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(57) The generally vertical, rectangular base frame (10) of the machine surrounds a support grate (14) with attachment
members for the flat work pieces (8). A carrier (40) 1s moveable along two oppositely disposed frame sides (12) over
the support grate, and a carriage (45) 1s moveable on the carrier (40), the carriage (45) carrying a work mechanism (50)
equipped with at least one work tool spindle with 1ts work tool axis directed toward the support grate (14). Feeding or
positioning of the work mechanism (50) 1s accomplished by means of fixed and non-rotatably attached finely threaded
feed spindles and associated rotatably drivable spindle nuts. The spindle nuts are each part of an associated feed device
with a numerically controlled feed motor. Each of the feed spindles 1s attached to an associated one of the two frame
sides (12) and the associated feed device 1s connected with one end of the carrier (40) through a bracket (42), the
involved feed motors bemng synchronously controlled. A third feed spindle 1s attached to the carrier (40) and the
associated feed device 1s connected with the carrier (45), the spindle and the feed device being located nside of the
hollow profile of the carrier. The machine offers numerous and exact machining applications, especially milling and
drilling operations.
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ABSTRACT OF THE DISCIOSURE

The generally vertical, rectangular base frame (10) of

il the machine surrounds a support grate (14) with attachment mem-

bers for the flat work pieces (8). A carrier (40) 1is moveable
along two oppositely disposed frame sides (12) over the support
grate, and a carriage (45) is moveable on the carrier (40), the
carriage (45) carrying a work mechanism (50) equipped with at
least one work tool spindle with its work tool axis directed to-

ward the support grate (14). Feeding or positioning of the work

mechanism (50) is accomplished by means of fixed and non-
Irotatably attached finely threaded feed spindles and associated

| rotatably drivable spindle nuts. The spindle nuts are each part

IOf an associated feed device with a numerically controlled feed

| motor. Each of the feed spindles is attached to an associated

one of the two frame sides (12) and the associated feed device is
connected with one end of the carrier (40) through a bracket
(42), the involved feed motors being synchronously controlled. A
third feed spindle is attached to the carrier (40) and the asso-
ciated feed device is connected with the carrier (45), the spin-
dle and the feed device being located inside of the hollow pro-
file of the carrier. The machine offers numerous and exact ma-

chining applications, especially milling and drilling operations.
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MACHINE TOO OR_WORKING FLAT WORKPILECKS

The invention concerns a machine tool for working flat
work pieces, with a generally vertical, rectangular base frame
surrounding a support grate for the work pieces, a carrier,
guided on two opposite frame sides and moveable along them over
the support grate, and a work mechanism containing a work tool
spindle and guided on the carrier and moveable along it.

Machines of this type are known in the form of so-

called slab saws for cutting slabs from wood or other wood-like

material. They include as a work mechanism a circular saw appa-

ratus with a spindle parallel to the plane of the support grate,

which apparatus is pivotal 90° to selectively carry out either

lhorizontal or vertical cuts. The use of such slab saws is lim-

ited to the cutting or trimming of rectangular slabs by means of

i

tby hand, and in the vertical direction most such apparatuses are
|

circular saw blades. The feed of the saw apparatus takes place

assisted by counterweights or spring arrangements.

The object of the present invention is the provision of

a machine tool especially for flat work pieces, which machine
permits the expedient carrying out of numerous and precise work

uprocedures on work pieces of practically any desired material.

y
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!Proceeding from the basic construction mentioned above a machine

tool achieves this object in that a finely threaded feed spindle

is fixedly and non-rotatably attached to each of the two men-

tioned opposite frame sides and to the carrier, and that each of

these three feed spindles has associated with it a rotatably
drivable spindle nut which in the related feed device is con-
nected to a numerically controlled feed motor, with two of the

 feed devices having their feed motors synchronously controlled,

leach of which is located at an associated end of the carrier, and

with the third feed device being mounted on a carriage guided on

the carrier, which carriage carries the work mechanism with a

jwork tool axis directed toward the support grate.

With such a machine tool the known advantages of slab

Isaws, especially the convenient work piece handling (loading and

unloading of the machine) are maintained, yet the applications of
L

the tool are increased to an unexpected degfee: the construction

of the invention permits the precise and rapid positioning of the

work tool and the desired straight or curved line feeding move-

|ment over an expansive work surface. Thereby each milling and
drilling operation on flat work pieces, especially of plastic,

|
metal or laminate material (sandwich or honeycomb panels), can be

carried out without problem with high quality of finish and can

be program controlled. General advantages are good inspectabil-

ity and easy accessibility in the operation of the machine and in

%the exchange of work tools, unhindered chip discharge and minimal
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bending in the working plane of even large surfaced work pieces.

Especially advantageous refinements of the invention

defined by claim 1 are given in claims 2 to 11.
An exemplary embodiment of a machine tool made in ac-

cordance with the invention is explained in more detail here-

inafter in association with the drawings. The drawings show:

Fig. 1 - A front view of the machine tool.

Fig. 2 - A side view of the machine tool.

Fig. 3 - A sectional view taken on the line III-III of

Fig. 1.

Fig. 4 - A sectional view taken on the line IV-IV of

Fig. 1.

Fig. 5 - A schematic view of the anchoring and attach-

ment of the upper, horizontal feed spindle with its associated

feed device shown partially in section.

Fig. 6 - A view showing an example of an (optional) in-

termediate brace for one of the feed spindles.

-

| The illustrated machine tool has a rectangular base

frame 10 made of parallel pairs of frame sides 12 and 13, with

the longer frame sides 12 running horizontally. The base frame

10 is bolted to a machine stand 11 in a generally vertical posi-

oy ol -
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tion - preferably slightly leaning toward the rear. A support

grate is provided inside of the frame 10 for receiving flat work

pieces 8 and is made of support strips 14 arranged parallel to

one another and connected to the two longer frame sides 12. Each

b

|

'
i
}

!
|

l'

'i
|

support strip 14 on the side facing the work piece is provided

plastic. The bearing strips 9 together form a precisely pre-

pared, planar support surface for the work piece 8. A continuous

|
iwith a replaceable bearing strip 9 (Fig. 3) preferably made of

strip 15 is fastened to the forward side of the lower frame side

12, which strip 15 serves as an abutment for the lower edge of

the work piece 8. As can be seen from Figs. 1 and 3, a plurality

of suction cups 16 (vacuum-suckers) are provided for gripping the
work piece, which suction cups are slidable along a grooved rail
17 applied laterally to the support strips 14. By means of sev-

eral such vacuum cups 16, gripping the work piece on its rear

side and connected to a (non-illustrated) source of vacuum pres-

sure, the work piece 8 is held against the support surface of the

| support grate.

| A carrier 40 is guided on two of the frame sides lying

Iopposite to one another and is moveable along them over the sup-

port grate 14. Preferably, as in the illustrated case, the car-

|

rier 40 is arranged in the vertical direction and is guided by

the two longer horizontally extending frame sides 12. A carriage

140 is then guided on the carrier 40 and is moveable along its
| .
'length. The carriage 45 carries a work mechanism 50, having at

)

—
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least one work tool spindle 53 with a work tool axis 52 directed

toward the support grate 14. For guiding the carriage 40 along
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the frame sides 12 (X-direction) a guide rail 18 is fastened to

the lower side of the lower frame side 12 and a similar guide
|

lrail is located at the upper side of the upper frame side 12 (not

!visible). On each of its ends the carrier 14 has a bracket 42

'extending laterally toward the base frame 10. At least one guide
|

lunit 19 is fastened to each bracket, which guide unit engages the

lcorresponding guide rail 18. Preferably two guide units are ar-

ranged on each bracket 42 and are displaced from one another in

the direction of the guide rail 18. The carriage 45 is also

guided in a corresponding manner for movement along (Y-direction)

the carrier 40. As shown in Fig. 4 three guide rails 18' are
fastened to the outer side of the carrier 40 which is formed as a
four edged hollow profile. The carriage 45 is formed liké a box
and surrounds the profile of the carrier 40. Three guide units
19' are fastened to the inner side of the carriage 45 and stand

in engagement with the guide rails 18'. Through the use of

roller guides 19,19' which are known in themselves, and ground
guide rails 18,18' a precise, free of play and easy action guid-

ing in the X and Y directions is guaranteed.

The positioning movements of the carrier 40 and of the

Fcarriage 45 for positioning and path guiding the work tool axis

l(axes), as well as possible movement of the work tool spindle

'

| (spindles) 53 in the direction of the work tool axis (2-direc-
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tion) are numerically controlled. For this a so~-called 2,5-axis,

programmable microprocessor control can be used which is in it-
self known and is not here illustrated and described in further

detail. The numerically controlled positioning means of the ma-

chine tool for the X and Y directions are formed as follows.

To each of the two frame sides 12 lying opposite to one
another a finely threaded feed spindle 30 is rigidly and non-

rotatably attached. The upper spindle 30 is illustrated in Fig.
|

5 and the lower similar spindle is visible in section in Fig. 3.

A similar feed spindle 30' is in like manner fixed to the carrier

40, and is preferably located inside of its hollow profile as ev-
ident from Figs. 3 and 4. Advantageously, the feed spindles

30,30' are fastened with pre-stress in the longitudinal direc-
tion; for example, by means of an arrangement according to Fig. 5
whereby one spindle end is rigidly bolted to a rigid bracket 31
(or 31', Fig. 3), while the other end of the spindle 1s bolted to

a slide 33 which is guided on a second rigid bracket 32 and can

be shifted by a tensioning screw 32 to set the spindle to a de-

sired amount of tension.

| Each. feed spindle 30,30' has associated with it a spin-

dle nut 26 (Fig. 5) which is a component of a moveable feed de-
lvice 20,20' with a numerically controlled feed motor 22. All

'three feed devices are built essentially similarly. The devices
H

|20 are utilized with each having its associated spindle 30 in a

lower or upper channel-type casing 38, while the feed device 20'

AR - ¢
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is located with the spindle 30' inside of the carrier 40. An ad-
vantageous construction of the feed devices is illustrated in
Fig. 5. In a housing 23 extending from a base plate 21 a hollow
shaft 25 is supported by means of ball bearings 24. The spindle
nut 26 is fastened inside of the hollow shaft 25 by means of a

clamping ring. The numerically controlled feed motor 22 is
mounted on the base plate 21 next to the housing 23. 1Its shaft

drives the hollow shaft 25 over a toothed belt 28 running over

belt pulleys 27,29, preferably with speed reduction. Thus, the
numerically controlled rotary motion of the motor is transferred
to the spindle nut 26 which correspondingly shifts in the feed
direction along the threads of the feed spindle. The feed motors
22 of the two feed devices 20 (for the X direction) are syn-
chronously controlled so that similar positioning movements along
the upper and the lower feed spindles 30 are always assured. A
lateral ear 39, which extends from the base plate 21 and the
housing 23, serves for the transmission of the positioning move-
ment of the feed devices 20 and 20'. The upper and the lower

brackets 42 of the carrier 40 are each bolted to the associated

ear 39' of the feed device 20' on the other hand extends through

the longitudinal slot 41 of the carrier and is bolted to the car-

lone of these ears 39 of the upper and lower feed devices 20. The
|

riage 45.

The described construction with fixed and noh-rotatable

ifeed spindles, and feed devices moveable thereon with rotatably
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| driven spindle nuts, permits precise feed and positioning move-

' ments at relatively high speeds over large ranges of adjustment

and over expansive working surfaces. Thanks to the "static" feed
spindles no difficulties arise with respect to bearing play and
critical rotational speed, as exist with rotating spindles. On
the other hand, because of the low pitch of the spindle thread a
relatively high rotary speed of the feed motor occurs at a given
positioning speed. This results in motors with small dimensions
and small moments of inertia, and therefore in relatively low
weight and small inertia for the entire feed device. Moreover,
with low thread pitch and with rotary speed reduction between the
motor shaft and the spindle nut high feed forces, such as are re-
quired in milling, are achieved with relatively low performance
of the feed motors. Especially suitable are precision roller
spindles with so-called satellite spindle nuts which are known by
the tradename ROLLVIS.

In the case of machines of large dimension the bending
of the horizontal feed spindles as a result of their own weight
(despite pre-stressing) can have a detrimental effect on the po-
sitioning accuracy, above all in the end areas of the positioning

|path. Therefore, one or more intermediate braces can be pro-

|
| vided, generally according to the example of Fig. 6 for the upper

| feed spindle 30. The main component of one such intermediate

lbrace is for example a plate shaped brace member 60 which engages

1

|the spindle 30 and abuts the frame side 12 and/or an adjacent

f
|

|
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bracket 64 and which slides in a side gyulde 63. The brace member

60 is connected with a suitable reciprocating drive, for example
a pneumatic cylinder 61 through the reciprocating rod 62. With
the help of the reciprocating drive the brace member 60 can be
moved out of the movement zone of the associated feed device (the
periphery of the base plate 21 being illustrated in Fig. 6 by
dash - dot lines). The moving out and moving back of the support
member 60 occurs automatically in dependence on the position of
the feed device 20. This automatic movement of the support mem-
ber can be easily accomplished by means of the numeric control
upon the feed device approaching the position of the intermediate
brace.

The feed devices 20 and 20' are provided with junction
boxes 75 for feeding the feed motors as well as the position en-
coders for the control of the feed motors and for the synchro-
nization of the upper and lower feed devices. For the feed and
control conductors a junction box 70 (Fig. 2) is provided on the

machine. From there the conductors run through a flexible cable

lguide 71 to an intermediate box 72 fastened to the carrier 40 and

from there through the carrier to the upper and lower feed de-

vices 20. A further flexible cable guide 73 leads from the in-

|
'termediate box 72 to the carriage 45 and to the feed device 20!,

1

vand to the work mechanism 50.

|
'in Fig. 4. Its drive motor 51 drives the work spindle 53 with

A simple example of a work apparatus 50 is illustrated

1
l
’ L
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the work tool 54, for example a mill or drill. It is of course

| understood that several spindles can be provided as well as addi-

tional devices for work tool exchanges, cooling medium delivery

and the like. In general the work tool spindle or spindles 53 is

lor are moveable in the direction of the work tool axis or axes 52

(Z-direction). The work tool axis is generally directed toward

the support grate and indeed is generally perpendicular to the

plane of the support grate, although the possibility of an in-

clined position for certain work operations is not to be ex-

cluded.

The described machine tool offers extraordinarily abun-

dant possibilities for working flat or plate shaped work pieces,

of which several possibilities are indicated on the work piece 8
in Fig. 1: manufacture of desired peripheral shapes by means of
path control, lateral cut-ins, grooving and beveling of the work

piece edges; manufacture of cut-outs of desired shape, bores,

countersinking of bores from the forward or rear side, thread

{tapping, cutting straight and curved grooves in the upper sur-
|

face, engraving; press fitting and threading in of bolts and the

'like.
To the side of the driven carrier 40 the machine can be
loaded with work pieces from the front or from above, but above

1
all work pieces can also be inserted from the side and pushed

 further on the abutment strip 15 and at the end of their working

| can finally be pushed out of the machine. If need be several,
|
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|| especially thin sheet-like work pieces can be stacked on one an-

other and can be worked "packetwise".

ul | 11
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| CLAIMS

| 1. A machine tool for working flat work pieces with a
generally vertical, rectangular base frame (10) which surrounds a

support grate (14) for the work piece, a carrier (40) guided on

two frame sides (12) located opposite to one another and which is

moveable along these frame sides over the support grate, and a

| work mechanism (50) including a work tool spindle (53), which

i
|work mechanism is guided on the carrier (40) for movement therea-
long, characterized in that to each of the two frame sides (12)

lying opposite to one another and to the carrier (40) is rigidly

‘and non-rotatably fastened a finely threaded feed spindle
(30,30') and that each of these three feed spindles (30,30') has

associated with it a rotatably drivable spindle nut (26) which is

part of a feed device (20,20') with a numerically controlled feed

imotor (22), with the two feed devices (20) having their feed mo-
Itors (22) synchronously controlled and each of said two feed de-
lvices (20) being located at an associated end of the carrier

| (40), and the third feed device (20') being mounted on a carriage

!

guided on the carrier, which carriage carries the work mechanism

(50) having a work tool axis (52) directed toward the support

grate (14).

|

1 12
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| 2. A machine tool according to claim 1, further char-

acterized in that the feed spindles (30,30') are fastened to the

frame sides (12) or the carrier (40) with longitudinal pre-

stress.

3. A machine tool according to claim 1, further char-

acterized in that a hollow shaft (25) receiving one of the spin-

|

dle nuts (26) 1s rotatably supported in a housing (23) of one of

the feed devices (20,20') with the hollow shaft (25) being driv-

lable by the associated feed motor (22) through a rotational speed

|

Iacterized by one or more moveable support members (60) associated

reduction drive (27,28,29).

4. A machine tool according to claim 1, further char-

with the feed spindles (30,30'), which support members are auto-

rmatically moveable out of the movement zones of the associated

| feed devices (20,20') in dependence on the positions of said feed

[devices.

5. A machine tool according to claim 1, further char-

‘acterized in that the carrier (40) has a hollow profile with a

rlongitudinal slot (41), with the feed spindle (30') and the asso-

ciated feed device (20') being arranged inside of thé hollow pro-

l! file »

|
|

13
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6 . A machine tool according to claim 5, further char-
acterized in that the carriage (45) carrying the work mechanism
(50) is connected with its feed device rearwardly through the
longitudinal slot (41), with the carriage (45) being arranged as

a box around the hollow profile of the carrier (40) and being

guided by means of guide rails (18') fixed to the carrier (40).

7. A machine tool according to claim 1, further char-

acterized in that the carrier (40) on each of its ends has a

bracket (42) extending laterally toward the base frame (10),

which bracket is connected with one of the feed devices (20) and
with at least one guide unit (19), with the guide units (19) each

being guided by a guide rail (18) fastened to one of said frame
sides (12).

acterized in that one or more of the work tool spindles (53) of

the work mechanism (50) is adjustable in the direction of the

work tool axis (52)

9, A machine tool according to claim 1, further char-

8. A machine tool according to claim 1, further char-
!acterized in that the carrier (40) is arranged in the vertical

idirection and at both of its ends is guided by the two longer,

jhorizontally running frame sides (12).

?L.
1

i
J
:
{
i
L)
|
!
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acterized in that the support grate is formed by support strips

|

(14) connected between the two longer frame sides (12).

11. A machine tool according to claim 1, further char-

| acterized in that a number of suction cups (16) engagable with

Ithe rear side of the work piece are provided and are adjustably

| attached to the support grate (14) as a work piece clamping

means.,

20000061
{
l 10. A machine tool according to claim 1, further char-
|

4 AT - WY -
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