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Abstract

Neutral data computer control system for a multiaxis

machine  tool for producing workpleces having a

helicoidal generated surface with an optional computer

system (1) for generating machine control parameters

for a multiaxis machine tool (2, 2a) in which there 1s

provided at least one virtual axis, which can be

parameterized as a guiding axis for other axes and then

serves only for the synchronization of these other

axes, and with at least one data processing unit and at
least one memory, the data processing unit belng set up
in programming terms in such a way that 1t generates at

least one data carrier or an electronic carrlier signal

(3) with machine control parameters for the machine (2,

2a), or an optional computer program Or a computer

program product for this and at least one such

multiaxis machine tool (2, Z2a).
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NEUTRAIL DATA COMPUTER CONTROL SYSTEM FOR A MACHINE TOOL
USED TO PRODUCE WORKPIECES WITH A THREADED SURFACE AND

ASSOCIATED MACHINE TOOL

ad

The present invention relates to a neutral data computer

control system for 5 machine tool with a computer system, a

computer program and computer program products, and also an

associated machine tool.

Against the background of increasingly interlinked

production processes and their standardization 1n the

industry, the problem that is nowadays the prime concern 1n

pr— pr—
— —

the production of machine tools 1S that of also

incorporating in this process the computer systems that are

necessary for activating the machine tools. In this

respect, one aim 1s tO provide, to the extent technically

fering the

v b))

possible, standardized machine control systems, O:

user greatest possible uniformity of the machine control

parameters for the products from his range of workpieces -

for instance when changing an actual machlne type Or else

for improved data storage and archiving.

ciych initiatives have already been pursued for some time for

various types of machine tool, including for instance for

"

ftocus O

bevel gear cutting machines, which are the

|

attention here.

For bevel gear cutting machines there are for 1instance

solutions to this 1in which the relevant machine control

parameters of an entire machine family are combined 1n a

that come into consideration in the machine family, which
then, in individual cases, 1S replicated on the respective
machine actually concerned - to the extent tTO which this 1s

possible - that is to say the axes activated by the machine

control parameters are also actually present.

—

For gear cutting machines IOr the form milling oOr

1 1)

grinding O workpieces having a helicoidal generated

surface, that is to say 1n particular spur gears, WOIMS and

rotors, such a system  does not ex1lst as vet =
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although it would of course also be desirable

here for the reasons stated above.

The reason for this 1lies in a particular technical

difficulty that has to be overcome in the form grinding

of these workpieces: multiaxis positioning systems, as

are also required by machine tools, need

synchronization of the individual movements with one

another, so that a defined curve is followed 1n three-

——

dimensional space. This is achieved by one of the axes

serving not only for its own positioning but also as a

guiding axis for the synchronization of the other axes

to be positioned.

Such a method according to the prior art can be found

for instance in EP 0 784 525, which relates to a method

of producing tooth flank modifications on bevel gears.

P
p—

The relevant axes are activated preferably by means or

a polynomial function of the form

3
. -l “EARY 4 %1007 + =1.40°
f©) = a + 80+ 3 A
where £ (0) is the positioning function for the

respective axis to be activated in dependence on the

movement of the guiding axis 0. The coefficients ag,

ai;, a», a3 and as serve 1in this case as further

parameters of the position control of the respective

—t

axis activated by the function £ (0).

According to the prior art, one of the mechanical axes

of the machine tool to be activated always serves 1n

this case as the guiliding axis. In the case of bevel

gear cutting machines, which operate by the generating

method and therefore have a cradle, as also 1n the case
of EP 0 784 525, usually this cradle, which 1s always

necessary, 1s used as the guiding axis; consequently,

its generating movement is used as a gulding movement

—

for the synchronization of the movements of the other
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axes. In this way there always exlists = even

irrespective of the further actual configuration of the

respective machine type - a machine axis which, as a

p——

result of the generating process, can be used 1n a

standard way as a guliding axis.

For form grinding machines on the other hand, which

have no cradle or comparable axis, the problem of

suitably choosing such a standardized guiding axils, Ot

the question of possibly doing without 1t, immediately

arises when attempting to standardize the machine

control parameters for different machine types.

pr——

It is of course also possible here 1n principle to do

without such a standard guiding axis and 1i1instead to
specify the axis respectively used 1in the 1individual
case as the guiding axis 1in the machine control
parameters. Creating such a possibility can already
lead to a certain standardization of the machine
control parameters. Nevertheless, this 1S
unsatisfactory, since, when changing a machine type to
a machine which does not have the selected guiding
axis, there 1s not only the problem of creating new

machine control parameters for the guiding axis but

g
p—

also, on account of the dependencies described above o;
the other axes on the guiding axis, always the
immediate requirement of generating new machine control

parameters for all the other axes that are dependent on

the guiding axis. If, on the other hand, there 1s no
other axis present as the guiding axis, 1t can bDbe

attempted to achieve 1ts positioning result on the

workpiece by other further axes that are 1nstead
present on the new machine type being activated Dby
machine control parameters in a corresponding way, the

other axes with their respective machine control

P

parameters remaining unaffected.

Thus, for instance, an absent positionable pivoting

axis for the pivoting of the workpiece and tool with
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respect to each other Dby means of a rotation of

the tool axis 1n the vertical can be replaced by a

p—

pivoting axis for the pivoting of the workpiece and the

tool with respect to each other by means of a rotation

P

of the workpiece axis in the horizontal, without the

machine control parameters for instance of a radial

P

infeed axis or a positionable rotating axis of a

P

clamping head for the rotation of the workpiece 1n the

—
p—

fected.

workpiece holder beilng a:

A precondition for this, however, 1s that a guiding

axis that is standard for the entire control concept of
all machine types coming into consideration can be
specified. This condition 1is not met 1in the case of

F
p—

form grinding machines, as already stated above, 1T

only because here - by contrast with machines which

*

operate on the basis of a generating method - there 1s

no generating movement that 1is always necessary and

always able to serve as a gulding movement.

o d

It is therefore the object of the present 1invention to

provide a computer control system for a machine tool
for producing workpieces having a helicoidal generated

surface which allows the use of the respective machine

control parameters for different machine types with
different activatable axes in such a way that, when
changing the machine to be activated, as few machine

p—
—

control parameters as possible - within the limits of

geometrical possibility - have to be newly formed for

activating the axes.

This 1is achieved by a multiaxis machine tool for

producing workpieces with a helicoidal generated

surface which has a workpiece holder for recelving a
workpiece, a tool, activatable mechanical axes for
machining the workpiece or for positioning the
workpiece and the tool in relation to each other, and

g~

also an open-loop and/or closed-loop control device for

activating axes, and which is characterized according
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to the invention 1n that there is provided at

least one virtual axis, which can be parameterized as a

guiding axis for other axes and then serves only for

the synchronization of these other axes.

In this way there 1is created an additional virtual
axis, which itself does not activate any mechanical

axis of the machine tool, but nevertheless 1s able to

synchronize other axes. This can take place for

instance by an only time-dependent polynomial, as

follows

”~
A , , 4 '?
! 4 ! ‘ ' R A + 7 Sl ¥ SEP |
4{-‘;’2?'; {:f z} ¢ %I'é&"f.,f} M Q UIFY L8 - | %’U’f.,:’ ) Yitl. ;o

to be precise without the thereby determined value

Lvire (E) being used for the direct activation of a
mechanical axis of the machine tool. Rather, this 1s
included somewhat as follows
Achspos (L, (1)) = 8 + & Ly, (1) 3,3 Ly () Tt ai,ﬁ'l‘wﬂ(*’*} 3‘*
Achspos, (L, (D) = @i + ag Lp, () + 4 L ()7 4 ays Ly (r):
Achsposy (Ly A1) = @+ 8y L.} + @, 'Lifiﬂ(‘)z + gy Ly, (07

P
—

fect in the formation of the

with a synchronizing e:

-t

position values actually used for the activation of the

mechanical axes, Achspos; (here 3 axes, that 1s to say
1 =1 to 3).

The provision of such a virtual axis consequently

 and

allows the formation of the axial positions for the

activation of the mechanical axes to be kept completely

independent of any actual movement of each axis of the
machine tool, whereby it 1is therefore possible when
changing the machine to be activated - within the
limits of geometrical possibility - newly to form only
the machine control parameters which serve for the

p—

activation of axes that are additionally present in the

new machine. On the other hand, the machine control

parameters for axes that are to be encountered Dbefore

and after the change of the machine are retained. In
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the case of the aforementioned

polynomials, this means for instance that the

P

coefficients aj,y defining the path curve do not have to

be newly formed for these axes.

With respect to the term used here, the virtual axils,
it should be noted with regard to the use of this term
in the prior art that this is standard terminology to
the extent that it concerns an axis formed only 1in the
respective open-loop and/or closed-loop control device

that 1s used, having no direct equivalent 1n the

mechanical axes of the respective machine tool that are

actually present. Differences from the prior art, for
42 91 619 C1l, exist here

however to the extent that the wvirtual axis there

']

instance according to D

(sometimes also referred to there as the soft axis)

serves for the direct activation of actual mechanical

axes, from which the virtual axis there 1s combined to

a certain extent on a software basis. By contrast, the

virtual axis in the sense of the present 1invention here

does not serve for any actual activation of mechanical

P
p—

axes, 1in particular not for any software synthesis of

additional axes finding an equivalent in the mechanical

reality of the machine tool to be activated, but only

for the synchronization of the activation of other

aXeS.

Accordingly, the success according to the inventlon 1is
also achieved by a method of activating a multiaxis
machine tool according to the invention, a virtual axis
initially being parameterized as a gulding axls for

other axes, and then, during the operation of the

machine for machining the workpiece, the other axes

merely being synchronized in their positioning with the

P

aid of this wvirtual guiding axis.

The multiaxis machine tool according to the 1nvention

preferably has at least five activatable mechanical

axes for the positioning of the workpiece and the tool
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in relation to each other, which permits the

fabrication of rotationally symmetrical workpieces. If

it 1is also desired to fabricate non-rotationally

symmetrical workpieces, such as worms for 1instance, at

b

least one additional axis is needed, provided for the
pivoting of the workpiece and the grinding wheel with
respect to each other in the horizontal, as still to Dbe

explained.

In a particularly preferred way, the multiaxis machilne
tool according to the present invention 1S
characterized in that a grinding wheel 1is provided as

the tool and, as mechanical axes, at least one

- positionable radial infeed axis, also designated Dby

¥, 1s provided for the grinding wheel,

- a grinding slide which can be positioned
horizontally and orthogonally in relation to the

radial infeed axis, also designated by €, 1is

provided for the positioning of the grinding wheel

" d o d

in the direction of displacement of the grinding

slide,

- a positionable rotating axis, also designated by B,

of a clamping head is provided for the rotation of

the workpiece in the workplece holder,

- a positionable pivoting axis, also designated by T,

is provided for the pivoting of the workplece and

the grinding wheel with respect to each other Dby

p—

means of a rotation of the grinding wheel axis or

its parallel projection in the vertical plane, also

designated by B, and

- a rotating axis, also designated by w, 1s provided

for the driving of the grinding wheel.
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A positionable displacing axls, also designated by

8, for the monitoring of a displacing position of the
grinding wheel along the grinding wheel axis, may also

be provided as a mechanical axis.

The multiaxis machine tool according to the 1invention

preferably also has a pivoting axis, also designated by

o, as a mechanical axis for the pivoting of the

workpiece and the grinding wheel with respect to each

other by means of a rotation of the grinding wheel axis
or 1ts parallel projection in the horizontal plane,
also designated by A, which also allows the already
mentioned fabrication of non-rotationally symmetrical

workpilieces.

As an alternative or 1in addition, this may also be
achieved by a mechanical pivoting axis, also designated
by , for the pivoting of the workpiliece and the

pr——
—

grinding wheel with respect to each other by means of a

_
—

rotation of the workpiece axis or 1ts parallel

projection in the horizontal plane, also designated Dby
A.

Furthermore, a displacing axis, also designated by ,

may be provided as a mechanical axis, serving for the

—

vertical displacement of the workpiece and the grinding

wheel with respect to each other.

o
p—

The virtual axis 1tself 1S formed particularly

preferably by the open-loop and/or closed-loop control

F

device by means of a freely selectable function or

relation, which 1s  dependent in a particularly
preferred way on time and in one embodiment of the
present invention only on time. However, it 1s equally
possible to make the virtual axis not dependent on time

but on other events or values - possibly also external

events or values - for instance positions reached Dby

external machines, such as robots.
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The embodiment of the present 1nvention which

forms the virtual axis by means of a freely selectable

function or relation also has some special advantages:

-
p—

During the grinding of workpieces having a helicoidal

p—
—r

generated surface, such as for 1instance spur gears (O:

a helicoidal surface which sometimes also has a zero
pitch of the thread, namely 1in the case of straight
teeth), worms or rotors, it is frequently the case that
a single non-virtual guiding axls 1s often not adequate

here for the entire workpiece fabrication process,

since 1its guiding movement often becomes too minimal,
in view of the limited numerical accuracy 1n realilty,
to allow activating functions (or relations) with

sufficient movement still to be calculated for the

other axes 1n dependence on 1t. This becomes
particularly clear for instance for the case where a

grinding slide which can be positioned horizontally and

orthogonally in relation to a radial 1infeed axis 1s

used for instance as a guiding axis for the positioning

- p—

of the grinding wheel in the displacing direction of

the grinding slide, and then an edge running
orthogonally in relation to the workpiece rotating axis
is to be milled on the workpiece, for 1nstance as a

g

termination of a helicoidal generated surface, as

occurs for instance in the case of workpleces which

have a number of helicoidal surfaces that are separated

from one another, for instance by round axial portions,

p—
o

or are at least different in terms of thelr geometry.

(In this connection it should be stated that workpieces
with such partial or portional helicoidal surfaces are

regarded as workpieces having a helicoidal generated

surface in the sense of the present invention.) In the

P

aforementioned case this 1s s0 because the movement otf

the grinding slide comes completely to a standstill at
the point of the perpendicular to the workpiece axis,
and consequently can no longer serve as a guiding
movement even without limited numerical resolution; the

grinding slide is consequently unusable as a guiding
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axls at this point. It ~1s therefore necessary

—

to carry out a change of the guiding axis at such

polnts, which makes standardized machine control

parameters for different machine models all the more

difficult, since then, 1in the case of a change of

machine type, the difficulties already mentioned at the

F

beginning of adaptation to the new machine sometimes

occur for each guiding axis used. Moreover, 1t should
be noted that such a change of axis also always leads
to undesired fabrication marks on the workpiece to Dbe

P

created at the point of the workplece where the change

F

1s performed, on account of the assoclated

discontinuity of the activation of the axes.

While the virtual axis according to the present

P

invention can be formed by means of a freely selectable

function or relation, this can take place 1n such a way

that this virtual guiding axis meets requirements

throughout the entire fabrication process without

changing the guiding axis, since 1n thils way any

dependence of the guiding axis caused Dby the

fabrication process can be avoided on account of the

complete freedom 1in 1its choice. In this way, the
present invention is advantageously also suitable for
the case of operating only a single machine type that
comes 1nto consideration, since 1n this case no
problems of the type described at the Dbeginning 1in

respect of changing the guiding axis occur any Jlonger

when the freely selectable virtual axis according to

the invention 1s used, and consequently no resultant

defects occur any longer on the workpieces. If, on the
other hand, the virtual guiding axis 1s chosen to be
unchanging, process—-related dependenciles possibly

cannot be ruled out, which may then lead to the already

mentioned numerically unfavourably conditioned systems.

As already explained in the example glven above, a

polynomial function comes into consideration in

particular as the freely selectable function, but so
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too does for example a circular relation. A

freely selectable relation may also similarly Dbe

defined by a table of values.

The activation of the respective mechanical axis by the

open-loop and/or closed-loop control device may also

take place by means of a freely selectable function or

relation, the respective mechanical axils preferably

being dependent, as also already explained above, on

the value of a wvirtually formed axis acting as a

guiding axis, in order in this way to achleve the
synchronization of the axial positions with respect to

one another.

Of course, the respective axis may in this case also be

F

made dependent on the value of further parameters, for

instance for the activation of the desired positional

values. As already explained, a polynomial function,

P

which is also dependent on the value of one of the

virtual axes and polynomial coefficients, may serve 1n

this case as the freely selectable function.

However, similarly suitable as the freely selectable

relation for the respective mechanical axis 1s a

P
pu

circular relation, which is dependent on the value o~

one of the virtual axes and clrcle constants,

preferably a circle radius and a centre point, given by

p—

a pair of coordinates, and also a direction of

rotation.

gi—
—

The same applies to the activation of the respective

mechanical axis, which takes place by the open-loop

and/or closed-loop control device by means of a freely

Jr—

selectable relation which 1s given by a table of

coordinates, and similarly for all other functions
and/or relations that appear to be suitable for

achieving the desired workpiece geometry.
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In the case of use of a relation formed Dby a

table of coordinates, this is preferably formed by an X

coordinate, a Y coordinate and a normal angle,

preferably as viewed in end-on section.

In a further preferred embodiment according to the

present invention, the multiaxis machine tool 1is

characterized in that a memory is also provided, stored
in which are machine control parameters which are

accessed by the open-loop and/or closed-loop control

device, which permits flexible realization of the

present invention by a computer control system.

This is so because a data structure which allows the

P

parameterization of the virtual axis as a guiding axis

for other axes can be provided in this memory, 1t also

being possible that here there 1s a data structure

p—
—

which also allows the parameterization of any

mechanical axis as a guiding axis for other axes, for
instance to allow older machine control parameters that
are not vyet adjusted to the computer control system

according to the invention to be used.

The definition of the function or relation for the

formation of the virtual axis and also the definition

g Jr—

of the function or relation for the activation of the

respective mechanical axis by the open-loop and/or

closed-loop control device can also be flexibly stored

in the memory.

In this case, data fields may  serve for the

p—
ana

identification of predefined types of function or types

of relation, used for the definition of a function or

P

relation of the respective mechanical axis. Such a

P

predefinition of frequently used types of function

and/or relation makes i1t easier here for the definition

to be stored in the memory. Preferably coming 1nto

—

consideration as types of function predefined 1n such a

P

way are for instance a polynomial function, Tor




10

15

20

25

30

39

CA 02539360 2006-03-16

- 13 -
instance of the sixth degree, with polynomial

coefficients as parameters, or else once again a

circular relation with a circle radius and a centre

—
p—

point, given by a pair of coordinates, and a direction

P

of rotation as parameters. Similarly, however, a table

of coordinates with coordinates as parameters may be

predefined as a type of relation, an X coordinate, a Y

coordinate and a normal angle, preferably as viewed 1n
end-on section, preferably being used 1n each case as

coordinates.

In a further preferred embodiment of a multiaxis
machine tool according to the present invention, 1n the
memory in which the machine control parameters accessed
by the open-loop and/or closed-loop control device are

g

stored there is a data structure which is intended for

receiving an identification of the workpiece flank

being machined by the activation of the respective

mechanical axis by the open-loop and/or closed-loop

pr—

control device, preferably an identification for a

flank on the right or on the left. This parameter 1s

required by the machine in the case of non-

P

symmetrically formed grinding wheels, such as Ior

instance for the fabrication of worms, 1n order to move

to the respective flank with the correct side of the

tool. This control parameter also permits open—-loop Or

closed-loop control of the force in a way corresponding

to the respective flank.

In the memory in which machline control parameters
accessed by the open-loop and/or closed-loop control
device are stored there is also a data structure which

combines at least one group of machine <control

P

parameters corresponding to a partial region of the

workplece, as a segment under a common segment

identification, preferably a segment number, it belng

preferred that such a group of machine control

parameters for which the same axis 1s parameterized as

the guiding axis are always combined as a segment.
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The structuring of the machine control parameters 1into

segments makes it possible to replicate a segmentation

i

of the workpiece that exists 1in reality also 1in the

p—

structuring of the machine control parameters, which

improves their overall clarity and consequently also

r—

the possibility of their assignment to the first cuts

made on workpileces.

The embodiments described above of a multiaxis machine

tool according to the invention with a memory

consequently serve for the replication 1n this memory

of machine control parameters which initiate during the

operation of the machine machine functions for
workpiece fabrication. However, this can take place
not only by storage in the memory of the machiline, but
also by reading 1in a data carrier provided with

corresponding machine control parameters, such as for

instance a floppy disc, a CD or else a DVD, or else by

reading an electronic carrier signal with these machine

control parameters into the multiaxis machine tool

according to the invention, for 1instance via a data
line, as preferably also used in a data network. Such
a data carrier or such a data carrier signal 1s 1n this
case constructed in a way corresponding to the present
invention for reading the data constructed according to

the 1invention as described above 1into the multiaxis

machine tool according to the invention for controlling

the latter 1n a way corresponding to the present

invention.

n every case, such a data carrier or such an

electronic carrier signal is parameterized according to

P

the invention with machiline control parameters IOr

reading into a multiaxis machine tool, the data carrier

or the electronic carrier signal having on 1t at least

one data structure which has a data field which allows

the parameterization of the virtual axis as a guiding

gy

axis for other axes, and the data carrier or the
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electronic carrier signal activating the

machine tool during the reading-in or after the

F

reading-in by means of this data structure on the basis

of the method according to the invention stated above.

Also serving for carrying out the present invention 1s

a method of generating machine control parameters for a

multiaxis machine tool which is characterized according

to the invention in that 1t generates a data carriler oOr

an electronic carrier signal with machine control

parameters as described above. It goes without saying
that this method may also be realized on a computer
system with at least one data processing unit and at
least one memory, usually for 1nstance as a computer
program, it having the corresponding instructions set
up for carrying out the method. Such a computer
program may in this case take any form, but 1in

particular also that of a computer program product on a

computer-readable medium, such as for instance a floppy

disc, CD or DVD, it having computer program coding

means, with which, after loading the computer program,

a computer 1s in each case made by the program to carry

out the method according to the invention. It may,

however, also be for instance in the form of a computer

program product which has a computer program oOn an

electronic carrier signal, with which, after loading
the computer program, a computer 1s 1in each case made

by the program to carry out the method according to the

invention.

The different individual elements o©of the present

invention described above, seen in their entirety, can
provide a neutral data computer control system Ifor a
multiaxis machine tool for producing workpieces having

a helicoidal generated surface with

- a computer system according to the invention for
generating machine control  parameters for a

multiaxis machine tool with at least one data
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processing unit and at least one memory,
the data processing unit beilng set up in
programming terms in such a way that 1t generates
at least one data carrier or an electronic carrier
signal with machine control parameters according to

the present invention, Or

- such a computer ©program Or computer programnm

product,

— and at least one multiaxis machine tool according

to the i1nvention.

Further details of such a system according to the
present invention can be taken from the exemplary

embodiments.

Exemplary embodiments of the present invention, which
are to be understood as non-restrictive, are discussed

below on the basis of the drawing, in which:

Figure 1 shows a neutral data computer control system

according to the invention for a multiaxis

machine tool for producing workpieces having

a helicoidal generated surtface,

Figure 2 shows an abstract model of a multiaxils

machine tool according to the invention for

producing workpieces having a helicoidal

generated surface with diverse mechanical

axes, and

Figure 3 shows a workpilece having a helicoidal

generated surface for being produced on a
multiaxis machine tool according to the

invention.

Figure 1 shows a neutral data computer control system
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for producing workpileces having a helicoidal

generated surface, to be precise

with

- a computer system 1 according to the i1nvention for
generating machine control parameters for a
multiaxis machine tool 2, 2Z2a with at least one data
processing unlt and at least one memory, the data
processing unit being set up 1n programmling terms
in such a way that it generates here 1in a data
network an electronic carrier signal 3 with machine
control  parameters according  to the  present

invention,

- and a first multiaxis machine tool 2 according to

the i1nvention and a second such machine tool Z2Za.

In the present case, the situation 1s therefore such

that the first machine 2 has (along with other axes) a

mechanical pivoting axis O for the pivoting of the

workpiece and the grinding wheel with respect to each

other by means of a rotation of the grinding wheel axis
or its parallel projection 1in the horizontal plane A; a

possibility which the second machine 2a does not have.

However, the latter does have a pivoting axis Yy for the

pivoting of the workpiece and the grinding wheel with

g —

respect to each other by means of a rotation of the

workpiece axis or 1its parallel projection 1n the

horizontal plane A. In the present neutral data
computer system, 1t 1s thus easily possible to use

machine control parameters generated by the computer

system 1 for +the first machine 2 according to the

invention also for the second machine tool 2a according

to the invention 1f the generated machine control

parameters make use of a virtual guilding axis according
to the present inventilon. Both machines 2, Z2a have a
virtual guiding axis, so that, when there 1s a change

F

of machine from the first machine 2 to the second
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machine 2a, only  the machine control
parameters for the pivoting axis ¥ 1nstead of the
pivoting axls O have to be formed. All the other
machine control parameters, on the other hand, can be
retained, since they are coupled by the virtual guiding

axils.

Figure 2 shows an abstract model (covering various

g

actual confiligurational possibilities) of a multiaxis

machine tool according to the invention for producing

workplieces having a helicoidal generated surface with

diverse mechanical axes, to be precise with

- a positionable radial 1infeed axis % for the

grinding wheel,

- a grinding slide € which <can be positioned

horizontally and orthogonally 1n relation to the

F

radial 1infeed axis, for the positioning of the

grinding wheel 1n the direction of displacement of

the grinding slide,

— a positionable rotating axis P of a clamping head

—

for the rotation of the workpiece 1n the workpiece
holder,

— a positionable pivoting axis T for the pivoting of

the workpiece and the grinding wheel with respect

P

to each other by means of a rotation of the

grinding wheel axis or 1ts parallel projection 1in

the vertical plane B,

— a rotating axis ® for the driving of the grinding

wheel,

- a positionable displacing axis 0 for the monitoring
of a displacing position of the grinding wheel

along the grinding wheel axis,
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- a pivoting axis O

F
p—

for the pivoting of

the workplece and the grinding wheel with respect

p—

to each other by means o©of a rotation of the

grinding wheel axis or 1ts parallel projection in

the horizontal plane A,

- a displacing axis mn for the vertical displacement
of the workpiece and the grinding wheel with
respect to each other, and

F

— a pivoting axis ¥y for the pivoting of the workpiece

and the grinding wheel with respect to each other

p—

by means of a rotation of the workpiece axis or its

parallel projection in the horizontal plane A

F
pr—

for better illustration of the geometrical

relationships taken as a reference.

Figure 3 shows a workpliece having a helicoidal

generated surface for being produced on a multiaxis

machine tool according to the 1invention, with 9

different segments. With reference to the abstract

model 1llustrated 1n Figure 2, the machine control

parameters are to be specified below 1n a way

F
p—

corresponding to the present 1nvention by way of

example for the segment 8, a conical kneading element

Seg. 8, the virtual guiding axis being designated here

by K:
Gu_idin_g axis: K -}"(Staré | XE;d A ! - - ’_é_ ) B B | c|D B |G
008=PRB | 0 1 0 1 ololololo
_..].< [J - - ~ — I__ — — - — {
y | [raq) [008=PB]O |1 0 ']o 00 00
o| [m/s] | 008=PB | 0 1 _—40;0 ] .0__ R o“o 010
't | [rad] 008 0 1 0.00706 [ 0.0000271010 040
L | LY — S I E S |
5 | [mm) ]OOE—PB 0_ Ml Jo.o og | ,O._O, O‘O.
5 0 1 0 0 010 010
| 0 |1 [o ‘l6.31'83_00 00
— i — — ]
8 0 1 0 0.00395 [0]0 0|0
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v | [mm] 008=PB | O 1 90.17 -0.0797 010107010
Table 1: Segment 008: 2nd conical kneadilng element

To explain such a table

above 1in Table 1),

the

Process:

invention:

roughing

(not all

which reproduces an embodiment O

the options are used

gr—
—
e

fFunctional data structures according to the present

Column 1: Designation of axis

Column 2: Unit

Column 3: Segment number = code letter for the
type of neutral data (to be preclise C
for circle, P for polynomial [of the 6th
degree], K for coordinates [polnts] of a
table of coordinates) and code letter
for which flank (R for right flank; L
for left flank; B for both flanks)

Other columns:

Circle

limits and the wvalues

B,

c, D, L,
polynomial),
a clrcle)

table g

the

O

the

basis of

[C as code letter]:

and A,

relations

Foand G
R, A, B,
B, C

coordinates)

and/or

following:

(in the case O0Or

C

(in the case ot

Table values with Xsiart and Xgpng a@s range

for parameters A,

—
-

a

g—

g

(in the case of a

functions

with

with the wvalue in column R as radius,

rotation, with -1 indicating the clockwise direction ot

rotation +1

(CwW) and the

value

gr—

C as direction ot

counterclockwise direction of rotation

polynomial

|

- _, 4
X

+ Fof + Gof

[P as code letter]:

Y A

+

e )

indicating

3-x + (C:X

(CCW)

OIl

respect tTO

the

the

3

4+ Dx 4
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|1

coordinates (points) o= a ¢t

(K as code letter]:

value 1n column A:

coordinate, value

X coordlnate,

able of coordinates

——

value 1in column B: Y

in column C: normal angle, always

stored in end-on section

Examples:

Ef [rad] 001 = CR
.| | Y  Rangelimis
¥ | | yRight flank
Axis v. | Circle
Unit ‘
Segment no.

3
P
i

¥

X
% MGram
. 4y v

Range limits

%Both flanks
Polynomial

Segment no.

Circle constants and
direction of rotation

Polynomial constants
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Patent clalms

A multiaxis tooling machine (2) for producing
workpieces having a helicoidal generated

surface, the tooling machine comprising:

a) a workpiece holder for receiving a workpiece,

b) a tool,

c) a plurality of activatable mechanical axes,

d) a control device for activating the

mechanical axes,

e) wherein the control device is configured to:

1. use a t1me dependent relation to

generate at least one virtual axls;

11. parameterize the at lLeast one virtual

axis as a guiding axis for at least one

gr—

of the activatable mechanical axes;

1ii. use a virtual axis dependent relation to

activate at least one of the mechanical

AXeCS,

A. wherein the virtual axis dependent
relation 1is dependent on the at

least one virtual axis, and

B. wherein the virtual axis dependent

relation is further dependent on at

least one additional parameter.

The tooling machine (2) of Claim 1, whereln the

—

from the

control device is of a type selected
group comprising: (i) an open-loop device, (11)
2 closed-loop device, and (iii) an open-loop and

closed-loop device.
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The tooling machine (2) of Claim 1 or 2, whereiln

the time dependent relation corresponds to a

-

function.

polynomia.

The tooling machine (2) of Claim 1 or 2, whereiln

the time dependent relation corresponds to a

circular relation.

F

The tooling machine (2) of Claim 1 or 2, whereln

the time dependent relation corresponds to a

gr—

table of values.

ﬁ

The tooling machine (2) of any of Claims 1 to 5,

wherein the virtual axis dependent relation

corresponds to a polynomial function, and

wherein the polynomial function depends on at

'}

least one polynomial coefficient.

The tooling machine (2) of any of Claims 1 to o,

wherein the virtual axis dependent relation

corresponds to a circular relation, and wherein

the circular relation depends on circle
constants comprising: (i) a circle radius, (11)
a centre point, and (111) a direction of
rotation.

y—

The tooling machine (2) of any ot Claims 1 to b,

wherein the virtual axis dependent relation

corresponds to a table of coordinates.

The tooling machine (2) of Claim 8, wherein the

ﬁ

table of coordinates comprises: (1) an X

coordinate, (ii) a Y coordinate, and (111) a

normal angle.

pr—

The tooling machine (2) of Claim 9, wherein the

coordinates correspond to an end-on section

vView.
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The tooling machine (2) of any of Clailms 1 to

10,

wherein the mechanical axes are configured

for machining the workpilece.

The tooling machine (2) of any of Claims 1 to

11,

wherein the mechanical axes are configured

for positioning the workpiece and the tool in

relation to each other.

The tooling machine (2) of any of Claims 1 to

12,

wherein the plurality of activatable axes

comprise at least five of the mechanilcal axes.

r—

The tooling machine (2) of any Ot Claims 1 to

12, wherein the tool comprises a grinding wheel,

r—
—

and wherein the plurality of actilvatable

mechanical axes comprilses:

a)

D)

at least one positionable radial infeed axis

(¥) for the grinding wheel;

at least one grinding slide axis () that can

be positioned horizontally and orthogonally

relative to the radial 1nfeed axis for

positioning the grinding wheel 1n the

I

direction of displacement of the grinding

J

slide;

at least one positionable rotating axis (P)

of a clamping head for rotating the workpiece

in the workpiece holder;

at least one positionable pivoting axis (1)

for pivoting the workpiece and the grinding

wheel relative to each other by rotating the

grindlng wheel axls or 1ts parallel

projection in the vertical plane (B); and

at least one rotating axis (o) for driving

the grinding wheel.
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The tooling machine (2) of Claim 14, wherein the

plurality ot activatable mechanical axes also

comprises at least one positionable displacing

axis (8) for displacing the grinding wheel along

the grinding wheel axis.

Claim 14 or 15,

i1

The tooling machine (2) O

pr——

wherein the plurality of activatable mechanical

axes also comprises at least one pivoting axis

() for pivoting the workpiece and the grinding
wheel relative to each other Dby rotating the
grinding wheel axis or its parallel projection

in the horizontal plane (A).

A

The tooling machine (2) of any of Claims 14 to

)

1o, wherein the plurality  of activatable
mechanical axes also comprises at least one
displacing axis (n) for vertically displacing
the workpiece and the grinding wheel relative to

cach other.

R

Claims 14 to

The tooling machine (2) of any O:

|

activatable

17, wherein the plurality O

J

mechanical axes also comprises at least one

pivoting axis (y) for pivoting the workpiece and
the grinding wheel relative to each other by
rotating the workpiece axis or 1ts parallel

projection in the horizontal plane (A).

The tooling machine (2) of any of Claims 1 toO
18, comprising a memory that 1is operationally
coupled to the control device, and wherein the

memory stores machine control parameters.

The tooling machine (2) of Claim 19, wherein the
tooling machine is configured to read machine

control parameters carried on a carrier.

The tooling machine (2) of Claim 20, wherein the

tooling machine is configured to store the read

machine control parameters 1in the memory.
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The tooling machine (2) of Claim 20 or 21,

ﬁ

wherein the carrier 1s of a type selected from

the group comprising: (i) a data carrier, and

(1i) an electronic carrier signal.

The tooling machine (2) of any of Claims 19 to

22, wherein the memory stores at least one data

structure configured to allow for

e

parameterization of the at least one virtual

axils.

The tooling machine (2) of any of Claims 139 toO

23, wherein the memory stores at least one data

gr—

structure configured to allow for

"

parameterization of at least one of the

mechanical axes as a guiding axils.

pr——
—

The tooling machine (2) of any of Claims 19 to

24, wherein the memory stores at least one data

F‘

structure configured to receive a definition of

the time dependent relation.

gr—

The tooling machine (2) of any of Claims 19 to

25, wherein the memory stores at least one data

P

structure configured to receive a definition of

the virtual axis dependent relation.

The tooling machine (2) of Claim 26, further

comprilising:

P-

a) at least one predefined type of relation,

b) wherein the data structure comprises at

least one data field for identifying the at

gr—

least one predefined type of relation, and

gro—
p—

c) wherein the at least one predefined type oOf

ﬁ

relation defines a relation of at least one

gr—

of the mechanical axes.

The tooling machine (2) of Claim 27, wherein at

least one of the at least one predefined type of
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relation corresponds to a polynomial function,

and wherein the polynomial function comprises

g—

polynomial coefficients as parameters.

The tooling machine (2) of Claim 28, wherein the

r—
purde

polynomial function is of the sixth degree.

ﬁ-

The tooling machine (2) of any of Claims 2/ to

*

29, wherein at least one of the at least one

predefined type of relation corresponds to a

circular relation, and wherein the circular
relation depends on circle constants comprising:

(1) a circle radius, (ii) a centre polnt, and

(iil1) a direction of rotation.

The tooling machine (2) of any of Claims 27 to

gp—

30, wherein at least one of the at least one

r—

predefined type of relation corresponds to a

I+

table of coordinates, wherein the table o

coordinates comprises coordinates as parameters.

The tooling machine (2) of Claim 31, wherein the
coordinates comprise: (i) an X coordinate, (11)

a Y coordinate, and (i1i1i) a normal angle.

The tooling machine (2) of Claim 32, wherein the
coordinates correspond to an end-on section

view.

The tooling machine (2) of any of Claims 19 to

33, wherein the memory stores a data structure

configured to receive at least one parameter

identifying at least one workplece flank to be

machined by the tooling machine (2).

The tooling machine (2) of Claim 34, wherein the

at least one parameter identifies whether the at

P

least one workpiece flank is of a type selected

from the group comprising: (1) a right workpiece

flank, (i1i) a left workpiece flank, and (111) a
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right workpiece flank and a left workpiece

flank.

any of Claims 19 to

B

The tooling machine (2) O:

35, wherein the memory stores a data structure

ﬁ

that combines at least one group of machine

control parameters as a segment under a common

gr—
.

segment identification, and wherein the group oIl

machine control parameters correspond tTo a

A

~he workpiece.

|

partial region O:

The tooling machine (2) of Claim 36, wherein the

common segment identification 1s a segment

number.

The tooling machine (2) of Claim 36 or 37/,

wherein for at least one segment all of the

machine control parameters correspond to the

same guiding axls.

p

A method of activating the tooling machine (2)

o
h—

of any one of Claims 1 to 22,

Jor—
p—

the method comprising the steps OI:

a) providing a time dependent relation;

b) generating at least one virtual axis

corresponding to the t1me dependent

relation;

c) parameterizing the at least one virtual

ﬁ—

—

axis as a guiding axis for at least one o1

the mechanical axes;

d) providing a virtual axis dependent relation

—

corresponding to the activation of at least

Jr—

one of the mechanical axes;

A. wherein the virtual axis dependent
relation 1s dependent on the at least

one virtual axis, and
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BR. wherein the

virtual axis dependent

relation 18

further dependent on at

least one additional parameter.

The method of Claim 39,

step ot

control parameters.

The method of Claim 40,

comprlses:

a) at least one data
field that allows

b) at least one data

receive a definition ot

relation; and

c) at least one data

receive a definit

dependent relation.

The method of

Claim 40,

further comprising the

generating a carrier comprising machine

wherein the carrier

structure having a data

for the parameterization

of a virtual axis as a guiding axis;

structure configured to

r——

a time dependent

structure configured to

virtual axis

ion of a

wherein the carrier

comprises at least one data structure comprilsing

at Jleast one data

the identification of

type of relation.

The method of

gr—

Claim 42,

field configured to receive

at least one predefined

wherein the predefined

type of relation corresponds to a type selected
from the group comprising: (i) a polynomial
function, (ii) a circular relation, and (1ii1) a

table of coordinates.

The method of

Claim 40,

wherein the carrier

comprises at least one data structure configured

to receilve at least one

least one workpiece

tooling machine.

parameter identifying at

flank to be machined by the
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g

The method of Claim 44, wherein the at least one

parameter 1dentifies

pp—
-

workpiece flank 1s of

group comprising: (1)

(i1) a left workpiece

workpiece flank and a

The method of Claim

whether the at lLleast one

a type selected from the

a right workpiece flank,

flank, and (iii) a right

left workpiece flank.

40, wherein the carrier

comprises at least one data structure configured

—

to combine at least one group of machine control

parameters as a segment under a common segment

identification, and wherein the machine control

parameters correspond

workpiece.

r—

The method of Claim

to a partial region of the

46, whereln the common

segment identification is a segment number.

—

The method of Claim 46 or 47, further comprising

the step of combining into a segment at least

pre—
—

one group of machine control parameters that

correspond to the same guiding axils.

The method of any O

carrier comprises at

f Claims 40, wherein the

least one data structure

configured to allow the parameterization of at

pr—

least one of the mechanical axes as a guldilng

axls.

A computer system (1)

comprising:

a) at least one data processing unit;

b) at least one memory storing a computer

program, and

c) wherein the computer program 1s conflgured

to make the at

least one data processing

gr—

unit carry out the method of any of Claims

40 to 49.
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51. A computer readable medlium comprising a computer
program for execution on a computer and
configured to cause the computer to carry out

the method of any of Claims 40 to 49 when the
program 1s executed.



CA 02539360 2006-03-16

1/3

F1G. 1




CA 02539360 2006-03-16

2/3

<



CA 02539360 2006-03-16

3/3

FIG. 3

Wl 22661

R — 1 T 2 X o o]

W €8°6Z1

WA VAV

O
—
-

v - 2 -
~3
=3
{

W €864
W 296

WU /G962




2 2a




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - abstract drawing

