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Rigid machining centre 

The invention relates to a cuttinq machine tool, in 

particular a milling machine, comprising a tool-holdinq 

s device, a workpiece-holdinq device, at least one :moving 

device for · perform1nq relative movements betweien the 

tool-holding device and the workpiece-holdinq device, a 

frame to which the workpiece-holding device, th~ tool­

holdinq device and the moving device &re attacned, and 

10 wall elements which form e machining space. 

In industrial production, machine tools are us.ed for· 

the mach.:..ning of workpieces by stock removal:. It is 

known ~hat different requirements are imposed o~ these 

15 ma.chine tools, such as, for example, milling ltlflChines 

or else lathes. Thus, en the one hand, as piqh a 

production accuracy as possible is to be achiev•d with 

this means of production. On t.he ot:.her hand, ef~icient. 

production is to be possible with such machines. which 

20 normally requires high cutting c:a.pacities. .As a. rule, 

however 1 this can only be achieved with high rot~tional 

speeds and high cutting forces, which have an 11dverse 

effect on the machining result of the machine a~d thus 

make it more difficult ~o maintain close production 

25 t:olerances. In addition, in order to achieve cost­

effective production, ~~e machines a.re to be as 

inexpensive as possible, which as a rule :::an Qnly be 

achieved by a simple :::onstruction. As can ea~ily .be 

seen, requirements which are basically incon~istent 

30 with one anot~er are therefore i~posed on ~achine 

tools. 

In order to be able to absorb loads occurring during 

the machining of workpieces, milling machines as a rule 

35 are of heavy construction. They consist or load-~earinq 
elements such as beds, columns, extension arms, etc., 

which together form the frame structure, are partly 

stat:.ionary, pcr.L Lly .muVll!I lll\d ca:i:ry further tra'Vler.sable!! 

element.s such as slides, rotary spindles, etc. Such a 

. ·········---·-------
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load-bearinq structure cf these previously known 

machine tools therefore has, as a rule, a type of bar 
structure of pillars and beams. The movinq el!ements 

themselves may also be provided with bar structu~es for 

s absorbing loads. Thus it is conventional practli.ce in 
machining centres and milling machines to mount, for 

example, rotary spindles in individual frame parts, 
such as the beds and columns already mentioned. Xf need 

be, the ftame parts may also be moved,relative to one 
10 another. 

It is previously known in this connection t:hat these 
parts of the frame, which are arranged outside . the 

machininq space, are each self-co!"ltained, for ~~amp~e 

15 due to a box-shaped design. In this case, the rotary 

spindles are mounted in their respective frame part in 

such a way that they project wi tl: -che work holdar or 

tool holder attached to them from the frame part. 

20 In order tc obtain a closed machining space, booths 

made of sheet metal or transparent materials are used. 
The function of these walls is to ensure pe~sonnel 

p~otection and to catch cooling lubricants a~d, in 
particular, chips. During high-speed cuttin9, (HSC 

as ·machining I, the work-space panellinq, due to thie high 

enerqy density of possibly bursting too~s or 

workpieces, is given a~ additional protective function 
for the operator and must accordinqly be designed and 
dimensioned in a secure manner. 

30 

However, this machine concept has the disadvanta~e that 
the machines are relatively voluminous and heavy. If a 
machine is to be more compact, this is done as a rule 
by reducing the frame cross-sections. However~ this 

35 also reduces the rigidity of the frame. In ~ffect, 

therefore, a reduction in the dimensions and ttl.us in 

the costs of a machine, as al.ready explained above, 

leads to a lower loading capacity and to a reduction in 
the attainable production accuracy and proqucti.Ye 
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A heavy load-bearinq struct~re is especially di~advan­

taqeous when the relevant components themselves are 

s moved. This is·the case, for example, in machines con­

structed in the bed form. In this case, relct-tively 

large masses have to be moved, which on the onie hand 

requires hiqh drive forces and on the other hand brinqs 

about poor dynamics of the machine. 

10 

lS 

The object of the present invention is therefpre to 

specify a machine tool, the frame of which ha15 good 
rigidity proper~ies, but which can be mad~ more 

compact. 

In a machine tool mentioned at the beginnir.g, this 

object is achieved according to th.e invention i.n that 

the wall elements are an integral part of the fr~me and 
are arranqed and desiqned in such a way that the loads 

20 developing during the machining of workpieces can be 

absorbed by means of "Chese wall elements. 

As has surprisingly been found, it is possibl~ wi :.h 

this cons"Cruction of the frame to considerably reduce 

25 the number and/or size of the beams or other str~ts for 
a machine tool. This construct.ion therefore doies not 

consist only of beams but also of wall elementS! which 

are connected to one anot.her in such a way that ·a 
clo.sed box con:struction is created. In order to obtain· 

30 certain riqidity properties, it is advantaqeoU5 in the 
machine concept according to the invention if aill the 

wall surfaces available are used and no lonqeir only 

individual members or parts of the frame indepen4ent of 
one another.. Such load-bearing elements can now be 

35 completely or at !east partly avoided without havinq to 
tolerate disadvantages wi t:h regard to the static or 

dynamic riqidity. On the contrary, by the selection of 

a suitable construction of the wall elements, 1pachi~e 

tools can be designed which, despite a more compact 
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construction, have better properties with regard 'to the 
rigidity of the frame than is the case in previously· 

known machine tools. It has been found that a :rir.achine 
designed accordinq tc the present 
comparable work space, is about 
conventional machines. 

invention, qji.ven a 

20 % -smaller than 

In a preferred embodiment of the invention, the load­
hearinq st:ructu::e of a machine consists of only wall 

10 elements which are arranged in a fixed pQsition 

relative to one another and are joined toge~her in one 
piece by joints, such as ~elds for example. 

In further embodiments, the frame is made of greiy cast 
15 iron or a mineral casting. In addi.tion, a closed 

struc-cure consisting merely of beam elements i:pay be 
provided which is preferably stiffened by lattjjcework 
or other strut struccures. Wall elements m~y are 

alloeated to such beam elements or strut str1..1-ctures 

20 alcernatively on the inside, between the beam e~ements 

or on the outside, on which beam elements or strut 
struc~ures, for example, workpiece-holding d~vices, 

tool-holding devices and movinq devices are a::c,rranqed 

and by means of which loads developing durinq machining 

25 of workpieces can be absorbed. Any combination pf the 
arranqement of wall element:s and beam elements, ·Or the 
omission of wall elements, is also within the se1c:>pe of 

the present invention. 

30 With regard to the rigidity and the resonance be~aviour 

of the machine, ic is especially advantageous here if 
the wall elements are arranged relative to one another 
in a cube or parallelepiped shape. A closed !Jlux of 

force can thus be ?:"eali zed in the frame in all ~patial 

35 direc~ions, by means of which flux of force distqrtions 

of the frame can be reduced or ~voided in an esp~cial!y 
successful manne:r:·. 

In machine tools according to the invention, the 
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machininq space is therefore tona.ed from load-.Qearinq 
wall elements. The frame encloses the machining= space 

all round. The tool holder and work holder are located 

inside the frame. Unlike in the case of pre"fiously 
s known machine concepts, the machine-tool frame 

accordinq to the inventior.. is expediently designed in 
one piece, all axes of motion beinq supported Q?l this 

rrame. Due to this machine concept, a bas~s can 

therefore be createci for keeping the "movinq masses" of 

10 a machine tool as small as possible. In order to be 

able to transmit the load:s occurring at an a~is of 

moLion, it is no longer necessary to desiqn the latter 
as a heavy frame part which has to be movably a~ranged 
relative to other frame parl:s. Likewise, the loiads no 

15 longer need to· be transmitted from one frame part to 

another. 

A further aspect of the invention, which may also be of 

importance independently of the design of the $achine 
20 frame, is that t.he guides of the moving devic~s are 

arranged outside· the machining space. It is pref~rable, 

however, to provide this arrangement of the qui.des in 

combination with a frame designed according ~o the 

invention. 

25 

In order to be used as a support for guides, thEt outer 
surfaces of t:he wall elements are approp.tiately 

machined and prepared. By means of the stiff or ribbed 

wall elements, it. is possible without additional cost 

30 to arrange the guides at virtually any point cputside 

the machining space. In preferred embodiments· pf the 

invention, the guides are arranged on outer walls, 
remote from the machining space, cf the wall el~ents. 

This avoids a si~ua~ion in which chips or ~ooling 

35 lubricants reach guides. of the moving devi~es. A 
further advantage consists in the fact that only.easily 

accessible outer surfaces have to be machined . during 

the manufacture of ~he machine tool. Complicated 
machining operations on guides or support:ing s\jlrfaces 
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of guides arranqed in the interior of the f.rame ~re now 
dispensed with. 

In order to obtain a fur~her improvement of the 
5 rigidity of the machine tool it is preferrable if a.t. 

least one of the usually three translatory or linear 
axes of the moving device drives the workpiece-holding 
device_ ·rn suer. a preferred embodimenet accorda.nq to 
~he invention the workpiece-holding device is tn~refore 

10 operationally connected with a moving device. 

In preferred embodiments of ~he invention, linear 
drives, such as magnetic linear drives for exa.mp~e, are 
used for the moving devic::es. As already me:itionied, .:..t 

15 is expedient in the present machine concept ;J.f a.:.1 
guides and drives ot 'Che individual axes of mot:ton are 
arranqed on out:er walls of the wall elements. It .:.s 
therefore possible to use the li-near drives, whieh as a 
rule are very sensitive to dirt, without the:..r 

20 serviceability being impaired by contamination, ~uch as 
caused by chips or cooling lubricants for example; 

25 

Further expedient developments of the invention follow 
from the subclaims. 

The invention 
reference to 

schematically ir. 

is 
the 

tne 

explained i.n more detail 
exemplary embodime::its 

figures, in which: 

with 
shown 

30 Fig. 1 shows a perspective representatio~ of a 
machine cool according to the inve~tion; 
shows the machine t:ool from Fig. 1, !.n 
which wall elements are part:y shpwn ~n 

cut-away section; 

Fig. 2 

3S Fig. 3 shows a representation eorre.spond!ing to 
Fig. 2 of a machine tool acco:rdjing to 
the invention, in which a :!further 
possible construction of the wa:l 
elements i~ shown; 
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Fig. 4 shows the 111.achine tool according !to the 

invention from Fig. l in ~nother 

per3pective representation; 
Fiqs. 5 a) b) show two further embodiments of machine 

tools·accordinq to the invention; 

Fiq. 6 a) 

Fig. 6 b) 

shows a side view of a conventional 
milling machine; 

shows a plan view of the machin~ tool 
from Fiq. 1. 

The machining centre according to the invention shown 
in Fig. 1 has a frame l, a moveable rel!lp. travc:irsable 
tool-holding device 2 and a moveable workpiece-~olding 
device 3. 

According to the invention, the frame 1 is desigined as 
a closed box which is provided with a plural+ty of 
plate-shaped wall elements 4, 5, 6, 1, 8, 9. The wall. 
elements 4-9 essentially compr!.se ·ribbed hollow l::lodies. 

20 A possible construction of these wall elements 4-9 ls 
shown in Fig. 2. As can be seen in F~g. 2 at the wall 
elements 4, a shown in cut-away s~ction, th~ wall 

elem.ents 4-9 each consist of two, for example 15 mm 
thick, metal plates 12, 13 and 12', 13' whi¢h are. 

25 connected to one another by metal ribs !1.4 of 
approximately the same thickness and arranged in a 
"honeycomb" fashion. The wall elements thus ob~ain a 
thickness of, for example, 15.0 to 200 mm. ':'he r!ibs 14 
are fastened by welded joints (not shown) to the .Plates 

30 12, 13 and :2 1
, 13', in each case running essentially 

parallel, of the corresponding wall el.ement. The wall 
elements 4-9 a?:"e closed at their end faces ~Y the 
plates of the respectively adjacent wall elc;tment$ 1 

which additionally increases the rigidity of the •frame. 
35 In this case, ribs 14 are also welded in each ciase to 

these adjacent plates. 

As can be seen in Fi9. 1, t:he wall elements 4,..9 are 
ar:ranqed in the form of a parallelepiped, so j;;hat a 
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located at each side surface ~f the 
The respective side surface or the 

~s completely formed by the 
correspondinq outer plate 12, 12' ot the wall e~ement. 

s The _wall elements 4-9 are joined to one another by 

welds along abutting edges (Fig. 2). Apart tr~m the 

wall elements, frame 1 has no further load~Qearinq 

elements. 

10 A macl':.ininq space 16 is formed by all inner sq.:rfaces 
13, 13' cf the wall elements 4-9. The machinin~ space 

i.s therefore enclosed all round by the single frame 

part, of one-piece construction, of the maqhininq 

centre. A base elemen~ 9 of the frame l is PlfOVided 

15 with an inclined plate 11 on its inside below t~e work 

holder. This pla~e 17 serves as a chute for chijps and 
cooling lubricants, which chereby pass into a c~annel­

shaped .!'ecess 18. Furthermore, a metal sheet 19 is 

arranged opposite the plate 17, which metal sheet 19 is 

20 likewise inclineci towards the channel 18. 

A chip conveyor <not shown) can receive the chips 

located in the channel 18 through an opening (20. As 

shown in Fiqs. l ~o 3, the wall element 4 oppos~te the 

25 workpiece•holding device 3 may have a rect4ngular 
opening 22 for the operator. The wall element 4 is 

closed by plates 24 a-;: the bounciary surfaces of the 

opening 22. Furthermore, the wall element 7 Olj>posite 
the tool-holding device 2 is provided with a further 

30 openinq 23, through which, for example, a pallet 

changer (no't shown) removes workpieces frOJll the 

machining centre and transfers wo:-kpieces still to be 

machined to the ma.chine. Tools which can be te:moved 
from a maqazine (not shown) can be interchanged throuqh 

35 a furt.her opening (likewise not shown), which may be 

located, for example, above t.he spir..dle of the tool­

holdinq device 2. All these openinqs are clo~ed by 

doors during the 
the requirements 

cul:tinq process. In accordancje with 
imposed in practice, the o~enings 
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described in the lrilall elements may· be omitted pr may 

also be larger than shown in the fiqures. 

Fig. 3 shows a further possible design of wall e~ements 
s 4-9. Here, the stiffening of t:he plates or the hollow 

bodies i·s achieved by ribs 1 1P arranged in a "saw­

tooth" shape in the wall elements 4-9. In pri11ciple, 
the stiffening ribs may be arranqed in the wall 
elements 4-9 in virtually any manner provide4 they 

10 stiffej the hollow bodies. Thus, !or exampl~, the 
stiffe~inq of the wall elements 4-9 in a ~urther 

alternative could also have a configuration simi~ar to 
a cor~~gated metal sheet. 

15 The moving elements of the machining centre ~an Qe seen 

in Fig. 4. The tool-holding device 2 is moveable1 along 
the two axes of mot.ion X and Y indicated by double 

arrows. To this purpose, the tool-holding devic' 2 is 
fastened to a moving device 25 which is arranqe~ in a 

20 rectangular aperture of the wall el_ement 5. The ·:movinq 

device 25 is equipped wi?:h a cross slide 27 whji.ch is 
arranged on guide rails 28, 28' of linear guide~ (not 

shown in more detail) in such a way as to be mq~eable 
in i::he X-direction in a translatory manner. I~ this 

25 case, the guide rails 28, 28' of the linear quide are 
located according to the invention outsid~ the 
machining space 16 on the outer surface 12'' ipf the 
wall element 5 .. Likewise, the guide rails of the Y-axis 

are fastened to side surfaces 29, 29', remote frbm the 
30 machininq space 16, of the cross slide 27. The electric 

drives (not shown) of the cross slide 27 ar' also 
located outside the machining space 16 formed py the 
wall elements 4-9. 

35 A drive 30 for an axis of rotation (tool axis)1 of a 

tool located in t:.he tool-holding device 2 is l.:iikewise 
arranged in che region nf the outer surface 12'' of the 
wall element 5. 
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The workpiece-holdinq devic& 3 is provided ~ith a 
movinq device 32 for a further translatory a~is of 
motion, the Z-axis, which r.ogether with the X- end Y­

axis forms a Cartesian coordinat.e system. The movinq 
S device 32 for the Z-axis also ha.s guide ra.:..ls 3!l, 31' 

arranqed on ~he outer surface 12''' o~ the 
corresponding wall element 6. Furthermore,; the 

workpiece-holding device 3 is rotatably arranqe~ about 
two axes of rotation A and B (Figs. l· to 3) • In this 

lO case, t:he A-axis is oriented perpendicularly to ·the Y­
Z-plane, whereas the B-axis runs orthogonally to the X­
Z-plane. The drives and media feeds, not only f~r the 

linear guides bu~ also for the rotary guides, c~n thus 

be arranged outside the work space. 
15 

As becomes cleaz from the above explar.ations, all elec­
tric motors of the ind~vidual axes of motiqn are 
arranqed outside the encapsulated machining space 16. 

Since the heat produced by the drives can be dis$ipated 

20 here without problem, production inaccuracies to be 

attributed to this heat., such as heat distort.ji.on of 

guides for example, can be avoided to the g~eatest 

possible ext:ent. 

25 The danger of machininq inaccuracies due to ~hermal 

deformations can be further reduced if wall elc:pnents, 
preferably all wall elements, and the machining· space 
are thermally stabilized. In order to a.c:hieve ~uch a 

thermal stabilization the wall elements can be filled 

30 with a - preferably liquid - coolant. By meanip of a 
heat exchanger, wh1ch is integrated in the circ~lation 

or the coolant, heat resulting from the maqhininq 

within the machininq space can be conducted outs~de the 
machining space although the machine to~l is 

35 capsulated. 

Likewise, all linear guides are arranged outside the 

machin-inq space 16 on the side surfaces 12, 12' ,: 12", 

12'' ', remote from the machining space, of the wall 
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elements 4-9. This measure, in contrast to ot~erwise 

conventional arranqements of the guides illl the 
machining space, ensures ~hat the guides a~e not 
contaminated by coolinq !ubrican~s and chips. 

Figs. Sa} and Sb} show fur~har embodiments of machining 
ceneres aecordinq to ~he invention. Unlike the lllachines 
described above, the movinq devices here are at:tached 
to ot:her wal! elements - Thus, in the machininq centre 

10 from Fiq. Sa) , the movinq device 32 of the wor}(piece..: 
holding device 3 is att:ached ~o the top elemer.t, 8. In 
contrast: therei:o, the cross slide 2'1 in thei maqhinin9 
centre shown in Fiq. .5bl is ar.ran9ed with the· t:ool­
holding·. devi.ce 2 on the corresponding top element 8. In 

15 ad.di tion, the mac:hi~ing cent:re shown in this figure 
differs from t:he machining c~ntres described abovie by a 
different allocation cf linear axes of motion. Here, 
the tool-holding device 2 is movea!>le in the X- ~nd Y­
direct:ion and t:he workpiece-holding device 3 is 

20 moveable in i:he ¥-direction. In accordance with "Che 
respec~ive requiremen~s, however, the axes of motion in 
other ambodimen'ts may be allocated to the ind:i:vidual 
wall elemen~s and the workpiece- and tool-~olding 

device in virtually any manner. In Fiqs. 6a) and 6b), 
25 ~he flux of force, indicated by broken lines 40, 41, ~n 

a conventional milling machine (Fig. 6a} ) is cQinpared 
with ~he flow of force in a machining centre according 
't:O "the invention i .Fig. 6b) ) • As can be seen ip Fi9. 
6a), the flow of force in the conventional ~illinq 

30 machine runs· from a. too! 42 into a first frame: part, 
namely the column 43, and from there via guides 44 into 

I a second frame part, a bed 45. The flow of force :passes 
via a slide '46 into t:he workpiece 47. A large bending 
load (indicat:ed by arrows 48) develops here ipn the 

35 col.Ull!!l 43 a:ro_d the slide 46, which bending loiid can 
scarcely be cou.."l.teracted by 'the frame, in particular 
the bed 45. 

Durinq the ~a..~e %nachinin9 of workpieces in a .ma~hining 
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centre according to the invention, the forces 
developing: during the machining are only passed into 

cha one-piece frame. Due to the wall elements, a ·closed 
flow of force is ob~ained in the frame, as a re$ult ot 

S which the bendinq load ean be absorbed and compensa~ed 
for. Deformations er ~he frame can ~herefore be 4voided 
in a far be~ter manner. 

. ' 

This Sheet Has Been Replaced 

11• .,,~ 1~1111111 
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Pateni: Claims 
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* C L M S * 

Machine LOOl for cutting machining, in particular 
a milling machine, comprisinq a tool-~olding 

device, a workpiece-holding device, at leajSt one 

mov·inq device for performing relative mo~ements 

between the tool-holding device and the wor~piece­

holdinq device, a frame to which the wor1'-piece .. 

holding device, the tool-holding, device a~d the 

moving device are attached, and wall elements 

which form a machining space, characteri~ed in 

that the wall elements (4, 5, 6, i, 8, 9) are an 

inteqral part of the frame 11) and - are a*ranqed 

and designed in suc:h a way that loads dev~lopinq 

during the machining of workpieces can be aijsorbed 
by means of these wall element:s (4-.9) . 

Machine tool according r.o Claim 1, characti;erized 
in that the wall elements C4-9) designed a~ load­

bearing elements comprise one-piece, plate+shaped 

elements (12, 12', 12'', 12''', 13, 13'j. 

Machine tool accordinq to Claim 2, characterized 
in that the wall elements (4-9) each have two. 

plates (12, 13; 12', 13'), of which at_ least 

sections are arranged essentially parallel to one 

another and which are connected to one ano~her in 

one piece by reinforcinq ribs (14) • 

30 4. Machine tool according to one or more or the 

preceding claims1 characterized by a b•amless 
and/or pillarless frame (1) which has wall 

elemen~s (4-9) conneer.ed solely to one anot~er for 
absorbing loads. 

35 

5. Ma.chine t:ool according t:o one or more of the 

preceding claims, cha.raci::erized in that the wall 

elements (4-9) are arranged in such a w~y that 
~here is a closed flow of force in all dir¢ctions 
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of load. 

Machine tool according to one or more ~f the 
precedinq claims, character12ed in that thfe wall 
elements (4-9) are arranged relative bo one 
another in a parallelepiped or cube shape. 

Machine tool according to one or more cpf the 
precedinq claims, characterized. in that. the 
machining space ( 16} i.s enclosed by th• wall 
elements ( 4-9) forming the frame ( 1) • 

Machine tool according to one or more ~f the 
preceding cla1ms, characterized in that ont:t guide 
of the at lea.st one moving device is prov~ded on 
an outer aurface (12, 12' l arranged outsijde the 
machining space (16). 

9. Machine tool, in particula:r according to C.laim 8, 
20 characterized in that the guides of all linear 

axes of motion (X, Y., Z) of the moving 1ievices 
(25, 32) are arranged outside the machinini space 
( 16) • 

25 10. Machine tool according to Claim l or 9, eha~acter­

ized in that a frame (1) - on whi~h a wor~piece-
1 

hold:j.ng device, a tool-holding device and a moving 
device are arranged - comprises beams by m,ans o= 
which loads developing during machin~nq o= 

30 workpieces can be absorbed. 

I 

11. Machine tool accnrding to one or more 1of the 
preceding claims, characterized in tha~ a d~ive of· 
at least one moving device (25, 32; 34) is 

35 arranged outside the m.achinin9 space Cl6l. 

!2. Machine tool according to one or reore of the 
preceding claims, characteri~ed by linear drives 
for at least one of the moving devices (25, !32). 
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13. Machine tool accord.inq to one ore more cpf the 
preceding claims, characterized in that the 
workpiece-&oldinq device is operat~onal:y 

s connected with at least one linear axis pf the 
moving-device. 
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