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MACHINE TOOL

The present invention relates to a machine tool for
'.cutting, shaping,'grinding, boring or poliﬁhing a workpiece
diéplacing a machining tool relatively to thé-workpiece: More
specifically, the present invention relates to a machine tool
équipped with a control sYstem wﬁich is'capable of correcting an .
error in positioning due to thermal deformations of machine |

components.

In general} when a machine tool for cﬁtting, shapihg,
grinding, boring'or pblishing a workpiece, especially metal
workpiece into a desired profile, requires the gcéurate
-positioniné_df a moVeablé élemént such as a machining tool oxr a
workéiece bging machined, the workshop is maintained at a
constant temperature, for example, by means of an air conditioner'
to prevenﬁ.thermal deformations including thermal expansion and
contraction .of machine componenfs{ Nevertheleés} a machine bédy
of the ﬁachiné toolimay be wholly or partly affected by the heat
emittéd by other machines installed nearby and the varia;ion'in
the ouﬁside*température. .Further, thHe machine body itself has
.ﬁeat.emiiting pafts.which may cause thermal deformations of
lﬁachine componenté, which in turn may fesulg in an error ;n

. positioning a moveable element.
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It is difficult to accurately estimate and correct such
pdsitioning error when thermal deformétions of a plurality of_
machine'compohents such as a bed, a column and a head cause the
positioning error since the magnitude of thermal deformation

depend on the size and material of a machine component and the

‘directions of thermal deformations may be different from each

other.

L4

An object of the present invention is to provide a

machine tool equipped with a control system which can accurately

correét an error due to thermal deformatiéné of machine
components in positioning the moveable element such as a
machining tool and a workpiece to be machined.

Another object of the present invention is to pto%ide ;

machine tool equipped with a control system which can infer

. thermal deformations of machine components based on sensed

temperatures of the machine components suitably for the
circumstances where the machine tool is installed.

-Additional objects and advantages and novel features of

'the invention will be set forth in part in the description which

follows, and in part will become aﬁparent'to those skilled in the

art upon examination of thé following, or may be learned by

- practice of the invention. The objects and advantages of the

invention may be realized and attained by means of the
instrumentalities and combinations particularly pointed out in

the appended claims.



To achievé the foregoing and other objecté, and in
accordance with the purpose of the present invention, as embodied
and broadly described herein, a machiﬁe tool for machining a
workpiece into a desired profile using a tool which is moveable
relatively to the workpiece, is provided, comprising a numerical
controller for providing a drive signal to move the tool
relatively td the workpiece along an axis and
thermosensors fof sensing temﬁeratures of a plurality of
componénts of the machine tool of wﬁich:thefmal deformations may
cause an efror in positioning_the tool in the direction of the
axis. The machine tool further comprises an infe;ring section
including a plurality of neural networks each of which receives
temperature signals indicative of the sensed temperatureé and
provides respective thermal deformations of thé méchine |
components in the direction of said axis, and a corréction value
calculator for providing a correction signal indicative of a
correction Qalue in the direction of the axis based on_ the
inferred values of thermal deformations so that the numerical
controller can correct the positioning error due to thefmal
deformations by combining the d;ive signal and the Eorrection
signal.

In_addition, a macﬁipe tool for machining a workpiece
into a desired prbfile using a tool which ié moveable relatively
to the workpiecé, is provided, comprising a numerical controller
for prdv;ding a drive signal to move the tool felatively to the
workpiece along an axis ana thermosensors provided at the

different positions on the machine tool for sensing a plurality



of temperatures of the machine tool. The machine tool further
comprises an inferring section including a neutal-network which
receives temperature. signals lndicative of the sensed
temperatures and provides an-errer in positionlng the.tool in the
direction of the'axis, and a correction value'celculator for
providing a correction slgnal indicative of a correction value in
the direction of the axis based on the inferred positioning error
so that the numerical controller can correct a positioning error
due to the varlety of temperatures by comblnlng the drive sxgnal

and the correction signal.

The accompanying.drawings, which are incorporated in
and form a part of the specification, illustrate embodiments of
the present invention and, together with the.descfiption; serve -
to explain the princiﬁles of the inventioh. In the drawings:

FIG. 1 is e block diagram illustrating a control system
of a machine tool embodjlng the present invention;

FIG. 2 is a schematlc 51de view of a machine body
"incorporated with the control system of FIG. 1; -

FIG. 3 is a schematic front view of the machine body of
FIG. 2;

FIGS. 4(A) ~ (F) are diagrams illustrating an input(s)
and an output of each of neural.networks of the inferring section
showﬂ in FIG. 1;

FIGS. S5(A) - (C) are schematic side views of ‘the

machine body;



FIG. 6 is a graph in which temperatures Senséd by
- thermosensors are plotted;

FIG. 7 is a graph cbmpéting-fhg inferréd-valﬁe of
thermal deformation of the column' to the measured value; |

FIG. 8 is a graph comparing the inferreé value of
thermal deformation of the head to the ﬁeasdred value;

FIG. 9 is a graph comparing a corrected efror in
positionihg aléng Z-axis to an uncbrrécted one;

FIG; 10 is a schematic view illustrﬁting the locations -
‘of measuring electrodes and pins; and

FIGS. 11(a) - (C) ére diagrams illustrating inputs and
an output of each of neural networks of another inferring |

section.

An embodiment of ﬁhe'invention is described hereinafter .

in detail with reference to the drawings.

FIG. 1 is a block diagram illustrating a control system'

of a méchine tool. FIG. 2 is a schematic side view of a machine
body of a maéhiné tool. FIG. 3 is a schematic front view of the
machine body of FIG. 2. |

. Turniné first to FIG. 2 and 3, an électpic‘discharge
‘machine, which is one of machine tools, for méchining a
electrically conductive-workpiece using a tool électrode by means

of electric discharges induced in a spacing between the workpieée

and the tool electrode will now be described. This electric



discharge machine has a typical construction of a machine tool
and includes a bed 10, a column iG{ a ram 18 and a servo head 24.

The column 16 is provided on the bed 10. .An X-axis
table 8 is slidably provided on the bed 10 in. front of the column
16. A work tank 6 is pro#ided on the X-axis table 8 for
. ,containing a dielectric fluid. The workpiece 4 is securely
mounted on an appropriate table fixed on the X-axis table 8.
An x-axis ball screw 12A equipped with a nut 14 is fixedly
provided-on the bed 10. Thg nut.14-threaded1y engages with the
X-axis ball screw 12A and is coupled with the X-axis table 8.
The X-axis ball screw 12A is rotated'by an X-axis drive motor 12 -
to longitudinally move the X-axis table 8, in other words, the
workpiéce 4 in the direction of an X-axis. A dfive signal X2
from a control system 32 is applied to the X-axis drive motor
equipped with a position detector such as an encoder, which
senses an angular displacement of the X-axis drive motor and
provides an encoder signal X1 indicative of the sensed-
displacement to the control system 32. |

The ram 18 is slidably.moveable on the column 16. A
Y-axis ball screw 20A equipped with a.nut 22 is fixediy prowvided
on.the column 16. The nuf 22 threadedly engages with the Y-axis
ball screw 20A and is coupled with the ram 18. The Y—axié‘ball
screw 20A is rotated by a Y-axis drive motor 20 to loggitudinally
move the ram 18 in the.direction of a Y-axis. Thé servo head 24
is slidably moveable on the ram 18 in the direction of a Z?axis
orthogonal to a plane défined by X- and Y-axe;.: A Z-axis ball

screw 26A equipped with a nut 28 is fixedly provided on the upper



end in the front.part'of-the ram 18. The nut 28 threadedly
engages with thé Z-axis ball screw 26A and is coupled.with the
servo head 24. The Z-axis ball screw 26A is rotated by a Z-axis
drive motor 26 to longitudinally move the servo head 24 in the
direction of a Z-axis. The Y-axis and Z-axis drive motors 20 and
26 are also equipped with position detectors such as encoders,
proviae encoder signals ¥l and Z1 to the control sysﬁem 32, which
applies drive signals Y2 aéd %2 to the Y-axis and Z-axis drive
motors 20 and 26, respectively. A hoide? chuck 2A is provided on
theilower end of the servo head 24 for holding a tool holder (not
illustrated) én.which a tool electrode (not illustrated) is
.rigidly mounted. The tobl electrode advances from the above
toward the workpieée 4 contained in the work tank 6 filled with a
dielectric fluid to induce electric dischargés in a spacing
bétween the tool electrode and tHe workpiece while a train of
power pulses are supplied across the spacing.from an appiopriate
power source (not illustratedj. |

- In the illustrated'embodiment; nine thermosensors 30A
-30I are provided on the components of the ﬁachine body.
Thermosensois 30A, 30E and 30G are located near the Z-axis ball
screw 26A, the Y-axis ball scfew 20A and the X-axis ball screw
'12A, respectively. A thermosensor 30B is. located in the middle
of the vertical direction of the sexrvo héad 24 and althermoseﬁsor'
30C is located at the lower ehd of the servo head 24. A
thermosensor 30D isilocated at the-lé@er front of the ram 18 and
a thermoseﬁsor 30F is located at the lower back of the fam 18. A

thermosensor 30H is located a little above the upper part of work -



tank 6. A thermosensor 301 is ldcéted in the middle of an X-axis
direction of the bed io under the column 16.

As best seen in FIG. 1, the sensed temperatures by the
' thermosensors 30A - 30I are supplied to the controi systém 32.
The control sysfem 32 is computerized with a number of .
microprocessors. | '

‘The contrxol system 32 includes a'temperatuée detector
38 and a memory 40. The temperatﬁre.detector 38 has an aﬁblifier
34 for ampiifying'ﬁhe values from the thermosensors 30A = 30X and
an-analog-to-digital converter 36 for convertiné output signals
of the amplifier 34 to digital ;ignéls. The memory 40, which is
made up, for example, of a RAM, receives and storés oﬁtputs of
" the analog—to-digitél converter 36.

The control system 32 further.includes a numerical
controller 44, which furnishes drive signals X2, Y2 and zzlto X-, -
" Y- and -Z-axis drive motors 12, 20 and 26 iﬂ:aécordanée with a
prescribed program to causé displacements of the workﬁiéce 4 or
the tool'electrode relative to the other aloné.x-, Y- and Z-axis.
The drive signals indicative of required angular displacéﬁents of
motors are applied to drive motors frém the nﬁmérical-controller
‘44 and £hen the encoder signals Xl, ¥l and. Z1 indicative of
actual aﬁgular displacements of motors are féd back to ?he-
numeriqal controller 44. By using the encodgr.signals the
numerical controller 44 controls drive siénals 56 that the'

' required displacements ang the actual.displacements-are always iF;
agreement. There is no need to describe the numerical.controller ~

44 as it has a well-known construction.



The ¢ontrol system 32 furthe¥_ihc1udes a thermal
deformation calcqlator 46, a memoxry 48, an inferfing section 42
and a local controller 50. The thermal deformation calculator 46
receives error signals X3, Y3 and 23, which indicates errors in
positioning in the directions ofix—,'Y;‘anq Z-axis, to calculate
thermal deformations of machine components. The errors in
positioning are sensed at given-time intervals changing the room.
temperéture. The memory 48, which is made up, for example, of a
RAM, reéeives'and sfores fhe output signals of the thermal |
deformation calculator 46 indicafive of thermal deforﬁatibns of
mgchine componenés.related to the sensed temperatures.

The inferring section-42 includeé neural networks each
of which include a number of layers including an-input layer for
receiving signa;s from an external of a‘neural nefwork and an
output layer for broviding'sigﬁals to an external qf the neural
network. 2ll of the layérs are independent of.each other, and
each of which can receive signals only from a precedihg'layer and
include neuron{(s), all of which execute nonlinear signal |
processing. According to a bonding strength between neurons,
-which can be adaptively chahged-by learning, a signal is
weighted. -

- The temperature signals indicative of'feméeratures from
the.membiy 49 are supplied to the inbut lgygrs of the inferring
section 42. Further, the sigﬁéls indicative 6f£therma1
deformations of méchine components related.to the tempefatures
ére supplied to the output layers of the inferring ééction 4i as

Eéaching signals. Based on the temperature signals and preset
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; bonding_streﬁgths between neurons, output signals are obtained in
the output layers of the inferring section 42, which output
signals are compared.to the teaching signals, respectively. The
inferring.section 42 corrects bondihg strengths between neurons
so that the output signals obtained in the output layers will
agree with the teaching signals. The inferring section 42
repeatedly carries out this learning pretocol.

~ When displacing a tool electrode relatively to the
workpiece 4, the inferring sectiop 42 infers the thermal
deformations of machine compenents based en sensedetemperatures
using the neural networks with the corrected bonding sfrengths'
between neurons. The 1nferr1ng section 42 provides the 1nferred
ehermal deformations of machlne components, based on which, a
correction value calculator 52 ealculates correction values along
x¥, Y- and Z-axes. The signale X4, Y4 and Z4 indicative of the
correction values along X-, Y- and Z-axes are supplied to the
numericel confroller 44. The numerical controller 44 combines
the drive signals-xz, QZ and 22 and the correction signals X4, Yé
and %4, respectively, to correct errors in positioning along X-,
Y- and Z-axes due to thermalhdeformations.

Operation of the machine tool, which can be largely
divided into three-processes, will now be described. A first
process is to measure and store thernal deformations of the
machine components and temperatures of machine components sensed
dt the time when the thermel deformatione are measured. In a
second‘process,"neural networks_in the inferring eection 42

carries out the learning by means of an appropriate software,
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based on the temperature data and thermal deformations. A third
process is to heasure temperature data of-m&chine components,
which is supplied to the inferring section 42, and to infer
thermal deformations of machine conponents, based on.which,
correction values along X-, ¥- and Z-axes are 6btainéd.
" In this embodiment, measurement of thermal déformations

which cause an error in positioning along a Z-axis are described
- as an example. |

FIG. 10 is a schematic view illustrating the locations
of measuring électrodes and pins for mea?uring thermal .
deformations in the direction of an Z-axis. A measuring
electrode K1 is mounted on a tool holder 2B, which is rigidly
attached on a holder chuck 2A. The holéer chuck 2A is provided7
on the servo head 24. It is preferable that ﬁhé other measuring
eleétrodé K2 is positioned on the same level as the nut 28 of the
Z-axis ball screw 26A. For illustrative purpose, the measuring
electrode kz is shown on'£hellower end of the servo héad 24. |
Workpieces W1l and W2 are securely mounted on an appropriate
table. _Measuring pins KWl and XW2 are attached .on the workpiéces
W1l and W2, respectively. | :

The'teﬁpefatures of.each'of machineé components have
stabilized in a room temperature regulated to 21°C. Then,
the measuring work is carried out powering thglmaéhine tool. ~
Firstly, the electrode Kl is aligned with the center of the pin
%Wl and the contact is made between the electrode K1 and the pin

KW1l. This contact position is defined as a datum point DI1.
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Secondly, in the same manner, the electrode X1 is
aligned with fhe center of the pin KW2 and the contact bétween
the electrode K1 and the pin Kﬁz is made. This contact position
is defined as a datum point D2. ' '

Thirdly, in the same maﬂner, the electrode K2 is
aligned with the centér of the_éin KW2 and the contact between
the electrode K2 and the pin Kwé is made. This contact position °
is defined as a datum point D3. |

‘The temperatures sensed at the time of méasuring work
by the nine'thermosgnsors 30 A - 301 are supplied to the
temperature detectorl38. Tﬁe sensed temperatures are amplified
in the'amplifier 34 and converted to digital signals in the . '
analog-to-digital converter 36. The digital signals are supplied
to and storea in the memory 40. )

After a given'time, for example, two minutes later, the
meésuéing work is again carried out. . .

The numerical éontrpller 44 supplies error signals Z3,
which represent deflections of datum points at the first‘round of-
: méasuring work from datum points of second round'of measﬁring
work, to the thermal deformation calculator 46. The thermal
deformation'calculator.46 calculates thermal déformations of
machine components, which are  stored in the memory 48. Also, the
memory 40 stores detected'températures at the second round of -
measuring work.

i.Hereafter, at the given time .intervals, the same

measuring works are repeated while temperatures and errors in
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positioning ére stored in the memory 40 ana theé memory 48 until
the efﬁérs become constant. |

Next, an example of calculation of the -thermal
deformation calculator 46 will be described. Here, as an
example, thermal deformations of machine compohents which resuit
an error in poéitioning in the direction of an Z-axis will be
calculated since the positiéning in the direction of an Z-axis: is
subﬁect to the most cémplicated thermai deformations. | |

Firstly, a déformation (AL) of the Z-axis ball screw

26A is obtained using the following relationship:
(aL)=7-AT-L

' ,.Here, 7 is thermal coefficient of expansion of the ball
screw and AT is a temperature rise above an iﬁitial temperature.
The thermal deformation calculator 46 can obtain the temperature
rise by receiving data of the initial temperature and the curren£
femperature from the memory 40. L is a length f%om the fixing -
part, whe:é the Z-a%is ball screw 26A is fixed on the ram 16, to
the nut 28. _

Secondly, a deformation (Aﬁi'of'a'head part from the
nut 28 to the lower end of the electrode K1 is obtained using the

following relationship:

(AH)=P2-P3-AL2+AL3
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P2 is the aéflebtion'of datum point D2 from preceding
datum point D2. P3 is the deflection of datum point D2 from
_ preceding datum point D3. AL2 is a thermal deformation of the
ball screw when the electrode K1 is contacted with the pin KW2.
AL3 is a thermal deformation of the ball screw when the electrode
K2 is contacted with the pin KW?.' |

Thirdly, a deformation kAC’ of a column part including
the ram 18 and the column 16 is obtained using the following

relationship:

ALL+(P] -P3-ALI+AL3)

(AC)= _
| (Wi/wa-1)-P2

Pl is tﬁe defléction of datum-ppint D1 from preceding
datum point Dl. ALl is a thermal deformation of the ball screw
when the electrode Kl is contactgd with the pin KWl. W1 and W2
are the di;tances from the upbér surface of thé.work table to the
.top of the pigs KWl and KwW2. o

. The obtained thermal deformations of the Z-axis ball .
 screw, the head part and thé column part are stored in the memory
48. | '

The infgrring'sec;ion 42 ca;ries,out a learning using
data stored in the memory 40 and the memory.48._

Thé local controller 50 instructs the.memorf 40 to
supply signals indicativé of a set of the detected temper;tures
to the input layers of neural networks of the inferring section

42. The local controller 50 also instructs the memory 48 to
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supply signals indicative of the thermal deformations related to
the set of the detected temperatures to the 6utput iayers of
neural networks of the inférring section 42. Then, the local
controller 50 instfucfs the inferring section 42 to start the
learning. The inferring section 42 compares output signais of
the output layers to teaching signals, i.e., the signals from the
memory 48 and corrects bonding strengths between neurons so that
the output signals of the output layers will agree with the
teaphiﬁg signals. In the same manner, the local controller 50
controls the'memory 40, the memory 48 and the inférrihg seétion
44 for a further learning. '

After the.leérnings of the neural netﬁorks are
compieted, the inferring section 42 infers the thermal
deformations of machine components.using the neural netwérks with
the corrected bonding.strengths betwegn neurons. .

'FIGS. 4(A) - (F) illustrates an iﬁput(s) ana an output
of each of neural networks for inferring thermal deformations of
machine components as an examplé.. FIG. 4(a) indicate; that a -
thérmal deformation.of a column part in the directién of Z-axis
is inferred baséd on the.tgmperaturés sensed by thermosensors

30, 30D, 30E and 30F. FIG. 4(B) indicates that a thermal
.deformation of a head part in the direction of z-axis is inferred
based on the temperatures sensed by thermosensors 30a, 30B, BQC i
and 30H. FIG. 4(C) indicates that thermal deformations of the
ram 18 and the bed 10 in the direction of Y-axis are inferred
based on the temperatures sensed by thermosensors 30D, 30F and

30I. FIG. 4(D) indicates that a thermal deformation of the
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i—axis'ball scréw is inferred based on the temperature sensed by
the thermosensor 30A. FIG. 4(E) indicates that a thermal
defofmation of.thé ¥—éxis ball screw.is inferred based on the
temperature sensed by the thermosensor 30F. FIG. 4(?) indicates
'that a thermal defoimation Qf the X-axis ball screw is_inferred
based on the temperaéure sensed by the thermosensor 30G.

During machining, the thermosensors 302 - 30I sense§
teméeratures, data of which are provided to the température
detector 38, which'suppliés the digital signals indicative of the
témperaturés to the méﬁory 40. The local controller 50 supplies |
instrucficn signals to meﬁories 40 and 48 and the inferring
section 42 at given time intervals. Responsive to instiuction
signals from the local controller 50, the memory 40 provides
signals of tempefatufes, based on which the inferfing'séction 42
infers thermal deformations of machine coﬁpdnents"using the
neural netwo;k with corrected bonﬁing.stréngths ﬁetweeg neurons.

As shown in FIG. 1, the‘inferred £hgrma1 deformations
of machine components are provided to the correction value
calculator.SZ which calcﬁlates correction values in the X-, Y-
And Zeaxié directions considering directions of thefmal |
'deformafions.

FIG. 5(A) indicates that an error due to thermal
deformations in positioning a tool along an X—axis,'which is
mounted on a tool holder (not iflusiratedf held' by a holder chuck
2A at the position S, is obtained based on a thgrmél defgrmation
(Bx) of'fhe'x—axis ball screw 12aA. FIG.'S(Bf indicates that an

error due to thermal deformatiops in positioning the tool along a
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Y-a#is-is obtained based on a thermal deformation (By) of the
Y-axis ball screw 20A and a thermal deformation (Cy) of the ram
18 and .a thermal deformation (Ey) of the bed 10. FIG. 5 (C)
indicates that ah érror.due to thermal deformations in'
positioning the tool -along a Z-axis is obtained based on a
.thermal deformation (Bz) of the Z-axis ball screw 26A and a
thermal deformatlon (Hz) of the head part and thermal
deformations (Cz) of the ram 18 and the column 16; In othor_
words, correction values in the X-, Y;.and Z-axis directions are
obtained using the followihg relationships:

X-axis correction value = -(Bx)

- (By+Cy+Ey)

Z-axis correction value = -(Bz+Hz~-Cz)

Y-axis correction value

The correction value calculator 52 provides correction
signais X4, Y4 and z4, which, respectively, represents the'
obtained X-axis, Y-axis and Z~axis correction values to the )
numerical controller 44. The numerlcal controller 44 comblnes
the drive SLgnals X2, .¥2 and 22 and the correction signals X4, Y4
and Z4, respectively, to correct errors in positioning along X-,.
Y- and z-axes due.to thermal deformations. |

Sinoe the neural network procesées the temberature data
sensed at each of machine components, the thefﬁal deformations of
machine coﬁponehté which complicatedly affect those of the other
machine components are accurately grasped to correct errors in

positioning due to thermal deformations of machlne components.
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In FIGS. 6 - 9, measured.thermal deformations ahd
inferred thermal deformatioﬁs are plbtted. The horizontal axis
of the graphs denotes the number of measurement which is taken
every two minutes.

FIG. 6 is a graph in which temperatures sensed by
thermosensors BOA ~ 30H are plotted. 1In advance, a room
temperaturé is maintained at about 28°C using an appropriate
"heater. At time Pl the heater i# turned off and the cooler is
turned on to reduce the rooﬁ temperature. Then, at time P2 when
a room temperature drops to -about 13°C, the cooler is’turhed off
and the heater is turhed on again to increase the room
temperatﬁre. The graph of FIG. 6 indicates that the temperature
sensed by the thermqsensor 30H,-which is located a little above
the upper ?art of work tank 6, follows changes ih the room
temperature qpiet closely. Further, the temperatures senﬁed by
the thérmosensors 30E, 30F ahd 30é are found to bé somewhat
_behind the changes in the room £emperature and the températures
;ensed by the thermosensors 30A, 30B, 30C and 30D ére found to be
very much behind the changes in.the room temperature.

In FIG. 7, measured thermal deformation of the ‘column
in the direction of a Z-axis-aﬁd thermal deformation thereof
inferred by the neural network 42 are plqttedf In'FIG. 8,
measured thermal deformation: of the héad in the direétion of a
Z-axis and thermal deformatién thereof_inferred by .the neural
network 42 are plotted. Both FIGS. 7.And 8 show that the

measured value and the inferred value, although these values
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slightly deflects from each other in parts, are more or less in
~agreement.

In-FIG. 9, a gréph A illustrates an error in
positioning along Z-axis without any correction and a graph B
illustrates an érror in positioning along'z—axis.with correction
of the present invention. Though an error in-bositioning due- to
thermal deformations fluctuafes Qidely, it becomes more or less
constant when it is corrected. |

. As will be appreciated by the'értisan, error signals
X3, ¥3 and 23 from the numerical controller 44 may be directly
supplied to and stored in the'memory 48 removing the thermal
deformatioh calculator 46. In this case, errors in positioning
alohq X-, ¥- and Z-axes may be measured u;ing a laser measuring
device. The error signals stored in the memory 48 are used as
teaching gignals,'based on which, the inferring section 42
adaptively changes bonding strengths between_neproﬁs.

| FIGS. 11(a) - (C) illustrates inputs and an output of
each_of‘neuial nefwo:ks for inferring errors in positioning aloné
X~, ¥- and -Z-axes as an example. FIG. 11(A) indicates that an
erroé in positioning in the direction of Z-axis is inferred-based
on the temperatures sensed by thermosensors 30A, 30B, 30D; 30E,
30F and 30H. FIG. 11(B) indicates that an error in positiohipg
in the direction of Y-axis is inferred based on the temperatures
sensed by thermosensors 30E, 36D, 30F, 30H and 30I. FIG. 11(C)
indicates that an errxor in pdsitioning-in the direction of X-axis
is iﬁférred based on the temperatures sensed by thermosensors

30G, 30H and 30I. The inferring section 42 supplies signals
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indicative of the inferred errors in positioning to the
correction value calculator 52. The correction value.calculator
52:suppligs signals indicative of correction values along X-, Y-
and Z-axes for correcting e;fors in positioning to the numerical.
controller 44. |

The foregoing.déscription of a preferred embodiment of
the invention has been presented for purposes of illustration and
description. Iﬁ is not intended to be exhaustive or to limit the
invention to the precise form disclosed, and obviously many
modifications ahd véfiations are possible in the light of the.
above teacﬁing. For example, instead of using the nine
thermosensors, more thermosensors may be used to infer thermal
deformations more accurately. It is-intended that the scope of

the invention be defined by the claims appended hereto.
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- CLRIMS
1., A machine tool for machining a workpiece into a

désired profile using a tool which is moveable relatlve to
said workpiece, said machine tool comprising:

a numerical controller (44) for providing a
drive signal (X2,Y¥2,22) to move said tool relative to said -
vworkpiece along an axis;

thermosensors (302-301I) for sensing temperatures
of a plurality of components of said machine tool;

inferring means (42) for inferring thermal
deformations of said components in the direction of said
axis; , _

wherein said inferring_means includes a.
plurality of neural networks having a number of neurons
each of said neural networks receiving temperature signals
indicative of the sensed temperatures and providing
respective.thermal deformations of said components in the

"~ direction of said axis; and

a correction value calculator (52) for providing
a correction signal (X4,Y4,%4) indicative of a correction
value in the direction of said axis based on the inferred
values of thermal deformations wherein said numerical

ccontroller combines said drive signal and said correction

signal’to correct an error in positioning said tool due to
thermal deformations.

2. The machine tool of Claim 1 further comprising a

first memory (40) for storing said temperature signals
wherein said inferring means receives said temperature

 signals from said first memory.

3. The machine tool of Claim 2 further comprising a
second memory (48) for storing measured values of thermal
deformations of said components wherein signals indicative
of said measured values are supplied to said neural
networks as teaching 51gnals.

4. A machlne tool for machining a workplece into a

-
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desired profile using a tool which is moveable relatively
to said workpiece,'said machine tool comprisingﬁ

a numerical controller (44) for providing a
drive signal to move said tool relative to said workpiece
along an axis; . |

thermosensors (30A-30I) provided at the
different positions on said machine tool for sensing a
plurality of temperatures of said machine tool;

~ inferring means (42) for inferring an error in

positioning said tool in the direction of said axis;

' wherein said inferring means includes a neural
network having a number of neurons said neural network
reéeiving temperature signals indicative of the sensed
temperatures and providing the positioning error in the

' direction of said axis; and

a correction value calculator (52) for providing
a correction signal (X4,Y4,24) indicative of a correction

value in the direction of said axis based on the inferred

positioning error wherein said numerical controller
combines said drive signal and said correction signal to

correct an error in positioning said tool due to the

variety of temperatures.
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