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(57) Abrégé(suite)/Abstract(continued):

wherein the machine tool (10) has a workpiece holding device (50) for holding workpieces (P) for the purpose of workpiece
machining by way of the machining tool (25), wherein the machine tool (10) has a guide arrangement (30) for the relative
positioning of the workpiece holding device (50) holding the workpieces (P) and the first spindle assembly (21) for workpiece
machining, wherein the guide arrangement (30) comprises a workpiece-holder guide (59, 62) for guiding the workpiece holding
device (50) so as to position a workpiece holder (51) holding the workpieces (P) relative to the first spindle assembly (21). In the
machine tool (10), provision is made for said machine tool to have a workpiece changing device (90), in particular a working robot
(91), for exchanging workpieces (P) on the workpiece holding device (50), said workpiece changing device (90) participating in a
positioning movement of the workpiece holder (51) during workpiece machining by the particular machining tool (25), and being
configured to exchange at least one workpiece (P) that is on the workpiece holder (51) and is not currently being machined while
another workpiece (P) held by the workpiece holder (51) is being machined by the first spindle assembly (21).
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Abstract

The invention relates to a machine tool (10) for machining workpieces (P), wherein the machine
tool (10) has at least one first spindle assembly with at least one working spindle (24) on which a
machining tool (25) for workpiece machining is arrangeable, wherein the machine tool (10) has a
workpiece holding device (50) for holding workpieces (P} for the purpose of workpiece machining by
way of the machining tool (25), wherein the machine tool (10) has a guide arrangement (30) for the
relative positioning of the workpiece holding device (50) holding the workpieces (P) and the first spindle
assembly (21) for workpiece machining, wherein the guide arrangement (30) comprises a workpiece-
holder guide (59, 62) for guiding the workpiece holding device (50) so as to position a workpiece holder
(51) holding the workpieces (P) relative to the first spindle assembly (21). In the machine tool (10),
provision is made for said machine tool to have a workpiece changing device (90), in particular a working
robot (91), for exchanging workpieces (P) on the workpiece holding device (50), said workpiece changing
device (90) participating in a positioning movement of the workpiece holder (51) during workpiece
machining by the particular machining tool (25), and being configured to exchange at least one
workpiece (P) that is on the workpiece holder (51) and is not currently being machined while another
workpiece (P) held by the workpiece holder (51) is being machined by the first spindle assembly (21).
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Machine Tool Having a Loading and Unloading Device

The invention relates to a machine tool for machining workpieces. wherein the
machine tool comprises at least one first spindle assembly having at least one working
spindle on which a machining tool for machining workpieces can be mounted,
wherein the machine tool comprises a work holding device for holding workpieces for
workpiece machining by means of the machining tool, wherein the machine tool
comprises a guide arrangement for the relative positioning of the work holding device
holding the workpieces and of the first spindle assembly for workpiece machining,
wherein the guide arrangement comprises a work holder guide for guiding the work
holding device for a positioning of a work holder holding the workpieces relative to

the first spindle assembly.

A machine tool known from DE 10 2005 028 358 Al is equipped with a tool
changing device, for example with a laterally located tool magazine, which is fitted
with machining tools by a working robot. A work holder placed in front of a spindle
assembly, the working spindles of which are arranged vertically on top of one
another, holds the workpieces during the machining process. The known machine tool

is a multi-spindle machine tool.

To solve the problem of the invention, it is provided in a machine tool of the type
referred to above that it comprises a loading and unloading device, in particular a
working robot, for exchanging workpieces at the work holding device, which loading
and unloading device follows a positioning movement of the work holder while
workpieces are being machined during the machining process by the respective
machining tool, and which loading and unloading device is configured for exchanging
at least one workpiece not being machined at the work holder while another

workpiece held by the work holder is being machine by the first spindle assembly.

In this context, it is a fundamental idea that the exchange of workpieces does not
interfere with the machining process, i.e. that workpieces can continue to be machined

while workpieces are being exchanged at the work holder. The machining of
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workpieces can therefore be carried out at the same time as the exchange of

workpieces, which makes the machine very fast.

To synchronise the motions of the work holding device and the loading and unloading
device, a common control unit is advantageously provided for both components, i.e.
the work holding device and the loading and unloading device. It is, however. also
possible for two separate control units to control the work holding device and the
loading and unloading device in a synchronised manner. For example, an advantage-
ous embodiment of the invention provides a control unit for the work holding device
indicated by broken lines and a control unit for the loading and unloading device,
which 1s synchronised with the holder contro] unit. The two control units can

communicate with one another via a bus, for example a field bus.

A control unit for both the loading and unloading device and the work holding device
is expediently configured to execute a first control module and a second control
module; these can be executed jointly on a processor of the control unit and
communicate directly with one another, for example by way of a common storage
area, using messages within the control computer or the like. The control modules are
software modules, for example. However, an advantageous embodiment can also
provide for only a single control module configured for controlling both the work
holding device and the loading and unloading device, so that synchronous control 1s

ensured by this feature alone.

The loading and unloading device or its control unit expediently comprises an input
interface via which a position signal indicating the position of the work holding
device can be received. The loading and unloading device is expediently configured
to perform a superimposed positioning movement, with a second positioning
movement being superimposed on a first positioning movement. The first positioning
movement is used for exchanging workpieces at a stationary work holding device,
which is common practice, while the second positioning movement simultaneously
follows the movement of the work holding device. In principle, the loading and
unloading device delivers both positioning movements in a superimposed manner,

resulting in an easy flow of workpiece exchange.
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In addition to the simultaneous control of the loading and unloading device and of the
work holding device, which facilitates a quasi-simultaneous and in any case
coordinated movement of the two components, the work holding device can have a
position marking by wayv of which the loading and unloading device can foliow the
work holding device in a manner of speaking. The position marking may, for
example, be a radio marking, an optical marking or the like. By means of a so-called
triangulation, it is, for example, possible for the loading and unloading device to
follow the work holding device. The term "follow™ should, however, not be
understood to mean that the loading and unloading device hobbles after the work
holding device in a manner of speaking, but that a high accuracy and a simultaneous

movement of the two components are ensured.

The loading and unloading device is expediently provided with a magazine holder for
holding at least two workpieces, so that the loading and unloading device can
simultaneously exchange at least two workpieces and preferably all workpieces
assigned to simultaneous machining. If, for example, three working spindles are
provided on a respective spindle assembly, three workpieces can be made available
simultaneously by the work holder. The magazine holder then expediently facilitates
the simultaneous exchange of three workpieces. The number three is given by way of

example only and may, for example, be replaced by two, four or more.

On the work holding device, there is expediently provided at least one feed slant for
feeding in the respective workpiece. It is also advantageous if a latching device for
latching the respective workpiece to the work holding device is provided. Both
measures contribute to balancing out any imprecision in the positioning of the loading
and unloading device relative to the work holding device, and the loading and
unloading device follows the machining process in a manner of speaking, following

the movement of the work holding device. ‘

It is advantageous if workpieces are exchanged in movement phases in which the
work holding device moves slowly, so that the positioning task of the loading and
unloading device is made easier. The control explained above, for example the
common control module or the various control modules, is expediently designed such

that sfow movement phases are used for the effective exchange of workpieces, while
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the loading and unloading device is. for example, positioned away from the work
hoiding device during faster movement phases or while it initially follows a support
element of the work holding device before depositing at or removing from the support

element workpieces during a subsequent slower movement phase.

It is preferred if the loading and unloading device is configured for moving the work
holding device into a holding position provided for holding a workpiece and/or into a
release position provided for releasing or removing a workpiece. The loading and
unloading device therefore actively operates the work holding device, so that the latter
moves, for example, into a clamping position or into a release position for facilitating

the exchange of workpieces.

The loading and unloading device is expediently configured for positioning the
workpieces in at least one further work station away from the work holding device.
This work station can be used for deburring workpieces, for example. Alternatively,
workpieces can be identified and/or measured at the further work station. This enables
the loading and unloading device to perform further tasks, for example during times

when no workpieces have to be exchanged at a work holding device.

The machine tool according to the invention may, for example, be a single-spindle
machine tool, i.e. having only one working spindle. Preferably, however, it is a multi-

spindle machine tool.

In a preferred embodiment of the invention, the machine tool comprises at least one
second spindle assembly with at least one working spindle. It is obviously
advantageous if the first and the second spindle assemblies (or any further spindle

assemblies) have several working spindles, for example 2, 3 or 4.

In the machine tool, it is advantageously provided that the first spindle assembly is
guided on a first spindle assembly guide of the guide arrangement and the at least one
second spindle assembly is guided on a second spindle assembly guide separate from
the first spindle assembly guide of the guide arrangement, so that the spindle
assemblies are movable independently of one another into a working region in which

the workpieces are provided for workpiece machining by the work holding device and
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a tool changing region provided for changing machining tools on the working

spindles.

In this context, it is a fundamental idea that the spindle assemblies are mounted on
individual spindle assembly guides, for example linear guides. rotary guides or the
like. so that at least one spindle assembly can machine workpieces while at least one
other spindle assembly is involved in tool change. i.c. moved into the tool changing
region. There is therefore always one of the spindie assemblies availabie for

workpiece machining.

The separate spindle assembly guides facilitate a collision-free movement of the
spindle assemblies, so that the spindles do not collide if, for example, one spindle
assembly is machining workpieces while the other spindle assembly is moved towards

the tool changing region or away therefrom towards the working region.

In the following description and in the embodiments illustrated in the drawing, two
movable spindle assemblies are provided by way of example, but further, for example
three or four, spindle assemblies can obviously be provided. It is also conceivable that
one spindle assembly is fitted with only one working spindle, while two or more other
spindie assemblies are multi-spindle spindle assemblies, i.e. have a plurality of

working spindles.

An advantageous embodiment provides that the spindle assemblies can be moved
towards the same tool changing side, so that tools are changed on a single, i.e. the
same, tool changing side. The tool changing region for at least two spindle assemblies
is therefore expediently provided on the single tool changing side adjacent to the
working region, so that the at least two spindle assemblies are moved to the same tool
changing side for tool change. On the tool changing side, there is then provided, for
example, a tool magazine or an operator's station for an operator. The structure of the
machine is therefore very space-saving and economical. It is, however, possible for at
least one third further spindle assembly to be moved to another tool changing side for
tool change. Two or more tool changing sides can therefore be provided for example,
and in this case, it is advantageous if at least two spindle assemblies have a common

tool changing region.
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In principle, however, it is also possible that different tool changing regions are
provided for the first and the at Ieast one second spindle assembly although separate
spindle assembly guides are provided. It 1s therefore possibie that, for example. the
first spindle assembly is moved to a first side and the other spindle assembly is moved

to another, second, side for tool change.

It is preferred if at least one bulkhead or wall is provided between the tool changing
region and the working region. Tools can therefore be changed away from the
working region without, for example, coolants, chips or the like contaminating tool

holders or the like at the working spindles.

However, a bulkhead is also advantageous between the working region and a loading
and unloading region provided for exchanging the workpieces at the work holding
device. This bemg so, the workpieces or the work holders are not contaminated, for

example by coolants, lubricants or the like, in the loading and unloading process.

In the tool changing region, a tool magazine is preferably provided. In the tool
magazine, machining tools are stored and are available to the respective working
spindle for change. It is preferred if the tool magazine is equipped for simultaneously
changing at least two machining tools. The number of the simultaneously changeable
machining tools expediently corresponds to the number of working spindles of the
respective spindle assembly where the machining tools are to be changed or replaced.
This being so, all of the working spindles can preferably change machining tools

simultaneously.

The tool magazine may, for example, be a circular magazine and/or a drum magazine
and/or a chain magazine and/or a shelf magazine or a combination thereof. It is
therefore possible, for example, to provide a tool magazine of a first type for the first
spindle assembly, such as a circular magazine, while providing a tool magazine of a
second type different from the first type, e.g. a shelf magazine, for the second spindle
assembly or further spindle assemblies. It is, however, expedient if one and the same
tool magazine is assigned to at least two and preferably to all of the spindle

assemblies mobile by way of the spindle assembly guides.
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The spindle assembly guides are expediently designed as linear guides. It is, however.
conceivable that the first spindle assembly guide has a construction which differs
from that of the spindle assembly guide of the second spindle assembly or further
spindle assemblies. so that a linear guide and a rotary guide are provided, for

example.

It 1s preferred if the first spindle assembly guide and the second spindle assembly
guide have parallel guide or movement axes. The guide axes of at least one spindle
assembly guide and expediently of all spindle assembly guides expediently are

horizontal guide axes.

The working spindies of at least one of the spindle assemblies are expediently
arranged side by side in a row direction. The row direction may be a horizontal or a
vertical row direction. It is preferred if the row direction is parallel to a guide or
movement axis of the respective first spindle assembly guide or of the at least one

second spindle assembly guide.

At least two working spindles of a spindle assembly are expediently arranged
horizontally next to one another or horizontally on top of one another. In at least one
spindle assembly, however, working spindles arranged on top of one another and next

to one another can be provided, for example.

In the working region, at least one stationary spindle assembly with at least one
working spindle is expediently provided. The stationary spindle assembly can

obviously have several working spindles.

The stationary working spindle(s) is (are), for example, suitable for providing special
positioning mechanics, in particular for a fine adjustment of the machining tool
relative to the workpiece to be machined. For example, a fine bore can be produced

with the at least one stationary working spindle.

The first spindle assembly and/or the at least one second spindle assembly is/are

expediently located in the working region below the at least one stationary spindle
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assembly. The respectively assigned spindle assembly gunide can therefore be routed
close to the floor or the underground, for example directly on a machine bed of the
machine tool. In addition, the at least one stationary spindle assembly is readily

accessible for a tool change; this will be explained in greater detail later.

A loading and unloading device for exchanging workpieces at the work holding
device is preferably provided. The loading and unloading device can, for example, be
represented by a working robot, or else by another loading and unloading unit which

may be Jess flexible in application than a working robot.

The loading and unloading device is expediently configured for engagement with the
working region and for exchanging the machining tools at one or more working
spindles in the working region, for example at the above-mentioned stationary spindle
assembly or at least one stationary working spindle. The working robot can therefore,
for example, directly enter the working region and there exchange machining tools at
one or more working spindles. It may, for example, be provided that the loading and
unloading device is designed for passing through a frame of the tool holding device to

the working spindle where the machining tool is to be exchanged.

It is also expedient if the loading and unloading device is designed for placing the
machining tools in a tool magazine, for removing them from a tool magazine or both.
It is advantageous if the loading and unloading device is, in addition to exchanging
workpieces, also configured for exchanging machining tools at the tool magazine
referred to above. This means that the tool magazine can also be served by the loading

and unloading device, for example by the working robot.

The guide arrangement expediently comprises a work holder guide for guiding the
work holding device for positioning a work holder holding the workpieces relative to
the respectively operating machining tools. This being so, the workpiece can be
moved relative to the machining tool for the preferably chip removal-type machining

process.
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The work holder guide comprises, for example, one or more slides by means of which
the work holder can be adjusted. for example in the Z-direction and/or in the Y-

direction and/or in the X-direction.

At this point, it should be said that the positioning work can obviously be performed
by the respective working spindle. in particular by the spindle assembly. as well. For
example, the first and/or the at least one second spindle assembly can be positioned
for workpiece machining using the spindle assembly guides. The spindle assemblies
are expediently positioned in the X-direction, but they can also be positioned in the Z-

direction and/or in the Y-direction and/or in the X-direction.

The work holder guide is expediently configured for guiding the work holder in at
least one workpiece guide axis extending across, for example at a right angle to, the
spindle assembly guide axes of the first spindle assembly guide and/or of the second

spindle assembly guide of the at least one first or second spindle assembly.

A preferred embodiment, which is illustrated in greater detail in the drawing, provides
that the spindle assembly guides of the first spindle assembly and of the at least one
second spindle assembly are provided for linear adjustment parallel to a first spindle

assembly guide axis. The first guide axis is a horizontal X-axis, for example.

The work holder guide is expediently configured for guiding the work holder parallel
to a second guide axis extending at right angles to the first spindle assembly guide
axis, for example a horizontal Z-axis. This being so, the respective spindle assembly
can, for example, be moved in the X-direction, while the workpieces are guided by
the work holding device in the direction of the spindle axes of the working spindles,
i.e. in the Z-direction, by way of the work holder guide, for example a slide, and/or in

the Y-direction.

In this context, it is expedient if the work holder can be traversed in the direction of a
third guide axis as well, which advantageously extends vertically in the Y-direction.
In any case, the third guide axis is expediently perpendicular to the first and second

guide axes.
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As mentioned above, the first spindie assembly guide and/or the second spindle
assembly guide (or each further spindie assembly guide) facilitate(s) a positioning
and/or an infeed movement of the respective spindle assembly to at least one

workpiece to be machined.

The working spindles of at least one spindle assembly or of all spindle assemblies are
expediently arranged stationary in the respective spindle housing. It is, however, also
possible for at least one working spindle to be movable in the respective spindle
housing, for example for an infeed movement to the respective workpiece 1o be

machined.

The spindie assembly guides - in any case at least one spindle assembly guide - of the
spindle assemblies are expediently mounted on a tower- or portal-type frame. It is also
possible for the spindle assembly guides of two spindle assemblics to be mounted on
separate frames. The term "frame" can in this context be understood, for example, as a
type of machine bed or guide bed on which a spindle assembly guide is mounted. As a
result, one spindle assembly guide can, for example, extend at a low level close to the
machine bed, while another spindle assembly guide located above is mounted on a

frame.

Owing to the flexible concept of the invention, the spindles of the first spindle
assembly and the spindles of the at least one second spindle assembly can
simultaneously be brought into machining engagement with the workpieces held by
the work holding device. It is, however, also possible for the spindle assembly guides
of the spindle assemblies to be spaced in such a way that, while workpieces are being
machined by the one spindle assembly, the other spindle assembly can be moved past
the work holder or the workpieces, for example for moving towards the tool changing

region or from the tool changing region back into the working region.

The work holding device may, for example, comprise a so-called reversible twin-
clamping mechanism. The work holders of this reversible twin-clamping mechanism
are pivotably mounted on a frame with two arms, the two arms pivoting about a
central pivot axis. At these arms, the work holders can pivot relative to the central

pivot axis in the manner of planets. The work holding device can, for example,
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comprise a work holder with a plurality of work holding regions, the work holder being

designed in the manner of a beam and pivoting about a pivot axis.

The machine tool according to the invention is expediently intended for chip removal from
workpieces. The workpieces are preferably engine components, for example connecting rods,
engine blocks or the like. The machining tools are expediently milling heads, drills, turning

tools or the like.

In some embodiments of the invention, there is provided a machine tool for machining
workpieces, wherein the machine tool comprises at least one first spindle assembly having at
least one working spindle on which a machining tool for machining workpieces can be
mounted, wherein the machine tool comprises a work holding device for holding workpieces
for workpiece machining by means of the machining tool, wherein the machine tool
comprises a guide arrangement for the relative positioning of the work holding device holding
the workpieces and of the first spindle assembly for workpiece machining, wherein the guide
arrangement comprises a work holder guide for guiding the work holding device for a
positioning of a work holder holding the workpieces relative to the first spindle assembly,
wherein it comprises a loading and unloading device, in particular a working robot, for
exchanging workpieces at the work holding device, which loading and unloading device
follows a positioning movement of the work holder while workpieces are being machined
during the machining process by the respective machining tool, and which loading and
unloading device is configured for exchanging at least one workpiece not being machined at
the work holder while another workpiece held by the work holder is being machine by the

first spindle assembly.
Embodiments of the invention are explained below with reference to the drawing, of which:

Figure 1 is a perspective oblique view of a first machine tool according to the invention

with a shelf magazine and a control unit,

Figure 2 shows the machine tool from Figure 1, but with two further work stations

served by a loading an unloading device in the form of a working robot,
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Figure 3 shows the machine tool from Figure 1, but illustrating details by partially
removing components,
Figure 4 shows a variant of the embodiment from Figure 1, but with a drum magazine,
Figure § shows a further variant of the embodiment from Figure 1, but with a chain
magazine, and
Figure 6 shows a second embodiment of a machine tool according to the invention with

an alternative spindle assembly guide arrangement.

In the following description, identical or similar components are partly identified by the same
reference numbers. In the case of those variants of the machine tool from Figure 1 which are
shown in Figures 4 and 5, reference numbers with an added letter "a" or "b" are used on
occasion, while the reference numbers for the embodiment according to Figure 7 are increased

by 100 compared to Figures 1 to 6. The variants
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mentioned in the context of the different embodiments can obviously be combined

readily.

On a machine bed 11 of a machine tool 10, a frame 20 with a first spindle assembly
21, a second spindle assembly 22 and a third spindle assembly 23, each having a total

of four working spindles 24, is mounted.

On the diagrammatically illustrated working spindies 24, machining tools 25, in
particular drill heads, milling tools or the like, which are in particular provided for
chip removal or a grinding operation, are releasably mounted. With these machining
tools, workpieces P illustrated diagrammatically in Figure 3 can be machined. The
workpieces P may, fir example, be connecting rods or other metal components. The
machine tool 10 is obviously suitable for other workpieces as well, for example for
engine blocks or the hike. In this context, it should be stated that a machining of

engine components is a preferred application of the invention.

The frame 20 is constructed in the manner of a tower.

The spindle assemblies 21 to 23 are arranged vertically on top of one another, i.e. in
the direction of a Y-axis. The spindle assembly 21 is the bottom unit, the spindle
assembly 22 the middie unit and the spindle assembly 23 is the top unit of the

arrangement.

The working spindles 24 of the spindle assemblies 21 to 23 are in each case

accommodated in a spindle housing 26.

The spindle assembly 23 is stationary in the working region A of the machine tool 10,
which is provided for machining workpieces, while the two other spindle assemblies
21, 22 are mobile spindle assemblies in a manner of speaking, being movable between
the working region A and a tool changing region W. In the tool changing region W,
machining tools are exchanged, while the workpieces P are machined in the working
region A. The tool changing region W is provided on a tool changing side 42 adjacent

to the frame 20.
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A guide arrangement 30 with a first spindle assembly guide 31 for the spindle
assembly 21 and a second spindle assembly guide 32 for the spindle assembly 22
facilitate the movement of the spindle assemblies 21. 22 between the working region

A and the tool changing region W.

The spindle assembly guides 31, 32 comprise guide rails 35, which extend in the
direction of guide axes 33, 34 and on which the spindle housings 26 of the spindle
assemblies 21, 22 are mounted for linear movement in the manner of slides. Linear
guides 36 are thus implemented. The spindle housings 26 can obviously form slides

themselves, but they can also be mounted on a slide.

The slides or spindle housings 26 of the spindie assemblies 21, 22 can be driven
independently by drives 37, 38 and can therefore be moved independently along the
guide axes 33, 34. The drives 37, 38 are electric motors and/or fluidic, e.g. pneumatic

or hydraulic, drives, for example.

The guide axes 33, 34, which can also be described as movement axes, extend parallel

to an X-direction, i.e. in the X-direction in a manner of speaking.

The working spindles 24 of each spindle assembly 21, 22, 23 are arranged in a row
direction 27 adjacent to one another in the same way as the guide rails 33, 34, iLe. in

the direction of the X-axis.

The spindle assemblies 21, 22, 23 have a quasi-flat configuration and can therefore be
arranged indirectly on top of one another at a small distance in the direction of the Y-

axis.

The working region A and the tool changing region W are, for example, separated
from one another by a bulkhead 40, so that any chips, coolant or the like found in the

working region A cannot enter the tool changing region W.

A further bulkhead 41, which is also indicated diagrammatically, is provided between
the working region A and a loading and unloading region S provided for exchanging

workpieces P.
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The bulkheads 40, 41 can obviously be multi-part units and comprise one or more
movable components. The bulkhead 40 can have one or more openings. enabling the
spindle assemblies 21, 22 to be moved from the working region A to the tool

changing region W and vice versa.

The bulkhead 41 can likewise have one or more openings. In any case, the bulkhead

41 allows a work holding device 50 to be movable.

The work holding device 50 comprises a work holder 51, for example. The work
holder 31 comprises a beam-type holding body 52 with a plurality of work holding
regions 53, 54 (or further work holding regions), which are arranged at an angle to
one another. The holding body 52 is mounted on bearing blocks 56 for pivoting about
a pivot axis 55. The bearing blocks 56, together with the holding body 52, in their turn
from a slide 57, which is movably mounted on a frame-like base 58 of the work

holding device 50, being movable in a Y-direction.

At a front side of the frame 58, which faces the frame 20, there may, for example, be
guide rails of a work holder guide 59, which facilitate a movement of the work holder
51 in the Y-direction. A diagrammatically indicated drive 60 drives the slide 57. The

work holder guide 59 is a linear guide.

The frame 58 is likewise mounted for linear movement on guide rails 61 of a work
holder guide 62, moving not in the Y-direction, however, but in the direction of a Z-
axis. The frame 58 can therefore move the work holder 51 in the manner of a slide
towards the working spindles 24 and away therefrom along the Z-axis, for example in

order to produce bores.

The work holder guides 59, 62 guide the work holder 51 in the direction of a first

workpiece guide axis 63 and a second workpiece guide axis 64.

The other slide 57 facilitates the movement of the work holder 51 in the direction of
the Y-axis, so that the work holder 51 can be positioned relative to the spindle

assembly 21, 22, 23 involved in the machining process. The spacing of these spindle



CA 02919700 2016-01-28
s ’

WO 2015/014430 PCT/EP2014/001814

15
assemblies 21, 22, 23 in the Y-direction is preferably dimensioned such that the
spindle assembly 21, for example, can be moved from the working region A into the
tool changing region W without impediment. while the work holder 51 stands in front
of the spindle assembly 22 or 23. 1t is, however, also possible to choose a smaller
spacing in the Y-direction, for example between the spindle assemblies 22 and 23, so
that the working spindles 24 of two spindie assemblies 21 and 22 or 22 and 23 can
machine workpieces P simultaneously if they are made available frontally by the work

holder 51.

For positioning workpieces P relative to the machining working spindles 24, the guide
arrangement 30 comprises both the spindle assembly guides 31, 32 and the work
holder guides 59, 62. All guides are linear guides, but it is possible for one or more
guides to be designed as rotary guides, so that workpieces P and/or working spindles
24 are pivoted for machining, for example. It is, for example, possible for the work

holder 51 to be pivoted about the pivot axis 55 in the machining process.

In the too] changing region, a tool magazine 70, 170, for example a shelf magazine 71
(Figures 1 and 2) or a shel{ magazine 171 as in the machine tool 110 shown in Figure

6, is expediently provided.

The machine tool 10a, on the other hand, is provided with a drum magazine 72, while

the machine tool 10b has a chain magazine 73.

All tool magazines 70, 170 allow the simultaneous exchange of several machining
tools 25 at the spindle assembly 21, 22 presently located in the tool changing region
W. The machining tools 25 made available at any one time are arranged side by side

in the row direction 27.

A holder 74a of the shelf magazine 71, 171 may, for example, have several tiers, in
each of which are located four machining tools 25 arranged side by side in the row
direction 27. The holder 74a of the shelf magazine is, for example, gnided on a stand
74 for linear movement in the Y-direction and can be positioned by a drive not shown
in the drawing for bringing the currently required row of machining tools 25 into

position in front of the respective spindle assembly 21, 22.
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In the drum magazine 72, a drum 75 is movable in the Y-direction by means of a slide
76 on a stand 77. On its outer circumference. parallel to its axis of rotation 78, about
Which it is mounted to rotate on the stand 77, the drum 75 is provided with several
rows of tool holders 80 for machining tools 25. By rotating about the axis of rotation
78, a suitable row of tool holders 80 or machining tools 25 respectively can be
brought into position in front of the spindle assembly 21 or 22, while the slide 76
adopts the suitable Y-position. For simplicity, the drives for the drum 75 and the slide

76 are not shown.

The chain magazine 73 comprises several chain runs 79, for example 3 or 4
(corresponding to the number of working spindles 24 of the respective spindie
assembly 21). The chain runs 79 support tool holders 80 for holding machining tools
25.

The chain runs 79 or the tool holders 80 mounted thereon are arranged side by side in
the row direction 27, so that 4 tool holders 80 can be in position in front of the spindle
assembly 21 and the spindle assembly 22 whenever these spindle assemblies 21, 22

are in the tool changing region W. On any one chain run 79, 2 tool holders 80 can, for

example, be arranged in the row direction 27.

The chain runs 79 are advantageously arranged in such a way that a front section 81
of the run extends in the tool changing region W in front of the respective spindle
assemblies 21, 22 or in front of the section of the spindle assembly guides 31, 32
which extends into the tool changing region W, while a rear section 82 of the run is
easily accessible, for example for an operator B or a loading and unloading device 90.
Between the sections 81, 82, there are sections 83, 84, which extend along or parallel

to the Z-axis, for example.

With the various tool magazines 70, 170, it is therefore possible for the spindle
assembly 21, 22 which is currently in the tool changing region W to deposit all
machining tools 25 simultaneously in free tool holders 80 and to pick up another
group of machining tools 25. This process is very fast and effective. In this context, it

has to be noted that, during the tool change, the respective other spindle assembly 21,
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22 continues the machining process in the working region A, allowing for

uninterrupted operation.

The handling and the optimised fast machining process are improved further by the

efficiently operating loading and unloading device 90 described below.

The machine tool 10, 110 1s equipped with a working robot 91, which 1s provided for
exchanging the workpieces P at the work holding device 50 and forms the loading and
unloading device 90. The loading and unloading device 90, however, exchanges
woarkpieces P not only while the machine tool 10, 110 is stopped, i.e. while the work
holder 51 is stationary, but also while the latter moves relative to the frame 20, for
example along the tool holder guide 59 and/or 62 during the machining process. The

working robot 91 follows this movement.

The working robot 91 comprises a pedestal 92, for example, on which a base 93 is
mounted for rotation about an axis 94. From the base 93, an arm 95 extends, which is
in turn mounted on the base 93 for pivoting about a further axis 96. The arm 95 in
turn supports a further arm 97 for pivoting about an axis 97a. This being so, a
gripping element 98 mounted at the front of the arm 97 is largely capable of free
movement in three dimensions. The working robot 91 may, for example, be a so-

called articulated arm robot.

The gripping element 98 supports a magazine holder 99, for example, by means of
which the working robot 91 or the loading and unloading device 90 can simultaneous-

ly pick up and/or deposit several workpieces P, for example 4.

A control unit 100, for example with a processor 101, is configure for the control of
the loading and unloading device 90 and the work holding device 50. Suitable control
lines (not shown) are, for example, provided between the control unit 100 and the
loading and unloading device 90 as well as the work holding device 50. The control
unit 100 further comprises a memory 102, in which a control module 103 is stored.
The control module 103 is a programme module with a programme code executable
by the processor 101. By executing the control module 103, the control unit 100

controls the loading and unloading device 90 and the work holding device 50
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simultaneously in such a way that the work holding device 50 positions the
workpieces P relative to the working spindles 24 for machining while the working
robot 91 simultaneously follows this movement and exchanges workpieces P which
are, for example, in the work holding region 53 or 54 and not pivoted into the working

region A.

In addition, the loading and unloading device 90 is multi-functional insofar as it can,
for example, place machining tools 25 in the tool magazine 70 or remove them when

no workpiece exchange is imminent and/or the machine tool 10 has a break.

By way of example, Figure 2 shows 2 further work stations Q and R, where the
workpieces P can be deburred and measured, for example. The working robot 91 can,
for example, initially remove the workpieces P from the work holder 51 and then

successively deposit them at the work stations Q and R for further processing.

In the concept of the machine tool 110 according to Figure 6, components matching

the above description are drawn and indicated using the same reference numbers.

On the top of a frame 120 of the machine tool 110, a stationary spindle assembly 123
is provided, below which is located a spindle assembly 122, which can be moved
along a spindle assembly guide 132 between the working region A and the workpiece
changing region W in the direction of the X-axis. Below the spindle assembly 122,
there is a further mobile spindle assembly 121, which is likewise movable in the
direction of the X-axis between the working region A and the workpiece changing
region W. Like the spindle assemblies 21 and 22, the spindle assemblies 121 and 122
can therefore be moved between the working region A and the workpiece changing

region W for machining or for the exchange of workpieces.

There is, however, a difference in that the guide rails 135 of the spindle assembly
guide 132 are directly mounted on the frame 120, for example at the front facing the
work holding device 50, while the guide rails 139 of the spindle assembly guide 131
are mounted below on the machine bed 11. The guide elements of the spindle

assembly guides 131, 132 are therefore not placed on one and the same base.
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Figure 6 further shows that the mobility of the working robot 91 is designed such that
it can project or grip as far as the working spindles 24 of the stationary spindie
assembly 23, 123. Its gripping element 98 can, for example, remove machining tools
25 from these stationary working spindles 24 and exchange them against other
machining tools 25. The gripping element 98 can, for example, deposit the machining
tools 25 in one of the tool magazines 70, 170 or pick them up from there. This

provides a further function for the loading and unioading device 90.

A further control concept for the loading and unloading device 90, which makes it
follow the positioning movements of the work holding device 50, is indicated in the

context of Figure 6.

In this embodiment, the control unit 100 comprises a first control module 104 for the
control of the work holding device 50 and a second control module 105 for the control
of the loading and unloading device 90, both of which are directly executed by the
processor 101. A particularly simple aspect of this concept is that the control modules
104, 105 directly communicate with one another, for example for matching the
movement of the loading and unloading device 90 to that of the work holding device
50. The control module 105, for example, is provided with an input interface 106, via
which the control module 105 receives from the control module 104 position
messages relating to imminent or current positioning movements of the work holding

device 50.

A further variant can provide that, for example on the work holder 51, a position
marking 107 is provided, which is detected by a locating device 108 on the loading
and unloading device 90. The locating device 108 comprises, for example, at least one
radio receiver, a camera or other receiving elements designed for radio-based or
optical location. Using the position marking 107, the loading and unloading device
90, for example the control module 105, can detect the current position of the work
holder 51 and therefore simultaneously track the position of the gripping element 98

or the magazine holder 99 respectively.

The locating device 108 and the position marking 107 are also advantageous for the

implementation of a safety concept, i.e. using these components, the control module
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103 or 104 checks whether the loading and unloading device 90 is optimally

positioned relative to the work holding device 50.

This positioning can obviously be subject to certain tolerances. in this case, it 1s
advantageous if a latching device 15 and/or a feed slant 16 is/are provided in the tool
holding regions 53, 54 on the diagrammatically illustrated work holders, which may,

for example, include clamping jaws, a clamping face or the like.
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CLAIMS:

1. Machine tool for machining workpieces, wherein the machine tool comprises
at least one first spindle assembly having at least one working spindle on which a machining
tool for machining workpieces can be mounted, wherein the machine tool comprises a work
holding device for holding workpieces for workpiece machining by means\of the machining
tool, wherein the machine tool comprises a guide arrangement for the relative positioning of
the work holding device holding the workpieces and of the first spindle assembly for
workpiece machining, wherein the guide arrangement comprises a work holder guide for
guiding the work holding device for a positioning of a work holder holding the workpieces
relative to the first spindle assembly, wherein it comprises a loading and unloading device, in
particular a working robot, for exchanging workpieces at the work holding device, which
loading and unloading device follows a positioning movement of the work holder while
workpieces are being machined during the machining process by the respective machining
tool, and which loading and unloading device is configured for exchanging at least one
workpiece not being machined at the work holder while another workpiece held by the work

holder is being machine by the first spindle assembly.

2. Machine tool according to claim 1, wherein, in order to synchronise the
movements of the work holding device and the loading and unloading device, it comprises a
common control unit for controlling the work holding device and the loading and unloading
device or a holder control unit provided for controlling the work holding device and a loading
and unloading control unit synchronised with the holder control unit and provided for

controlling the loading and unloading device.

3. Machine tool according to claim 1, wherein the control unit is configured for
the execution of a first control module and a second control module, which can be executed
jointly on a processor of the control unit and directly communicate with one another, in
particular via a common storage area, or wherein the control unit is configured for the
execution of a single control module, which is configured for the control of the work holding

device and the loading and unloading device.

CA 2919700 2020-01-27
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4. Machine tool according to any one of claims 1 to 3, wherein the loading and
unloading device or its control unit comprises an input interface, via which a position signal
indicating the position of the work holding device can be received, and wherein the loading
and unloading device is configured to perform a superimposed positioning movement, with a
second positioning movement for simultaneously following the movement of the work
holding device being superimposed on a first positioning movement provided for exchanging

workpieces at a stationary work holding device.

5. Machine tool according to any one of claims 1 to 4, wherein a position
marking, in particular at least one of a radio marking and an optical marking, is provided on
the loading and unloading device, and wherein the loading and unloading device comprises a
locating device for locating and tracing the position marking, so that the loading and

unloading device can follow a movement of the work holding device.

6. Machine tool according to any one of claims 1 to 5, wherein a workpiece
magazine holder for holding at least two workpieces is provided on the loading and unloading
device, so that the loading and unloading device can simultaneously exchange at least two

workpieces at the work holding device.

7. Machine tool according to any one of claims 1 to 6, wherein at least one feed
slant for feeding in the respective workpiece and/or a latching device for latching the

respective workpiece is/are provided on the work holding device.

8. Machine tool according to any one of claims 1 to 7, wherein the work holding
device is configured for moving the work holding device at least one of into a holding
position provided for holding a workpiece and into a release position provided for releasing

and removing a workpiece.

9. Machine tool according to any one of claims 1 to 8, wherein the loading and
unloading device is configured for positioning the workpieces in at least one further working
station away from the work holding device, in particular for at least one of deburring and

measuring of workpieces.

CA 2919700 2020-01-27
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10. Machine tool according to any one of claims 1 to 9, wherein the loading and
unloading device is, in addition to exchanging workpieces, configured for exchanging
machining tools at least one of at a tool magazine and at the at least one stationary working
spindle in the working region, in particular for passing through a frame of the tool holding

device.

11. Machine tool according to any one of claims 1 to 10, wherein it comprises at

least one second spindle assembly with at least one working spindle.

12. Machine tool according to any one of claims 1 to 11, wherein the first and/or

the second spindle assembly comprise(s) at least one second working spindle.

13. Machine tool according to claim 12, wherein the first spindle assembly is
guided on a first spindle assembly guide of the guide arrangement and the at least one second
spindle assembly is guided on a second spindle assembly guide separate from the first spindle
assembly guide of the guide arrangement, so that the spindle assemblies are movable
independently of one another into a working region, in which the workpieces are provided for
workpiece machining by the work holding device, and a tool changing region provided for

changing machining tools on the working spindles.

14. Machine tool according to claim 13, wherein the tool changing region for at
least two spindle assemblies is provided on the single tool changing side adjacent to the
working region, so that the at least two spindle assemblies are moved to the same tool

changing side for tool change.
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