COUPLING SYSTEM FOR USE WITH A
SPINDLE APPARATUS OF A MACHINE TOOL

Description

The present application relates to a system and/or coupling system for use

with a spindle apparatus of a machine tool.

Background

The prior art discloses machine tools which can be used for both a
material-removing processing and a material-depositing processing of a

workpiece.

DE 10 2013 224 649 A1 describes a machine tool having a machine
control, a machine frame, a workpiece table, a tool support preferably
made in accordance with a standard, a plurality of tfranslational and/or
rotational axes for adjusting a relative position between workpiece table
and tool support, a tool magazine for one or more material-removing, in
particular machining, tools, a tool change mechanism for automatically
moving tools between tool support and tool magazine, a deposition
welding head that can be inserted into the tool support and a storage

device for storing des deposition welding head outside the tool support.

WO 2014/013247 A2 describes a machine tool which is configured to
conduct an energy source through a processing head to a workpiece,
the machine tool having a clamping mechanism to accommodate the
processing head or another processing head at times in order to process a
workpiece. The processing head has one or more conduction
mechanisms which are configured to direct the energy source to a

workpiece, and a processing head support device where the processing



head can be supplied with one medium or several media when used in
order to make possible the processing of the workpiece, the processing
head support device allowing to supply the medium or the media to the
processing head when the processing head is connected to the clamping
mechanism. The machine tool also has at least one mechanism which is
configured to connect a supply support device to the processing head
support device in such a way that when both support devices are

connected the medium is supplied to the processing head.

An advantage for special machining types or special materials employed
is when the processing head used for this processing is additionally
supplied with energy on the outer side thereof. Due to the different
dimensions of the various processing heads, the problem arises that when
a processing head for a machining operation is replaced with a
processing head for deposition welding, the device for the energy supply,
which is required for the processing head for the machining operation but
not for the processing head for deposition welding, stands in the way of
the processing head for deposition welding so as to prevent an exchange

of the two processing heads.

An object of the present invention is to provide a versatile, space-saving
and cost-effective tool interface system or coupling interface system for
machine tools, which can favorably be used in a particularly space-saving
and cost-effective way and with favorably synergetic effects with respect
to the advantageous energy and signal fransmission and/or supply and to
beneficially efficient, fime-saving and versatile tool change possibilities
and accurate tool and processing head alignment, in particular when
hybrid machine tools are employed where opftionally in addition to a
conventional machining operation further processing possibilities can be
combined, such as tool interface units which have electrical loads and

which are used e.g. in ultrasonic processing, and/or in combination with



material deposition processing heads for depositing material on the

machine tool usually operating to remove material.

Therefore, a further object of the present invention is to provide a coupling
system for a machine tool by means of which different tool interfaces or
processing heads can be accommodated alternately at the same
processing head support, as a result of which both a material-removing or
machining workpiece processing and a material-depositing workpiece
processing, e.g. deposition welding, can be carried out in an efficient,

cost-effective and space-saving way without any limitations.

Summary of the invention

According to an aspect of the invention, a system for use in a spindle
apparatus of a machine tool according to claim 1 and/or a coupling
interface unit for use in such a system according to claim 16 and an
energy transmission unit for use in such a system according to claim 17 are
proposed in order to achieve the above mentioned object. The
dependent claims and/or combinations of the dependent claims relate to

preferred embodiments.

An aspect of the invention proposes a system for use at a spindle

apparatus of a machine tool.

The system can comprise an energy transmission unit having a transmitter
coil unit for the contact-free transmission of electrical energy to a receiver
coil unit of a tool interface unit. The tool interface unit can have the
receiver coil unit, an electrical load and/or a tool interface portion to
accommodate the tool interface unit at a tool support of a work spindle
of the spindle apparatus. Where appropriate, it is also possible to provide

a plurality of energy transmission units having different dimensions for a



plurality of tool interface units having different dimensions, a respective
coupling element of the energy transmission units being preferably made
in equal fashion for the purpose of coupling to a single coupling interface

unift.

The system can have a coupling interface unit having an interface body
element mounted on the spindle apparatus and a second coupling
element, the second coupling element being preferably configured to be
coupled to a first coupling element of the energy tfransmission unit/s by

means of a releasable connection.

According to a preferred exemplary embodiment, the first and second
coupling elements can preferably have in each case one or more plug
connection elements, preferably in such a way that the one or more plug
connection elements of the first coupling element and the one or more
plug connection elements of the second coupling element are
configured to establish a releasable plug connection for the releasable

attachment of the first coupling element to the second coupling element.

According to a preferred exemplary embodiment, the first and second
coupling elements can preferably have respectively connectable electric
contact segments, preferably for the production of an electric connection
between the first and second coupling elements, when the first coupling

element is releasably attached to the second coupling element.

According to a preferred exemplary embodiment, the first coupling
element can preferably have electrical wirings which electrically connect
the transmitter coil unit of the energy transmission unit preferably to the

electric contact segments of the first coupling element.



According to a preferred exemplary embodiment, the second coupling
element can preferably have electrical wirings which electrically connect
the electrical contact segments of the second coupling element
preferably to electrical connection elements arranged at the interface
body element of the coupling interface unit for the connection of external

electrical wirings.

According to a preferred exemplary embodiment, the coupling interface
unit can preferably have an electrically, hydraulically and/or
pneumatically controllable locking mechanism for unlocking and/or
locking the releasable attachment between the first and second coupling

elements.

According to a preferred exemplary embodiment, the coupling interface
unit can preferably have electrical, hydraulic and/or pneumatic
connection elements that are arranged on the interface body element in

order to conftrol the locking mechanism.

According to a preferred exemplary embodiment, the interface body
element of the coupling interface unit can preferably be attachable to

the spindle apparatus by means of a screw connection.

According to a preferred exemplary embodiment, the system can also
comprise additionally or alternatively a coupling element holder which
can be afttached to the machine tool and has a coupling element
support for holding the energy transmission unit when the first coupling
element of the energy transmission unit is uncoupled from the second

coupling element of the coupling interface unit.

According to a preferred exemplary embodiment, the system can

additionally or alternatively have a coupling element adapter having a



third coupling element which is preferably configured to be coupled,
preferably analogously to the first coupling element of the energy
transmission unit, to the second coupling element of the coupling
interface unit by means of a releasable connection when the first
coupling element of the energy transmission unit is uncoupled from the

second coupling element of the coupling interface unit.

According to a preferred exemplary embodiment, the third and second
coupling elements can preferably have in each case one or more plug
connection elements, preferably in such a way that the one or more plug
connection elements of the third coupling element are configured,
preferably with the one or more plug connection elements of the second
coupling element, to establish a releasable plug connection for the
releasable attachment of the third coupling element to the second

coupling element.

According to a preferred exemplary embodiment, the third coupling
element can preferably have an attachment element on the side
opposite the plug connection elements for the plug connection to the
second coupling element, for the releasable attachment to a further
attachment element which is preferably attachable to a material
deposition processing apparatus that can be accommodated at the tool

support of the work spindle of the spindle apparatus.

According to a preferred exemplary embodiment, the system can
additionally or alternatively comprise the tool interface unit with the

receiver coil unit.

According to a preferred exemplary embodiment, the tool interface unit
can preferably have a tool support portion on a side opposite the tool

interface portion in order to accommodate a tool.



According to a preferred exemplary embodiment, the tool interface unit
can preferably have as an electrical load a vibration drive which is
preferably configured to drive an oscillation of the tool interface unit, in

particular preferably within the ultrasonic frequency range.

A further aspect of the invention proposes a coupling interface unit for use
in an above described system for use with a spindle apparatus of a
machine tool. The coupling interface unit preferably comprises an
interface body element which can be mounted on the spindle apparatus
and a second coupling element which is configured to be coupled to a
first coupling element of an energy fransmission unit of the system by

means of a releasable connection.

A further aspect of the invention proposes an energy transmission unit for
use in an above described system for use at a spindle apparatus of a
machine tool. The energy transmission unit preferably comprises a
transmitter coil unit for the contact-free tfransmission of electrical energy to
a receiver coil unit of a tool interface unit which includes the receiver coll
unit, an electrical load and a tool interface portion for accommodating
the tool interface unit at a tool support of a work spindle of the spindle
apparatus and/or a first coupling element which is configured to be
coupled to a second coupling element of a coupling interface unit of the

system by means of a releasable connection.

Further additional aspects of the present invention are proposed: a spindle
apparatus for use on a machine tool, on which a coupling interface unit is
mounted according to the above described aspect or a coupling
interface unit of an above described system, and a machine tool having

such a spindle apparatus.



In summary, a versatile, space-saving and cost-effective tool interface
system and/or coupling interface system for machine tools is provided
which can be used in a particularly space-saving and cost-effective way
with favorably synergetic effects with respect to the advantageous
energy and signal fransmission and/or supply and to advantageously
efficient, time-saving and versatile tool change possibilities and accurate
tool and processing head alignment, in particular when used for hybrid
machine tools where optionally in addition to a conventional machining
operation further processing possibilities can be combined, such as tool
interface units which have electrical loads and which are used e.g. in the
ultrasonic processing, and/or in connection with material deposition
processing heads serving to deposit material on the machine tool which

conventionally removes material.

Brief description of the drawings

Figure 1 shows an exemplary perspective view of a machine tool

according to an embodiment of the invention;

Figures 2A to 2E show exemplary embodiments of a spindle carrier slide

according to an embodiment of the invention;

Figure 3 shows an exemplary perspective detailed view of a tool support

of a work spindle according to an embodiment of the invention;

Figure 4 shows an exemplary perspective view of a spindle apparatus

according to an embodiment of the invention;

Figures 5A and 5B show exemplary perspective detailed views of the
spindle apparatus according to figure 4 having an inserted tool interface

unit;



Figures 6A and 6B show exemplary perspective detailed views of the
spindle apparatus according to figure 4 without inserted tool interface

unit;

Figures 7A to 7C show exemplary perspective detailed views of a tool

coupling system according to an embodiment of the invention;

Figures 8A and 8B show exemplary perspective detailed views of a tool

interface unit of the tool coupling system according to figures 7A to 7C;

Figures 9A and 9B show exemplary perspective detailed views of the tool

coupling system according to figures 7A to 7C without tool interface unit;

Figures T0A and 10B show in each case exemplary perspective detailed
views of a coupling interface unit and an energy fransmission unit of the

tool coupling system according to figures 7A to 7C;

Figures TTA and 11B show exemplary perspective detailed views of the
energy fransmission unit according to figure 10B, and figure 11C shows an

exemplary subview of the energy fransmission unit according to figure 10B;

Figure 12A shows an exemplary perspective view of an energy
transmission unit according to an embodiment of the invention, and figure
12B shows an exemplary perspective view of the energy tfransmission unit

according to figure 12A in a coupling element holder;

Figures 13A to 13D show exemplary detailed views of the spindle
apparatus according to figure 4 with inserted material deposition

apparatus according to an embodiment of the invention;
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Figure 14 shows an exemplary perspective detailed view of the spindle
apparatus according to figure 4 without inserted material deposition

apparatus;

Figures 15A and 15B show exemplary perspective detailed views of a
coupling element adapter of a tool coupling system according to an

embodiment of the invention; and

Figure 16 shows an exemplary perspective view of the material

application apparatus according to figures 13A to 13D.

Detailed description of the drawings and preferred

embodiments of the present invention

Examples and embodiments of the present invention are specified below
with reference to the enclosed drawings. Equal or similar elements in the
drawings can here be designated with equal reference signs, and
sometimes also with different reference signs. It is pointed out that the
present invention is by no means limited or restricted to the below
embodiments and embodiment features thereof but also comprises
modifications of the embodiments, in particular those included by
modifications of the features of the described examples and/or by
combining individual or several features of the described examples on the

basis of the scope of the independent claims.

Figure 1 shows an exemplary perspective view of a machine tool 100

according to an embodiment of the invention.

As an example, the machine tool 100 comprises a machine bed 110, on

which e.g. a swivel table 120 is arranged which has a rotary table 130,
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which a rotatably mounted on the swivel table 120 and on which e.g. a

workpiece WS is clamped for processing on the machine tool 100.

As an example, the machine tool 100 comprises two rotationally
conftrollable axes for rotating the workpiece WS clamped on the rotary
table 130, e.g. about a swivel axis which is horizontally aligned in relation
to the machine bed 110 and about which the swivel table 120 can be
swiveled on the machine bed 110, and about an axis of rotation which is
vertically aligned in relation to the swivel table 120 and about which the

rotary table 130 can be rotated on the swivel table120.

In this exemplary embodiment, the axis of rotation of the rotary table 130 is
not absolutely stationary in relation to the machine bed 110 but swivels
when the swivel table 120 swivels. In further embodiments of the invention,
it is possible to provide only one, more than two or also no rotary and/or
swivel axes. In further embodiments it is also possible to provide
independent swivel and/or rotary axes, e.g. in that a rotary axis and/or
swivel axis rotates the workpiece and another rotary axis and/or swivel axis

rotates the tool and/or the spindle head.

As an example, the machine tool 100 also comprises an axis slide
assembly having a first axis slide 140 which is arranged on a rear machine
column of the machine bed 110 and is guided on longitudinal axis slide
guides mounted on the machine column. On the longitudinal axis slide
guides, the first axis slide 140 is e.g. linearly movable horizontally in the
direction of an X-axis of the machine tool 100 (in figure 1 in a direction

aligned horizontally from the front to the rear).

On the front side of the first axis slide 140, e.g. horizontally aligned
transverse axis slide guides are arranged on which a second axis slide 150

can travel in linear fashion e.g. in the direction of an Y-axis of the machine
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tool 100 e.g. horizontally and transversely or perpendicularly to the
direction of the X-axis of the first axis slide 140 (in figure 1 in a direction

aligned horizontally from left to right).

The front side of the second axis slide 150 holds a spindle head having a
spindle head housing 160. The spindle head can e.g. fravel linearly in
vertical fashion e.g. in the direction of a Z-axis of the machine tool 100, i.e.
in particular e.g. in each case fransversely and/or perpendicularly to the

directions of the X-axis and Y-axis.

A work spindle of a spindle apparatus 170 is arranged on the bottom side
of the spindle head with the spindle head housing 160 and the spindle axis
thereof is aligned e.g. vertically and in particular e.g. parallel to the

direction of the Z-axis.

In the embodiment according to figure 1, three independently
controllable linear axes are thus provided as an example (e.g. controllable
by a control device (not shown) on a numerical machine tool confrol,
optionally with CNC control unit and/or PLC control unit, optionally on the
basis of NC programs and/or control commands inputted manually via a
control panel of the machine tool 100). As an example, all three linear
axes can move independently from one another or simultaneously the
tool received on the work spindle of the spindle apparatus 170 in active
fashion in relation to the position of the workpiece WS clamped on the

rotary table 130.

In further embodiments, it is also possible to provide one, two or more than
three independently movable linear axes and/or it is also possible to
provide one, two, three or more linear axes for moving the workpiece

and/or the rotary table 130 and/or the swivel table 120.
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Furthermore, the machine tool 100 comprises e.g. a tool magazine 180
which is configured to supply a plurality of tools, tool interfaces and/or
tools with tool interfaces. For example, the tool magazine 180 is made as a
chain magazine, however, other types of tool magazines can also be

provided, such as shelf magazines or wheel-type magazines, etc.

In addition, the machine tool 100 comprises e.g. a tool change apparatus
190 linearly movable between a tool change position of the work spindle
of the spindle apparatus 170 and a tool removal position and/or tool
insertion position of the tool magazine 180. The tool change apparatus 190
is configured to remove a tool from the tool magazine 180 at the tool
removal position and/or tool insertion position of the tool magazine 180 in
order to supply this tool to the work spindle in a tool exchange and to
supply the tool magazine 180 with a tool removed at the tool change
position from the work spindle of the spindle apparatus 170 in a tool

exchange.

The tool change apparatus 190 preferably comprises optionally a double
gripper that can be swiveled for holding or receiving two tools or tool
interfaces, optionally with a gripper portion for receiving a tool from the
spindle or the tool magazine and another gripper portion with a tool to be

inserted in the work spindle and/or the tool magazine.

On the side of the machine bed 110 that is opposite the tool magazine
180, the machine tool 100 according to figure 1 also comprises by way of
example a material deposition apparatus 230 of a material deposition
processing system 200, wherein said material deposition apparatus 230
can be inserted, clomped and/or received at the work spindle of the

spindle apparatus 170 and is held e.g. at a third axis slide 220.
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The third axis slide 220 can travel e.g. in a horizontally linear fashion on a
slide guide 210 and is configured to be moved to the work spindle of the
spindle apparatus 170 in order to insert, clamp and/or receive the material
deposition apparatus 230 at the work spindle of the spindle apparatus 170,
in particular instead of a tool WZ and/or a tool interface from the tool

magazine 180.

While the tool magazine 180 can mainly supply material-removing or in
particular machining tools, such as milling cutters or drills, which can be
used to remove and/or in particular machine material from the workpiece
WS clamped on the rotary table 130, the material deposition processing
system 200 is configured by way of example to deposit material on the
workpiece WS clamped on the rotary table 130 by means of a material

deposition apparatus 230.

Here, the material deposition processing system 200 can preferably have
a laser head processing unit as the material deposition apparatus 230. The
material deposition apparatus 230 is configured to deposit material e.g.
by deposition welding on the workpiece WS clamped on the rotary table
130. An exemplary laser head machining unit is described as a more
special example of a material deposition apparatus 230 for deposition
welding e.g. in DE 10 2013 224 649 Al.

A flexible cable supply to the material deposition processing system 200 or
to the material deposition apparatus 230 is ensured in figure 1 e.g. by the
feed line 233. In particular, the supply line 233 optionally comprises electric
supply lines to supply electrical energy to the material deposition
apparatus 230 (e.g. to supply energy to a deposition welding head or
laser head, a process monitoring system comprising one or more sensors
and/or measurement units and/or a camera for the visual process

monitoring) and/or electric signal lines for fransmitting conftrol or
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feedback-control signals and/or for collecting processing data, in
particular e.qg. sensor signals, measurement signals and/or a video output

signal.

Figures 2A to 2E show exemplary embodiments of a spindle carrier slide

171 of a spindle apparatus 170 according to an embodiment of the
invention (e.g. according to an exemplary embodiment for use on the
exemplary machine tool 100 according to figure 1 below the spindle head
housing 160). Figure 2A shows as an example a front view of the spindle
carrier slide 171, figure 2B shows as an example a rear view of the spindle
carrier slide 171, figure 2C shows as an example a side view of the spindle
carrier slide 171 and figures 2D and 2E show as an example perspective

views of the spindle carrier slide 171.

The spindle carrier slide 171 of the spindle apparatus 170 holds a work
spindle 172, which has a tool support 173 (or tool interface support 173) for
receiving or clamping a tool or a tool interface at the work spindle 172. In
Figures 2A to 2E, e.g. a tool interface unit 310 is received and/or clamped

at the tool support 173 and is described in more detail below.

However, the tool support 173 is basically and generally configured to
receive and/or clamp a tool interface in such a way that the tool
interface received and/or clomped at the tool holder 173 and/or a tool
attached, clamped or held thereat can be rotationally driven in order to
produce a machining motion at the work spindle 172. The spindle
apparatus 170 comprises for the rotational driving of the work spindle 172
preferably a spindle motor or spindle drive (not shown) which is preferably

arranged in or at the spindle carrier slide 171.

As an example, slide guides 174 are arranged on the rear side of the

spindle carrier slide 171. At these slide guides 174, the spindle carrier slide
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171 can be supported or held e.g. in a vertically and linearly movable
fashion on the second tool slide 150 (see figure 1, here the spindle carrier

slide 174 can be arranged in the spindle head housing).

Next to or adjacent to the work spindle 172 and the tool holder 173, a tool
coupling system 300 is arranged on the bottom side of the spindle carrier
slide 171, comprising an energy transmission unit 320 and a coupling
interface unit 330. As an example, the tool interface unit 310 is here also

ascribed to the tool coupling system 300.

The tool support 173 is e.g. configured to receive or clamp tool interfaces
of the hollow shank taper or hollow shank taper interface type. In further
embodiments, the tool support 173 can, however, additionally or
alternatively receive or clamp differently configured tool interfaces, such

as steep tapers and/or Morse tapers.

Figure 3 shows an exemplary perspective detailed view of a tool support
173 of a work spindle 172 according to an embodiment of the invention,
e.g. according to figures 2A to 2E. Figure 4 shows an exemplary
perspective view of a spindle apparatus 170 according to an
embodiment of the invention, e.g. the spindle apparatus 170 which can

be attached to the spindle carrier slide 171 according to figure 2A to 2E.

As an example, the spindle apparatus 170 comprises a spindle housing 175
where e.g. the spindle drive or spindle motor can be arranged and a
mounting frame 176 which is mounted on the spindle housing 175 e.g. on
the side of the tool support 173 and is made e.g. as an annular mounting
frame where the spindle apparatus 170 can be attached to or mounted

on e.g. the spindle carrier slide 171.
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As an example, the coupling interface unit 330 of the tool coupling system
300 is preferably mounted in stationary and rationally fixed fashion next to
or adjacent to the work spindle 172 with tool support 173, e.g. by a fixed
screw connection. The energy fransmission unit 320 of the tool coupling
system 300 is mounted in a preferably releasable and preferably stationary
and rotationally fixed fashion on the coupling interface unit 330, e.g. via a

releasable latch connection.

As an example, the energy tfransmission unit 320 of the tool coupling
system 300 according to figures 3 and 4 comprises a coupling element
321, which is mounted on the coupling interface unit 330 in a preferably
releasable and preferably stationary and rotationally fixed fashion. As an
example, a coil holder element 322 is arranged on the side of the
coupling element 321 that is opposite the coupling interface unit 330, said
coil holder element holding e.g. a transmitter coil unit 323 which

accommodates a transmitter coil and/or a transmitter coil segment 324.

As an example, the tool interface unit 310 comprises a tool interface body
311 which is e.g. received in the tool support 173 of the work spindle 172
and is made e.g. as a hollow shank taper or a hollow shank taper section.
Furthermore, the tool interface unit 310 comprises on the side opposite the
tool interface body 311 also a tool receiving portion 313 for receiving or
clamping a tool, such as a milling cutter or a drill. The tool interface unit
310 comprises between the tool support portion 313 and the tool interface
body 311 e.g. areceiver coil unit 312, which can accommodate a

receiver coil 314.

Figures 5A and 5B show exemplary perspective detailed views of the
spindle apparatus 170 according to figure 4 with inserted tool interface
unit 310. The tool coupling system 300 with the coupling interface unit 330

and the energy transmission unit 320 is arranged on or next to the work
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spindle 172 and/or the tool support 173 in such a way that the fransmitter
coil segment 324 of the transmitter coil unit 323 is arranged above or at
least in part above the receiver coil 324 of the receiver coil unit 312 of the
tool interface unit 310, viewed in an axial direction in relation to the
spindle axis. This means in particular that the receiver coil 324 of the
receiver coil unit 312 and the transmitter coil and/or the transmitter coil
segment 324 of the transmitter coil unit 323 overlap or overlap in part,
viewed in an axial direction in relatfion to the spindle axis, when it is

received or clamped af the tool support 173 of the work spindle 172.

However, the receiver coil unit 312 and the transmitter coil unit 323 are
arranged in this state with respect to one another in such a way that a thin
air gap is provided between the receiver coil unit 312 and the tfransmitter
coil unit 323 such that when driven by the work spindle 172, the tool
interface unit 310 received or clamped in the tool holder 173 can rotate
about the spindle axis in an unimpeded manner without contacting or
dragging along the stationary energy transmission unit 320, it sfill being
possible to tfransmit electrical energy and/or electric signals in contact-
free fashion via a magnetic energy transmission analogously to a
transformer via the air gap between the receiver coil unit 312 and the

tfransmitter coil unit 323.

This is advantageous in particular when the tool interface unit 310 has one
or more electrical loads which shall or must be supplied with electrical
energy during the processing of the workpiece WS and/or in particular
during the spindle-driven rotational movement of the tool interface unit
310.

In some embodiments of the invention, the tool interface unit 310
preferably comprises one or more drivable actuators and/or one or more

readable sensors (e.g. temperature sensors, vibration sensors or electric,
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optical or inductive collision sensors) which can be supplied with electrical
energy via the contact-free electro-magnetic connection between the
receiver coil unit 312 of the tool interface unit 310 and the transmitter coil
unit 323 of the energy transmission unit 320 for the energy supply and/or
which can fransmit back electric sensor or control signals and/or other
feedback signals from the tool interface unit 310 via the contact-free
electro-magnetic connection between the receiver coil unit 312 of the
tool interface unit 310 and the transmitter coil unit 323 of the energy

fransmission unit 320.

In particularly preferred embodiments, the tool interface unit 310
comprises one or more vibration actuators and/or oscillation drives for
generating a vibration/oscillation in an axial and/or radial direction in
relation to the spindle axis and/or tool interface axis, in particular
preferably within the ultrasonic frequency range e.g. for the ultrasonic
processing where the machining rotation of the tool is superimposed by a
vibration or oscillation within the ultrasonic range. For this purpose, e.g.
piezo actuators and/or piezo elements can be used to control or
feedback-control the generation of the vibration and/or oscillation. In this
connection, reference is made in particular to the tools, tool apparatuses
and processing methods described in DE 10 2009 008 227 A1, DE 10 2012
219 254 A1 and DE 102013 210 199 Al.

Figures 6A and 6B show exemplary perspective detailed views of the
spindle apparatus 170 according to figure 4 without inserted tool interface
unit 310. As an example, figures 6A and 6B show that as an example the
transmitter coil unit 323 of the energy fransmission unit 320 does not form a
complete circle with the tfransmitter coil segment 324 but is made as a
pitch circle segment which is arranged or placed only on one side of the
tool support 173 of the work spindle 172. Therefore, the advantage is that,

on the one hand, the energy fransmission unit 320 can be provided in a
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space-saving and cost-effective manner with the transmitter coil segment
324 and, on the other hand, the space around the tool support 173 can
largely be kept free in spite of the energy tfransmission unit 320 with the
transmitter coil segment 324. Therefore, the work spindle 172 and the tool
support 173 are clearly visible and the intfroduction of a tool interface is
simplified even if the energy tfransmission unit 320 with the fransmitter coll

segment 324 is positioned or mounted on the work spindle 172.

Figures 7A to 7C show exemplary perspective detailed views of a tool
coupling system 300 according to an embodiment of the invention. As an
example, it comprises the above described units including the tool
interface unit 310, the energy fransmission unit 320 and the coupling

interface unit 330.

Figures 8A and 8B show exemplary perspective detailed views of the tool
interface unit 310 of the tool coupling system 300 according to figures 7A
and 7C, and figures 9A and 9B show exemplary perspective detailed
views of the tool coupling system 300 according to figures 7A to 7C

without tool interface unit 310.

Figures 7A and 8A show the bottom side of the receiver coil unit 312 of the
tool interface unit 310 where the receiver coil 314 portion can be seen
which extends e.g. annularly and e.g. over the entire circumference
about the tool interface axis and/or in the housing of the receiver coil unit
312. Therefore, it is ensured in an advantageous manner that the receiver
coil unit 312 can continuously stay in contact-free touch with the
transmitter coil unit 323 of the energy fransmission unit 320 that is formed
only as a segment or pitch circle segment during the spindle-driven

rotation of the tool interface unit 310.
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Figures 7A to 7C and 8A to 8B also show that the tool interface unit 310
e.g. forms, over the circumference of the tool interface body 311, a
gripper groove 311a where the gripper or a gripping portion of a tool
changer or a gripper of the tool change apparatus 190 according to
figure 1 can grip the tool interface unit 310 for the tool exchange at the
work spindle 172, e.g. in order to exchange the tool interface unit with

another tool or another tool interface unit 310.

As an example, the coupling interface unit 330 comprises a coupling
element 331, which can be coupled to the coupling element 321 of the
energy tfransmission unit 320 and/or on which the coupling element 321 of
the energy transmission unit 320 can be mounted in a preferably

releasable and preferably stationary and rotationally fixed fashion.

In addition, the coupling interface unit 330 further comprises e.g. an
interface body element 332 arranged on the side opposite the coupling
element 331 for attachment to the spindle apparatus 170 and/or the
spindle carrier slide 171, wherein attachment elements 333 are attached
to the interface body element 332 on the side facing away from the
coupling element 321 for the stationary and rotationally fixed attachment
(e.g. by screw connections) to the spindle apparatus 170 and/or the work
spindle 172, to the portion of the spindle attachment frame 176 adjacent
to the work spindle 172 or to a portion of the spindle carrier slide 171

adjacent to the work spindle 172.

Furthermore, a plurality of connections or connection elements 334 is
laterally arranged on the interface body element 332 of the coupling
interface unit 330. The connection elements 334 make possible e.g. an
external connection of electric signal and/or power lines via the
connected coupling elements to the fransmitter coil 324 of the tfransmitter

coil unit 323 for the electrical energy supply of the tool interface unit
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and/or for the input and/or output of control, feedback-control and/or
sensor signals. Furthermore, hydraulic and/or pneumatic connections can
be provided, e.g. when in some embodiments the coupling of the
coupling elements 321 and 331 of the energy transmission unit 320 and the
coupling interface unit 330 can be switched e.g. pneumatically and/or
hydraulically between a locked or latched connection state and an
unlocked or released connection state. Such a switchable unlocking or
locking of the coupling elements can also be controlled electrically in

further embodiments.

Figures T0A and 10B show exemplary perspective detailed views of the
coupling interface unit 330 and the energy transmission unit 320 of the tool
coupling system according to figures 7A to 7C in the uncoupled or
released state. Figure 10B shows the above described energy fransmission
unit 320 with the coupling element 321 of the energy transmission unit 320
(which can be coupled, or releasably attached to or with the coupling
element 331 of the coupling interface unit 330), the coil holder element

322, the transmission coil unit 323 and the transmission coil segment 324,

Figure 10A shows the above described coupling interface unit 330 with the
attachment elements 333, the interface body element 332 and the
coupling element 331 of the coupling interface unit 330 (which can be
coupled, or releasably attached, to or with the coupling element 321 of

the energy transmission unit 320).

On the bottom side of the coupling element 331 of the coupling interface
unit 330, the coupling element 331 has a coupling portion 331a for the
coupling or releasable attachment to the coupling element 321 of the
energy transmission unit 320. The coupling portion 331a comprises by way
of example a plurality of attachment portion openings 331b (e.g. to

receive attachment elements for the coupling or releasable attachment
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to the coupling element 321 of the energy transmission unit 320) and by
way of example contact receiving openings 331c arranged between the
attachment portion openings 331b (e.g. for electric contact connections
for electric signal and/or power lines to the transmitter coil unit 323 of the

energy fransmission unit 323).

Figures TTA and 11B show exemplary perspective detailed views of the
energy tfransmission unit 320 according to figure 10B, and figure 11C shows
an exemplary bottom view of the energy transmission unit 320 according
to figure 10B. As an example, it is shown that the coupling element 322 is
aftached to the coil holder element 322 by means of the screw
connection using e.g. four screws (see figures 11B and 11C) and the
transmitter coil unit 323 is attached to the coil holder element 322 by
means a screw connection using e.g. one screw (see figures 11TA and
11B).

On the top side of the coupling element 322 of the energy tfransmission
unit 320, the coupling element 322 has a coupling portion 321a for the
coupling and/or releasable attachment to the coupling element 331 of
the coupling interface unit 330. The coupling portion 321a comprises e.g.
a plurality of attachment portion openings 321b (e.g. to receive
attachment elements for the coupling and/or releasable attachment to
the coupling element 331 of the coupling interface unit 330) and e.g.
contact support openings 321c arranged between the attachment
portion openings 321b (e.g. for electric contact connections for electric

signal and/or power lines to the transmitter coil unit 323).

The coupling portions 321a and 331a are preferably formed with respect
to one another as a plug connection system, the respective attachment
portion openings 321b and 331b respectively having preferably

mechanical plug connection elements and the contact support openings



24

321c and 331c respectively having preferably electric contact plug

connection elements.

In some embodiments, the attachment portion openings 321b of the
coupling element 321 of the energy transmission unit 320 can have e.g.
mechanically male plug connection elements and the attachment
portion openings 331b of the coupling element 331 of the coupling
interface unit 330 can have corresponding mechanically female plug

connection elements.

In other embodiments, the attachment portion openings 321b of the
coupling element 321 of the energy transmission unit 320 can have e.g.
mechanically female plug connection elements and the attachment
portion openings 331b of the coupling element 331 of the coupling
interface unit 330 can have corresponding mechanically male plug

connection elements.

Mixed combinations are also conceivable where the attachment portion
openings 321b of the coupling element 321 of the energy transmission unit
320 have e.g. mechanically female and mechanically male plug
connection elements and the attachment portion openings 331b of the
coupling element 331 of the coupling interface unit 330 have

corresponding mechanically male and female plug connection elements.

By analogy, the contact support openings 321c can also have electrically
male and/or female contact plug connection elements and the contact
support openings 331c can have corresponding electrically female

and/or male contact plug connection elements.

Figure 12A shows an exemplary perspective view of an energy

transmission unit 320 according to an embodiment of the invention, and
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figure 12B shows an exemplary perspective view of the energy
transmission unit 320 according to figure 12A in a coupling element

support 341 of a coupling element holder 340.

In figures 12A and 12B, the coupling portion 321a of the coupling element
321 of the energy transmission unit 320 is equipped by way of example
with mechanically male plug connection elements 321e in the
attachment portion openings. These plug connection elements 321e (e.g.
attachment bolts 321e) are made e.g. as locking bolts for a releasable
latch connection with the coupling element 331 of the coupling interface
unit 330. Furthermore, e.g. electrically male contact plug connection
elements are provided in the contact support openings of the coupling

element 321 of the energy transmission unit 320 in figures 12A and 12B.

The coupling element 321 also has laterally arranged holding portions 321f.
According to figure 12B, the coupling element 321 can be held or
supplied via the holding portions 321f at the coupling element support 341
of the coupling element holder 340. For example, such a coupling
element holder 340 can be provided at the machine tool 100 to store or
supply the energy transmission unit 320 unless it is docked or coupled to

the coupling interface unit 330.

For example, it is advantageous to provide several different energy
transmission units 320 in respective coupling element holders 340, e.g. for
different application cases optionally with transmitter coil units 323 having
different sizes and/or different coil diameters (e.g. for tool interface units
310 with different or differently dimensioned tool interface bodies 311)
and/or receiver coil units 312 of different sizes and/or different coil
diameters. The different energy transmission units 320 all have preferably
an equally formed coupling element 331 to be docked or coupled e.g.

advantageously to the same coupling interface unit 330. This makes
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possible in advantageous fashion an optionally automatic exchange of
the energy transmission unit 320 in accordance with possible desired

exchanges of tool interface units 310.

In addition, the energy transmission unit 320 can be stored intfermediately
in an advantageously simple fashion at the coupling element holder 340
when instead of a tool interface unit 310 a normal tool shall be infroduced
by means of the tool change apparatus 190 at the work spindle 172 or
even when a possible material deposition apparatus 230 of a material
deposition processing system 200 shall be used at the tool support 173 of

the work spindle 172.

Here, a controllable manipulator or handling robot, optionally with
gripping apparatus, can preferably be provided at a machine tool 100,
which is configured to remove or drop, optionally in automatic fashion, an
energy transmission unit 320 at a coupling element holder 340 and/or to
receive, optionally in automatic fashion, an energy transmission unit 320
docked or coupled and releasably attached to the coupling interface
unit 320 and/or to dock or couple, optionally in an automatically
releasable attachment an energy fransmission unit 320 to the coupling

interface unit 330.

Figures 13A to 13D show by way of example perspective detailed views of
the spindle apparatus 170 according to figure 4 with an inserted material

deposition apparatus 230 according to an embodiment of the invention.

The material deposition apparatus 230 comprises a processing head
housing 231 which holds a material deposition processing head 232 that
has e.g. a nozzle for depositing material on a workpiece. As an example,
the material deposition processing head 232 is made as a laser head

which is configured to apply material to the surface of a workpiece by
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deposition welding, a metallic powder being applied to the surface of the
workpiece by the nozzle of the material deposition processing head 232
and being joined to the surface by means welding using a laser beam. In
this connection, reference is made once again to the processing heads
and deposition welding processing methods described in DE 10 2013 224
649 Al.

In order to supply the material deposition processing head 232 e.g. with
electrical energy, conftrol signals, deposition material e.g. as a metallic
power and a pressurized gas in order to avoid oxidation of the supplied
powder during deposition welding and in order to supply the powder from
the nozzle of the material deposition processing head 232, the supply line
232 is attached to the material deposition apparatus 230 and connected

to the material deposition processing head 232.

In figures 13A to 13D, the material deposition apparatus 230 is received
e.g. at the work spindle 172 of the spindle apparatus 170. Said figures show
the coupling interface unit 330 attached to the spindle apparatus 170
according to the above described embodiments, and a coupling
element thereof is provided with another coupling element of a coupling

element adapter 350 for the material deposition apparatus 230.

Figure 14 shows an exemplary perspective detailed view of the spindle
apparatus 170 according to figure 4 without inserted material deposition
apparatus 230. This figure shows the coupling element adapter 350 for the
material deposition apparatus 230 in a state of the releasable attachment
of the coupling elements, coupled to docked to the coupling element 333
of the above described coupling interface unit 330, the coupling element
adapter 350 having a coupling element 351 analogously to the coupling

element 321 of the above described energy transmission unit 320.
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Figures 15A and 15B show by way of example perspective detailed views
of the coupling element adapter 350 of the tool coupling system 300

according to an embodiment of the invention.

The coupling element 351 of the coupling element adapter 350 has lateral
holding portions 351a analogously to the coupling element 321 of the
above described energy fransmission unit 320, where the coupling
element adapter 350 can be received and supplied at the coupling
element support 341 of the coupling element holder 340 analogously to
the energy transmission unit 320 according to figure 12B. The coupling
element 351 of the coupling element adapter 350 also has attachment
bolts 353 as plug connection elements e.g. analogously to the energy
transmission unit 320 according to figure 12A. Male and/or female plug
connection elements can here be provided in further embodiments in

accordance with the configuration of the coupling interface unit 330.

On the side opposite the attachment bolts 353, the coupling element 351
of the coupling element adapter 350 has e.g. another attachment
element 352 (e.g. made as a mechanically male plug connection
element) for a detachable connection to a corresponding attachment
element 360 of the tool coupling system 300 (see figure 16). The
attachment elements 352 and 360 are also made preferably as

corresponding fitting plug connection elements.

Figure 16 shows an exemplary perspective view of the material deposition
apparatus 230 according to figures 13A to 13D. Said apparatus comprises,
as described above by way of example, the material deposition
processing head 232 held at the processing head housing 231 and the
connected supply line 233. Furthermore, the processing head housing 231

has or holds a tool interface body 234 on the side opposite the material
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deposition processing head 232, said tool interface body being made e.g.

as a hollow shank taper interface portion.

The tool support 173 of the work spindle 172 is adapted analogously to the
support of the tool interface body 311 of the tool interface unit 310 to
receive or clamp the tool interface body 234 of the material deposition
apparatus 230. The attachment element 360 of the tool coupling system
300 is mounted on or optionally attached by means of a screw
connection to the processing head housing 231 on the side opposite the
material deposition processing head 232 adjacent or next to the tool

interface body 234.

When the material deposition apparatus 230 is received or clamped by
the tool interface body 234 at the tool support 173 of the work spindle 172
(see e.qg. figures 13A to 13D), the attachment elements 360 and 252 are
connected to one another, e.g. by means of a stationary positive-fit plug

connection which is fransverse to the spindle axis.

Due to this it is possible to simultaneously obtain, when the material
deposition apparatus 230 is inserted at the work spindle 172, an
advantageously precise and perfectly fitting position of the material
deposition apparatus 230 which might be inserted in the tool support 173
of the work spindle 172 theoretically on account of the rotationally
symmetric tool interface and/or the rotationally symmetric hollow shank
taper at various angular positions but on account of the second
connection of the attachment elements 360 and 352 is set to a single

angular position.

Furthermore, the second connection of the atftachment elements 360 and
252 advantageously stabilizes the orientation of the material deposition

apparatus 230 even when the spindle carrier 171 is rapidly moved in the
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horizontal direction (i.e. e.g. in the directions of the X-axis and Y-axis of the
axis slide assembly of the machine tool 100) and thus prevents
advantageously a twisting of the material deposition apparatus 230 when
the spindle carrier 171 is rapidly moved in a horizontal direction and a
possible undesired post-pulse oscillation of the material deposition

apparatus 230 about the spindle axis.

In summary, a versatile, space-saving and cost-effective tool interface
system or coupling interface system for machine tools is provided which
can be used in particular space-saving and cost-effective fashion with
advantageously synergistic effects with respect to the advantageous
energy and signal fransmission or supply and to advantageously efficient,
time-saving and versatile tool change possibilities and accurate tool and
processing head orientation, in particular when used for hybrid machine
tools, where optionally in addition to a conventional machining further
processing possibilities can be combined, such as tool interface units
which have an electrical load and are used e.g. in the ultrasonic
processing, and/or in connection to material deposition processing heads
for depositing material on the conventionally material-removing machine

tool.
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List of reference signs

100 machine tool

110 machine bed

120 swivel table

130 rotary table

140 first axis slide

150 second axis slide

160 spindle head housing

170  spindle apparatus

171 spindle carrier slide

172  work spindle

173  tool support

174  spindle slide guides

175 spindle housing

176 attachment frame

180 tool magazine

190 tool change apparatus

200 material deposition processing system
210 slide guide

220 third axis slide

230 material deposition apparatus
231 processing head housing

232 material deposition processing head
233  supply line

234 tool interface body

300 tool coupling system

310 tool interface unit

311  toolinterface body

311a gripper groove

312 receiver coil unit
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314
320
321
321a
321b
321c
321d
321e
321f
322
323
324
330
331
331a
331b
331c
332
333
334
340
341
350
351
352
353
360
WS
WZ

tool support portion
receiver coill

energy tfransmission unit
coupling element
coupling portion
aftachment portion openings
contact support openings
contact connections
afttachment bolts

holding portions

coil holder element
transmitter coil unit
transmitter coil segment
coupling interface unit
coupling element
coupling portion
attachment portion openings
contact support openings
interface body element
attachment elements
connection elements
coupling element holder
coupling element support
coupling element adapter
coupling element
attachment element
attachment bolt
attachment element
workpiece

fool
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Claims

1. A system configured to operate with a spindle apparatus (170) of a machine
tool (100), the system comprising;:

- an energy transmission unit (320) having a transmitter coil unit (323) being
configured to transmit electrical energy to a receiver coil unit (312) of a tool interface
unit (310) in a contact-free manner, wherein the tool interface unit (310) includes the
receiver coil unit (312), an electrical load and a tool interface portion (311) being
configured to receive the tool interface unit (310) at a tool support (173) of a work
spindle (172) of the spindle apparatus (170), and

- a coupling interface unit (330) having an interface body element (332) that
can be attached to the spindle apparatus (170) and a second coupling element (331)
which is configured to be coupled to a first coupling element (321) of the energy
transmission unit (320) by means of a releasable connection;

wherein the coupling interface unit (330) has an electrically, hydraulically or
pneumatically controllable locking mechanism configured to unlock and lock the

releasable attachment between the first and second coupling elements (321, 331).

2. The system according to claim 1, characterized in that

the first and second coupling elements (321, 331) each have one or more plug
connection elements such that the one or more plug connection elements of the first
coupling element (321) are configured with the one or more plug connection elements
of the second coupling element (331) to establish a releasable plug connection for the
releasable attachment of the first coupling element (321) to the second coupling
element (331).

3. The system according to claim 1 or 2, characterized in that

the first and second coupling elements (321, 331) each have interconnectable
electrical contact portions for establishing an electric connection between the first
and second coupling elements (321, 331) when the first coupling element (321) is

releasably attached to the second coupling element (331).
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4, The system according to claim 3, characterized in that
the first coupling element (321) has electrical wirings which electrically connect
the transmitter coil unit (323) of the energy transmission unit (320) to the electric

contact portions of the first coupling element (321).

5. The system according to claim 3 or 4, characterized in that

the second coupling element (331) has electrical wirings which electrically
connect the electric contact portions of the second coupling element (331) to electric
connection elements (334) arranged on the interface body element (332) of the

coupling interface unit (330) for the connection of external electrical wirings.

6. The system according to any of the preceding claims, characterized in that
the coupling interface unit (330) has electric, hydraulic or pneumatic
connection elements (334) arranged on the interface body element (332) in order to

control the locking mechanism.

7. The system according to any of the preceding claims, characterized in that
the interface body element (332) of the coupling interface unit (330) can be

attached to the spindle apparatus (170) by means of a screw connection.

8. The system according to any of the preceding claims, characterized by

a coupling element holder (340) that can be attached to the machine tool
(100) and has a coupling element support (341) for holding the energy transmission
unit (320) when the first coupling element (321) of the energy transmission unit (320)
is uncoupled from the second coupling element (331) of the coupling interface unit
(330).

9. The system according to any of the preceding claims, characterized by

a coupling element adapter (350) having a third coupling element (351), which
is configured to be coupled by means of a releasable connection to the second
coupling element (331) of the coupling interface unit (330) analogously to the first
coupling element (321) of the energy transmission unit (320) when the first coupling
element (321) of the energy transmission unit (320) is uncoupled from the second

coupling element (331) of the coupling interface unit (330).
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10. The system according to claim 9, characterized in that

the third and second coupling elements (351, 331) each have one or more
plug connection elements such that together with the one or more plug connection
elements of the second coupling element (331) the one or more plug connection
elements of the third coupling element (351) are configured to establish a releasable
plug connection for the releasable attachment of the third coupling element (351) to

the second coupling element (331).

11. The system according to claim 10, characterized in that

the third coupling element (351) has an attachment element (352) on the »side
opposite the plug connection elements for the plug connection to the second coupling
element (331) for the releasable attachment to a further attachment element (360),
which can be attached to a material deposition processing apparatus (230) that can
be received at the tool support (173) of the work spindle (172) of the spindble
apparatus (170).

12. The system according to claim 1, characterized in that
the tool interface unit (310) also has a tool support portion (313) on a side

opposite the tool interface portion (311) in order to receive a tool.

13. The system according to claim 12, characterized in that
the tool interface unit (311) has as the electrical load a vibration drive which is
configured to drive an oscillation of the tool interface unit (311), in particular within

the ultrasonic frequency range.



