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1
MACHINE TOOL CENTER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application 1s a continuation of U.S. application Ser.

No. 08/641,508, filed May 1, 1996, now U.S. Pat. No. 5,871,
326.

BACKGROUND OF THE INVENTION

The present invention relates to a machine tool center with
at least one machine tool which has a working space acces-
sible through an operator door to process workpieces, a
loading/unloading station for the workpieces and a loading
device which transports the workpieces between the loading/
unloading station and the respective machine tool and
changes these at the machine tool.

1. Field of the Invention

Such machine tool centers are generally known.
2. Related Prior Art

In the known machine tool centers the loading devices are
arranged 1n front of the respective machine tools which are
installed alongside one another either in a straight line orin a
circle. The loading device displays an appliance which
moves back and forth between the loading/unloading station
and the respective machine tool and hereby transports work-
pieces. In this way a large number of machine tools can be
loaded by one single loading/unloading station at which the
workpieces to be processed are mput and from which the
finished workpieces are also removed.

The loading device hereby often operates on the same
level as the operator door and changes the workpieces 1n the
machine tool through this door. The operator door 1s,
however, simultaneously used for set-up and service work,
in other words for maintenance, to change tools, to verily
tools or certain geometric factors, efc.

If a fault occurs 1in one of the machine tools 1n the known
machine tool center or service work becomes necessary the
respective operator must reach “past the loading device”
through the operator door into the working space of the
machine tool to carry out the necessary work. However, this
also means that the other machine tools 1n the machine tool
center can no longer be served by the loading device 1t the
safety of the operator 1s given priority.

In other words, as long as the operator 1s busy with one of
the machine tools through the operator door the appliance
cannot move the loading device past this machine tool with-
out endangering the operator.

SUMMARY OF THE INVENTION

In view of the above 1t 1s an object of the present invention
to improve the known machine tool center such that 1t can be
better used with a less complicated construction whereby an
increased work safety for the operator and improved func-
tional reliability of the machine tool are to be achieved.

This object 1s achieved by the invention in that the loading
device 1s arranged below the working space of the machine
tool.

The object underlying the mvention 1s thus achieved in
tull. The mventors of the present application have namely
recognized that the loading device can thus be mounted
underneath the working surface of the machine tool, as it
were, so that the operator door remains free for set-up and
service work, repairs, etc. This further means that all other
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2

machine tools in the new machine tool center can still be
served by the loading device at no risk to the operator.

Since the loading device 1s arranged beneath the working
space of the machine tool 1s thus also automatically almost
completely within the external contour, 1n other words the
casing of the machine tool or machine tool center, so that the
necessary tloor space required for the machine tool center 1s
also reduced.

It 1s hereby preferred 1t the respective machine tool dis-
plays a loader space, 1n which the loading device 1s arranged
preferably within a casing of the machine tool, 1n front of its
respective machine stand which supports a workpiece table
arranged 1n the respective working space.

The advantage of this 1s that the loading device 1s on the
one hand arranged favorably 1n a space which either already
ex1sts 1n the machine tool or which can be provided with no
great problem. Since the loading device may be located
within the machine tool’s casing, this ensures a particularly
sale protection for the operator working on a machine tool
past which the loading device 1s moving to serve a machine
tool downstream from the machine tool which 1s, for
example, being repaired.

It 1s furthermore preferred that the loader space i1s con-
nected to the respective working space by a respective load-
ing opening through which the loading device changes the
workpieces.

This measure 1s particularly advantageous with respect to
the functional reliability of the machine tool center since the
working space of the respective machine tool 1s not com-
pletely open to the loader space but 1s only connected to this
via a loading openming so that any chips produced during
machining ol the workpiece, drilling water used, etc. only
alfects the loading device to a minor extent. If the loading
opening 1s designed and arranged in a geometrically favor-
able position this soiling of the loading device can be kept
very small.

In a further embodiment it 1s however preferred if the
loading opening has a cover which 1s opened to change a
workpiece.

This thus ensures complete protection of the loading
device against soiling. The cover 1s only opened when a
workpiece 1s changed, whereby the machine tool 1tself 1s
ioperative during this workpiece change so that no dirt can
pass through the open loading opening into the loader space.
This measure thus also contributes to the functional reliabil-
ity of the new machine tool center.

That 1s then further preferred that the cover 1s mechani-
cally and/or electrically/electronically locked when the
operator door 1s open.

This measures further increases the work safety for the
operator since it prevents the loading device entering the
working space of a machine tool on which an operator 1s
working, e.g. to change tools. This lock can either be
cifected purely mechanically, so that when the operator door
1s open a mechanical limit stop or similar prevents the pro-
cess control from releasing the cover for the loading open-
ing. Further measures may possibly be provided which pre-
vent the loading device from attempting to change a
workpiece through a closed loading opening.

In the course of the progressive electrical/electronic con-
trol of machine tools 1t can also be provided that the control
devices provided to open the cover are blocked by the pro-
cess control as soon as the operator door 1s opened.

It 1s generally preferred that the loading device display a
loader serving as a workpiece changer which moves longitu-
dinally along a guide rail whose cross-section 1s preferably
profiled.
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This measure 1s advantageous with respect to the simple
construction of the machine tool center since only one loader
1s required although a number of different machine tools
may be provided 1n a line or circle 1n the new machine tool
center. Although i1t would be possible to move the work-
pieces 1n the loader space and to provide a workpiece
changer for every machine tool analogous to the tool

changer, the concomitant costs would, however, be consider-
able.

It 1s hereby preferred if the loader displays a drive unit
which automatically runs along the guide rail.

This measure 1s also advantageous from a constructional
point of view since no chains, belts or similar facilities such
as are otherwise often used 1n machine tools, are required to
move the loader between the machine tools and loading/
unloading station. The loader 1s thus a self-propelled work-
piece changer, in a manner of speaking.

It 1s furthermore preferred that the loader display a swivel
arm which 1s retracted when the loader 1s moving, and which
1s at least partly swiveled into the working space through the
loading openming to change the workpiece.

The advantage of this 1s that the loading device requires
only a small space, the loader 1s folded away, as 1t were
during movement so that the loading device can be arranged
in a very small space beneath the working space of the
machine tools.

In a further embodiment 1t 1s then performed 1f a double
gripper for workpieces 1s arranged on the swivel arm.

The advantage of this measure 1s that the workpiece can
be changed very quickly, the double gripper namely grasps
the workpiece which has just been fimished and replaces this
with a new workpiece to be processed 1n one movement,
following which the swivel arm 1s retracted into the loader
space. This very fast workpiece change leads to the further
advantage that more machine tools can be arranged along-
side one another in the new machine tool center since the
loading device can now serve more other machine tools
within the machining time normally required by one of the

machine tools to process the workpiece which has just been
inserted.

On the whole it 1s preferred that the workpieces are
clamped i workpiece holders which are fitted 1n fixture
holders located in the respective working space of the
respective machine tool.

This also advantageously increases the functional reliabil-
ity of the new machine tool center since the fixture holders
and the loading device only have to be designed to accom-
modate these workpiece holders so that various workpieces
can be processed with no set-up times.

It 1s further preferred that the loading/unloading station
comprise a clamping station in which the workpieces are
changed in the workpiece holders.

This measure 1s on the one hand advantageous from a
constructional point of view since the new machine tool cen-
ter can now be operated fully automatically, as 1t were. A
turther advantage of this measure 1s that the new machine
tool center only requires two workpiece holders more than
the number of machine tools in the machine tool center. One
of the additional workpiece holders 1s located 1n the clamp-
ing station and 1s fitted with a new workpiece whereas the
second additional workpiece holder i1s 1n the loader and 1s
exchanged with another workpiece holder with finished
workpiece 1 the machine tool.

It goes without saying that 1t 1s also possible to have work-
pieces processed 1 sequence by various machine tools 1n the
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new machine tool center. The loading device then inserts,
¢.g., an unmachined workpiece into a first machine tool and
removes a finished workpiece, which i1s then inserted into a
second machine tool, whereby a workpiece which has been
subjected to two working cycles 1s then removed from this
machine. This workpiece can then be exchanged 1n a third
machine tool for a workpiece which has already been pro-
cessed 1n this third machine, etc.

Summing up, the advantages of the new machine tool
center thus lie 1 the fact that the loading device arranged
beneath the working spaces can still be operated 1f one or
more machine tools are being serviced. The loading device
then moves beneath these machine tools which are at present
ioperative and only serves the other machine tools in the
machine tool center. Since the loading device 1s now
arranged 1n the separate loader space this also ensures the
maximum possible work satety for the operator. The special
design of the loader space and loading device also ensure
that the loading device 1s protected against the penetration of
dirt and only accesses the working space of a machine tool
when the operator door 1s closed. This improves the work
safety and also the functional reliability of the loading
device. The use of workpiece holders and a self-propellant
workpiece changer also guarantees a rapid workpiece
change with a relatively simple construction and little use of
material so that 1t 1s possible to select a relatively high num-
ber ol machine tools per machine tool center at low cost.

It 1s hereby generally preferred that the cover display a
flap cover, essentially vertical when closed, which 1s partly
covered by an essentially horizontal running sliding cover.

The advantage of this 1s that through the combination of
these two covers the largest possible loading opening can be
provided during a workpiece change whereby the geometric
arrangement of the sliding cover to the flap cover as men-
tioned ensures that no dirt penetrates the loading device
when the cover 1s closed.

Further advantages can be derived from the description
and enclosed drawing.

It 1s understood that the aforementioned features and
those to be explained 1n the following can be used not only 1n
the specified combinations but also 1n other combinations or
alone without going beyond the scope of the present mven-
tion. One embodiment of the invention 1s shown 1n the draw-
ing and will be explained 1n more detail 1n the following
description. In the drawings:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a front view of the new machine tool center
in detail;

FIG. 2 shows a section through the machine tool center
from FIG. 1 along line II—II, without loader in the loader
space;

FIG. 3 shows a section along line III—III from FIG. 1
with a loader 1n position and retracted swivel arm; and

FIG. 4 shows a representation as i FIG. 3, though with
extended swivel arm.

DETAILED DESCRIPTION OF THE PR.
EMBODIMENT

FIG. 1 shows the front view of a machine tool center 10 1n
which the machine tools 11, 12 and 13 (only indicated) are
arranged alongside one another. These machine tools 11, 12,
13 can either be arranged 1n a straight line or circle. A
loading/unloading station 14 1s provided 1n addition to the

machine tools 11, 12, 13.
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The machine tools 11, 12, 13 display a casing 15 which
completely surrounds them and 1n which there 1s an operator
door 16 for each machine tool 11, 12, 13 through which an
operator has access to the working space 17. Set-up and
service work 1s carried out for the individual machine tools

11, 12, 13 through this operator door 16.

A clamping station 18, shown only diagrammatically, 1s
provided 1n the loading/unloading station 14 1n which 1ndi-
vidual workpiece holders 19 are provided with workpieces
21 to be processed. The workpiece holders 19 provided with
workpieces 21 1n this manner are transported to the indi-
vidual machine tools 11, 12, 13 by means of a loading device
22 and inserted into the respective working space 17 and
processed. The fintshed workpieces 21 are transported from
the working spaces 17 back to the clamping station 18 in
their workpiece holders 19 where they are exchanged for
new workpieces 21 which are to be processed.

In FIG. 1 it can also be seen that there 1s operator console
23 at each of the machine tools 11, 12, 13 and the loading/
unloading station 14 via which the normal operator com-
mands can be entered.

In accordance with the invention, the loading device 22 1s
arranged 1n a loader space 25 1n the new machine tool center
10 from FIG. 1 which 1s located beneath the working spaces
17 of the machine tools 11, 12, 13 and preferably inside the
casing 15. In this loader space 25 a loader 26 moves back
and forth along a guide rail 27 and hereby transports the
workpiece holder 19 contaiming workpieces 21 between the
clamping station 18 and the working spaces 17.

On account for the special arrangement of the loading
device 22 the operator doors 16 of the machine tools 11, 12,
13 are accessible to operators at all times without these being
endangered by the loader 26 which may be passing by.

FIG. 2 shows a cross-section through the machine tool 12
as a detail of a sectional view along line II—II from FIG. 1,
whereby a spindle head 29 is indicated which 1s provided to
process the workpiece 1n the working space 17.

The machine tool 12 comprises a machine base 31 on
which a diagrammatically indicated workpiece table 32 1s
provided which 1n a manner of speaking fixes a working
surface 33 in the working space 17. A fixture holder 34 1s
arranged on the workpiece table 32 which 1s designed to grip
the workpiece holder 19 and hold this during processing by
tools provided 1n the spindle head 29. In FIG. 2, 19" indicates
a workpiece holder holding a finished workpiece whereby
the workpiece holder 19' 1s only diagrammatically indicated
by a circle.

In FIG. 2 it can clearly be seen that in the representation
shown therein the loader space 25 1s arranged to the left of
the machine base 31 below the working space 17 and at least
partly below the working surface 33. Furthermore, it can
also be clearly seen that in cross-sectional view the loader
space 25 1s arranged within the casing 15.

The loader space 25 1s connected to the working space 17
by a loading opening 36. A cover 37 1s hereby provided
which 1s closed during processing of the workpiece by tools
in the working space 17 so that no dirt can enter the loader
space 25.

The cover 37 1s designed in two parts and comprises a
sliding cover 38, which points upwards in FIG. 2 and 1s
inclined towards the working surface 33, and a flap cover 39
which runs roughly vertical to the working surface 33 and
can be closed on this. It can be seen that the sliding cover 38
overlaps over the tlap cover 39 so that splashing drill water,
flying workpiece chips, etc. cannot enter the loader space 235
between the sliding cover 38 and flap cover 39.
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The cover 37 1s locked with the operator door 16 1n such a
way that the cover 37 can only be opened when the operator
door 16 1s closed, though this 1s not shown in more detail 1n
FIG. 2. In this way 1t 1s ensured that an operator working 1n
the working space 17 on the machine tool 12 cannot be
injured by a sudden workpiece change. Moreover, 11 the
operator door 16 1s open, suitable control measures ensure
that the loader 26 passes by this machine tool and serves the
next machine tool so that the failure of one machine tool in
the machine tool center 10 does not lead to the complete
faillure of the machine tool center. "

['hus, machine tools
which are downstream, viewed from the loading/unloading
station 14, from the machine tool which 1s currently being
serviced can still be supplied with new workpieces by the
loading device 22.

FIG. 3 1s a view similar to that in FIG. 2, though along line
III—III from FIG. 1 showing the situation when the cover 37
1s open and the loader 26 has entered the area beneath the
working space 17, 1n this case of machine tool 11.

This loader 26 15 a seli-propellant workpiece changer 40,
as 1t were, displaying a drive unit 41 with motor 42 on a
guide rail 27 which ensures the mobility on the loader 26
along the guide rail, whose cross-section 1s preferably
profiled, 1n a suitable manner.

The movable workpiece changer 40 also displays a fold-
away or sliding swivel arm 43 fixed to this which 1s retracted
in FIG. 3 so that 1t 1s located in the loader space 25. A
pivoted double gripper 44 1s arranged on the top end of the
swivel arm 43 which carries a workpiece holder in one hand
whereas the other hand 1s still empty.

In FIG. 3 1t can clearly be seen that the loader 26 1s folded
away 1n a compact manner in the position show so that the
loader space 25 can be arranged 1n front of the machine base
31 and beneath the working space 17 without the outer con-
tour of the machine tool having to be significantly changed.

In FIG. 3, a common trailing cable installation 45 can also
be seen which provides electrical, pneumatic and possibly
hydraulic connections 46 for the loader 26 and connects this
via the connections 46 to the corresponding control unit/
operator console 23.

In FIG. 3 a workpiece table 47 can also be recognized
behind the flap cover 37 which can have, e.g. an abutment so
that clamped workpieces can be centered better.

In the representation mn FIG. 4, which otherwise corre-
sponds to FIG. 3, the swivel arm 43 has been pivoted or
extended through the loading opening 36 into the working
space 17 where the double gripper 44 has already gripped
the workpiece holder 19', bearing a workpiece which has
already been processed by the machine tool 11. The work-
piece holder 19 and workpiece holder 19' are now exchanged
through a swivel movement around 180° 1n the plane of FIG.
4 so that the fixture holder 34 which can be seen 1n FIG. 2
can accept the workpiece holder 19 with the as yet unproc-
essed workpiece. The swivel arm 43 1s then folded away or
retracted so that the position shown in FIG. 3 1s assumed.

Finally, the cover 37 1s closed so that the new workpiece
can be processed 1n the working space 17 1n the machine tool
11 whilst the loader 26 brings the workpiece holder 19' to the
loading/unloading station 18 and exchanges this for a work-
piece holder 19 which has been provided with a workpiece
still to be processed 1n the clamping station 18.

What we claim 1s:

1. A machine tool center, comprising:

at least one machine tool each having a casing and a work-
ing area for processing workpieces and accessible
through an operator door;
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a loading/unloading station for the workpieces;

a loader space which i1s arranged within the casing and
below the working area of the respective machine tool,
said loader space being connected to the working area
by a loading opening, the loading opening comprising a
cover which 1s opened to change a workpiece; and

a loading device for transporting the workpieces between
the loading/unloading station and the respective
machine tool and for changing the workpieces at the

respective machine tool, said loading device being
arranged within the loader space;

wherein the loading device 1s arranged in front of a
respective machine stand which supports a workpiece
table arranged 1n the respective working area, the work-
pieces are clamped 1n workpiece holders which are fit-
ted 1n fixture holders located in the respective working
area of the respective machine tool, and the loading/

5
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unloading station comprises a clamping station 1in
which the workpieces are exchanged 1n the workpiece
holders.

2. The machine tool center of claim 1, wherein the loading
device comprises a loader serving as a workpiece changer
which moves longitudinally along a guide rail.

3. The machine tool center of claim 2, wherein the loader
comprises a drive unit which automatically runs along the
guide rail.

4. The machine tool center of claim 3, wherein the loader
comprises an arm which i1s retracted when the loader 1is
moving, and which 1s at least partly moved into the working
space through the loading opening to change the workpiece.

5. The machine tool center of claim 4, wherein a double
gripper for workpieces 1s arranged on the arm.

6. The machine tool center of claim 4, wherein the arm 1s a

swivel arm that 1s swiveled into the working space.

G o e = x
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