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CONTROLLI NG A, MOVABLE ELEMENT IN A MACHI NE TOOL The present |nvent|on

rel ates generally to machine tools such as mlling, cuttlng gf I,n

@ i ndi ng machines as well as traveling-wire or wire- cut {R$4§;&

(el ectrical discharge machining) nachi-nes, sinking- type EDM nmachi nes and

ot her el ectroerosion or electrical nachlnlng_gqulpnents More particularly,
dhe invention relates to a nnthod of and ap aratus for controlledly nmovi ng
“asnovabl e 10 = el eGONTROLIANS OVABL d L A iindc 310

t ool hol der, worktable or carmm@ggr%@@mgrhmﬁ@naibmobgmawgyﬂgymyyallynt@
machi ne tool, a drive ch as.a | ead-screw arr .S CO nly
coupl ed dr|V|neg 1§a°ge etﬁog ﬁo?&ﬁpeaglgﬁéﬁﬁ Ngnd © 3F%ag§’b qﬁﬁﬁ§' ans
such as a DC notor @risiddmg mypohines emewsildecsbyt ravieddmgswgral oro wdcte-eve
"a given novenegt of I n c | ed (NC)
machi ne tool, ?he fee%% E%nﬁi}Me (%%%s%&?éacr%lofﬁ% se ebgllaegqg\é @) upon

di gi t al conmands pr &gchgmene ¢ ink ina-damed ingrahdanesh and: [dhessi red

movenent nmay be per foalg¥t et RAGH drelet et mionl *aia%m@u%(gc@q%q n¥d.h the
programed comands . Such drive sy however ent ai

conversion of el ect Mof& pagtisular ﬁﬂoh%%%ﬂ@%%%‘%ﬁ% on
~of rotary mechani caloft @nldorR@paiditia ﬂmctwumnsd@salmvmngilasmommmms |
Thus, a nechﬁglcal er,ror__ynavoidably g RS, dy" t-he st%le Qf canversion

due, for exa .t SLemey (ﬂnqhnatané"l ort itk G EFP TN 8F KFKRLERF 30
a backl ash in vari ows doglohoider, Aorktaddd tor aaumdeige aupdoadting &
command i s not. acchﬂ&ﬁ]%ﬂ%%y (é I n a desired novenent of the novable
el enent. These errors are inher i'n each particular machine tool and

“cannot general |y be 35 conﬂéh@awmme o ,preo desiy eo membes srakh@n @

with ~ lead-screw arrangement is commonly coupled drivingly
15 with a movable element and driven by motor means such
" as a DC motor or stepping motor energized by a feed

‘I-l‘

signal to achieve a given movement of the movable
element. In a numerical-controlled (NC) machine
tool, the feed signal'is a stream of pulses based
20 upon'digital commands preprogrammed on a record
medium so that the desired movement may be perfofmed
és accurately as possible in accordance with the
programmed commands. Such- drlve systems, however,
';commonly entail conversion of electrlcal to
25 - mechanical signals and further conversion of rotary
mechanical to longitudinal mechanical signals or
displacements. Thus, a mechanical érror_unavoidably
devélops in the stage of conversion'due, for example,
to an error in the lead or pitch of a lead screw and
30 a backlash in various components. As a result, a
- precision electrical command is not accurately
‘reproduced in a desired ﬁovement of the movable
element. These errors are inherent in each
particular machine tool and cannot generally be
35 compensated ‘for by a process of preprogramming with
the conventional systems.
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#\ conventi onal systens. . -2- The present invention seeks to provide an
{(pf oved nethod of and apparatus for controlledly noving a novable el ement
a machi ne tool, which method and apparatus overcone the aforementioned 5%
probl ems encountered in the prior arp$. Furthernore, the invention seeks to
provi de a nethod of and apgﬁratus for controlledy noving a movabl e el enent
in a machine tool whereby an®eRFFefRt Pﬁvﬁpgﬁ°6r€8F§§oﬁ°oPrPWéq&i§ﬁ|acenent -
of the novabl e lGmpepied metassusfdnd appacatdanderwicbhtaoflilestl yaspect: of
the present invepii here_is _prqvi met hod . of controlledly noving a
movabl e el enent ?“ak’ggﬁa%hﬁﬁga?%a eﬁs&?—ﬁ% IngR JEChdnge °8r‘i’vi”ﬁ‘g}|°¥‘ coupl ed
to the 15 novabmetbbdnand, appasetwsawyedciomenghe adoplese nitdonleel dri ve

menber’, and ir%t 05:‘@5&%&@%&%‘6@51‘.{@@@5 ifnorth%n%lrgg_io;i gt he nmotor neans to

drive the drive menber, there 0 nove the novabl e el'ement, said method
conprising the steps of: 2§urthermore, thg) igyginfiieq &eskgudnc@roifdged

signals froma caniBB#oY0BCaANO apPlathaERISOToM IRt rollEW1ly MRS Lher eby
energi zing said notogéneans t o achieve' .a correspondi ng séquence of desired

move- nents of sZPY2REFasEmENEdR 2 Mmychine tool whepebyerdy g tnedeact ual
di spl acenent of 3gi dighvpbeeisliomerlt taeuldiispd alce@nth® ARMe GRivadleof each
of said feed signals to.said driver circuit nmeans and said notor neans to
provi de a fi}%t'gﬁgﬁgr a8 35F¥K€8-on of said actual displacenent; 30

(c) sensing said feed signalns alceopdavicdc wdth a first aspect of the
present invention, there is provided a method of
controlledly moving a movable element in a machine
tool having a.drivé hember drivingly coupled to the

15 movable element, motor means dfivingly coupled to
the drive membef,'and motor drivercircuit means for
energizing. the motor means to drive the drive member,
ﬁhereby to move the movable element, said method
comprising the steps of: '

20 : (a) apblying a sequence of feed signals
from a command source to said motor driver circuit
means, thereby energizing said motor means to
achieve a corresponding sequence of desired move-
ments of sgid‘movable element; . . . .

25 . (b) sensing the actual displacement of said
movable element resulting from the application of
each of said feed signals to said driver circuit
means and said motor means to provide a first signal
as a function of said actual displacement; )

30 ' (¢) sensing éaid feed signals to provide a

"~ sequence of second signals each as a function of each:
of said feed signals;
(d) successively memorizing on a memory
medium, said first signals corresponding to the



-

é . .
sequence of second signals each as a function of each of said feed S|gnals

(d) succeSS|ver menorizing on a nenory nmedium said first signals

- @rresponding to the - sequence of said second signals; (e) succe35|vely
reproducing said first signals menorized on said menory medi um
corresponding to the sequence of said second signals while 5 pernlttlng

said feed signals to be issued in sequence frdm sai d command source; and .

) processing sai dsé@@éx?@éw@fi ééi&tsééﬁﬁ'@' 81 §al d feed signals to
provi de a sequence of "revi sed g SE?nga S an % ve g said revised 10
r

feed signals to said notor dr (¢ %?%Vﬂ%&nEePFﬁ b&gt%aééhfbv%tthe
desi red novenents igi m@rmem@fm@ddomwmem@m@mrmwima@@@w@ﬁ@@dmgh a

d f h ded f
control | oty movi tng*?a FS anralenaReht' Sald FRERRACT 1 BBRES 6hEH i ng

drive nmenber Fivi npéynittjhgdsabd sbeed noivghh ks eteneat issued 4in s@qoenoeans

drivingly coupl ed tp.sai i g%ﬂg npe or iver circuit neans for
energi zing said nntgréﬁegﬁg&t% ve %%?gg%fl%ganenber there- 5 by to

nmove said novabl e el enent; Bimprecessize $aid apppyodiced sBhtehce
'signals and said feed signals to provide a sequence

-of revised feed signals and applying said revised
10 feed signals to said motor driver circuit means,
thereby to achieve the desired movements in sequehce
of said movable element.
In accordance with a second aspect of the
invention there is provided an apparatus for
15 controlledly moving a movable element in a machine
tool, comprising: |
a drive member drivingly coupled to said
movable element;

Lo



oRN\f eed signals to said nDtor driver circuit nmeans, thereby to energize

d motor nmeans ‘to achieve a correspondi.ng sequence of ‘desired nmovenments
0§/ said 10 novable elenent; first sensing neans directly responsive to the
ctual displacenent of said novable el enept resulting fromthé application

of each of. said feed signals

driiver

d d
~means for providing a first™ %%§EZ$é%23 d?hﬁh?ggﬁué%uggfgsgg?ﬁﬁsgl motor ;5

secdmilveemembegr peans responsive to said feed signals for

providing a sequence of SecﬂggofOQbeérGQEPcé?taméHHEtk8P QReﬁgfglﬂé said

di spl acenent ;

. feed 20 signals;

nmenory Aeans successi ve menori zi n

signal s corresponﬁah@ m%tars@ﬁ%@ﬂcbooﬁféaﬁdséééoﬁdiEEgﬁéﬂ@efie&bénﬁ means

for said menbgy nMg@angetgoge sgygcgggggggyeigﬁégguce said first signals
corres- ponding to a sequence of said second_s nal : .and Ioglc means for

processi ng sai d reproduced %.FgwméngnanfaﬁdfeﬁlaPPééanglana

§UE8CBrovi de a

sequence of revisgd feed signals eadséeaumatbalhylser appkuiBgméand,revi sed .

feed signals to s
‘achi eve the desir

circuit nmean thereby to

BheeehueEbSheRRLbensata BPtoR HeARSuRP. SER IR A 2 ek ne

Tool Apparatus andopregpbnding: sequbnceonfr debingdt hevappatat o bauh

_enbodying,th
ref erence to

|nven-

gom/be descri bed by way of exanple, with

fhe 3853%%5n§p%838|agrannatlc dr-awi ngs

15

20

25

30

first sensing means directly responsive
to the actual displacement of said movable elemént
resulting from the application of each of said feed
signals to said driver circuit means and said motor

. means for providing a first signal as a function of

said actual displacement;
second sensing means responsive to said
feed 31gnals for prov1d1ng a sequence of second |

" signals each as a function of each of said feed

sigqgls; : _

memory means for successively memorizing
said first_signals correspdnding to a sequence of
said second signals;

readout means for said memory means to
succe551ve1y reproduce said flrst 31gnals corres-
ponding to a sequence of said second signals; and

logic means for processing said reproduced
first signals and said feed signals to provide a
sequence of revised feed 31gnals and sequentially
applying said revised feed 51gnals to said driver
circuit means and said motor means, thereby to
achieve the desired sequence of movements of said
movable element.

Machine Tool Apparatus and a method of
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i n whi ch: 5 . ~ Fig. 1is a schematic view, partly in section and o
partly in'block form di agrammatically illustrating an apparatus embodying [2
t h® present i nvention; Fig. 2 is a schematic diagramessentially 10 in a

bl ock forn1|IIustrat|ng, inter alia, a nmenogy control unit constituting a
portion of the enmbodi ment

schemati ¢ di agram
eﬁﬁsntlally in a bIoc%°?6?ﬂ$}+?gsF?%t?Bﬁar?g?ﬁrb%??agmgpﬁbb?% Yiae g?%%1f
constituting a potéhonidl hbw bebadscrbbedf bfigay lof Rekamplag whtiki g.

travel ng- wre or wiTErSLERtRat okt hesir nabEnf EPnaRRRERRE LG drannaey
continuous wre el ectindehichhi ch may be conposed of copper or a copper

al |l oy such as brasg and may ha#?%ﬁtﬁhinge§éhQﬁa9i@”?1§& OBaPth iﬁo

mm The wire electifode 1 is fed c i nuousl g roma su reel
nmount ed on a col unm 3S@etdent aadnpaRbhE &Rd FQCEOFPﬁﬁteﬂlpﬁfﬁmmatlﬁalhy

take-up ree|l 4 shown ﬂDyﬂﬁeﬂaeﬂnénaarQbﬁa?étesdéﬂﬂoﬁyﬂﬁgtbﬁecpkéﬁﬂnB
Anot her arm 6 extends frongiae colum 3 and has at its end a first

Wi re-gui de member 7. RAY¥BBEAA™W re- gui de menmber 8 is attached to a 5
spindle 9 which is supported |nFagveEtnsahlscdemataceabbgramneesebylahey

menber 7 and the Ufpekholi BAORENERr Paiiau3LF By R o ke odLid ch BURERy
posi tioning the spindten®rby oeabksconstituting a portion of the embodiment
of Fig. 1; and _
' Fig. 3 is a schematic diagram essentially
in a block form illustrating, inter alla, a logic

15 circuit unlt constltutlng a portion of the embodlment
of Fig. 1. .
| Referring to Fig. 1 the principles of the
present invention are shown embodied in a traveling-
f wire or wire-cutting EDM machine. The machine in-
20 cludes a continuous wire électrode 1 which may be
composed of copper or a copper alloy such as brass,
and may have a thickness or diameter of 0.05 to
0.5 mm. The wire electrode 1 is fed continuously
» o . from a supply reel 2 shown mounted on a column 3 of

3

25 the machine and is collected onto



not shown, and is axially advanced between these nenbers by drive

¢hris not shown but arranged in the path of wire travel on the’side-of the

-up reel 4 to give a suitable tension to the travling wire electrode 1.
A wor kpiece 10 is disposed in a machining relationship wth

the wire electrode continuously traveling bet ween the wire guide ‘nenbers. 7

and 8. The workpiece 10 is fixedly nounted in-a worktank 11 which is

securely carried on a worktable assenbly™Z. 20 A machining fluid, e.g.:hf

vater, is supplhegdaka-hpereed qnsﬁfowhhemumleai @ne ah0 azmd 5t lexteindd ng ect r ode

1 fromone or mgre nozzle not , sho e a # t
shown) is connefFed gﬁ@cPPF A ¢ r?rglgctro %efr %?%gxhépﬁplece
10, hto appl y' af35lumnSBCeﬁﬂshaB-aﬁ dﬂshmmﬁng mMna&;mmnergunﬁqlmﬁmhﬁﬁl | ed
machi ni ng gap | iach s Gl he

wor kpi ece to re gnggg g{ilﬁzg(alattb\e!lrr%'h(?l %gﬁ%%%eﬁéaﬂpﬁied or | ead

screw coupbed 3@p1ndﬂ@ BhyhuamleSa§§m@ﬂ1FQ¢2kﬂu§rWﬁQikﬁ?h&W’a motor 14 to

| ongi tudi nal |y bkl & eg.rrﬁ,lyytll a(ynf ti cmug‘ &ng axis. An
encoder 15 is p?géiﬁgg%gbgp e rotatabl mnth the}1 ?% shafi of the notor
14 to sense an #ig@ &le@itddecdmdit £ fovess v eil W%'u shown, an

iX-SaX' S d]; fsgnogl ﬁﬁﬁcm\udas t;:(ﬂeﬂdpafd:yt Sad mbd‘:ﬁaﬁ fﬁevmdfdee smeeirtg y 12 and .
15 1 ongi tud nal e PaMEREY &3t Bt5 Hrianing dhe THATLe R BeddRond cal ar
to the shaet of ndtawhtwm Amnehdedex il 1y rad\anqeqarbnmmm ctheded 5 '
rotatably with thS Pty LAVe Heddl M5E Uit arranged in the
path of wire travel on the side of the take-up reel 4
to give a suitable tension to the travling wire
electrode 1. | o
15 o A workpiece 10 is disposed in a machining
relationship with the wire electrode continuously
traveling between the wire guide members 7 and 8.
The workpiece 10 is fixedly mounted in a worktank 11
which is securely carried on a worktable assembly 12.
20 A machining fluid, e.g. water, is supplied to the
region of the workpiece 10 and the wire electrode 1
from one or more.nozzles (not shown), while an EDM
power “supply (not shown) ig§ conhnectédd electrlcally to
the wire electrode 1 and the workpiece 10, to apply a
25 succession-of machining pulses across a fluid-filled
machining gap formed between the traveling wire
electrode 1 and the workpiece to remove material from
the latter. | | _ _
Shown at 13 is a feed or lead screw coupled
30 to the table assembly 12 and rotated by a motor 14 to
‘longitudinally move the table assembly 12 in the
direction of a Y-axis. An encoder 15 is provided
coupled rotatably with the rotary shaft of the motor
14 to sense an angular displacement thereof.
35 . Although not shown, an X-axis feed or lead screw is
simllarly coupled to the table assembly 12 and is



the X- axis and Y-axis notors is supplied along a |ine 16X, '16Y, froma
munerical controller (NC) 16 which is 10 here provided with a control
menory .circuit unit 17 and a control logic circuit unit 18, each of which
is to be described hereinafter. The control ngnnry circuit 17 includes a
Jrenory unit which may be constituted by a ROM Tread-only nmenory), a RAM 15
'%eandon}access nennayivendémmlaaﬂmgnby|antEpexmsnmenoen(hythehdwnh 80 - '
cassette for ease o n va CWi . 18
may conveniently be %%F ?gaeﬁﬂﬁ Hz IgﬁéggﬂﬁEgé%?? ?g%e§§|ﬁgeéhPt
(e.g: n1croconputerOﬁraEOX-aXESCWbpcbcesﬁgnﬁstDeppﬁnﬂlcuheruhptthe gheet
per f or m comput er zegenyiRphagl Capt babotedCLs! YRl ARy §be%1aaa t8upict

| aser generator designed | aser beamto i ece Sense a.

“di spl acenent oP the”ﬂﬁ?ﬁﬁpézewiﬁhmﬁbﬁ EORkREH 85§f§e°§5the gra§F§0P§|8ﬁ A

prism20 is dlSposedofséﬁdbyaﬁnah@alu@raﬂspaacéﬂeamrkn@eeoand amrror 21
is disposed in the path of thg l.aser

reflected by the workpi ece 10 sﬂrﬁ&&eofogéﬁaoﬁﬁéﬂﬁéc P|8§F 8ﬁvgﬁfeg ~22
whose out put el ectraxds aad Y-axgsametare dspbuppliedt hdoagner dlineenbiXy

ciroult unit 17 A jgber ngg 30ALReRtARY LARLYoRILD A2 keLRIRACGeSCAl ©

al ong the X-axis are pectively ernonet ers
25, 26 a 27 al@ 35 hergj ppovédednwild ﬂegPBﬁ§0&fmﬁaprﬁu§1€ﬁuﬂ¢canlﬁaéﬁlne

-8- conponents. ThuﬁndtQECBHGEBQ”EB§EczélﬁﬁﬁigeuHEQd1BO each of which is
to be described hereinafter. The control memory
- eircuit 17 includes. a memory unit which may be
constituted by a ROM (read-only memory), & RAM .
15 (random-access memory) and/or a magnetic tape

& . -
to sense an angul ar di spl acenent thereof. A drive or feed signal to each OZE;S

conveniently held in a cassette for ease of entry and
removal. The control logic circuit unit 18 may
conveniently be constituted by a computer or central
processing unit (e.g. microcomputer or
20 microprocessor) to permit the unit 16 to perform
' computerized numerical control (CNC) functions.
Shown at 19 is a laser generator designed
- to emit.a laser beam to the workpiece 10.to sense a
displacement of tﬁe workpiece 10 with a high degree
25 of precision. A prism 20 is disposed fixedly on the
workpiece 10 surface, and a. mirror 21 is disposed in
the path of the laser beam to direct the laser beam
reflected by the workpiece 10 surface to an
_ optoelectrical converter 22 whose output electrical
30 signals are applied to the control memory circuit
unit 17. A reference scale along the Y-axis and a
reference scale along the X-axis are shown at 23 and
24 respectively. ' _
Further, thermometers 25, 26 a 27 are
35  disposed in the regions of various critical machine



the tenperature at a support for the nmachining guide 7, the
‘nmoneter 26 to sense the tenperature at the workpiece 10 and the -
thernoneter 27 to sense 5 the tenperature at a support for the machining «
gui de 8. Each of the thernoneters 25, 26 and 27 is adapted to convert the
sensed tenperature signal to a correspondlgg.electrical signal. The

el ectrical signals are applied to a conpufel™ 28 whose output 10 si gnal .
is applied to theom@@hreaksnemmsqi AGie ttheridonkh ot QSads?adaéﬁiséﬂ to o d

alternatively nma a dlre the control 0 circuit. unit 18
via a |lead 28a. éegggl Eg E’I?eﬁ' %&%r r?t@uﬁ‘ippr?d gtte% & fac % o e
inparted to the gwikgi dcethe cmelmntert@m@ér &ta merm‘e ttihee vhen@amattuneg EDM
machi ne i 'l ust ra%%dtgé ?b\gg:?,eigﬁeame%‘an%eofthme%fe eg e S

wor kt abl e assenb both al'ong X- and Y- axes by the
motor and Y2axi s tRSt denperatpge@t a SWRRN e fGr Fdhen pagh iveenidss in

turn dictated bystheEeeh eFPeh@ RGle) mIMRIVADES i 29 @ i20ns Preedpyeed in
the NC unit 16. ,To effect 3ﬁﬁ$ﬁpath of ane nt. alang ﬁach axis, the NC

unit 16 furni shed% O8VEEL, nSgdy BGHRS ot° @ This 25
preci se feed si gn@lrmlplomddm,g Iedsmtemcalie smgnaar.t ed@hec alresd i iycdint 0 t he

correspondi ng or q |1esd e%tp?ileeraeq:t %fﬁt%uvpélkt%aé) ﬁese(gﬂ 1;12 or the

wor kpi ece 10 due 5 error ac hher &h y “presen e system
for exanpl 40 an edgpeli ds lppdded 4o ttdte eontaad cxfemcmy |iatPwsicy evp 18 and a

backl ash in the iale 14 BLOY the tdepPrddici pl es of
the i nvention, aﬁ?g??g?ta Q.e%ﬁ |-s[)blt§caer#§nt of @Qcmayed&el nt dIZ or :
wor kpi ece 10 is §éﬁ§§&1§nd‘°cd7rhter SOndqol e A4 B r)%'b’cfesk%d”tao B35 |
-prOV|de a reV|S|q%dwﬁzgme feed signal applied to each

: _ ‘A desired machining or contouring pattern
15 to be imparted to the workpiece 10 during the
operation of the wire—cutting EDM machine illustrated
is given by a sequence of paths of movement of the
worktable assembly 12 effected both along X- and Y-
axes by the X-axis motor and Y—axis motor 14. The
20 - sequence of paths of movement is in turn dictated’ by
the correspondlngly prescribed instructions
programmed in the NC unit 16. To effect each path of
movement along each ax1s, the NC unit 16 furnishes a
, correspondlng feed signal to each motor. This
25 precise feed signal will not, however, be converted
accurately into the corresponding or desired feed
movemenf of the worktable assembly 12 or the '
‘workpiece 10 due to error factors inherently present
in the drive system, for example, an error in the
30 pitceh or lead of the lead screw 13 and a backlash in
the associated components. In accordance with the
principies of the invention, an error in the
diSplacement of the moved element 12 or workpiece 10
is sensed and controlledly memorized and processed to
- 35 provide a revision in the feed signal applied to each



“9- nmotor. Referring to FIG 2, the structure and operation of a certai "2
enbodi ment of the control nenory circuit .unit 17 may be described. In tR{s ~ -
arrangenent which relates to the Y-axis novenent by way of exanpl e,
t he optoel ectrical transducer 22 provides the control nmenory circuit unit
17 with an anal og i nput which represents the-gosition of the workpiece 10
sensed through the Iaser beam The 10 control nenory circuit unit 17
sconprises an anal ot digital (AD) converter 121 which converts the
anal og position signal into aRéferring tlogFIi@l Dyl tles swruttare @odint ed by

ter 122, whil
2oﬁg?2degy a 15 | §ké§h%f8q2§9qa°8%9ﬁ%a§ %@ﬁﬁqéﬁfﬁgn%gres t %&g%ﬁ%f | evel s
- of the counters 122memoiryt2dinedipranities? anayfberdegeribedounis Whish is
| at ched or teq?orad%ﬁy%@éare aJE%f%%ﬁﬁgf%G gnﬁgrt&gSY %%f58£ %ﬂgngug ut

pul ses of the ®&enco y_counters 29 to
cause a successi ve @®rafiexample, r the- 6HF9eﬁ%ﬁﬁfyc%kKiﬁaEQQucﬁFt?%1ng

pul se generat or 127?t§v{&§§0ﬂ§év@oﬁ@réﬁ Rehety Ofréhet coniter7eBthoan
provide a tim ng pul se, eac

enabl e the signal |&R2hed ﬁgpugEVhl?hggéggggéPgﬁzghggéggfﬁgﬂﬁr?i gﬁgztfﬂeto

ROM 126. Each instamérmpie@engOp@éﬁsedstnnﬂeghteme basér cbeaner STHE2 and

of the wor kpi Be- 1070 ohAERFED, BLroRns uREh Ll "sube Ry hn baRLBEE TN

of displacenent is toamsgetabd(ADbncon%erhgch1%bumhe¢th6nY©”tﬁetFEmﬂ126

Thus the differentighayghufgsifibhes SPREESThYE ANEEEIRNGE @igital pulses
which are counted by a counter 122, while the sensing
output pulses of the encoder 15 are counted by a

15 counter 124. A comparator 123 compares the count
levels of the counters 122 and 124 and provides a
difference in counts which is latched or temporarily
stored in a latch counter 125. The sensing output
pulses of the encoder 15 .are also counted by counters

20 128 and 129 to cause a successive operation of a
read-only-memory (ROM) 126. A timing pulse generator
127 is responsive to an output of the counter 128 to
provide a timing pulse each time an. increment of
displacement is counted to enable the signal latched

25  in the circuit 125 to be memorized in the ROM 126.

' Bach instant a timing pulse is generated both
counters 122 and 124 are cleared and the differential
count between the actual displacement of the
workpiece 10 and the output of the encoder per each

30 increment of displacement is transferred from the
latch counter 125 to the ROM 126. Thus the |
differential values in the successive increments of
displacement are successively accumulated and stored
in the ROM 126. A switch 130 is used to clear the

35 count of all the counters. |



-~

acenent are successively accunul ated and stored in the ROM 126. A

h 130 is used to clear the 35 |, count of -all the counters.’ -10-
actual displacenment of the workpiece 11 is neasured with an extrenely
high degree of accuracy by the | aser arrangenent 19, 20, 21 and 22. A
differential value between such an actual _$5. displacement of the noved
menber 10 neasured and an encoder 14 out put which represents a di spl acenent-
-of the notor 14 shaft effe@hedachupdsgdapdacengnteed $hgnsporkpiergs!! R

ascertained for ?éCBeaaﬁne&Ew&eh &ﬁegxtEEﬁeX? H?ghbabﬁgeéu6?e§§bﬁ?bﬁy
menori zed over ‘successi ve i ncrene nori zi ng

nt
operation is perpﬁrﬁﬁﬂ hREEF agrangement nzghlﬁ ngzépépgt #hus an error

i nherent in the aeﬁﬂeeenem/al?»thnuehbgweenr sAeht anagcenadr ln t he act ual
displaceneng of

assenbly 127 is héﬁﬁi?%é&egﬁ %e thefggrkﬁl§§%ﬁ1890éeg§&ﬁgﬁégggrgkktabIe

i ncremental f eedendodect &4 butpnspwbdchnwepresentscei dispdacerentiCodnit 16.

The memori zed er e kthie1POUEE b3reatdadtl 234 oiaecdy goidal ced.

signals are applie homs an enbodi nent of
the control |ogi 8ignpduis Ghns agcentadrglafari sachi incagaentead dieedn with

reference to dlSﬁhecea&ﬁbsab@aagtEﬁcxese&wely hemoFizledl i@zt he NC unit 16
is applied é Qrmsh aB gg % iﬁ 1 whose .oytput is applied
toa flip-f op 1§E°ﬁﬁF§HVFh6§°5F8§ Fal §nBPROTEZI NGt ter signal s
are appl@ed vi a spéiration dat perfddmed @haowpt@rad@WWememmuMﬂnnmg:an
operation. Thus an error inherent in the lead screw
13 which gives rise to an error in the actual

displacement of the moved member, the workpiece 10 or
15 the worktable assembly 12, is memorized in the ROM
126 in each of a sequence of incremental feeds
directed by preprogrammed instructions of the NC unit
16. The memorized error in the ROM 126 is read out
- and the corrected feed signals are applied to the
20 motor 14. ' '
FIG. 3 shows an embddiment-of'the control
logic circuit unit 18. An explanation will again be
given with reference to displacement along the Y-
| axi8. A signal from the NC unit 16 is applied to a
25 waveform-shaping circuit 131 whose output is applied
to a flip-flop 132 which thus provides digital
signals. The latter signals are applied via a
discriminator 133 to the up or down terminal of an
‘up/down or reversible counter 134. Meanwhile a
30 preset counter 139 counts the sensing output pulses
of the encoder 15 to provide an output signal which
is applied to a read-out circuit 138 for the ROM 126.
The memory in the latter is read out and applied to a
waveform-shaping circuit 136. A flip-flop 137
35 converts the shaped signal to digital pulses which



up/domn or reversible counter 134. Meanwhile a 30 preset counter 139
counts the senS|ng out put pul ses of the encoder 15 to provide an out put
gignal which is applied to a read-out circuit 138 for the ROM 126. The .
menory.-in the latter is read out and applied to a waveform shaping circuit
136. A flip-flop 137 35 converts the shapethsignal to. digital pul ses

whi ch i ed t 133 to the t |
% the counter 134 areieRbind offA SROH Mgt iatiian 1D & CRME dbn

until a preset uppeiowm temminalrbf tise reanireelr 3N e&henmmnmtér 134ssues

t hrough a wavef orm clr : [ tia
control circuit 14?%?1? ‘3‘8‘% é’ '?l rs? ]‘§f2 éfd?(%]%r%‘%gfé%rgglﬁﬁl uéring{%égpdrl ver
‘circuit 143 to cont4pPeRMY h‘PW@/@ 1t brot9rraached o Bienm mn seapPWE circuit

141 is interpaoped bf‘é&f‘@é" 'M‘Foﬁ%&rﬁ %a@@form-@l@ayi‘m acﬁe&i’i‘ﬁi 15PUWndfid he
differential control gqglt 1 An oscjllator 140_is ? gﬁg perate the
\Y;

two flip-flop 132 Appked $9 %p@%?%%.ntm FoRbToL 451 E50F t BREPRER
Lhe Ieaﬁ scre\liv 13 vhi £irg® impwt nﬂwﬁeéﬂearl& in m::ﬂft*ﬁ@m dsbeed| yideunnd
ence the workpiece An s ace nt of the t
lead screw 13 is seh %gdtﬁyc?%€9%#€%%g¥ €§ ﬁ PRBRr p}gguc sw%ﬁ$£% Lhe
corresponding to tmhapm@an:idamptatehem thtecpesed nbeepemsthe ocauhited

signal 20 plie 4 e.gn e y rovi de
arate S|gnal ron1f%% ngg Snél%% J@ °§ GR? élé?epgﬁ@ %Yt?gﬁ ?8gthe
position or dlsplac@nemmltlbﬁ%l cbmr@%@bhbahgrtb4@hbsp®$%@ honoperatee

encoder 15 out put @h@cgyguffiﬁgfigpthgzzgnd 1pyeset counter 139 and each
time the sensed pm

'In operation, the motor 14 is driven to
~drive the lead screw 13 which in turn moves the
15 - worktable assembly 12 and hence the workpiece 10. An
-angular displacement of the motor 14 or the lead
. screw 13 is sensed by the encoder 15, which thus
_produces pulses corresponding to the angular
| displacement effected in response to a feed signal
20 applied to the motor 14. The encoder 15 here may
| also provide a rate signal from the number of pulses
per unit time in addition to the position or
displacement signal covresponding to the pulse
‘number. The encoder 15 output is accumulated in the
25 preset counter 139 and each time the sensed pulses
' _reach a preset number the counter 139 issues a signal
pulse to enable the readout circuit 138. The memory
contents in the ROM 126 are thus successively read
out and applied via the circult 136 to the flip-flop
30 137 where they are converted into digital signals.

' The latter are then applied.via the discriminator 133
to the counter 134 into which the preprogrammed feed
signals are incoming from the NC unit 16. The
counter 134 thus provides the feed signals revised by

| 35 the error-compensating signals from the memory



h a preset nunber the counter 139 issues a signal pulse to enable the

gout circuit 138. The nenory contents in the ROM 126 are t hus

Odcessively read out and applied via the circuit 136 to the f||p flop 30 4

37 wher e they are converted into digital signals. The latter: are then '

appliedvia the discrimnator 133 to the cowpter 134 into which the

pr epr ogr anmed feed'5|?nals are incomng fromthe NC unit 16. The counter .-

134 thus provi desnilietRBetihspyshl dtpediiffgreptisl °°Pﬁ@1éﬁr8pp€éﬁﬂéﬁsatlng “f

gbgpglts fromth_?_ﬁff&”?éihsed éaeduahhnéifif&'hhoﬁab cbandieff gmntllsal fcountl ng
lon. * e revi m t he, coynter .134 .is or ned

t hrough the waveF8ERFERSp H§°BBPCG fggegﬁampgyegﬁnﬁhﬁ&u lﬁhé%% dnd®

di fferentlﬁl conp&ebeel ithubhgh42h5 dlfd‘led'et’ﬂt&ad.r icoart roilr cdircuias 14

energi ze t ot or ere ecl In r | 3535 ly 12

as commuanded in ?Bd ghgf AN e%ﬁ Pﬁ ¥4§p¥he%ﬁ§%gﬁﬁﬁkgﬁﬁ£y§1en1cgﬁnectlng

the notor 14 to therabyepirepis2lyl@oving the worktadlwomesieaddyldd £

~securel y mount ed .Qf,LRg \éor'ﬁ[%?ﬁea%sfefﬁ#%r’e%ta@ﬂ& hel dre a

pr edet er mi ned nachlnlng wire electrode 1. Accordingly a

desi red machi ni ngecbmaah Sysdieme goRNROt ngn the maFany I P dFr ee of

precision. It 15asseﬁﬂﬂ9‘Q2be apparent that a simlar dri-ve nmechani sm

i ncorporating the error-conpensation arrq enent descri bed her |nbefore may
be used al &g one or nore waTkqi eees de-r?e IS AW &
described. 20  yworktable asiserblIPn@ @md fisomelde Jf'oraegmef@ﬁdmnlned splte

of presence of errors i.n.pitc
P machining pos tlonl %:ai hOfthteh%ure electrode 1.

Accordingly a desired mechlnlng contour is achieved
with an extremely high degree of precision. It

15 should be apparent that a similar drive mechanism
incdrporeting-the error-compenSation arrangement
described hereinbefore may be used along one or more
axes in an X-2 plane orthogonal to the Y-axis
described. _ ' _

20 : It is apparent from the foregoing that in
spite of pfesence of errors in pitch or lead of the
feed screw 13 these errors are in effect ascertained
by a high degree of precision measurement through the
laser arrangement 19,20,21,22, and an error in each

25 of the incremental feeds is successively memorlzed in
the control memory unit 17 preparatory to a given
machining operation. In the actual machining
operation, the meﬁorized'error signals are reproduced
synchronously with the sequence of preprogrammed feed

30 signals being supplied from the NC or command eource
16 so that a revised sequence_of feed signals develop
and are applied to the motor, thereby precisely
moving the movable element as desired.

The use of an encoder as a detector for

35 providing a reference signal responsive to a feed



feed screw 13 these errors are in effect ascertained by a high degree of ,
preci si on measur enent through the |aser arrangenent 19, 20,21, 22, and ar .
. grror in each 25 of the incremental feeds is successively menori zed (i .
the control nmendry unit 17 preparatory to a given nmachining operation, n
the actual rachining operation, the nmenorized grror signals are reproduced
_synchronously with the sequence of preprogranned feed 30  signals being
%ﬂpplled fromthe NKigmabohmamﬁvsmﬂageoﬂs becahse thisvallowsetekacking

feed signals devel o, & eS| % fp@%é@mé‘?@ MOl a {ﬁgr@‘pypxg{eteé%tseéé/ (;tpw ng

t he novabl e el enent as an encoder or for
provi di ng a ref er enéte s¢oprter ekpDrmayebe c2ppibed to the diffepential

he-out put ”Suf’eé‘;‘”i&“‘h*%i%‘{nf‘é‘?“i%”tm e e o e el
controlpcirEU|§ AP3 k- H@%l%ﬂgaﬁts?ﬁ gﬁ w§+%ﬁe§englﬂ£v%?% 5%at the
out put of the di ffewm:mt rtodt iy ber@pnpllé&Ztasrayhé)amp@i-ied to tbhwetrolor
shatt. in this manngtSa bt bntfio ke oo ShethEl EERRTakednt pohtd”
sensitivity is achievkary ishaft. In this|mpahnsrfarpoeitberingocoatroht a
t her mal defor”at'0”w£€%péﬂsﬁﬂé}eﬁgé&hr¥§gbﬂ§é §éhéi€§#ﬁ€?cfén&cﬁ?gPQ@entS

suffer causes a serious machl ni ng positioni ng error IS error
ef fectively ctfhpensated for atkoiemnfurbhenrbeen feand thabiathemmal

nvention. Thus,  ageplsitidn | Expdnsl BE) WHELE' faRPoudOchldidd1are

di sposed to sense the tengeratures of thg nachlnlng gu de nmenber 7 or its
support arm 6, machi components . suffer cause serious machining

positioning error. This error is effectively
compensated for according to further features of the
15 invention. Thus, as shown in FIG. 1, thermometers
25, 26 and 27 are disposed to sense the temperatures
~of the machining guide member 7 or its support arm 6,
the workpiece 10 and the machining guide member 8 or
its support member 9 to provide the corresponding
20  electrical signals. The thermal deformation
(expansion) of each part is known from the
temperature thereof as sensed and the corresponding
electrical signals as developed at the output of the
thermometer 25, 26 and 27.. The judgment'circuit or
25 . computer 28 fed with the temperature signals then
analyzes the influences of the thermal deformation
(expansions) of the respective parts on the effective
position of the'workpiece 10 relative to the axis of
the traveling wire tool 1, and provides a
.36. compensation signal which can be applied via a line
28a directly to he logic circuit 18, thereby revising
the feed signal'applied,to the motor 14. The circuit
28 may alternatively be a simple joining circuit and -
" then the analysis'may be conducted by the logic
35 circuit 18. The judging circuit or computer 28 may

-



wkpi ece 10 and the nmachi ning guide nenber 8 or its support nenber 9
I de the correspondi ng 20 electrical signals. The thermal .
Mtion (expansion) of each part is known fromthe tenperature thereof
erised and the correspondi ng el ectri cal

out put of the thernmonmeter 25, 26 and 27. The judgnent circuit or 25

conputer 28 fed with the tenperature signalld-t hen anal yzes the influences
of the thermal d i exp ' - : I I : he
o fective posi t| SRo5r PrRYIASTEPRRRENSE e, algnalshaepnth il The
“traveling wire téafluenged ofr dhieddhermad expemfiodsff

be applied via acbhp;en%%%sdiohe%hley plod 119 dnO @< thid" Gk pliBcd MGIRRY dLVi Si ng
a |l e

p Lo the mnotor . The circuit, 2 y alternatively
AP anttaoh o s ey e ARANANCE /Af, SR SHENALS 457 1
| ogi c 35 5Ci r chiet appliedherijaudgiligeci28huitio drthec mgmetrgr v tTely7 and 14-
al so provide a s%%%g&%%dgﬁi%

€. Sén

t her mal expansi on of , ]
known as a funct iton thie preprogrsamedyfaede sdfgnalesh fiamdine Wy Wit e

. 10 R it 17 he me i 5 | | s may
g%a%ﬁpi tgg"%ﬂ(’)é%t he pr%bpﬁigilrnm%l Si gg-s’ ; roén%ﬁ}g NC

the feed signa
be a.sinple join

applied via a' |
be reproduced an
unit 16 in the c

relfative to theé axis o

OASIEPTEP Y 1L NG US0E G i 0P

|
ns rponen € POSI

dngaGeaTasy dfertdusogchigveddriaasne sl Mg

accuracy i ¢ hus 1mMed d fd@iRads/ § Hpakil iond hesfhoiad o5 eg i suTs

(expansi ons) of tho;e critical nq%gine conponents. It will be understood

that the notor i

15

R

ney SOMRREGR either of rotary or linear type.
It will be understood that the motoc in the

system may be either of rotary or linear type. An AC

motor may be provided with a phase-controlled driver

"circuit. A stepping motor and a DC motor should, of

" course, be fed by "pulsing" and "continuous" drive

circuits,'respectively; which aré well known in the
art. A fluid motor or electrofluidic motor may

- likewise be employed. Means for sensing the

20

operating displacement of the motor or the drive
member (e.g. lead screw) is advantagedusly

‘constituted by an encoder of rotary type as shown or

25

30

35

of linear type,,althgugh,an§_ofher”detector of the
similar function may aiternatively be employed such
as an inductor tachometer, moire-fringe sensor,
resolver or magnetic scale. The command source is
advantageously an NC unit of conventional design but
may be a copying system of known form. The means
directly responsive to a displacement of the movable
member is not limited to the laser arrangement shown
but, among others, may advantageously make use of an
ultrasonic sensing system as described in European
Patent Publication No. 0006022A1 published
12 December 1979. | -

" There is thus provided an improved method

signal s as devel opéed at the

dmesisgm@edahi ch can

I on of e wor kpi ece

|

AW



not or nny be provided with a phase-controlled driver 15 circuit. A S:;;é?
stepping hotor and a DC notor should, of course, be fed by "pulsing" an

®conti nuous" drive circuits, respectlvely, whi ch are well known in the art.
A fluid notor or eIectrofIU|d|c notor may |ikew se be enployed. Means for
- sensing the 20 - operating displacenent of Jjhe motor or the drive menber
(e.g.. lead screw) is advantageously constltutedéﬁ. encoder of rotary
Ype as shown or o028 Wddr &S, FPPATATRTYH Uh\F VAU ct”’(S’r"lé’fg tthe simlar
function may alter npfvatale/ mm&w@ peiot ridh toola&rmebydlmi @xtremely
tachonmet er, noire-fr,inge .sensor. qgolver or. netic ale.. The comand
source is advant ag@t}tﬁ’lé n[ @f‘:c&fr?ﬁ,ynﬁ orH S E ‘gn but may be a
“copying system of known form The neans directly responsive to a
di spl acenent of the novable 30 menber. is not limted to the |aser.
arrangenment shown but, anong others, may advant ageously make use of an
ul trasoni ¢ sensing system as described in European Patent Publication No.

0006022A1 published 12 Decenber 1979. 35 ' There is thus

provi ded an inmproved method  as well as apparatus for controlledly noving
a novabl e nmenber in a machi ne tool whereby an extremely high displ acenent
accuracy i s assured. -16- CLAIMS 1. A nethod of controlledly -

novi ng a novable el enent in a machi ne tool having a drive nenber



y coupled to the novable el enent, notor neans 5 drivingly coupled

rive menber, and notor driver. circuit nmeans for energizing the
ans to drive the drive menber, thereby to nove the |
met hod conprising the steps. of i ga_) applying a sequencMHMjlmm'”m
signals 10 froma conmand source to d8°d motor driver circuit* mfang, * s *
t hereby energi zi 8&AINSI notor neans to achi eve a correspondi ng sequence of -
desired movenents of said NPwRRYR EIETRIYNt ()1 eARs inty iidie Aaidi@lble '
di spl acenent of said 15 novable el enent re ultig? fromthe %RoliCation of
each of said fee®lSMeRd 40t & SRS A& 1(j’rac"Lﬁ fedifs Yh PSS ot or neans
to provide a firdrisiignaly aoup fddhaid drheofmoe bl eactleate rdi s pleetmanmendang a) -
sensing said fged, signal.s to _provide 0 e of . s i ghal s each
as a function gf cg'd‘c‘ﬁ'ri%lysaqo Rleee%dtsol (}na s(;ﬁqq'g:) r}'geﬁ'%:bceelﬂs’sie"l\-clrgrp;jﬂOrsrlj’ec%lrrnori zi ng on
a nmenory nedi um drdiverf iqigtewi tgmEans ofere sl iming b melomurgRrs of said

second signals; 33 grive the dveURARRS Vellerdly abichow saidl fir st

signal s nenorized on said nmenory medl um correspondi ng. to the sequence of

sai d second si gna@ayvaihie elrtent, 33¥d mebhPrd QMR BHEE e BEE§RIRY: i n

sequence from sai d comand @@pr@@fﬂﬁg@ sequence of (fde@ror@psisg said
f

reproduced first sig- nals and, sai eed signals to provide a sequence of
revised feed dPgrEl® A PAMARA RPUEFY ‘i’%\ﬁ%eg PRERF sFGhFS $H &Y not or
driver circuit rmagns | heieiyby cemelgring hea fi¢ sne eskr Mmvenents achsegeence

of said 35 nnvaméaé%§¥§g%dnding sequenée of desired movements of said

movable element;
(b) sensing the actual displacement of said
15 movable element fesulting from the application of
each of said feed signals to said driver circuit
means and said motor means to provide a first signal
as a function of said actual displacement;
(e) sensing said feed signals to provide a
20 sequence of second signals each as a function of each
of said feed signals; |
| (d) successively memorizing on a memory
medium, said first signals corresponding to the se-
quence of ,said second signals;: .
25 ) (e) successively reprdducing_said first
'~ signals memorized on said memory medium corresponding
to the sequence of said second signals while permit-
ting said feed signals to be issued in sequence from
said command source; and , _
30 ' (f) processing said reproduced first sig-
-nals and said feed signals to provide a sequence of
revised feed signals and applying said revised feed
signals to said motor driver circuit means, thereby
to achieve the desired movemenﬁs in sequence of said
35 movable element.



17 2. The nmethod defined in Caim1 wherein step '

‘producing said first signal as a devjation of said ac'ﬂ Hﬂg@“&iﬁ“&of
the novabl e el enment from a desired di spl acenent theriedfivay n '
said feed signal. 3. = The nmet hod defjined in Caim1 wherein in step
(c) said second signal is prqduced by sensi.ng an op- _erating di splacenent
of said notor neansgresultinggFr@ﬁFgﬁg gﬁ%h?%&tFSn%&FIQaéh“gFrgégdSESBd
‘signals to 10 sai dbjoicempeiisesr ptiodatingmeald f4rst signalhesnat hod
‘defined in Uaim3 r.ei X RLISeS R ' sai i.r L.gna
‘as a dev--iation ofﬁggﬁgtggiugﬁ %?éﬁf%ggkgﬁt%é p?%é%#%&&b?gdgﬁgnééygkggm
sai d operating di spedementt foom he desiredidisplagemens. thereofTidd cretirdd
defined in Caiml whegisn ifaed @1 doah ,Sai d second signal is produced by
sensing and operating displacenent of said drive nmenber re- sulting from
the application of &ach of sdhg medhospdeldingaiia (Gadd d WHEseidr tver
circuit m?ansa 6. .st_e;ng(][_@ §§i5%&|€n‘d §§ﬂn%ﬁ i tﬁtﬁhgvc%\hﬁﬁgénS?né}&poﬁb)
conpri ses producing sai i r i gnal__as eviatiqn of said _ac .

“displ acenent of t he STRARHAE BORhanE nertnod, S 4h Mok PeRnSr ESUHO%r ¢ he
drive 25 menber. Trom the appdirmitiamcth adff igacdh iof aayl drfleeaf stipmalisaitms 1
to 6 wherein-i tep . .( g fjr. Si ar ccessi vely nenorized on

i &1(9 ok Odz{%}ed‘i reg{%{uﬁtt eahs”
8

said nenory nedium COrre- spondi € ‘'sequence of said feed
sig- 30 nals. b. The Thet medhdaf idedd ned dmy Wad of3 wie relig dep to 6

wherein in step (e) @ %(fdp’r&tse%é PrIuIRIE i 7G4 At SR TBHY % TRAIUM
Are successlvelY T o OF sald actual Gisplasement of Fhe mbvabie O
element from said opebéting displacement of ﬁhe
15 motor means. - | _
5. The method defined in Claim 1 wherein in
step (c) said second signal is produced by sensing
and operating'displacement of said drive member fe-
sulting from the application of each of said feed
20 signals to said motor driver circuit means.
6. The method defined in Claim 5 wherein in
step (b) comprises producing said first signal as'a
deviation of said actual displacement of the movable
. ~element from said operating displacement of the drive '
25 member. _ '
7. The method defined in any one of the Claims
1 to 6 wherein in step (d) said first signals are
successively memorized on said memory medium corre-
sponding directly to the sequence of said feed sig-
30 nals. | | '
- 8. The method defined in any one of the Claims
1 to 6 wherein in step (e) said first signals mem-
orized on said memory medium are successively'ref _
produced corresponding directly to the sequence of
35 said feed signals. ' :



387\ sai d feed signals. -18- 9. The net hod deflned |n
rein.in step (e) said first signals nmenorized on sald ‘ﬂm
successi vel y reproduced correspondinghglrectly to the se

signals. 5 10. The met hod defthed in any one of Clalns lto

wherein in step ($) said avmuahedhsalasenﬁea oh cnslmnwabh@rei@nﬁﬁt Is
sensed by neasurlnggéhg?Pos 1t sal nt with. a Iaser beam ...
d

1. A et hod® R T T L R T R
. conprising the stepdivh 33essugcas$ewpbyarapeodﬁcaﬁ beaséspoadtngtlcal

nmachi ne conponent 45 CONVELt °'993t$§g§gﬂﬁg Feggf akyL s ggggaf correspondlng

el ectrical S|gnal repres orna I on of S nponent ,
deriving fron55a|H0eIectr|Ehe mgthgﬁgdaflaeéolﬂeénVoﬁns|gﬁaplahmscmnbln|ng

said feed signal sggng ﬁﬁéﬂe§9riﬁcgt86 %bgnéklHOaS969?”8@581588m@ﬂt96?0r in
posi tioning said anabIe el ement due to the thermal deformation of said

conponent. 12. . eTﬂ%VﬂB%ﬁoﬁlﬁ@FPﬁeas ﬁeﬁfﬁpnpllmmﬁéPéﬁﬁgséhﬁ 20 at
| east one ConponeﬂbsﬁeﬂbhlSESsﬁﬂddeDﬂahéeeQémﬁﬁﬂtw118 a 1ase¥heeammhod

merori zed i1 con] et on wht ACCPEE £d) BRAAEE FBpPOdBRaCEA 8Bno1agHs, |
junction MAthosteﬁutEher compt981mg the steAa aﬁpaeasmsgfertemperekheely
moving a of at least one critical machine component, convert-
ing the sensed temperature into a corresponding
_ eiectrical;signal representing a thermal deformation
of said component, deriving from said electrical
15 signal a corEection signal'and combining said feed
' signals.and said correction signal to EOmpensate for
an error in poeitioning said movable element due to
the thermal deformation_of said component.
12. The method defined in Claim 11 wherein said
20 at least one eomponent comprises said movable
element. | ' :
13. The method defined in Claim 11 or 12 wherein
said electrical or correction signal is memorized in
conjunction with step (d) and is reproduced in con-
" 25 junction with step (e).



» -
‘novabl e el enent in a machine tool, conprising: a dri _ mo! vy
coupl ed t-o said novable elenent; 5 , : mot Jmmm'mmmumg
goupled to said drive nmenber; notor driver circuit netans fér ®netgi*zing
said notor nean$ to drive said drive nenber, thereby to nove sai d novabl e
-elenment: 10" a command source for applying a sequence of feed
signals to said nmotor driver circuit means;”1PWereby to energi ze sai d notor

\gpans to achieve ajaqrrespondnn@ppetasnse for é¢enitred 1ealgmrelingf asai d
"novabl e el enent ;. 15

o Jdirst sensi.n ans directly responsive to
the actual displ acB®¥RPS edemento i ihte ‘“@1"2&%‘% I{l%é’ I t"loﬂ?rfil%ﬁgt‘he
appl i cation of each of said fmeddiviegmzmdeiro dsdivd ngliyveoupileduito wedds and
sai d notor neans f@%v%%&%i%ﬁ%%eifhirSt signal as a function of 20 sai d
actual displacenent; second sensifig means responsive to said feed signals
fror provi di ng%a sequence of ®8derd nsiagalds Winglys coumlied iton s@flde daH ver

"said feed signals; paaver; menory nmeans for successively nenorizing
said first signals corresponding to a sequence of said second signals;
readout nmeans for said mmr?%n&ﬁlﬂ%ru%ﬁ%lnﬂfaﬁ’@prf&m@é‘? & st
signals 30 . corresdndiotdrt acanseduedcd vef s3didd dydeenhembergl Sheareby ogi c
means for processi sai d reproduced . first siqnals and said feed signals to
provi de a sequenceq’g} HoA & df &Y lfnaﬁ *sequentially 35 app! yi ng
sai d revi sed1eed signal s toeasaicshmhnidyaource for applying a sequence of

feed signals to said motor driver circuit means,
thereby to enérgize said motor means to achieve a
corresponding sequence of desired movements of said
movable element;

15 - ~ first sensing means directly responsive to
the actual displacement of said movable element
resulting from the application of each of said feed
signals to said driver circuit means and said motor
means for providing a first'signal as a function of

20 said actual displacement:; ' '

second sensing means responsive to said
feed signals for providing a sequence of second
.. 8ignals gacg as a function of each of s3id feed
signals; _ _ '

25 o memory means for successively'memorizing
said first signalsrcorresponding to a'sequence of
said second signals; ' '__

' readout means for said memory means to
sﬁccessively réprbduce said first signals

30 'corresponding'to a sequence of said second signals;
and ' -

| _ logic means for processing said reproduced
first signals and seid feed signals to provide a
sequence of revised feed signals and sequentially

35 applying said revised'feed'sighals to said driver



jcircuit nmeans and said notor neans, thereby to achieve the desi
gnce of novenents of said novabl e el epent. 15. he appar at us

o ou de said 11T signal as a deviation of sald ac ﬁ?W\lﬂ\\ﬂﬂmﬂWm he

novabl e el enent froma desired dlsplacenenE t hereof dictated by shi d feed
signal . 16. The apparatus defined in & aim 14 or in 10 Cai m 15 o
wherei n sai d seconttcudismegnscand iseidegwdosi weans avhegedat ity Nt
di spl acenent of LRG1GYL0kNEEARS 1rEAISHoRe kO Brt iR valRntEAk0RAGy each of

said feed signals to_sai river circui't neans. . 17. he appar at us

defined in O ai nte¥aRier elgmest. said first sensing means |s arranged to

provide said firgg,si gnal T% &2 aPPuiralitu@n deff inaiad 1(iH mb&%”ﬁlmdk&fretlhﬁ
novabl e el egent frogl§% éfgeratlng dlsplacenent of e nuptor. nmeans., 18.
d

~ The apparattds defPh eHﬁingﬂéP@Inlfoa*r%¥%%S Ec FAPVE%siS8d Sreans
I S responsive tofamsdspeu@marlgad;l spldaaweirm;rltomfofSaadddralc\keJ.adeans resulting

from the appli cabiyaniglean ol 38 ulRabIY Wil Bl ol o1

nmeans. aratus de said first
sensi ng rreans i sda@@(lmmte@tpmr@@fs@wtﬁheﬁ byi @%ﬂd af§@ degngli-on of

sai d actual disphgcenent OfThteh%.p'ﬂA‘f'%l%h% %'e%f{%h@d fiom1saint 1Py ating

di spl acenent  of the drive nmenbe e apparatus defined in any
one of thel®  Cdedmrd 1,yhteé‘e];g1 \ﬂ?érdelsr?@&!dd SEFME REANS 1S adapted to

successi vel y nenpeisiRnedivé fio sin Y@ralts modiesiubicterd ' tihe wotdie
sequence of said feed
eans resulting from the application of each of said
feed signals to said driver circuit means.
17. ' The apparatus defined in Claim 16 wherein
15 said first sensing means is arranged to provide said
first signal as a deviation of said displacement of
the movable element from said operating displacement
of the motor means.
18. . The apparatué defined in Claim 14 wherein
20 said second sensing means is responsive to an
operating displacement of said drive means resulting
from the application of each of said feed signals to
said drlver circult means.
" 19 The apparatus deflned in Clalm 18 wherein |
25 said first sensing means is adapted to provide said
first signal as a deviation of said actual
displacement of the movable element from said
operating displacement of the drive member.
20. The apparatus defined in any one of the
30 Claims_14 to 19 wherein said memory means is adapted
to successively memorize said first signals
corresonding directly to.the sequence of said feed
signals.
21. The apparatus defined in any one of the
35 Claims 14 to 20 wherein said readout means is adapted



§ignals 21. The apparatus defined in any one of the 35
to 20 wherein'said readout neans is ‘adapted ““\“”\Hmm& utﬂlly
nepr oduce said.first signals correspondi ng dlrectl of

feed signals. 22 - The apparatus defined in any ofie The 5 daims
14 to 21 wherein said first sensing neans conpri ses neans for measuring the
position of said novable elenment  wi'th a | ase~2mpam 23. ~~  An apparatus

Qg defined in any one of. the Q. ai.ns 14 t furgt onpri.si-ng measuring
“means 10-  for rreas etisd :fsrsé'r’r’ﬁ&yatrfrpé'o ét%aé'gs&ei&?% %p ﬁg machi ne

conponent, neans forcaxurespdrding R resislgd tteeriher stagquerice @ saddr eﬁﬁaﬁndl ng
el ectri-cal signal rggéﬁirglng a thermal deformation of said conponent,
nmeans. for deriving Sal'd el'ectrical signal a 15 .correction signal

and neans for conbi Rérg said e anRgTAtIS e nad rice Bgh gl the

conpensate for san er@ing) 1PYd |2qnlvﬁ£ex‘5eﬁ.lrﬁ saz\dalﬁl&-sai eEyinfladand he
thernal defornmation of S e a aratus fln din

id co
Cl ai m 23 wherein 20°€ 31 Qﬁ@ﬁ% Qﬁu?%ﬁqqr%ﬁﬁ aid
nmovabl e el ement . 25 movable 'Eiempanaltls ad dfasead heanCI ai m 24 wher el n said

novabl e el enent i rkpi ec fggﬁy ryﬁkl one
of the 25 d ai ms to 25 %ner?agjpr?'rsaaluc?qbe |'east one critic c‘#rrp%ent
‘includes at | east ofdaimadrd fir 2updnnther conmisicg meanw ing fgans

wor kpiece. 27.1¢ £ RIS d Werf¥tdtldedy SPVidHh one critical

machine component, means for converting the sensed
temperature into a corresponding electrical signal
representing a thermal deformation of said component,
“means for deriving from said electrical signal a
15.' correction signal and means for combining said feed
signals and a correction signal to compensate for an
error in positloning,said movable element due %o the
thermal deformation of said component.

24. The apparatus defined in Claim 23 wherein
20 said at least one critical component includes said .
movable élement. _
25. The apparatus defined in Claim 24 whereln
o . said movable element is a workpiece. ) .
26. The apparatus deflned in any one of the
- 25  Claims 23 to 25 wherein said at least one critical

componeﬁt includes at least one member for supporting
a tool for machining said workpiece.
27,. ‘An apparatus for controlledly moving a
‘movable element in a machine tool, substantially as
30 - . hereinbefore described with reference to, and as
~illustrated by, the accompanying drawings.
28. - A method qf controlledly moving a movable
element in a machine tool,'substantially'as
hereinbefore described with reference to, and as
35 illustrated by, the accompanying drawings.



0l e e ement in a machine tool, substantially as_ga—_—_ﬁEFErﬁBEFGTE‘

d/with reference to, and as illustrated by, t
\ 28. A met hod of conttrolledly noving a !|n a ¥
ine“tool, substantially as hereinbefore described with ﬂeférence*
illustrated by, the acconpanying draw ngs. -22- 29.

A nachi ne tool having a novabl e el enent angzan apparat us accordlng to any ™.
one of the Claing 14 to 28 for. controILﬁdhy novi ng sagg bIe eIe nt. e
30. A wor kfPece machAnBacBing »oofi havids a5mov &@ore €A§ o 2&%ai m

29, or by a machani agpeEehiiae wecoldingotpobayesne wEt hhe gdadmdi ng to any

one of the d ai 0,13 and, 28 T text .of the.s ILEhcati.on has been
repr oduced by pH%Pogb §°ﬁg°PH§r8&&F|§ nPQVGPﬁbﬁﬁ&P %ﬁ @& }eme \E may
contain a few anBfdnent s whlwbrkpéeéefmachHMeﬂoomeadmachh@eommgﬂna

typescript 80Nt ahalB3qihG 207 ETAIEPRYS B 1)° o HaRATHANL hethDOaP AT Of

incorpbrates-a method according to any one of the

Claims 1 to 13 and 28.

The text of the spooﬂ.riea.tian has been :ep:oduc-d by photocopying the epplicants original
typescript. It may contain a few amendments which are difficalt to read., The original
.typescript containing these amendments may be inspected on the premises of the Patent Office



