a method for determining a clamping force on a chuck for clamping a workpiece
and fitted to a machine spindle of a machine tool, the chuck comprising: a chuck
body having: a substantially rotationally symmetrically formed basic body; a cone
portion-shaped receiving opening provided on said basic body and designed for a
force-transferring reception of a clamping head:, and a deformation sensor fitted to
said basic body and constructed for a determination of a deformation of said basic
body in a circumferential direction to said basic body; and a clamping head received
in said chuck body and having several clamping jaws mutually spaced by separation
slots, wherein said clamping jaws are interconnected in relatively movable manner by
elastic connecting elements between them and wherein said clamping jaws are pro-
vided for fixing a workpiece in said chuck, wherein the method comprises the steps
of: determining a deformation of said chuck body by means of said detormation sen-
sor with said machine spindle being held in a stationary state and said workpiece be-
ing held fixed, determining a deformation of said chuck body during a rotary move-

ment of said machine spindle and with said workpiece fixed, calculating a defor-

mation difference between said stationary state and said rotary movement, and
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outputting or displaying said deformation difference or comparing said deformation

difference with a value table and outputting a signal on dropping below a desired val-

ue for said deformation difference.

[006] According to a first aspect of the invention a deformation sensor 1s fitted to the
basic body of the chuck body and is provided and constructed for determining a de-
formation of the basic body in a circumferential direction. The chuck body, which 1s
typically substantially rotationally symmetrical, 1s used for the force transfer between
a machine spindle of a machine tool and the clamping head, which is in turn intended
to exert the necessary clamping forces on the workpiece. In the case of the chuck by
means a tension tube associated with the machine spindle a tensile force is exerted on

the clamping head leading to a wedging or keying of the cone portion-shaped areas of
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the clamping head and the chuck body. During said wedging movement on the one

hand the desired narrowing of the free diameter between the clamping jaws of the
clamping head is brought about. On the other hand, as a result of the reaction forces
between the clamping head and the chuck body there 1s a radially directed, outward
extension of the chuck body, 1.e. an increase 1n the chuck body diameter. This diame-
ter increase 1s dependent on the geometrical design of the clamping head and the
chuck body, as well as on the tensile force exerted on the clamping head. However it
1s also dependent on the friction between clamping head and chuck body, which is
determined by external circumstances such as contamination and/or gumming up of

the lubricant between clamping head and chuck body.

|007] In the case of a constant tensile force on the clamping head and increasing fric-
tion between clamping head and chuck body, there is a decrease in the clamping force
on the workpiece and therefore also the reaction force leading to a chuck body diame-
ter increase. Thus, the change in the chuck body diameter can be used as an indicator
tfor the clamping force exerted on the workpiece. As the diameter increase on the
chuck body is relatively limited and a length measurement in the radial direction is
more complicated, for exactly establishing the clamping force an extension or expan-
sion of the chuck body in the circumferential direction is determined. This extension
1S clearly correlated with the diameter increase and therefore with the clamping force.
To determine the extension in the circumferential direction, a deformation sensor is
fitted to a chuck body surface oriented circumferentially so as to allow conclusions to
be drawn regarding the diameter change and therefore the clamping force of the

clamping head on the workpiece.

1008} According to a development of the invention the deformation sensor is posi-
tioned on an outer surface or the outside or circumferential surface of the basic body.
The highest circumferential chuck body deformation occurs on the outer surface or
outside of the basic body and is in the form of a length change. Thus, for determining
the clamping force relatively simple deformation sensors known from length meas-
urement technology can be used and which despite an inexpensive design and easy

fitting ensure a precise measurement result.
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[009] In a further development of the invention the deformation sensor is placed on

the outer surface or outside of the basic body so as to be accessible from the outside.
This allows an easy fitting of the deformation sensor and provides good accessibility
for fault detection or an optionally necessary replacement. In addition, for maintain-
ing or repairing the deformation sensor there is no need to dismantle the chuck, so
that in the case of a fault a rapid and therefore inexpensive solution is available,

which plays a positive part in connection with the usability of the chuck.

[010] In a further development of the invention the deformation sensor as a strain
gauge is constructed with strain or extension-dependent electrical resistance. A strain
gauge more particularly has a polyimide support film on which is applied in meander-
like manner a wire-like resistor preferably made from constantan. Through the use of
polyimide it is possible to ensure a particularly temperature-insensitive support fiim
design. The use of constantan as the material for the resistance wire ensures a high
temperature stability, so that a temperature compensation is not vital for ensuring a

reliable measurement result.

[011] During an expansion or increase in its length, the resistance wire undergoes a
cross-sectional reduction, so that the electrical resistance rises. On compressing the
resistance wire there 1s a cross-sectional increase in the size of the electrical conduc-
tor, so that the electrical resistance decreases. These extension-dependent changes of
the electrical resistance are preferably determined by an evaluating circuit down-

stream of the strain gauge and made available as a measurement signal.

[012] In a further development of the invention with the deformation sensor 18 asso-
ciated an information transmission device, which is designed for a wireless signal
transmission, preferably via a radio link, from deformation sensor to a receiver
means. Thus, the deformation sensor measurement signal can be transmitted 1n un-
complicated manner and without complicated cabling to a receiver means, which i1s in
particular fitted to the machine tool. As a result of the wireless transmission of sig-

nals the chuck body can be easily replaced and stored in the same way as a known

chuck body.
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[013] According to another development of the invention with the basic body is as-
sociated a coil mechanism for an energy conversion according to the dynamo princi-
ple for making available electrical energy for the deformation sensor. The chuck
body is typically received on a machine spindle, particularly of a lathe and this rotates
for machining the workpiece. Thus, the chuck can be rotated relative to the machine
tool. The rotary movement can be used for generating electrical energy for the de-
formation sensor. For this purpose to the machine tool is fitted a magnet device, par-
ticularly with permanent magnets or magnet coils, which 1s provided for exciting a
coil located in the chuck body. As a result of the relative movement of the coil in the
magnetic field caused by the magnet device, an electrical voltage is induced 1n the

coil for supplying energy to the deformation sensor and optionally to a downstream

evaluating device.

[014] In a further development of the invention with the basic body is associated an
energy storage device such as a battery or a capacitor for providing electrical energy
for the deformation sensor. This ensures in a simple manner an electrical energy

supply to the deformation sensor. Such an energy supply is completely autarchic.

|015] In a further development of the invention the information transmission device
is in the form of an RFID transponder for a data transfer via an inductive near field or
an electromagnetic far field. An RFID transponder 1s a device which with the aid of
so-called radio frequency identification permits a transmission of data such as meas-
urement signals. For this purpose an inductive near field or an electromagnet far field

1s necessary and 1s made available by a transmitting device such as the machine tool.
Advantageously the field is generated by a device separate from the machine tool. It
can for example function independently of the machine, which facilitates the usability

of chucks equipped with RFID transponders and/or with other signal transmission

devices.

[016] The RFID transponder has an antenna, which can receive the irradiated elec-
tromagnetic field and attenuate it in predetermined manner. As a result electrical en-
ergy can be made available for operating the deformation sensor and 1n particular also

for its evaluation, whilst as a result of a planned interference to the electromagnetic
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field and an analysis of the field interference it is possible to implement a signal

transmission from deformation sensor to transmitting device. RFID transponders are
more particularly made available in the form of labels or adhesive labels, into which
1s integrated the entire circuit including the deformation sensor and antenna and

which merely need to be stuck to the outer surface of the chuck body.

[017] According to a further development of the invention a motion sensor, particu-
larly an acceleration sensor is provided in order to determine a rotary movement of
the basic body or chuck body, particularly a rotation speed. In a first embodiment of
the invention a simply designed motion sensor is provided, which is able to establish
the stoppage and movement of the chuck body, but supplies no information on a
speed of motion. With such a construction it is possible to determine a clamping
force of the clamping head in the stopped state and also during chuck movement,
whilst also determining a clamping force reduction between both operating states.
The clamping force of the chuck is reduced with increasing rotation speed through
the radially outwardly directed centrifugal forces acting on the clamping jaws and on
the chuck body. Thus, an information concerning the speed of the chuck body, which
can be correlated with the determined chuck body deformation is of particular inter-
est. For this purpose it is possible to provide on the chuck body an acceleration sen-

sor for determining the speed of the chuck independently of the machine tool.

|018] In a turther development of the invention on the basic body is provided at least
one further deformation sensor for determining an axial force acting on the basic

body. This makes available an additional characteristic quantity, which can be corre-

lated with the determined radial chuck body deformation and optionally the chuck
body speed during workpiece machining and permits a particularly precise determi-

nation of the clamping force for the workpiece.

|019] According to another aspect of the invention a chuck with a chuck body having
at least one of the aforementioned features and with a clamping head receivable in the
chuck body i1s provided. The clamping head has several clamping jaws spaced from
one another by separation slots and which can be interconnected 1n relatively mov-

able manner by means of elastic connecting elements and provided for the fixing of a
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workpiece. Such a chuck ensures a cycle-independent, as needed maintenance of the
clamping head and chuck body as a function of the actual clamping force. The chuck
together with a receiver means can make available information on the workpiece
clamping force derived from the chuck body deformation and therefore information
on the chuck maintenance state, without it being necessary to dismantle the clamping
head from the chuck body. The invention is generally usable in the case of chucks

and with particular advantage with an axial tension chuck.

[020] According to a further aspect of the invention a method is provided for deter-
mining a clamping force on a chuck fitted to a machine spindle of a machine tool and
having the following steps: determining a deformation of a chuck body by means of a
deformation sensor with the machine spindle stationary and the workpiece fixed, de-
termining a deformation of the chuck body during a rotary movement of the machine
spindle with the workpiece fixed, calculating a deformation difference between the
stationary state and the rotary movement and outputting and/or displaying the defor-
mation difference and/or comparing the deformation difference with a value table and

outputting a signal on dropping below a desired value.

1021] This method determines a clamping force present during chuck rotation and
vital for workpiece machining. This clamping force can differ significantly from the
clamping force when stationary and this can in particular result from the centrifugal
torces which occur. In addition, setting and sliding processes between clamping head
and chuck body as a result of rotation can occur and can bring about an at least partial

compensation of the centrifugal force-dependent clamping force reduction. The me-

thod makes it possible to determine the actual clamping force on the workpiece.

1022] According to another development of the invention after carrying out mainte-
nance work on the chuck a calibration of the deformation sensor is performed. Dur-
ing maintenance typically the clamping head and chuck body are cleaned and lubri-
cated, so that subsequently an advantageous cooperation between clamping head and
chuck body with low friction and a resulting high clamping force for the workpiece is
ensured. This starting situation is used for calibrating the deformation sensor and the

chuck body deformation obtained with the workpiece fixed is determined and stored
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by the deformation sensor. The clamping force reduction occurring after carrying out
several machining cycles can therefore be determined as a deviation from the origi-
nally available clamping force and therefore used directly for evaluating the chuck

maintenance state.

|023] In a further development of the invention a transmission of measurement sig-
nals can be carried out with a variable data transmission rate as a function of a change
to the measurement signal, preferably with a lower data transmission rate in the case
of little or no measurement signal change. This can ensure an energy saving data
transmission, which is of particular interest for energy storage means integrated into
the chuck body and which must be replaced or at least recharged when the stored en-
ergy 1s exhausted. The energy saving can preferably be brought about in that for a
constant measurement signal or with only minor changes to the measurement signal a
low data transmission rate is present, i.¢. only a few measurement signals are trans-
mitted per time unit. With greater measurement signal changes a higher data trans-
mission rate i1s brought about 1n order to ensure an adequate resolution of the changes.
This 1s of particular interest if the receiver means is coupled to a machine control of
the machine tool and on dropping below the minimum clamping force the machine

tool must be switched off for safety reasons.

|024] In a further development of the invention a chuck body deformation deter-
mined in the circumferential direction 1s correlated with an axial force exerted on the
chuck body by the machine tool in order to establish a clamping force efficiency of

the chuck. The clamping force efficiency is a characteristic quantity allowing state

information to be obtained on the entire clamping system formed by machine spindle,
tension tube and chuck. Assuming that the tensile force exerted on the tension tube
by a servo unit 1s known, by determining the tensile force on the chuck body it is pos-
sible to establish whether the tension tube or tensile force transmission to the chuck
body are taulty. By correlating the tensile force with the clamping force of the
clamping head it is possible to determine the relationship between the tensile force on
the clamping head and the resulting clamping force making it possible to derive pre-
cise iInformation on the chuck maintenance state. In an advantageous embodiment of

the invention temporarily in place of the workpiece use 1s made in the clamping head
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ot a clamping force pick-up 1n order to determine the actual clamping force and

therefore calculate a possibly necessary correction factor for the clamping force de-

termined via the chuck body deformation.

1025] In a further development of the invention there is a regulation or control of an
axial tensile torce exerted on the chuck as a function of the circumferentially deter-
mined chuck body deformation, particularly as a function of the clamping force effi-
ciency of the chuck. This allows an at least partial compensation of the clamping

force reduction occurring as a function of the chuck maintenance state by increasing

the tensile force exerted by the tension tube.

|026] These and further features can be gathered from the claims, description and
drawings and the individual features, both singly or in the form of subcombinations,
can be implemented in an embodiment of the invention and in other fields and can
represent advantageous, independently protectable constructions for which protection
1s claimed here. The subdivision of the application into individual sections and the

subheadings in no way restrict the general validity of the statements made thereunder.

BRIEF DESCRIPTION OF THE DRAWINGS

[027] An embodiment of the invention is described hereinafter relative to the at-

tached diagrammatic drawings, wherein show:

Fig. 1 A front view of a chuck with a deformation sensor integrated

into the chuck body and a deformation sensor fitted to the

chuck body.

Fig. 2 A sectional view of the chuck according to fig. 1.

Fig. 3 A graph with the path of the clamping force and extension
of the basic body over the speed with constant clamping
force.

Fig. 4 A graph with the path of the clamping force over a chuck use

period with constant clamping force.
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DETAILED DESCRIPTION OF THE EMBODIMENTS

[028] Figs. 1 and 2 show a chuck 1 for clamping a preferably cylindrically designed
workpiece in the manner of a collet. The chuck 1 has a substantially rotationally
symmetrical basic body 4 forming an essential part of chuck body 2. On the basic
body 4 is provided a cone portion-shaped reception opening 5 for a force-transterring
reception of a clamping head 3. The clamping head 3 is constructed from three
clamping jaws 6 spaced from one another by separation slots 7, which are in some
areas bridged by elastic connecting elements 8, which interconnect the clamping jaws
6 in self substance, relatively movable manner. On a tapered end portion of the
clamping head 3 the clamping jaws 6 are provided with a circumferential groove 1n
which can engage a tension tube 9, which forms part of a not shown machine spindle

and which can exert a tensile tforce on the chuck 3.

1029] On an outer surface 10 is provided a deformation sensor 12a. A pocket-like
depression 13 contains a further deformation sensor 12b on an outer face of the basic
body 4. According to fig. 2, a deformation sensor 12¢ for tensile force determination

1s fitted to tension tube 9.

1030] All the deformation sensors 12a, 12b, 12¢ are in the form of strain gauges and
in each case equipped with an integrated signal processing unit 16a, 16b, 16¢ for a
processing, by means of calculation algorithms, of the electrical resistance values
produced by the strain gauges 12a, 12b, 12¢. With the signal processing unit 16a,
16b, 16¢ 1s associated an information transmission device 17a, 17b, 16c¢, also inte-
grated into the deformation sensors 12a, 12b, 12¢, for the wireless transmission of the
calculated measured values. With the deformation sensor 12b received 1n depression
13 1s associated as an energy storage means a button cell battery 19 for a continuous

signal transmission to a not shown receiver means. The depression 13 1s closed by an

clastomeric plug 18.

[031] The remaining deformation sensors 12a, 12c¢, which can be provided in sup-

plementary or alternative manner, are in the form of RFID labels and are stuck to the

outer surface 10 and tension tube 9 and are supplied by a not shown, external energy
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source, which can be placed on the machine tool or at some other point in space. The
detormation sensor 12a is provided with an integrated motion sensor in the form of
an acceleration sensor 20 and which 1s used for detecting a movement of the chuck

and which can be fitted in the same way also to the other deformation sensors 12b or

12c¢.

1032] The deformation sensors 12a, 12b on outer surface 10 and in depression 13 are
provided for determining a deformation of the circumference of basic body 2. Such a
detformation can occur if a workpiece 1s inserted in the receiving hole 14 bounded by
clamping jaws 6 and subsequently tension tube 9 introduces a tensile force into the
jaws 6. As a result the clamping head 3 is moved in the direction of the tension tube
9 and due to the conical design of the receiving opening 5 and clamping head 3 there
1s a radially inwardly directed deflection movement of the mutually relatively mov-

able clamping jaws 6, so that the workpiece can be clamped between said jaws 6.

|033] The relative movement of the clamping jaws 6 brought about by the tensile
force of tension tube 9, on clamping the workpiece, leads to a radially outwardly di-
rected supporting force of the outer faces of the clamping jaws 6 on the receiving
opening 5. Thus, the basic body 4 is radially outwardly extended and is subject to a
rise 1n the external diameter 15, which is substantially proportional to the exerted
clamping force. The increase in the external diameter 15 is associated with a length
change to the circumference of basic body 4. Said length change can be determined

by the deformation sensors 12a, 12b fitted to outer surface 10 and outer face 11.

|034] The application of a tensile force to chuck 1 by means of tension tube 9, which
can be assumed as known or which 1s determined by deformation sensor 12¢ on ten-
sion tube 9, 1n the case of a freshly maintained chuck 1 gives a maximum tensile

force and a resulting maximum increase in the external diameter 15 and the circum-
terence of basic body 4. The maximum value for the circumference of basic body 4 is
stored as a reference value in signal processing unit 16a, 16b, 16¢ and/or in the re-

cerwver unit and can therefore be used as a reference for further clamping cycles of

chuck 1.
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[035] In the case of the path of the deformation I on the outer circumference of the
chuck body and determined by deformation sensor 12a in fig. 3 and the correlated
clamping force Fs, determined by the reflection or mirroring of the deformation
curve, over the chuck speed n on machining a workpiece it is clear that the deforma-
tion and clamping force Fs initially only change slightly. However, with increasing
speed there 1s an ever increasing drop in the clamping force I's and can lead to a

complete clamping force loss.

1036] In the path of the clamping force Fs over time t shown 1n fig. 4 1t 1s clear that
with an increasing number of machining cycles performed, 1.e. typically over a period
of weeks, there 1s an exemplified-represented decrease in the clamping force Fs, de-
spite a constant tensile force Fz. This reduction in the clamping force Fs can mainly
be attributed to the above-described ageing effects and the contamination of the lu-
bricants provided between clamping head and basic body and if a chuck maintenance
1s missed, gives rise to a drop below a minimum clamping force Fs (min) at which it

1S just possible to ensure a reliable workpiece machining.

|037] In order to eliminate the risk of an inadequate clamping force Fs, a chuck is
typically maintained at a time tl at which there 1s still a reserve present until the mi-
nimum clamping force Fs (min) is reached. By using the inventive clamping force
determination method the maintenance of the chuck can be carried out precisely at
the time of reaching the minimum clamping force Fs (min), so that a larger number of
machining cycles can be implemented between two maintenance cycles, but still a
dynamic chuck maintenance can be performed as a function of the possibly varying

ambient conditions.
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CLAIMS

1. A method for determining a clamping force on a chuck for clamping a
workpiece and fitted to a machine spindle of a machine tool, the chuck comprising:
a chuck body having:

a substantially rotationally symmetrically formed basic body:;

a cone portion-shaped receiving opening provided on said basic body
and designed for a force-transferring reception of a clamping head:,
and

a deformation sensor fitted to said basic body and constructed for a de-
termination of a deformation of said basic body in a circumfterential
direction to said basic body; and

a clamping head received in said chuck body and having several clamping
jaws mutually spaced by separation slots, wherein said clamping jaws are
interconnected in relatively movable manner by elastic connecting ele-
ments between them and wherein said clamping jaws are provided for fix-
ing a workpiece in said chuck,

wherein the method comprises the steps of:

determining a deformation of said chuck body by means of said deformation
sensor with said machine spindle being held in a stationary state and said
workpiece being held fixed,

determining a deformation of said chuck body during a rotary movement of
said machine spindle and with said workpiece tixed,

calculating a deformation difference between said stationary state and said ro-
tary movement, and

outputting or displaying said deformation difference or comparing said defor-
mation difference with a value table and outputting a signal on dropping

below a desired value for said deformation difference.

2. The method according to claim 1, wherein said deformation sensor is cali-

brated after carrying out maintenance work on said chuck.
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3. The method according to claim 1, wherein said measurement signals are

transmitted with a variable data transmission rate as a function of a measurement sig-

nal change.

4. The method according to claim 3, wherein said data transmission rate 1S

with a low data transmission rate with a limited measurement signal change.

5. The method according to claim 1, wherein a circumferentially determined
deformation of said chuck body is correlated with an axial force exerted by said ma-

chine tool on said chuck body in order to establish a clamping force efficiency of said

chuck.

6. The method according to claim 5, wherein a control of an axial tensile torce
exerted on said chuck is carried out as a function of said circumferentially determined
deformation of said chuck body as a function of said clamping force efficiency of

said chuck.
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