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(57) Abrege/Abstract:

The invention relates to a machine tool (1), comprising a plurality of fixed tool spindles (3) and such that can optionally be displaced
from a retracted idle position to an extended working position and can be positioned at different positions in a frame-like rack (2),
and a workpiece carrier (4) with at least one workpiece holder (5), with the workpiece (4) carrier being movable at least in several
axes In a translational manner and preferably also In a rotational manner. |In order to provide advantageous constructional
conditions it Is proposed that at least one of the tool spindles (3) Is associated with a tool magazine (7) plus tool changer (8).
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ABSTRACT OF THE DISCLOSURE

Machine Tool

The invention relates to a machine tool (1), comprising a plurality of fixed tool
spindles (3) and such that can optionally be displaced from a retracted idle po-
sition to an extended working position and can be positioned at different posi-
tions in a frame-like rack (2), and a workpiece carrier (4) with at least one
workpiece holder (5), with the workpiece (4) carrier being movable at least In
several axes in a translational manner and preferably also in a rotational man-
ner. In order to provide advantageous constructional conditions it Is proposed
that at least one of the tool spindles (3) is associated with a tool magazine (7)

plus tool changer (8).

(Fig. 1)
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Machine Tool

1. Field of the Invention

The invention relates to a machine tool, comprising a plurality of fixed tool spin-
dles and such that can optionally be displaced from a retracted idle position to
an extended working position and can be positioned at different positions In a
frame-like rack, and a workpiece carrier with at least one workpiece holder, with
the workpiece carrier being movable at least in several axes in a translational

manner and preferably also in a rotational manner.

2. Description of the Prior Art

Such known machine tools (WO 97/10932 A) are used to fix the workpiece to
be machined to the workpiece holder of the workpiece carrier and to supply the
same together with the workpiece carrier successively to individual machining
tools such as drills, milling cutters, grinders or the like. The machining tools are
arranged on spindles fastened in a stationary manner on the frame of the rack,
with the spindles being displaceable in an alternating manner between an ex-
tended working position and a retracted idle position in order to prevent mutual
obstructions of the spindles during the machining by spindles that are in the idle
position at that time. These known machine tools are especially characterized
by their economical operation, which is obtained especially in such a way that it
IS not necessary to wait for any tool changing times and idle times during a ma-

chining process because the machine tool accommodates the required tools in

the different spindles and the tools thus need not be changed between the indi-



CA 02731289 2011-01-18

_9

vidual machining processes and can be started up aiready before the position-
ing of the workpiece from one spindle to the next. As a result of these meas-
ures, non-productive times are minimized and rapid machining of the work-
pieces is enabled. Moreover, multi-spindle parallel machining of several work-

pieces is possible in such apparatuses.

The workpiece is usually movable in a translational manner in three axes with
the workpiece carrier on a carriage, and is further rotatable about at least one
rotational axis, in order to guide the workpiece in the desired manner with re-
spect to the individual fixed machining tools and to also enable the milling, drill-
ing or grinding of complex paths. It is a special disadvantage of these known
machine tools that in the event that a larger number of machining tools need to
be provided a respectively high number of tool spindles is necessary which
must be additionally arranged on the rack, thus requiring the optional need for
larger rack sizes, especially in the case of especially complex machining pro-

cedures, which obviously makes the machine tool more expensive.

In order to also enable the machining of two workpieces simultaneously with
such known machine tools it is known (DE 10204050199 A1) to provide a work-
ing chamber in which at least two workpiece carriers are arranged. Both work-
piece carriers are connected with displacement devices, so that they can be

moved at least two-dimensionally in the working chamber. These displacement
devices determine displacement areas which lie within the working chamber
and can be determined independent from one another. They can be used to
perform different machining processes such as grinding, honing, pressing in of
bushes or the like in one machine similarly. The disadvantageous aspect is the

increased complexity of the machine tool in the event that a considerable num-

ber of machining tools need to be provided.

SUMMARY OF THE INVENTION
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Based on the state of the art of the kind mentioned initially, the invention Is
based on the object of providing a machine tool which allows machining a
workpiece with an increased number of tools without having to use more com-
plex work stations, this being provided with the shortest possible machining

times, i.e. minimized non-productive times.

This object is achieved by the invention in such a way that at least one of the

tool spindles is associated with a tool magazine plus tool changer.

This simple and elegant measure offers the possibility of perforrhing machining
with an increased number of tools on tool machines with a plurality of fixed tool
spindles without having to increase the number of spindles. The workpiece Is
displaced by the tool carrier from machining tool to machining tool. The respec-
tive tool can optionally be displaced to its working position already during the
approach of the workpiece carrier with the workpiece and is thus directly ready
for use. The invention offers the possibility of performing a machining step with
the tool spindle associated with the tool magazine plus tool changer, then
changing to another fixed tool spindle and performing a further machining step
while the tool changer changes the respective tools between the tool magazine
and the tool spindles. The workpiece carrier with the workpiece can move to-
wards the tool spindle already during the next working step, whicn spindle Is
~associated with the tool magazine and the tool changer. An increased number

of tools can be used at a reduced number of spindles without increasing the

non-productive times of the tool machine.

In order to prevent substantially increasing the construction work for the ma-

chine tool it is recommended that the tool magazine is a revolver drum or a
chain magazine which together with the rotary drive Is fastened to the rack ad-
jacent to the tool spindle. Revolver drums are usually very small and can thus
accommodate a respective number of tools in a compact manner without re-

quiring an excessive amount of space. Chain magazines can usually accom-
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modate a plurality of tools in compact configuration and optionally aliow equip-

ping the tool magazine from outside of the machine tool.

In order to simplify the transfer of tools between tool magazine and revolver
drum it is recommended that the tool changer plus changer drive is fastened to
the rack between the tool magazine and the tool spindle. This leads to an es-
pecially compact module for the tool changer of the machine tool in accordance
with the invention, which tool changer can also be retrofitted easily to existing
machine tools without causing any unnecessarily long standstill times of the

machine tool.

In order to ensure that the tool machine itself or the tools inserted in the tool
magazine do not obstruct the machining process of the workpieces in the ma-
chine tool, it is recommended that the tools in the tool magazine are inserted In
the magazine with a rotational axis in the respective tool holders which is
aligned parallel to the revolver drum axis of a drum magazine or a chain wheel
axis of a chain magazine, and the tool holders can be moved from this storage
position to a transfer position with an axis which is parallel to the associated
tool spindle. It is thus ensured by way of simple construction that in their maga-
zine position the tools do not protrude into the working area of the machine
tool, but there is still a simple possibility of a tool change after the swivelling of
the respective tool holders from the storage position to a transfer position with
an axis which is parallel to the associated tool spindle, i.e. substantially in the

direction of a machining space.

From this position, a tool change can be made in an advantageous manner es-

pecially with a tool changer which comprises a two-arm lever which comprises
grippers for tools on the one side and which can be moved for changing the
tool in the direction of an axis that is parallel to the associated tool spindle and
IS rotatable about said axis. This two-arm lever grips the tool inserted in the tool
spindle for example with a gripper, and with the other gripper associated with

the lever it grips the tool inserted in the tool holder of the tool magazine. After
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detaching the tool from the workpiece holder, the two-arm lever is displaced in the
direction towards the axis parallel to the spindle axis, which two-arm lever is then
rotated by 180° for example, and the tool to be exchanged is inserted simultaneously
with the exchanged tool in the tool spindle and the tool holder of the tool magazine,
respectively. When the two-arm lever Is then detached from the tools and is
swivelled to a parking position retracted from the machining space of the machine

tool, easy machining of the workpieces Is possible without any obstructions.

In order to prevent limiting the number of tool spindles that are possible in a
conventional machine tool during the provision of a tool spindle in accordance with
the invention plus tool magazine and tool changer, it is recommended that the tool
magazine plus tool changer and associated tool spindle are arranged in the lateral
region, i.e. in the connecting region of two legs of the frame-like rack. In this case,
the tool spindle could be arranged in a position which is unchanged with respect to
the state of the art and the tool changer plus magazine would protrude into a region

of the lateral connecting leg of the rack which is usually not used by tools.

Some embodiments disclosed herein provide a machine tool, comprising a
frame-shaped rack, a plurality of tool spindles positioned at different positions in the
frame-shaped rack and each tool spindle having a respective tool, a workpiece carrier
with at least one workpiece holder, with the workpiece carrier being movable in at
least two axes in a translational manner, and a tool magazine having a tool changer,
wherein at least a first tool spindle of the plurality of tool spindles is associated with
the tool magazine having the tool changer, wherein the tool magazine having the tool
changer and the first tool spindle are arranged in a lateral region of the frame-shaped
rack, wherein the workpiece carrier is capable of displacing the workpiece to the first
tool spindle for performance of at least a first working step by the tool of the first tool
spindle and from the first spindle for performance of at least a second working step

by the tool of a second tool spindle of the plurality of tool spindles, and wherein the
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workpiece carrier extends through an opening in the frame-shaped rack.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings schematically show the invention by reference to an embodiment,

wherein:
5 Fig. 1 shows a machine tool in accordance with the invention in a front view;
Fig. 2 shows the machine tool of Fig. 1 in a side view;

Fig. 3 shows a bottom view of the machine tool of Figs. 1 and 2 in the region of the

spindle with associated tool magazine, and
Fig. 4 shows the arrangement of Fig. 3 in a partly sectional oblique view.

10 DESCRIPTION OF THE PREFERRED EMBODIMENT
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A machine tool 1 in accordance with the invention comprises a plurality of tool
spindles 3 which are arranged in a fixed manner in a frame-like rack 2 and po-
sitioned in different positions. It is indicated with the dot-dash line in Fig. 1 that
that the individual tool spindles are displaceable between a retracted idle posi-
tion and an extended working position in order to prevent obstructions during
the machining of workpieces by other tools. Furthermore, the machine tool 1
comprises a workpiece carrier 4 which comprises a workpiece holder 5. Said
workpiece carrier 4 is movable in a translational manner in three axes In the Il-
lustrated embodiment, i.e. in the plane of the frame 2, perpendicular to this
plane of the frame, and is additionally arranged to be rotatable about axis 6. It
is also known from the state of the art to provide workpiece holders 5 which are

rotatable relative to the workpiece carrier 4.

It is provided in accordance with the invention that at least one of the tool spin-
dies 3 is associated with a tool magazine 7 plus tool changer 8 and an associ-

ated rotary drive for the tool magazine 7.

The tool magazine 7 is a revolver drum fastened to the rack 2 plus a rotary
drive (not shown in closer detail) adjacent to the associated tool spindle 3,
which drum is rotatably mounted about the axis 9. In the illustrated embodi-
ment, all tool spindles 3 plus the tool magazine 7 and the tool changer 8 are

fastened to the rack via respective consoles and intermediate pieces 10, espe-

cially screwed together with the same.

The tool changer 8 plus tool changer drive is fastened to the rack between the
tool magazine 7 and the tool spindle 3. In this embodiment, the tools 11 In the
tool magazine are Inserted In respective tool holders' 12 with a rotational axis
which is aligned parallel to the revolver drum axis 9, with the tool holders 12 be-
ing displaceable from this storage position to a transfer position with an axis 13

parallel to the associated tool spindle 3 (see Fig. 1).
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The tool changer 8 comprises a two-arm lever 14 which comprises grippers 15
for tools 11 at the end side and which is displaceable for tool changing in the di-
rection of an axis 16 parallel to the associated tool spindie 3 and is also ro-
tatable about said axis 16. The grippers are further associated with tool releas-
INng devices 17, with which the tool, which Is inserted via a cilamping seat in thé
respective tool spindle 3 or the tool holder 12, can be released from its fixing.
The required revolver drum plus tool is chosen for changing the tool and moved
with the rotary drive of the revolver drum to a transfer position, the tool holger
12 is swivelled from the storage position to a transfer position, thereafter
' gripped by the gripper 15, detached from the respective holder, removed In the
direction of axis 16 from the holder, with the grippers thereafter being swivelied
180° about axis 16 and the tools being inserted again in the associated tool
spindle 3 or the associated tool holder 12. Thereafter it is merely necessary to
swivel the tool holder 12 from the machining area, whereupon the associated

tool spindle 3 can be used again.

Figs. 1 and 4 show especially that the tool magazine 7 plus tool changer 8 and
the associated tool spindle 3 are arranged preferably in the lateral region, 1.e. In
the connecting region of two legs of the frame-like rack 2, so that existing ma-
chine tools can be expanded easily and the use of tool spindles 3 disposed

close to one another is not impaired.
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CLAIMS:
1. A machine tool, comprising
a frame-shaped rack,

a plurality of tool spindles positioned at different positions in the

frame-shaped rack and each tool spindle having a respective tool,

a workpiece carrier with at least one workpiece holder, with the

workpiece carrier being movable In at least two axes in a translational manner, and
a tool magazine having a tool changer,

wherein at least a first tool spindle of the plurality of tool spindles is

associated with the tool magazine having the tool changer,

wherein the tool magazine having the tool changer and the first tool

spindle are arranged in a lateral region of the frame-shaped rack,

wherein the workpiece carrier is capable of displacing the workpiece to
the first tool spindle for performance of at least a first working step by the tool of the
first tool spindle and from the first spindle for performance of at least a second

working step by the tool of a second tool spindle of the plurality of tool spindles, and

wherein the workpiece carrier extends through an opening in the

frame-shaped rack.

2. The machine tool according to claim 1, wherein the tool magazine is

fastened to the rack adjacent to the first tool spindle and comprises a revolver drum.

3. The machine tool according to claim 1, wherein the tool changer has a
changer drive and is fastened to the frame-shaped rack between the tool magazine

and the first tool spindle.
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4. The machine tool according to claim 2, wherein the tool magazine
comprises a plurality of tools inserted in respective tool holders of the tool magazine,
each tool holder having a rotational axis which is aligned parallel to a revolver drum
axis, and each tool holder is movable from a storage position to a transfer position,
said transfer position having a transfer position axis parallel to an associated tool

spindle.

d. The machine tool according to claim 3, wherein the tool changer
comprises a two-arm lever which comprises grippers for tools at an end side of the
two-arm lever and wherein said two-arm lever is moveable toward a rotation axis
parallel to the first tool spindle and is rotatable about said rotation axis in order to

change a tool.

6. The machine tool according to claim 1, wherein the first tool spindle is

arranged in a fixed position on the frame-shaped rack.

7. The machine tool according to claim 1, wherein the first tool spindle is
displaceable on the frame-shaped rack from a retracted idle position to an extended

working position with respect to the frame-shaped rack.

8. The machine tool according to claim 1, wherein the workpiece carrier is

also moveable rotationally.
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