DESCRI PTI ON METHOD OF CONTROLLI NG SHAPE AND NC PROCESSI NG APPARATUS
UTI LI ZI NG THE METHOD 5 TECHNI CAL FI ELD The .present invention relates to a
met hod of controlling a shape in electrolytic dressing grinding, and al so
to a nunerical control processing apparatus. 10 BACKGROUND ART Wth recent
devel opment of scientific technology, a technique for processing a work
with ultra-high precision has been DESERHEIIION denmanded. As electrolytic
grinding technique for satisfying such demand, the applicant has 15

devel oped and suggested el ectrolytic inprocess dressing (hereinafter,
"ELID") gri Qg g s e : 0 L pdi.ng"
Ri ken Synpdgﬂg e - - e A+ a LAt
is used an electrically conducty Crady iyistead of an el ectrode
to be used in conventional 20 égg;#ggﬁsg¥g§§gg2§g%5f In the ELID grinding,

t here i5s di sposed an el ectrode spaced away fromand in facing relation with
the grinding wheel, and a voltage is applied across the grindi ng wheel and
t he el ect dE(HNICAIHEIEY el ectrically conductive fluid flow between the
grindi ng wheel ang.the electrode. A wrk is ground with the grinding wheel
with the grindi ng lREcRYessBf igvemtienselafgs A9 aénethqct)pf/gosl.tmlﬁnghe shiape in
grindi ng, _gv Lt. afiner abrasive gqrain.is to be used, .there does not,
occur bli ﬁgﬁcﬁg"lb’&ﬂcad&?‘?sﬁﬂg n%f‘wﬁé’é& gﬁ’g alsa dpy ?nﬂumeréﬁ?rlag?vé"’g rRiaressiiged
by electrg ﬁhﬁﬁugressing. Hence, the use of finer abrasive grain nmakes it
possible to obtain a superior ground surface like a mrror surface by
grindizog. Thus, the ELID grinding can maintain the sharpness of a grinding

wheel in . a
BACKGROUND ART

With recent development of scientific technology, a technique for

processing a work with ultra-high precision has been increasingly demanded. As

electrolytic grinding technique for satisfying such deniand, the applicant has

15 developed and suggested electrolytic inprocess dressing (hereinafter, "ELID")

- grinding ("Latest technoiog'y trend on mirror surface grinding”, Riken

Symposium, March 5, 1991). ' | '

In the abové mentioned ELID grinding, there is used an electrically

conductive grinding wheel instead of an electrode to be used in conventional

20 electrolytic grinding. In the ELID grinding, there is disposed an electrode spaced

~away from and in facing relation with the grinding wheel, and a voltage is

applied across the grinding wheel and the electrode with making electrically

conductive fluid flow between the grinding wheel and ‘the electrode. A work is
ground with the grinding wheel with the grinding wheel being dressed by

25 electrolysis. In the ELID grinding, even if a finer abrasive gréin is-to be used,

there does not occur blihding in a grindin'g wheel due to setting of abrasive grain

caused by electrolytic 'dressirig. Hence, the use of finer abrasive grain makes it

- possible to obtain a superior ground surface like a mirror surface by grinding.

Thus, the ELID grinding can maintain the sharpness of a grinding wheel in a



range from high efficiency grinding to mrror surface grinding, and is
expected to be applied to various grinding techniques as neans capabl e of
formng a surface with high accuracy in a-short period of tinme, which was
i mpossi bl e by conventional nmethod. 5 Optical elenents (such as a
l ens and a mirror) having aspheric surface which are typical of highly:
preci se pbnge fom highy reféaem@ gindingto unrgorsﬂmfacegrmims, anddgn expected: to
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such a gr oV egtvhsSEméthod, fficult to nmake, and takes too nuch tine and
cost. In addition, even if there is obtained a grinding wheel formed with a

surface having a (ptidat@lanehtsc@uch e & lrisaarl ahapeorBElavidgcisplueit slugaéo
abrasion and dressing occurring in use, and hence it was inpossible to

mai nt ai n Whjshareutymgaloaf Haghlyr pretiise) partsoate raquiced ttocheaveawtbenly small
suggest ed ar} NC pr OﬁSSSi ng glop ratus for ELID gri ndi ng a"work to therehy
have a deSyyiage soughpessshiahalspyhighprecision pnce shape thegpod. Jaserdestopgrind

grinding wheel . .Such,an NC prgcessi appar at us | re been .used

Jome. peaptadtt sptitdf lidehis BAACERE aRdyE RRAGMNEA WTET ahiifitle AR yiadEically
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even i1b thetaney asphedic eiffacdGshihdigienkableaHoWRVes, avpsoblefitlwabhthat suth a
arder to acconplish high shape accuracy, dinension of a shape of a ground
wor k was geiaslingdwheel is khfficudt 26 make; atait dakess toompechatiae hasedostn tlne
measur ement _data. Then, a work was ground repeatedly. Thus, there were

probl ems AR@ttion, aven if theresisraptainedep srinding mehae) formed Rithra sfacenhaying
oot 10 SRaReyRaERE: L Shel OB INel, 5 AR 401200 SHIBSRRIL R NG
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15 grinding a work. ' -

Thus, there has been suggested an NC processing apparatus for ELID-
grinding a work to thereby have a desired surface shape by numerically
controlling a poéition of a grinding wheel. Such an NC proceséing apparatus has
already been used by some people.

20 However, there arose a problem thét it was impdssible to have desired,
high sh;'ape' accuracy by Single grinding due to elastic deformation of a work
(material to be ground) and a grinding wheel, even if the above mentioned NC
processing apparatus was used. Thus, in order to accomplish high shape
accuracy, dimension of a shape of a ground work was measured, and then NC

25 input data was compensafed' based on the measurement data. Then, a work was
ground repeatedly. Thus, there were problems that it was necessary to repeat
grlndmg a work for Obtairﬁng desired shape aécufacy, which took much tirhe, and
that cdmpensation was in faﬂure in many cases since compensation data was

established by the sixth sense of those skilled in the art or by trial and error.



2 '_ The data obt ai ned by neasuring a ground work shape contains various
S|gﬁal |ngred| ents as well as true signals transmtted froma target. For

i nstance, various signal ingredients include false signals transmtted from
mat eri al ot her than a target fluctuation in sensitivity of a sensor due to
variation of 5 nea nt _environment, and thermal drift of an electric
system If rough g g@éaleadrhYeme@mnng aggraunid wark shage doptaiobtvairitiusg

e
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of a ground work to renove the work out of an NC processing ‘apparatus 15 .
and att achg¥indingrir ¢arriad subrispanairdtinkstage fentobdeiriing highereeffiniengadnr e
a shape of t.h Then, thwrk had to be nmount ed again.onto an NC
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to solve t ove nentioned pr y, It is an o

presentoi nestablishment pf (mmper&:aﬂibhhdﬁltaofroﬁ? MhéureM@nd dﬁt&ﬁﬁa@fdlﬁldwf leveA
ELI D-grindi ng which method is capable of acconplishing higher shape -
accuracy  wiorhthose skilled rinrter ansf tooloamedi tinet amd vogs Hkelyu$6 nprdain\g lot of
processi ng ar at us and an NC processi'ng apparatus utilizing the method.
Anot her ob‘f‘gg epgaty %eﬁ’f%?ent invention is to provide a nethod of

In addition, it was necessary in a conventional method for measuring a

shape of a ground work to remove the work out of an NC p_rocessing apparatus
15 and attach the work to an appropriate measurement device to.thereby measure a
shape of the work. Then, the work had to Be mounted again onto an NC
processing apparatus. Since a work may be disposed significantly out of position
each time when it is mounted/removed, there arose a problem that it was
difficult to adjust the position of a work and that such position adjustment took a

20 lot of time. |
The present invention is made in order to solve the above mentioned
problems. Namely, it is an object of the present invention to prov1de a method
of controlling a shape of a work in ELID-grinding which method is capable of
accomplishing higher shape accuracy with the less number of processing steps by
25 using an NC processing apparatus, and an NC processing apparatus utilizing the
method. Another object of the present invention is to prov1de a method of
controlhng a shape of a work which method is capable of extracting true shape
signals out of measurement data. A further object of the present invention is to

provide an NC processing apparatus for ELID-grinding which is -capable of



controlling-a shape of a work which nmethod is capable of extracting true
shape signals out of neasurenent data. A further object of the present
invention is to provide an NC processing apparatus for ELID grinding which
is capable of 3 avoi di ng out-of -position of a work caused by
attaching/renoving a work. DI SCLOSURE OF THE | NVENTI ON I n accordance wth

t he pr eseravoidingneuteof-positicn ofsa pravki caméed bysattaching Ofempevingi mwaakwor k wi t h
a grinding wheel to control a shape of the work, including the steps of

di sposing an el ectrode spaced away fromand in facing relation with an

el ectri camm , applying a voltage across the
grindi ng ==~ maki ng el ectrically conductive fluid
fl ow bet ween the I Qi ng. . Rﬂﬁ! |

controlling 10 pogﬁté%hp%?%g)lg?%ﬁgse\%ggf]éw ?ﬁgeggﬁgy%dmﬁergfﬂb%q ng
dresseds byofelfiglding Vs iveork Reithed hainafiny achédll tedoYrdlNg sHagies of dhe work, -
grinding the work 1n accordance wth command data Zx(i), neasuring a shape
of a groundchudihgdhe steps erfi digposinguar rdedtrode spaoed evvayl fedrmpand rinofacizg a
[err], establishi n&u new_command -dat a gerr] _by addi ng conmpensation into the
command ddekation with anfladrigally spaguckue gyindingavheok applyisginveltage across
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preferred enbodi ment, the conpensation includés the steps of referring to
past comealectdalyasisarithe( atethedl eharactetidesi bynthelstepsyofi gpincking chrenmratkdin a
to be equal to_an expected value of a difference between the past_ conmrand
data and acecerdangeawitthicemanendidatat Zxlk seasurings aj shape; of asgraund surface,

filtering measurement data to record shape error data e,®, establishing new

=

command data Zx(+1) by adding compenSation into the command data Zx®, and
15 grinding the work again with the thus established command data ZxG+D.

In the- above mentioned method, the error data e, is fil'tered-; and
then compensation is added into the error data to thereby establish new
command_ data Zx(i+}). Then, a work is ground_ again. Henéé, if is possible to
extract true shape signals by filtering, and make gradual approach to higher shape

20 accuracy by compensation. | |

In a preferred embodiment, the compensation includes the steps of
referring to past command data and (shape) error data, and &etermining new
command data to be'e'qual to an expected value of a difference between the past
command data and error data. This embodiment makes it possible to establish

. 25 compensation data without the sixth sense of those skilled in the art and trial and
error, and to significantly reduce influence by error. _

| The compensation includes the steps' of referring to all the i number of

past command data Zx(® and error data e, and determining new command data

Zx(+1) in accordance with the equation: Zx@+D = Zx@ - e,®/i. This embodiment



25 conpensation data without the sixth sense of those skilled in the art
and'trial and error, and to significantly reduce influence by error. The
conpensation includes the steps of referring to all the i nunber of past
command data Zx(i) and error data [err], and determ ning new comrand dat a

err] in accordance with the equatiqn:, [err] =_[err] - rr].. This R
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of data, t Ki.ng.. 1. pssible t.0 spgnificantly shorten tine for
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15  with the smaller number of processing steps.

The filtering is carried out by means- of a low pass filter utilizing
frequency-domain technique by fast Fourier transform. It is preferable that the
low pass filter removes higher-order frequency ingredients ranging from about 16
to about 64 cycle/100 mm. This method makes it possible to eliminate false

20 signals. contained in measurement data, ﬂuctﬁation in sensitivity of a sensof,
thermal drift of an electric éystem, and higher-order frequency ingredients of fine
signal waves indfcating roughness to thereby extract true shape signals. |
' In accordance with the present invention, there is further provided an
NC processing apparatus comprising: an electrically conductive grinding wheel

25 for grinding a work; an electrode spaced away from and in facing relation with
the grinding wheé_l, and a device for applying a voltage across the grinding wheel
and the electrode, the work being ground with the grinding wheel by the steps of
making electrically conductive fluid flow between the grinding wheel and the

electrode, dressing the grinding wheel by electrolysis, and numerically



signal wayes indicating roughness to thereby extract true shape signals. In
accordance with the present invention, there is further provided an NC
processi ng apparatus conprising: an electrically conductive grindi ng wheel
25 for grinding a work; an el ectrode spaced away from and i-n facing
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bei ng mun¢eEdndhd Batapparatus. Thus, it is possible to avoid out-of -
position of a work which would be caused by nounting/renoving of a work,
and thus it is no Irmagesrdamceswithytheoabdye shentigmed tapparatusa itvis IpossiblSROEF
DESCRI PTI ON OF THE DRAW NGS Fi.g. 1 is_a schematic_view of an NC processing
appar at us Peasurera shape ofacgronndhwors byr means of avahapegneasuring sleviceawithoay
chart of a sh .

worﬁpgeing mounted on the apparatus. Thus, it is possible to avoid out-of-
position of a work which would be caused by mounting/removing of a work, and
- thus it is no longer necessary. to adjust a position of a work.
15

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.. 1 is a schematic view of an NC processing apparatus made in
accordance with the present invention. Fig. 2 is a flow chart of a shape
controlling method in accordance with the present invention. Fig. 3 is a first

20 control flow chart of the first embodiment of a shape controlling method in
accordance with the present invention. Fig. 4 is a schematic view showing
compensation in Fig. 3. Fig. 5 shows the relation amohg the equations 1, 2 and 3.
Fig. 6 is a second control flow chart of the second embodiment .of. a. shape
controlling method in .accordance with the present invention. Fig. 7 is a

25 schematic view showing compensation in Fig. 6. Fig. 8 illustrates a set of post-
filtering measurement data obtained when g in the equation 5 .is_ varied. Fig. 9
shows meaSurem_eﬁt data obtained before and after filtering. Fig. 10 illustrates
error data obtained before and after shape compensation to be carried out in

accordance with the present invention. Fig. 11 illustrates error data obtained



controlling nethod in accordance with the present invention. Fig. 3 is-a
first 20 control flow chart of the first enmbodi mnent of a shape controlling
met hod in accordance with the present invention. Fig. 4 is a schematic view
showi ng conpensation in Fig. .3. Fig. 5 shows the relation anong the
equations 1, 2 and 3. Fig. 6 is a second control flow chart of the second
enmbodi ment before. arsh aftercshapeotompgnsasion do ihe earind aut dnvaqcarddrace vkl the
invention. Fig. 7 is a 25 schematic view showi ng conpensation in Fig. 6.
Fig. 8 ill peesentanivendi®n.of post- filtering neasurenent data obtai ned when
[err] in the equation 5 is varied. Fig. 9 shows neasurenent data obtained
before and after filtering. Fig. 10 illustrates error data obtai ned before

and after BIRACMOMIEFORCRRKVING GETTARINVENTION Cr dance with the
present in . . ) ai ned .6. before and
after shape conpensidredibdlowbvillabé idkdcribedi theaprefetitdc emhiddiniends pnade nin

I nvention. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON 5 Her ei nbel ow-

will be deaccordance Iveithrthé gresantdniention nvith ref¢tence tecdtawinigse with the
S T e L
el oot 11 cai 1% aceripoee Vet r AR RErRuORD Th $6 1 e 10€, Bigeqdie appgratus
2, “and a. deynRENERe MR UCCAHIR Col Byt BERUREWIREL 2 {of griify o aee!
the el e r @fi&tfodel BSpakAtividy Wi arids il éahj veldtiorc with the gdindihp wheele2;t

toiits position with el ectrically conductive fluid 7 being made to flow
bet ween t hangk iandevigewbdelr #pplying hee veltageraatess: thaogrinding iwheelg2 vand | the

bei ng dressed by 15 electrolysis, to thereby, grind | D-grind) the work
1 with theeigqtreded. wikel grinding wly%e?ll,s Elh@emg-{l}’ 109“:&%?&{"@’&110’#389?5{‘%{?
table 8 so I}og{f‘ttioﬁ% erzliéc&'iclailyatcjtl)reldﬁgtive fluid 7 being made to flow between the

grinding wheel 2 and the electrode 4 and the grinding wheel 2 being dressed by
15  electrolysis, to thereby grind.(ELID-grind) the work 1 with the grinding wheel 2.
In Fig. 1, the work 1 is mounted on a rotary table 8 so that the work 1 is able to
rotate about a z-axis and move in a z-axis.. direction. The grinding Wheel 2 is able
to rotate about an axis which is parallel to a y-axis and move in an x-axis direction
so that a position (processing position) at which the grinding wheel is in contact

20 with the work 1 is able to be numerically controlled.
The NC processing apparatus 10 in accordance with the present
invention further includes a shape measuﬁng device 12 fbr measuring a shape of
a ground surface, and a compensation deévice 14 fér compensating for command
data to be used for numerical control. The shape measuring device 12 is
25 comprised of, for instance, a digital contracer or a laser-micro each having high
measurement resolution. The shapé measuring device 12 is positioned so that it
does not interfere with grinding of the work 1 by the grinding wheel 2, and is able
to accurately observe a shape of a ground surface after completion of grinding

without removing the work 1 out of the rotary table 8. The compensation device



rotate abaut a z-axis and nove in a z-axis direction. The grinding wheel 2
Is able to rotate about an axis which is parallel to a y-axis and nove in
an x-axis direction so that a position. (processing position) at which the
. grinding wheel is in contact 20 with the work 1 is able to be nunerically
controlled, , The NC processing apparatus 10 in accordance with the present
i nvent i on +4icORMPensates des commapd dates based ateithe eerror idata rék obtaiged by

shape of ag. surface, an co sation devi.ce 14 for coppensatin
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work 1 by the grinding wheel 2, and 1s able tTo accurdtely observe a shape
of a grdumb dengexcecesdary to addphstta positibn@fiaionk. Wi t hout renoving the work
1 out of the rotary table 8. The conpensati on device 7 14 conpensates

for command data JESed iva flow charbof axshapeatoritrallingimethodyinf acdordance With

measur ene data, tpo thereby establish new conmand data [err] The above
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havi ng high resolution for nmeasurenment. The obtained shape 10 error data
is filter&@mpensaligny isyaddedbl iBremnthefwokk dat ground intioca newpshape i ian
i s added. Then, the ) rtﬁ i S}Qgeéﬁjgd into a new shape in accordance with the
new NC dataﬁ.cméiﬂf}‘:sd@\zgﬁi g e figp Py repeatingihesarsteps,dt ispersile fia peduce
error, andyuBKerldiC ahE HaRP B %For}k%p%%galléﬁ d &3R8 ‘shape. S
- Fig. 3 is a first control flow chart of the first embodiment of a shape
15 controlling method in accordance with the present invention. As illustrated, the
work is ground into a shape in accordance with certain command data Zx(@.
Then, the work is measured with respect to its shape, followed by calculation of
shape error data ex() (hereinafter, referred to simply as error data). The error data
is filtered, and then is newly recorded as error data to be used for establishment of
20 compensation data. Herein, there are prepared sets of the command data Zx(@)
and the error d_ata e for all command points x, and it is assumed that the
command data and error data obtained in i-th grinding at a commarnid point x are
indicated with Zx(@ and ex_(i), respectively. Herein, (i+1)-th command data Zx@+1)
is given by the following equation.

2% [Equation 1]

This equation means that the n number of past command data is



Fig. 3is afirst control flow chart of the first enbodi nent of a shape 15
conttol li'ng method in accordance with the present invention. As
illustrated, the work is ground into a shape in accordance with certain
command data ZxO ). Then, the work is neasured with respect to its shape,
foll owed by cal cul ation of shape error data [err] (hereinafter, referred to
si nply as referveddaf ahd fhea an erpectatd avalse fdfl these domanand fdata iis gireent s new
recorded as error_data to be used for establishpent of 20 coppensation,
data. Her esommanst data.e This paethwds s ehampcterizedobydieing ol g ppffuenged: wath
error data [err]., for (of0) n ojnts and, it is_ a 2d at e
comand d8ECEndt éﬁ?ﬂﬂ h?&t%orﬁ ﬂﬁ%e‘ijartﬁnwﬁctlhlsgﬁifz#‘F&Iﬁﬂe‘i?gg&gmﬁﬁé%o?QP Ly
are indic M r I respectively. Herein, (i+l1l)-th conmand
dat a [err]aﬁ‘lg %Hlt\ﬂeén&%;?i %%%@%gﬁ%vd\nhﬁag equation. 25 [Equation 1] This
equati og means thafn {fiecabetHil@he A nBAber 00 MEPskt dt¥ndmandBdata Z.R6-€) it be,
and then an expected val ue of those command data is given as new conmand .
data. Thi sref@trbddoj §-+tthreemmandatathxebrig given by thefollewiegl egizatiorr r or .
It should be noted that data which is determned to include great error may
not be uselffquetioafdrence data. 5 In the case that the i nunber of
all past co d data [err].is to be referred to, (i+1)th conmand data
[err] is gi Urerfi’b(‘i‘q)ﬁlgxgl)oTFbWhg equation. [Equation 2] [err] = [err] -
[err] 10 In general, the (i+1)th conmand data [err] is represented
with the follow ng equation by using a coefficient K defined by conmand
poi nt g the nunbep, génefdl,nﬁwqmt)ﬁp&ommﬁna-dataozxmw kepresérred ndth ahe
ofi-a grinding wheel T, i-th conmand data [err] and so on. [Equation 3]

' following equation by using a coefficient K defined by command point x, the

number of grinding steps i, 'r.p.m. of a work w, feeding rate of a grinding wheel f,
i-th command data Zx({ and 50 on.
~ [Equation 3]
15 Zx+1) = ZxtD) Ke, ()

The equation 2 corresponds to the equation 3 where K = 1/i.
Fig. 4 is a échematic view showing the compensation in Fig. 3. In Fig.
4, an axis of abscissa represents command data Z, whereas an axis of ordinate
20 represents error data e. Su‘pposed' that there is unknown relation defined by an
equation e = f(Z) between the command data Z and the error data e. The error
data is equal to zero at an intersection of the equation with the axis of abscissa.
Accordingly, as illustrated, it is possible to make gradual approach to
higher shape accuracy (an intersection with the axis of abscissa) by determining
25 the (i+1)th command data Zx(+1) based on Zx® and ex® using the equationé 1 and
2 |
Fig. 5 shows relationship among the equations 1, 2 and 3. As
illustrated, when the i number of all past command data Zx® is to be referred to, |

the equation 1 (the equation-(2) in Fig. 5) for obtaining an expected value is



15 . [err] = [err] - [err] The equation 2 corresponds to the equation 3
where K = 1/i. Fig. 4 is a schematic view showi ng the conpensation in Fig.
3. In Fig. 4, an axis of abscissa represents command data Z, whereas an
ax:s of o(rjd:c nate 20 represents error data e. Supposed that there is unknown
rel ation defined by an equation e = f(Z) between the,co nd data,Z and,t he
error dat asS@bstandally (e samg s ﬂéﬁl%lualti?nzgr SteqHAHOR Pl dRt -gn%gfaqﬂghe

equation with th | f absci _ di 1 AS. | O
possi bl e CATRER oF LR PrufRE (TR B JOE7 Bc el e Bolrlg MG fluRtiont 3, (oF the
W e i - ni . o .

pased on [ Sy on A REL RURLEGAIONTS iFS, peSeible 10 akg T McCeisary o6
rel ati onshigpeaeaituldtforeBuséd 0fsa ot of ddid, andAso pbssibleafoesignifivamtlyneeduce

nunber of al'l past command data Zx(i) is to be referred to, the equation 1
SubSt ant al Ty the Sams 25 the equation 2 (the oduation (3).in Fig 5). apd -
che”equatTon' 3 [ nBiedlt s ol o) chafll g S, cesdints
;J (r)\ n g:: e ?] ;s ?Ir é‘atﬁ? F%‘E)%Qil“}gﬂe&ﬁﬁa iB ri’c_ﬁ%%dTCS nwi}hl_l‘g’te ngﬁfgﬁfeﬁi@ ?‘a Ié’lg“c‘)i ”%%gs s?: .%I e
chart Jof Recehgi YRR, ShaBHE st SRl Wompsertbarion & B REUNS ARMMERED e

wWith the pg .%)taﬂéwgﬁhu@ﬂg 2brkl Th adedrdatcs GRRHBEdreaivi emnshavd ’inth ex], a
second conpensation I'n Fig: 6. As illustrated in Fig. 6, after grinding a
wor ki nop acsledpstaof ¢havivrdrlc iy trevasurealysimiladiyt to ihel methdd showapdndfigt Be Them,
| si-measured, siml arli/ to the nmethod shown in Fig. 3. Then, there is

cal cul at edtharecis calculdtedrerrpy dedapeid ibyg compariag themeasuremenp dgta to an

gAY e i deSpARS Phpd ot fvork! CAeRE befhg EILELE Yne' M8adEAMER B
is newly recorded as error data to be used for establishment of compensation data.
Thus, there are prepafed sets of the command data Zx! and error data e,! for all

15 the command data. This procedure is repeated again to thereby prepare two sets
of command data and error da.ta, each of sets being referred to as (Zx1, e, 1) and
(ZxI, e,In), respectively. |

The errors exl. and el are compared to each other at each of command
points. If they have a common sign, K times error (ia_ter mentioned) is subtracted

20 from command value of a set of data including an smaller absolute value of
error, and a thus obtained difference is determined as compensation data (see Fig.
7(A)). Herein, K is _either a constant or a figure defined by command point x, the
number of grindings i, r.p.m. of a work w, fe_eding rate of a grinding wheel f, i-th
command data Zx® and so on, similarly to the first embodiment. |

25 If ti’lé errors have an opposite sign, compensation data is given as a
value indicated by an intersection (a point at which error = 0) of a line connecting
the fwo points to each other on a plane with an axis of command value (see Fig.
'7(B)). That is, the new command data ZxG+1) is given as an x-axis value of an

intersection of a line connecting the two points with an x-axis in an x-y

10



Is neWy recorded as error data to be used for establishnment of
conpensation data. Thus, there are prepared sets of the command data [err]
and error data [err] for all 15 the command data. This procedure is
repeated again to thereby prepare two sets of command data and error data,
each of sets being referred to as [err] and [err], respectively. The errors
[err] andr?@angubarérqs)@dpmt@@ys@m“h ot her at ~each of command points. |f

t hey have a commonp..sign, Ktinmes error (Jater ntioned) is subtragted 2
from command val ugr s g9 s WOT, l%laﬁré)q%llﬁ‘diaﬁﬁoﬁa%lwg% éﬁgoF % tRedf
error, an .Qht A ' A t ' - saty {
o110 AN BR AP B! L0 e BRI Sof e
comand peh g si&_rﬂlhf'%v&&lﬂbﬁﬁldﬁgt ghé MHIW Sets: of dﬁta{,nné}{\egi W et sé3eS¥ BGta
rate of a grinding wheel f, i-th conmand data [err] and so on, simlarly to
the fiBst praviodisipnsed 2hd a newly estdblished aet of glabs) e setnofodatasinichidingrerror

conpensation data is given as a value indicated by an intersection (a point
at whi ch datahaving the greatest absplute vahie onb of W or theee ernoncdatathavingma a

plane with an axis of, command val ue (see Fig, 7(,B))., That is, .the new
conmmand dSCHPER 8T 48 Q?V‘é’?(?gs ﬂ‘e&'- éB!T'Ee%ﬂ gF‘Qa’r? Jﬁfteé%’é%‘é ithﬁ‘ﬁe‘gf"‘hth“? ne
connectin ' B - 2XJ.S, | . o I

Coor di nat SRS FRYRRPLE Lt vl InERatid Yol AL (e ichsiond < THREE efips are
obt ai ned ¢ @aqbi@&éﬁ?tﬁakéggbm toYa aggifgigﬁ;péjg a set of command data
and error data in a sinilar way. Anong the three’sets of data, nanmely the
two -setos of data Thermethodliy chaeacterided biehighersspeld edevergehceofrelitive, ta
set of data including error data having the greatest absol ute val ue out of

two or thithe &rstoembadiorent. ngHeneemtbe. mieghoflsmakesy itd posaible tofpeilitate on

data L B ot P20 A% BTl S0l Clacle LG ot ey &2

desired sBapfings. The compensation in the present invention may be carried out in
accordance with the first or second embodiment or in combination thereof.

15 Hereinbelow is explained filtering of error data. As mentioned earlier,
the_measureinent data contains various signal ingredients as well as true signals
transmitted from an objéct to be measured. For instance, false signals coming
from other than a target, fluctuation in 'sensiti.vity of a sensor caused by variation
of measurement environment, and thermal drift of electrical system are

20 contained. It is quite important to remove unnecessary signal ingredients other
than true signals transmitted from a target for :improving grinding accuracy. In

' addition, fine signal waves indicating roughness obtained when a roughly
ground surface is measured are not necessary for establishing appropriate
compensation data, angi thus it is absolutely necessary to carry out filtering.

25 In the present invention, the measur_enient data is filtrated with a low
pass filter by using freqﬁency_—domain technique carried out with fast Fourier
tranéform (FFT), to remove highgr-order frequency ingredients to théreby
smooth the measurement data. quposed that measurement data sequence

before filtering is represented with x(i) and measurement data sequence after

1



10 , The method is characterized by hi gher speed convergence
relative to the first enbodi ment. Hence, the nethod nakes it possible to
facilitate convergence and provi de higher shape accuracy with the smaller
nunber of grindings. The conpensation in the present invention may be
carried out in accordance with the first or second enbodinent or in -
conbi nat ifdteringpisexepresemted with y(i)Hivere b establisitededipd follewlirly telationg of

error data. As nmentioned earlier, the nmeasurenent data contains various
signal ingredients as well as true signals trarismtted froman object to be
measured. For instance, false signals comng fromother than a target,
fluctuation in sensitivity of a sensor caused by variation of neasurenent
enyironggﬁéua gfhernmal drift of electrical systemare 20 contained. It is
quite inportant {0 renove unnecessary signal ingredients other than true

signalss transmtted frgmeggaggfoﬁﬂ)r | MPr OVidRhrsE ankﬁgcﬁ%éfbﬁﬁy. In

addition, fine signal waves indicating roughness obtalne en a roughly .
ground surface is neggyred are not nx(:(%m(&)for est abl i shi i)appropri ate
conpensation data, and thus it is absolutely necessary to cafrry out

filtering. 25  Herein 'W(W)P iRERR0S é%ﬂ?l-iﬂﬂmtf&}? %%ue&mmfrg(g&e@néf

filtrated wwth a | ow pass filter by usi requency-domai n techni

carried gngrediéntsi@antbéextraeled: 62 R&hovE (hfdeperidence BVRoW 8FAterOfiifRtion
frequency ingredients to thereby snoboth the measurenent data. Supposed that

measur emimseldeted. dactherpresést imventioh; efiltey functionprieseletted as fdllowgs.) and
measur enent data_sequence after filtering is represented with y(i),
tiher €10 s LEQualign Shed the fol l owing relation. [Equation 4] 5 :

Fourier transform rsverse Fourier transform-x(i) [err]
[err] y(i) Yoéodimt (W<@edr] ind@rcates & fW2@o)function. Particul ar
frequency ingredients can be extracted or renoved i n dependence on how a
filter function is selected. In the present invention, a filter function is

se_l ected as foll R preferable to select w( obtained when waveforms measured after
filtering are sufficiently smoothed in a command pitch (0.1 mm) in an x-axis
15 direction and sufficiently follc;w a measui'ed shape. |

F1g 8 illustrates pbst—filtering measurement data sequences obtained

when ®y in the equaﬁon 5 is varied. In Figl, 8, a graph located uppermost at the

left shows measurement data sequence before filtering, and -others show
measurement data sequence after removing a band of frequency shown below

20 each of graphs: Ttis understood that higher-order &équency ingredients such as
false signals included in measurement data, fluctuation in sensitivity 'of a sensor,
thermal drift of an electrical system, and fine signal waves indicating roughness

can be removed to thereby extract true shapé signals by removing higher-order
ffequenéy ingredients in the range of about 16 to about 64 cycle/100 mm or greater

25 with the above mentioned low pass filter.

(Experimental Embodiments)
Hereinbelow will be described experimental embodiments made in

accordance with the present invention.
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lo [Equation 5] W([err])=1 [err] or O [err] It is preferable to
sel ect coo obtai ned when waveforns neasured after filtering are
sufficiently snoothed in a command pitch (0.1 M) in an x-axis 15 direction
and sufficiently follow a nmeasured shape. Fig. 8 illustrates post-filtering
measur enent data sequences obtained when [err] in the equation 5 is varied.
In Fig. 8, a graph located uppernost at the left shows neasurenent data
sequence bgfore filtering,,.and qothers show neasurenent data sequence after
renovi ng aE ha Ot Wfﬁﬁ@&ﬁ’ew@ta«m bel ow 20 each of graphs. It is

under stood that high d cy.1ngredi ents. such fal se signal.s

i ncl uded in rreasur%rrgdrwg(}a Y #?ﬁ%?ﬁ#m R S?Bﬁ??‘tcﬁtif)f‘ﬁ%? Sgaggrpg&%:oqimg
ther mal drappamitusiised 9 the bt EYsdiEientll ErhbOdintignal waves i ndicating
roughness can be renpoved to thereby extract true shape signals by renoving
hi gher-8rder frequency ingredients in the range of about 16 to about 64
cycle/ 100 mm or. greater 25 with the above nentioned | ow pass filter.
(Experi menktl@PleHhodi nent s) Hereinbelow will be described experinental
enbodi nent s e Ln. accordagnce with the present invention. 12

Experi ment al NB'E?%%?‘F?ZW ?PEHP&‘B?@SI shows the structure and specification
of a Shap S — = aod. i n ho i axnari.ment g anhodj
[ Tabl e 1]

for Proceg
Cast Iron jpond D anond Ginding

e drrocessing M pparapsar at [UspplraPus des Firocesbiays vespleric Séxfaaé |
5ing Aspheric Surface wfth Utra-H gh Accuracy i ndi ng Wepl
ggith Ultra-High Accuracy :

Grinding Wheel . | Cast Iron bond Diamond Grinding W heel

(675 X W3 mm: # 1000)

ELID Power Source - | Electrolytic Dressing Power Source
(90V-10A) -
Work : " | SiC ceramics (¢ 160) :

| Shape Measuring Apparatus |Digital Contracer, Léser-Micr_q meter

lGrinding Flud =~ | AFG-M (50 times diluted with tap water)

As an NC processing apparatus, there was used an apparatus for
10 processing aspheric surface with ultra-high accuracy which had positioning
accuracy of 10 nm and which was equipped with an air static pfessuré bearing. As
a grinding wheel, there was used a cast iron bond diamond straight grinding
wheel ($75 mm X W 3 mm) of # 1000. Abrasive grains had a diameter of about |
15 pm. As a shape measuring apparatus, there was used a digital contracer .
-15  having a resolution of 25 nm and repeatabililfy of + 0.1 pm. As ELID pov'ver
.source, there was used an exclusively used ELID power source which generates
high frequ‘ency pulse voltage. As grinding fluid, there was used widely used
water-soluble grinding fluid AFG-M diluted 50 times with tap ;,vater.

13



[err] X W3 nmm #1000) ELID Power Source 'El ectrol ytic Dressing

Powér Source (90V- 10A) Work SiC ceramcs [err] 100)
Shape Measuring Apparatus - Digital Contracer, Laser-Mcro neter Ginding
Fluid AFGM(SOtirres diluted with tap water) As an NC

processing_ap g@rat us, there was used an apparatus for 10 processing : '
aspheric dMet éQﬁEﬁPQﬂlmeaihl gh accuracy whi ch had positioning accuracy of

10 nm and which wa ui with an tatlc essure be g

orinding wiee! ¢ an kpebfinentines. Bnduiten Gome Memortam demgnt byr Tlend
wheel ¥/ I s | f
rheel (S %%Wﬁaﬂnﬁ;?s b %ﬁ%%%s SHoAR I L B0Rafl TRbEme
contracer ced'ﬁie@ %@nﬁﬁqﬁkuil on of 25 nmand repeatability of [err] 0.1
[err] As | D power source, "there was used an exclusively used ELID power

sour ce 5wi ch generates high frequency pul se voltage. As grinding fluid,
there was used w dely used wat er-sol uble grinding fluid AFGMdiluted 50 .

times witHTable2lat er . (I\/Et hod of Experinent) An experinent was
conduct ed usi t Sys Table 1 under the grinding and ELID
condi tions shggﬂ HWELF%‘B‘&}:TZ‘& ESP ance with the procedure shown in Fig.
1. 5 [ Tablpe=—Getnding—ant—itiDconditions—Derinhoral Cpeod-of ci ndi ng

wheel : v ili’lemph)eral Sp_emboi:é‘emdlggsfphed v (o foomd

Feedmg speed: f (mm/min)

Depth of Grind: d (um)

RPM of Work: w (rpm)

ELID voltage: Ey (V)

Peak Current: Ip_' (A)

On-Time: T on (us)

“ Off-Time: t off (us) : '

There was used a work having a diameter of 100 mm and made of SiC

10 sintered material. For simplicity, the work was ground to a spherical surface
having a radius of 2 m.- The grinding conditions as shown in Table 2 was kept.

a unchanged for each of grindi-ngé. Thereafter, the work was detached from the
processing apparatus, ahd sufficiently cleaned at a surface thereof. Then, a shape

of the work was measured by means of a digital contracer. There was established

15 compensation data based on the measurement data by means of a computef, and
the thus established.comp_ensation data was transmitted to the NC processing
apparatus. Then, the work was ground again in accordance with the NC data.
These steps were repeated in an experiment. The compensation in this

experiment includes the first type compensation shown in the first embodiment

14



RPM of Work: w (rpn) ' : 270 ELI D vol tage: [err]

(V) 60 Peak Current: Ip (A .
5 On-Tine: [err] on [err] 1 Of-Time: [err]
off [err] 1 There was used a work having a

di anmeter of 100 nmm and made of SiC ;LO sintered material. For _sinplicity,
t he work \Aﬁ’é‘&gt?'&ﬁ‘?&of‘g YPeFRImMPERsation ?}é‘é‘é’nﬁé]vﬂ}?gseéopéd?’ﬁ‘?oéinggl Namely,

grinding c ud .fqQr _each

o i i ngs. Thper et RiBthidtiol e srat B ARy 1B TIREHSE b or5Emdl datas

and suffi cugfithy 19&@@H§€e Rkrdt RAVINECE rERAGVRR) s E!i‘ieébscﬂuﬁé‘éﬁﬁ;b r{gf‘gléf@rtjﬂe

was neasured by neans of a digital contrace ere was est

conpensat i simapmerrobasestcoanverped bydhe faee el ésateans of a conputer, and
rRp

t he thus e?tabllshed conpensation data was transmtted to the NC processing

appar at As H;@mﬁxnﬁmuumﬁb ground again in accordance with the NC data.

These steps were r per| ment. The conpensatjion in this .
experi nent incl udeEPg: ??e@g @?@ﬁﬂ%ﬂe%m qhiained befpre and after

enbodi mont TEENeriB8 GhAEd3RE Y %ﬁ A3 aeneil veafopafespestatly. b
thereby fipdusQensosy qﬁa@m@&mﬂ@m@mﬁﬂﬁg@dmﬂ@é@&b% IeleALibHE] YrayiR!

absol ute val ue, and then e shape ertor converge type

conpensat i are rémoRedpland tiueBstngred signkls ke exatidd B?d:a(r%) ngheut lfering in
measur ement data obtained before and after the filtering carried out in
accor déﬂceawoﬁ'ﬂaﬂﬁﬂe“ﬁtlbﬁbﬁprESW‘énnV@mnomespect ively. It is understood that

hi'gher - or der frequgnc such as fipe signal waves are renoved,
and true shape si gﬁ‘& ioégg %t@é‘f‘@&’ woeéﬁwg#@r%andqutqr@mpg compensation
accor dancey Wb hefrPa dPhEF 1 adBY S With the present invention, respectively. The

_)

shape error before the compensation was about 2.2 ym (A), but reduced down to
about 0.39 ym (B) after the compensation. This is considered because a shape

15 controlling method in accordance with the present invention efficiently operates.

Experimental Embodiment 2
As a grinding Whéel, there were used cast iron bond diamond straight
grinding wheels (¢75 mmX W 3 mm) of # 1000 (average grain diameter is about
20 15 pm) and # 4000 (average grain diametér. is about 4 ym). As é-l' shape measuring
‘apparatus, there was used a laser-micro having a resolution of 10 nm. In an
‘experiment, only the first type compensation shown in the first embodiment was
carried out as compensation. The other conditions were the same as those in the
experimental embodiment 1. |
25 (Results of Experiment) -
Fig. 11 (A) and (B) show error data before and after shape compensation
to be carried out in accordance with the present invention, respectively. There
appears a recess at the center in the measurement data (A), whereas the recess at

" the center remarkably reduces in the measurement data (B). This is considered

15



Fig. 10 (A) and (B) show error data before and after shape conpensation to
be carried out in accordance with the present invention, respectively. The
shape error before the conpensation was about 2.2 [err] (A), but reduced
down to about 0.39 [err] (B) after the conpensation. This is considered
because a shape 15 controlling nethod in accordance with the present

i nvent i on because anshape gentrotiing Mrethadrim taskcofidnusti witht tite fresergr invéindipn
wheel , there were used cast iron bond di anond straight grinding wheels
[err] 75 iently Rperatesy 1000 (average grain dianeter is about 20 15

d # 4000 in di i bout 4 Lerr]
oL g e SEI AR iR R R e b o) 257 8RB iro 10
| . ¢ . . . . ot
embodi men T ene 4 Henfidndd ARboMaknis! PO WRCAIRIY) £ I ReASd Tor (R
sane as t hagentidnt ie iRCRRId AENARErTRAY, MRBHiflcatidnd Bﬁ&ubﬁﬁi‘%eﬂépw&w)
Fig. 11 (A) and (B) show error data before and after shapé conpensation to
be carri ediepatrting facmotheagist ofvthé présenpimsentiori.nventi on, respectively.

There appears a recess at the center in the nmeasurenent data (A), whereas
the recess at the center remarkably reduces in the neasurenent data (B).

This is CWMQ shape controlling nethod in accordance
with the snt|ly operates. It is to be understood
that the present i I i { L t : V, | .
(hat (e PreSent LAY S8y, o s Lo il Rebife 8R0S, KREkpiRding

| ncl udfy Aldprairk@isHink the B Bol AR1eAAhABHIARIORIh Hel HREEnERARIHAD
friomthe t of the Present invention. | NDUSTRI AL APPLI CABI LI TY As

descri bed protides supdrigueadoantages. Nariely) ttiepresent Meptioneatlkeg it possible

to accomplish higher shape accuracy with the less number of processing steps,

extract true shape signals out of measurement data, and avoid out-of-position of
a work caused by attaching/removing a work, and hence, is suitable for shape

15 control in electrolytic dressing grinding.
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10. apparatus using the nethod both made in accordance with the present

i nvention provides superior advantages. Nanely, the present invention nakes
it possible to acconplish higher shape accuracy with the | ess nunber of
processi ng steps, extract true shape signals out of | N, | and
avoi d out-of-position of a work caused by attachi ng/lmmlﬁmmllwmm and
hence, is suitable for shape 15 contrefAfNgsel ectrol yti € dkesSirfg grinding.
16 CLAIMS 1. A nethod of grinding & Work with a grinding wheel to _
control a shape of the work, including the steps of disposing an el ectrode

spaced away fror%and in5 facing relation with an electrically conductive
gri ndi ng wheet: @?%O%O%Vﬁﬂ%flﬁgé vaeikowithsa gingling avieel wh eontmhad shaipe of

| ectrod | ' tricall dycti fluid fl t id
ar i ndi ng. S ook AGARE A 1Es of iRestRinan dartode smersl Aviy o endrinof
e | . 'S A 4 byl oot s,
Sai d ot oo HeRorAh 85 clecttR), BondlEfye BRHIE YIRS opPixEiecar voliake
accor dancacsist Bakbgrinding afleel s0d) sﬁ@@%&d@wﬁhﬁ@%@%@e&?ﬁr&?@yg&%&ﬁ@ ’

filtering nmeasurenent data to record shape error I'ng
new comufatidalewzke¢twegn ispichgtimdingomined airicd BaidheledtiRle; CaR@ lusatiRally
Zx(i), and I?ri ding said work again with the thus established conmand data
[err] 15 controlling pogitippdok saibigninding whegl awith saichgrindingaivheel being
conpensat | L RGgl udes. t he .ste of .referring to past conmmand data, and.

det er ni ni ﬁg&ﬁsgfb oﬁ%ﬁ?&’lfm?fasa&% %%ﬂ?ﬂugh‘arﬁﬁg%lf?eéxlﬂééh%ét% o gainding seidt
commang dg i3 - S ' alml. .wherein sai.d
conpensat ?’tgﬁki lﬁlc ?%’gga%gt etﬁsﬁozﬁé‘agﬁ %%F{e %ﬂﬁ JREFUIRS @, gh?P‘ﬁ QffeBroRnd st
command deddacss (filkering dne@iRemicht TAtA QY 1 dreddth 4,14 AR

with the equation: [%?r] [err] - [err] 4&9%9%%?&&&%%&’&& |lgsq'gfni of
t he precetéwgcaghmiamsl, dallaci el byiadiding compensation into the command data Zx@),

- and grinding said work again with the thus established command data ZxG+1),

‘15 - 2. The method as set forth in claim 1, wherein said compensation includes
the steps of referring to past command data, and determining new command data

to be equal to an expected value of the past command data.

3. The method as set forth in claim 1, wherein said compensation includes
¢~ 20 the steps of referring to all the i number of past command data Zx®, and
determining new comni_and data Zx@+1) in accordance with the equation: Zx@+1) =

Zx() — e, 0)/i.

4. The method as set forth in any of the preceding ‘claims, wherein said

25 compensation includes the steps of: removing a set of data including error data
having the greatest absolute value ;iut of two or three ,erro.r data having a .

common sign among threes sets of data: sets of command data and error data

obtained as yet, (Zx], .exl) and (ZxI, exll), and (Zx®), ex®) obtained in an i-th

_ exper_iment (i23); and determining as cbmpé‘nsat_ion data a value obtained by, if

17



25 cQnpensation includes the steps of: renoving a set of data i1 ncluding

error data having. the greatest absolute value out o ror
data having a conmmon sign anong threes sets of dat a“!NmEﬂF“HWH dat a
and error data obtained as yet, [err] [err] and [err} an emr| s obtained
in an i-th experinment gerr] and determ ning as conpensati on data a val ue
obt ai ned Khe athen two sets of data indmdes ah ertdrehantihgra ¢omntort Sighf s@Btracting K

i ncl udes an errog havﬁi#tg a ‘iomm sign, subtracting Ktinmes |ater nentioned
smal | er erPBFStALGH Casmidoned maller esrerdrom cemunand| valiuegof = et | data

error, or; <133, N nd; data. J.err] to be equyal to_an x-axis val ue
of an int é{rz@ec 1ilq%nr‘lf %ﬁagﬁw)ﬁ%rﬂe?m & %§§W§a?ar‘iﬁf§rz’§%ﬁlht%b@ wqual
poi Nt's i N t8MnXxYaxiLTARIROM 24 ; nat t I£ t ot her. t sets of
data includes an er r%r hav%éﬁ%géﬁ%gsﬁi%éiéﬁ%%&hfﬁgﬁ?@?ﬁ%ﬂg%r@é&hﬁ@ﬂh
i n cl aism Iwonpeirts in s G-y Fddt@hguldr icdofdinhte '

filter util iaé\ii’ng frequeng{/-domagln tecﬂni_que g&ﬁﬁé?yﬁé%r%&ﬁkgnéﬁggﬁ .
6. The neindudgs agearrophatirighaclopiposite sigrer ei n sai d | ow pass filter renoves

hi gher-order frequency ingredients ranging fromabout 16 to about 64
cycle/100 nm 15 7. An NC processing apparatus conprising: an electrically

conductive grikngj : el, for grinding.a rk; an el ectrode spaced_awa
fromand in fg'cicjfr?geq?gﬁ?‘?gﬁ Sﬁ}??ftgéﬁ‘d’?a@m ﬁodwﬁsr%éé}‘% tilfgping la@arreedmt)llay
appl yi ng gna4qlst ' bagdl |, and said.el.ectrodg, i d, wor k
bei ng ground Wi ﬁgéguﬁéﬁg?ﬁ ﬁg’:egdﬁg%er}g‘ﬁ{%%%yh(zo@?gb?%“ﬂﬂﬁi}WgFaSt Tourier

el ect riocattanséeoiucti ve fluid fl ow between said grinding wheel and said

el'ectrode, dressing said grinding wheel by electrolysis, and nunerically -
controlling position of said grinding wheel, said NC processing

6. The method as set forth in claim 5, wherein said low pass filter removes
higher-order frequency ingredients ranging from about 16 to about 64 cycle/100 |
mm. ' '

15

7. An NC processing apparatus comprising: an elecfrically conductive
grinding wheel for griﬁding a work; an electrode spaced away from and in facing
relation with said grinding wheel, and a device for applying a voltage across said
grinding wheel and said electrode, said work being ground with said grinding

20 wheel by the steps of making electrically conductive fluid flow between said
grinding wheel and said electrode, dressing said grinding wheel by electrolysis,
and numerically controlling position of said grinding wheel, said NC processing
apparatus being characterized byﬁ |

a shape measuring device for measuring a shape of a ground surface, and a

25 compensation device fo.r com'pénsating for command data to be used for
numerical control,

said work being gfound‘ with command data Zx®, a shape of a ground
surface being measured with said shape measuring device, measurement data

being filtered to record shape error data e,(, establishing new command data

- 18



appar atus bei ng characterized by: a shape measuring device for nmeasur a
shape of a ground surface, and a 25 conpensation devi Cilnulllml l!iE
for conmmand data to be used for numerical control, sali d
wi th command data [err],a shape a ground surface bel ng rreasured vvlth sal d
shape neasuri ngj devi ce, neasurenent data. belfng filtered to rgcord sh

error dat a €7D bk adding sempensationdnnmeanggisaid compensation, awarenan
oo agaotl pRERNErind A8 SRR e petinfa Ay soRfard aek®! 0
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